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WELCOME ADDRESS

 Dear friends and colleagues,

 The European Carbohydrate Organization (ECO) and the Local Organizing Committee 
cordially welcome you at the 16th European Carbohydrate Symposium (Eurocarb16), in Sorrento 
(Napoli) in July 3rd -7th, 2011, during the International Year of Chemistry. 

 At the moment I am writing this message, more than 650 participants representing 
46 different countries have registered; the scientific program will deal with all the chemical, 
biological, biophysical and biotechnological aspects of carbohydrates, and will cover more 
than 150 Oral communications, 28 Invited lectures, 10 Plenary lectures, two Awarded plenary 
lectures as well as 400 Poster contributions. The Organisers would like to thank the members of 
the Scientific Advisory Board for the help and scientific guidance in planning and compiling the 
final program which foresees the presence of state-of-art Glycomics delivered by internationally 
recognized colleagues. 

 The meeting will take place in Sorrento at Hilton Sorrento Palace and it is organised by 
University of Napoli Federico II. It is indeed a very special occasion because it is the first time 
that such an important meeting is organised in Italy and in particular in Naples. Following the 
tradition of the previous meetings, the Emil-Fischer Carbohydrate Award and the Carbohydrate 
Research Award will be presented during the opening ceremony. 

 There will be two poster sessions and the organizers thank the European Journal of 
Organic Chemistry (Wiley WCH) and the European Polysaccharide Network Of Excellence 
(EPNOE) for donation of poster prizes. In addition, one plenary lecture is kindly sponsored by 
Starch (Wiley WCH).

 The financial support by many organizations and companies is gratefully acknowledged 
and has been pivotal to keep the fees for students at a very competitive level and to include for 
all kind of registrations the Symposium Banquet within the registration fee.
The symposium will be opened by a Welcome Reception after the two Award lectures, and 
from Monday on it will develop in four parallel sessions; the Wednesday afternoon is left 
for excursions and for the first time, the Symposium will be closed on Thursday evening by 
Symposium Banquet.

 On behalf of the organizing committee I wish you a scientifically productive Eurocarb 16! 
Sincerely,

 Antonio Molinaro
 Symposium Chair
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THE EMIL FISCHER CARBOHYDRATE AWARD

The Emil Fischer Carbohydrate Award has been established by the European Carbohydrate Or-
ganization in order to honor active carbohydrate scientists distinguished with contributions of 
excellence. Following Richard R. Schmidt as the first awarded in 2009, the Emil Fischer Award 
2011 will be presented to David Crich in recognition of his outstanding accomplishments in 
vital areas of glycochemistry. 
Prof. Crich will present a plenary lecture on his work at the Eurocarb conference.
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CARBOHYDRATE RESEARCH AWARD

The Carbohydrate Research Award for Creativity in Carbohydrate Chemistry is given every two 
years to a carbohydrate scientist, no older than 15 years past the PhD, who has made significant 
original contributions to the field, in its broadest sense.  The Award  consists of a cheque for 
$1000, a certificate and a complimentary subscription to the journal for two years.  The 2011 
Award is presented to Professor Matthieu Sollogoub, Professor of Molecular Chemistry at the 
Université Pierre et Marie Curie-Paris 6, Sorbonne Universités, Paris, France. 

The research in Professor Sollogoub’s group focuses on carbohydrates in the broadest sense 
ranging from monosaccharides, carbasugars, iminosugars, nucleotides to cyclodextrins and 
polysaccharides. It includes organic synthesis and methodology, inhibitor design, molecular 
probing of enzyme mechanism, supramolecular chemistry and catalysis. Notable recent achie-
vements have included the development of novel methods for the site-selective functionnalisa-
tion of cyclodextrins, the development of novel methodology for iminosugar and carbasugar 
synthesis, with the introduction of fluoro-carbasugars, the identification of cyclodextrin-based 
catalysts for asymmetric synthesis, with the new concept of pseudo-enantiomery and the deve-
lopment of supramolecular cross-linking agents for carbohydrate-based biopolymers. Professor 
Sollogoub has recently been appointed to the Institut Universitaire de France (IUF), an elite 
French institution, in recognition of his contributions to teaching and research in chemistry in 
general and in carbohydrate science in particular.
Previous winners of the Carbohydrate Research Award for Creativity in Carbohydrate Chemi-
stry: 

2001 Laura L. Kiesling, University of Wisconsin-Madison, USA 
2003 Geert-Jan Boons, University of Georgia, USA
2005 Peter H. Seeberger, Eidgenössische Technische Hochschule Zürich, Switzerland 
2007 Todd L. Lowary, University of Alberta, Canada 
2009 Benjamin G. Davis, Oxford University, United Kingdom
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AWARD LECTURES

METHODOLOGY DEVELOPMENT AND PHYSICAL ORGANIC CHEMISTRY; 
A POWERFUL COMBINATION FOR THE ADVANCEMENT 

OF GLYCOCHEMISTRY

David Crich

Centre de Recherche de Gif, Institut de Chimie des Substances Naturelles, 
CNRS, 91190 Gif-sur-Yvette, France

dcrich@icsn.cnrs-gif.fr

The lecture will consist of a personal overview of the current challenges faced by organic chemists 
working in the area of glycochemistry and glycoscience,1 and a presentation of recent work in 
our laboratories directed at their solution.

References 
1. (a) Bohé, L.; Crich, D. Trends. Glycosci. Glycotech. 2010, 22, 1-15.  (b) Bohé, L.; Crich, 

D. Comptes Rendus 2011, 14, 3-16.  (c) Crich, D. Acc. Chem. Res. 2010, 43, 1144-1153.  
(d) Aubry, S.; Sasaki, K.; Sharma, I.; Crich, D. Topics in Current Chemistry 2011, DOI: 
10.1007/128_2010_102.  (e) Guinchard, X.; Picard, S.; Crich, D. In Modern Tools for the 
Synthesis of Complex Bioactive Molecules; Arseniyadis, S., Cossy, J., Eds.; Wiley: Hoboken, 
2011, p in press.

AL 01
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AWARD LECTURES

AL 02

NEW OPPORTUNITIES FOR CYCLODExTRINS

Matthieu Sollogoub

UPMC Univ Paris 06, Sorbonne Universités, IUF, IPCM, C181, 4 place Jussieu, 
75005 Paris, France

matthieu.sollogoub@upmc.fr 

Concave molecules such as cyclodextrins desperately need efficient poly hetero-functionalization 
methods to fulfil their promises. Based on the discovery of a regioselective debenzylation reaction 
of sugars, and the understanding of its mechanism,1 we delineated several strategies to access 
such cyclodextrins. Bascule-bridging and deoxygenation of sugars are two complementary ways 
to reach an unprecedented degree of complexity of functionalization of the primary rim of 
cyclodextrins allowing the access to a library of diversely functionalised cyclodextrins.2

The access to such complex structures allows applications in a wide range of areas. We explored 
some, such as asymmetric catalysis using regioisomers3 or the elaboration new biomaterial 
through supramolecular assemblies of physically cross-linked biopolymers.4 It is our strong 
belief that many other possibilities are offered by this methodology.
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References 
1. T. Lecourt, A. Hérault, A. J. Pearce, M. Sollogoub, P. Sinaÿ, Chem. Eur. J. 2004, 10, 2960-2971.
2. O. Bistri, P. Sinaÿ, M. Sollogoub, Chem. Commun. 2006, 1112-1114; O. Bistri, P. Sinaÿ, J. 

Jimenez-Barbero, M. Sollogoub, Chem. Eur. J. 2007, 13, 9757-9774; S. Guieu, M. Sollogoub, 
J. Org. Chem. 2008, 73, 2819-2828; S. Guieu,  M. Sollogoub Angew. Chem., Int. Ed. 2008, 47, 
7060-7063.

3. S. Guieu, E. Zaborova, Y. Blériot, G. Poli, A. Jutand, D. Madec, G. Prestat, M. Sollogoub, An-
gew. Chem. Int. Ed. 2010, 49, 2314-2318

4. O. Bistri, K. Mazeau, R. Auzély-Velty, M. Sollogoub, Chem. Eur. J. 2007, 13, 8847-8857; T. 
Lecourt, Y. Blériot, R. Auzely-Velty, M. Sollogoub Chem. Commun., 2010, 46, 2238–2240.
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PLENARY LECTURES

PL 01

STRUCTURE AND FUNCTION OF CERTAIN BACTERIAL GLYCOLIPIDS

Otto Holst

Division of Structural Biochemistry, Research Center Borstel, Leibniz-Center for Medicine and 
Biosciences, Parkallee 4a/c, D-23845 Borstel, Germany

oholst@fz-borstel.de

Glycolipids are amphiphilic membrane components that occur in all kingdoms of organisms, i.e., 
bacteria, plants, and animals including man. Glycolipids represent a very heterogeneous group 
of molecules which possess one or more monosaccharide units linked by a glycosyl linkage to a 
hydrophobic moiety like acylglycerol, ceramide, or prenyl phosphate. These glycoconjugates are 
not only important factors of membrane and cell surface stabilization but also play an important 
role in a broad variety of biological processes, e.g., in cell-cell communication, in re ceptor 
modulation, or in signal transduction.
This presentation deals with three particular examples of bacterial glycolipids, namely 
the phosphoinositolmannosides from pathogenic Mycobacterium tuberculosis comprising 
a heterogeneous mixture of molecules which could be separated into single species, 
glucosyldiacylglycerols from Enterococcus faecalis and their impact on biofilm production, and 
glucosylated sphingo- and glyceroletherlipids from Sorangium cellulosum, a Gram-negative 
bacterium that lacks lipopolysaccharide.
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PLENARY LECTURES

PL 02

AUTOMATED SYNTHESIS OF GLYCOSAMINOGLYCANS 

Peter H. Seeberger,1,2,3 Steffen Eller, 1,2 Jian Yin, 1,2 Heung Sik Hahm, 1,2 Mayeul Collot, 1,2 
J. Cullen Klein1,2

1Max-Planck Institute of Colloids and Interfaces, Potsdam, Germany, 
2Free University of Berlin, Germany and 

3The Burnham Institute, La Jolla, CA USA, Arnimallee 22 14195 Berlin (Germany)
peter.seeberger@mpikg.mpg.de

While heparin, a glycosaminoglycan (GAG) has served as an anticoagulant in heart disease 
for more than 60 years, the structure-activity relationship of heparin and chondroitin sulfate 
for specific interactions with proteins are still poorly understood. It has become evident that 
defined lengths and sequences or patterns are responsible for binding to a particular protein 
and modulating its biological activity. Determination of the structure-activity relationships 
of heparins and chondroitins creates an opportunity for the discovery of novel therapeutic 
interventions for a variety of disease states.
Defined heparin and chondroitin oligosaccharides are valuable molecular tools that have 
significantly contributed to gaining some understanding of specific sequences that are bound by 
particular proteins. Currently available synthetic methods for the preparation of heparins and 
chondroitins are time consuming and lack generality. 
This plenary lecture will disclose for the first time a fully automated approach to GAG synthesis 
to produce defined heparin and chondroitin oligosaccharides with a linker on the reducing 
end to allow for ready attachment to surfaces and particles. These molecular tools have been 
employed to study the interaction of GAGs with growth factors, chemokines and other proteins. 

References
1. Eller, S.;  Yin, Y.; Hahm, H.S.; Collot, M.; Klein, J.C.; manuscript in preparation. 
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PLENARY LECTURES

PL 03

THE UNIqUE SYSTEM OF N-LINkED PROTEIN GLYCOSYLATION

Markus Aebi

ETH Zurich, Department of Biology, 8093 Zurich, Switzerland
aebi@micro.biol.ethz.ch

N-linked protein glycosylation is the most frequent post-translation modification in eukaryotic 
cells. The essential process initiates in the Endoplasmic Reticulum, where an oligosaccharide 
is assembled on the lipid carrier, dolichylpyrophosphate. In most of the eukaryotes, the 
oligosaccharide transferred is Glc3Man9GlcNAc2, however, in protozoa, simpler structures 
are also found. The covalent linkage of the oligosaccharide to selected asparagines residues of 
polypeptide chains, characterized by the sequon AsN-X-Ser/Thr (X = any amino acid residue 
except proline), is performed by the oliogosaccharyltransferase (OST), a complex enzyme that 
is composed of eight different subunits, all of them membrane embedded proteins.
Interestingly, Campylobacter jejuni, a Gram-negative bacterium, is able to N-glycosylate proteins 
as well. A detailed analysis of this prokaryotic post-translational modification became possible 
due to the functional transfer of the pathway into the model system Escherichia coli. This analysis 
revealed that the bacterial and the eukaryotic process are homologous pathways that are based 
on the same principles: both pathways utilise isoprenoid lipids as carriers for the assembly of 
the oligosaccharide in the cytoplasm (requiring a translocation of the oligosaccharide across the 
membrane) and the AsN-X-Ser/Thr is the protein acceptor sequence in both cases. Importantly, 
the bacterial oligosaccharyltransferase consists of one single protein that is very similar in 
sequence to one of the essential subunits of the eukaryotic OST complex. Based on the structure 
of the bacterial enzyme, a catalytic mechanism for N-linked protein glycosylation is discussed.
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PLENARY LECTURES

PL 04

THE SPECIFIC INTERACTION OF CARBOHYDRATES WITH PROTEINS. 
A 3D VIEW BY USING NMR

Jesús Jiménez-Barbero

Centro de Investigaciones Biológicas-CSIC, Ramiro de Maeztu 9, 28040 Madrid
jjbarbero@cib.csic.es

Molecular recognition by specific targets is at the heart of the life processes. In recent years, 
it has been shown that the interactions between proteins (lectins, enzymes, antibodies) and 
carbohydrates mediate a broad range of biological activities, from fertilization, embryogenesis, 
and tissue maturation, to pathological processes. The elucidation of the mechanisms that 
govern how sugars are accommodated in the binding sites of these receptors is currently 
a topic of interest. Thus, the determination of the structural and conformational factors and 
the physicochemical features which govern the molecular recognition of these molecules is of 
paramount importance. This presentation is focused on the application of NMR methods to the 
study of molecular recognition processes between a variety of polypeptides and carbohydrate 
molecules and analogues as well as sugar-sugar interactions. Special attention will be paid to 
the conformational and structural details of the interaction process, with particular emphasis in 
the origin and strength of CH-p interactions. The use of isotope-labeled receptors and ligands 
(with 13C, 15N, or 19F stable isotopes) highly facilitates the analysis of the interactions between 
carbohydrates and glycomimetics with the corresponding receptors.



16th European Carbohydrate Symposium

20

PLENARY LECTURES

PL 05

RECENT ADVANCES IN OLIGOSACCHARIDE MIMICS

Anna Bernardi

Universita’ degli Studi di Milano , Dipartimento di Chimica Organica e Industriale, 
via Venezian 21, 20133 Milano, Italy

anna.bernardi@unimi.it

Interference with oligosaccharide-mediated recognition events can be achieved using functional 
mimics of carbohydrates, that could thus be used to modulate / alter signal transmission, or 
to prevent the onset of diseases. In recent years our laboratory has designed and prepared 
glycomimetic inhibitors of well-known target lectins (cholera toxin, DC-SIGN) using 
conformationally stable cyclohexane diols to replace structural units of galactose or mannose in 
the context of oligosaccharide sequences.1,2 More recently, we have concentrated our attention 
on a-glycosyl amides as mimics of a-glycosides potentially endowed with metabolical stability 
properties.3,4 The presentation will discuss the synthetic methodology developed to synthesize 
a-glycosyl amides5 and to incorporate them in (unnatural) glycopeptides sequences, as well as 
some of the applications we are exploring  for this type of carbohydrate mimics.

References 
1. A. Bernardi, P. Cheshev  Chemistry Eur. J.  2008, 14, 7434-7441
2. S. Sattin, A. Daghetti, M. Thépaut, A. Berzi, M. Sánchez -Navarro, G. Tabarani,   J. Rojo, F. 

Fieschi, M. Clerici, A. Bernardi  ACS Chem. Biol.    2010, 5, 301-312
3. M. Andreini, M. Anderluh , A. Audfray, A. Bernardi, A. Imberty, Carbohydrate Research 

2010, 345, 1400-1407
4. G. Timpano, G. Tabarani, M.Anderluh, D. Invernizzi, F. Vasile, D. Potenza, P. M. Nieto, J. 

Rojo, F. Fieschi, A. Bernardi ChemBioChem 2008, 9¸1921-1930
5. A. Bianchi, A. Bernardi J. Org. Chem. 71, 4565-4577,  2006; F. Nisic, A. Bernardi  Carb Res. 

2008, 343, 1636-1643
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PL 06

GLYCOSIDASES: CONFORMATIONS AND INHIBITOR DESIGN/APPLICATION TO 
MODIFY GLYCOSYLATIONS

Gideon J Davies

Department of Chemistry, University of York, York YO10 5DD, U.K.
davies@ysbl.york.ac.uk

Work in the Davies group has, over many years, focussed on the conformational changes that 
sugars undergo along their reaction coordinate in the active centre of glycosidase enzymes1.  
These include distortion form the stable chair forms that dominate in solution to a variety 
of boat & skew boat forms that allow in-line nucleophilic attack and also relieve some of the 
steric hindrances to substitution reactions ay the anomeric centre.  Recent work has probed 
the O-GlcNAc hydrolase conformational pathways2, the itinerary of a−L fucosidases where 
structural insight dovetails with computational approaches3 as well as novel a-mannosidases4 
found in the human microbiota. Work on the the O-GlcNAc hydrolase (OGA) that is responsible 
for removing the dynamic O-GlcNAc modification in man has allowed our collaborators to 
develop specific enzyme inhibitors to allow perturbation of O-GlcNAc levels in cells.  Such 
inhibitors have been inspired by classical physical organic chemistry approaches and through 
3-D structures of enzyme-inhibitor complexes.  Recently such mechanism-inspired compounds 
have been used to probe the neurodegenerative diseases termed “tauopathies”5. 

References
1. Vocadlo, D.J & Davies, G. J. Curr Opin Chem Biol 2008, 12, 539.
2. He, Y., Macauley, M. S., Stubbs, K. A., Vocadlo, D. J., Davies, G. J. J Am Chem Soc 2010, 132, 

1807.
3. Lammerts van Bueren, A., Ardevol, A., Fayers-Kerr, J., Luo, B., Zhang, Y. M., Sollogoub, M., 

Bleriot, Y., Rovira, C,. & Davies, G. J. J Am Chem Soc 2010, 132, 1804.
4. Zhu, Y. P., Suits, M. D. L., Thompson, A. J., Chavan, S., Dinev, Z., Dumon, C., Smith, 

N.,Moremen, K. W., Xiang, Y., Siriwardena, A., Williams, S. J., Gilbert, H. J. & Davies, G. J. 
Nature Chemical Biology 2010, 6, 125.

5. Yuzwa, S. A., Macauley, M. S., Heinonen, J. E., Shan, X., Dennis, R. J., He, Y., Whitworth, G. 
E., Stubbs, K. A., McEachern, E. J., Davies, G. J. & Vocadlo, D. J. Nature Chemical Biology 
2008, 4, 483.
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PL 07

THE SWEET TOOTH OF PATHOGENS: 
 STRUCTURE AND FUNCTION OF LECTINS FROM 

OPPORTUNISTIC BACTERIA 

Anne Imberty

CERMAV-CNRS, 601 rue de la chimie, BP 53, 38041 Grenoble cedex 09, France
imberty@cermav.cnrs.fr

Recent interest in bacterial lectins demonstrated their role in host recognition, biofilm formation, 
tissue adhesion and virulence. Pseudomonas aeruginosa and Burkholderia cenocepacia are 
opportunistic pathogens responsible for lung infections that are life-threatening for cystic 
fibrosis patients and immuno-compromised individuals. Both bacteria contain several calcium-
dependant lectins that demonstrate high affinity for diverse oligosaccharides that are present 
on human tissues. We used combined titration microcalorimetry, x-ray crystallography and 
molecular modeling approaches to decipher the thermodynamical and structural basis for high 
affinity binding of bacterial lectins to host carbohydrates [1]. 
Antibacterial tests in animal models infected with P. aeruginosa have been successfully 
conducted with the use of different classes of glycomimetics [2]. The complete characterization 
of carbohydrate specificity, affinity and atomic details of interaction between bacterial lectins 
and their ligands allowed for the design and synthesis of high affinity glycomimetics and 
glycodendrimers that can act as antiadhesive compounds [3]. The affinity of bacterial lectins for 
carbohydrate derivatives can also be used for diagnostic approaches by nanoelectronic detection 
of lectin-carbohydrate interactions using carbon nanotubes [4].    

References 
1. A. Imberty, A. Varrot, Curr. Opin. Struct. Biol., 2008, 18, 567-576
2. C. Chemani, A. Imberty, S. de Bentzman, M. Pierre, M. Wimmerová, B. P. Guery, K. Faure, 

Infect. Immun., 2009, 48, 2684-2698.
3. S. Cecioni, R. Lalor, B. Blanchard, J.P. Praly, A. Imberty, S E. Matthews, S. Vidal, Chemistry, 

2009, 15, 13232-13240
4. H. Vedala, Y. Chen, S. Cecioni, A. Imberty, S. Vidal, A. Star, Nano Lett., 2011, 11, 170-175
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PL 08

GLYCOSAMINOGLYCAN SULFATION PATTERNS 
AND INTERACTIONS WITH PROTEINS

Sannaulah Khan,1 Stephen J. Perkins,1 and Barbara Mulloy2  

1Department of Structural and Molecular Biology, University College London, Gower Street, 
London WC1E 6BT, UK,  

2 Laboratory for Molecular Structure, National Institute for Biological Standards and Control, 
Blanche Lane, South Mimms, Potters Bar, Herts. EN6 3QG, UK.

barbara.mulloy@nibsc.hpa.org.uk

The search for unique high-affinity sequences within glycosaminoglycans (and other sulfated 
polysaccharides) which interact specifically with a given protein has revealed only a very few 
positive results over the past several decades. This may be explained in a number of ways; 
perhaps for many GAG-protein interactions there is in fact no specificity. However, intermediate 
situations, in which a protein has affinity for a GAG ‘epitope’ made up of a three-dimensional 
pattern common to several different sequences may also be found. In addition, the size and 
spacing of sulfated sequences, particularly in heparan sulfate (HS), is another factor that needs 
to be taken into consideration1. The sulfated ‘S’ domains of HS are separated by longer unsulfated 
domains (‘NA’ domains), the properties of which have been relatively little explored. We have 
used analytical ultracentrifugation and X-ray scattering to compare the solution structure and 
flexibility of highly sulfated heparin fragments (a model of HS S-domains) with HS fragments 
prepared by removal of the S-domains by exhaustive digestion with heparinase I, leaving the 
NA-domains intact. The results indicate that HS consists of relatively stiff S-domains2 separated 
by more flexible unsulfated domains, so that two or more protein-binding S-domains can be 
presented by the same HS chain in a variety of geometries.
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SUGARS & PROTEINS: SOME BIOPHYSICAL ORGANIC CHEMISTRY OF SUGARS

Benjamin G. Davis

Department of Chemistry, University of Oxford, Mansfield Road, Oxford OX1 3TA, UK
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Sugars and Post-Translational Modifications are critical biological markers that modulate the properties of 
Proteins. Our work studies the interplay of proteins, sugars and modifications.[1,2,3] 
This lecture will cover recent examples from our group where the use of fundamental, quantitative Organic 
Chemistry/Physical-Organic Chemistry have allowed us to understand the underlying mechanisms and 
behaviours of sugars and their implications in Biology.
(i) Unpicking the Conformational Bias of Sugars: Although the shapes and interactions of sugars have long 
been studied in condensed phases, their ‘naked’ shapes free from confounding influences have been less 
well understood. Through a combination of synthesis, spectroscopy and computational analysis we have 
recently begun to explore these structures. Examples have shed light on: • reproducible ‘secondary structure’ 
associated with given carbohydrate building blocks[4] •N-linked glycoprotein motif conformational 
bias[5][6] •the presence of conserved ‘pockets’ for water-binding[7] •the contribution & relative value of 
CH-π interaction in carbohydrate recognition[8][9] •the modes of microsolvation of key motifs critical 
to life, such as those found in cellulose[10] and glycoproteins[7] •the origin and role of the anomeric 
effect (absent of all solvent effects)[11][12] •the existence of the ‘reverse’ anomeric effect (ii) Unpicking 
the Mechanisms of Carbohydrate-Processing Enzymes and Pathways: In studies aimed at elucidating the 
biosynthetic pathways of natural product glycomimetics[13], glycosides[14] & glycolipidconjugates[15] 
we have begun to understand deeper aspects of the mechanisms of some intriguing enzymes. Examples 
have shed light on: •retaining glycosyltransfer •regioselectivity of reducing enzymes •natural strategies for 
C–C formation in sugars •pathogen biosynthesis.
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RECOGNITION OF LPS PATTERN BY TLR4-MD-2 COMPLEx

Jie-Oh Lee
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TLR4 and MD-2 form a heterodimer that recognizes lipopolysaccharide (LPS) from Gram 
negative bacteria. LPS induced the formation of an m-shaped receptor multimer composed of 
two copies of the TLR4-MD-2-LPS complex arranged in a symmetrical fashion1. LPS interacts 
with a large hydrophobic pocket in MD-2 and directly bridges the two components of the 
multimer. Five of the six lipid chains of LPS are buried deep inside the pocket and the remaining 
chain is exposed to the surface of MD-2, forming a hydrophobic interaction with the conserved 
phenylalanines of TLR4. Eritoran is a candidate anti-sepsis drug that antagonizes LPS activity 
by binding to the TLR4-MD-2 complex. Eritoran binds to the LPS pocket in MD-2 and blocks 
LPS binding and TLR4-MD-2 heterotetramerization2. Structural comparison of the TLR4-
MD-2-LPS complex with the TLR4-MD-2-Eritoran complex indicates that two additional lipid 
chains in LPS displace the phosphorylated glucosamine backbone towards the solvent area by 
~5 angstrom. The crystal structures of TLR4 complexes together with structures of other TLR-
ligand complexes illustrate the remarkable versatility of the ligand recognition mechanisms 
employed by the TLR family, which is essential for defense against diverse microbial infection3-5. 
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SYNTHESIS OF EUkARYOTIC AND BACTERIAL GLYCANS

Yukishige Ito1.2 
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Glycoprotein structures are characterized by their complexity and diversity. Development 
of synthetic methodologies useful for efficient and facile preparation of oligosaccharides is a 
focal issue in carbohydrate chemistry. In light of their structural diversity, practical strategy 
to facilitate the synthesis of oligosaccharide is expected to be highly valuable. Recent studies 
have clarified that protein glyosylation is not limited to eukaryotes, suggesting its widespread 
occurrence. In fact, various bacteria carry glycoproteins which are known to play crucial roles 
in the establishment of infection.
This talk will provide summary of our studies on 1) organic synthesis based analysis of glycan-
protein interactions which play key roles in glycoprotein folding [1,2] and 2) development of 
synthetic methods for glycans derived from pathogenic bacteria [3-6].  
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STRUCTURE OF HEPARIN OLIGOSACCHARIDES. RECONCILIATION 
OF THEORETICAL AND ExPERIMENTAL NMR DATA

Miloš Hricovíni
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Theoretical density functional theory (DFT) calculations have been used to analyse the effect 
of both counter-ions and solvent upon the structure heparin oligosaccharides. NMR chemical 
shifts and scalar spin-spin coupling constants were computed from the optimized structures of 
heparin disaccharides and tetrasaccharides. The data analysis showed the influence of counter-
ions (Na+, Ca2+) upon conformations of iduronic acid (IdoA) residues and the glycosidic linkages. 
Electrostatic interactions among Na+ ions and the negatively charged sulfates and carboxylates 
were found different in 1C4 and 2S0 forms of the IdoA residues. Such differences in positions 
of counter-ions and the differences in electrostatic interactions could explain stabilizations of 
various IdoA conformers. Three-bond proton-proton and one-bond proton-carbon spin-spin 
coupling constants were also calculated from the optimized molecular geometries. 
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PROMISCUITY OF FUNGAL β-n-ACETYLHExOSAMINIDASES
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β-N-Acetylhexosaminidases (EC 3.2.1.52, CAZy GH 20) are important not only due to their 
implication in human physiology and disease, but also due to their great potential in the 
enzymatic synthesis of carbohydrates and glycomimetics. β-N-Acetylhexosaminidases are not 
strictly specific to the configuration of the substrate C-4 hydroxyl moiety: we demonstrated that 
a number of fungal β-N-acetylhexosaminidases willingly cleave a substrate that lacked the C-4 
hydroxyl completely. Using substrate 1 as glycosyl donor, three novel 4-deoxy disaccharides 
were obtained in the reaction catalyzed by β-N-acetylhexosaminidase from Talaromyces flavus 
in the total yield reaching 80 % [1].
Moreover, β-N-acetylhexosaminidase isolated from Talaromyces flavus (and some others) 
exhibited extraordinary tolerance to β-N-acetylglucosaminides modified at C-6, e.g. aldehyde 
(in the hydrated form, 2) and negatively charged groups, such as carboxylate, sulphate, phosphate 
(3) both in hydrolytic and transglycosylation reaction modes. Oligosaccharides carrying a 
negatively charged moiety are strong ligands of the activation receptors of natural killer cells, 
particularly of CD69 protein, which results in immunostimulation in vivo [2]. Large series of C-6 
modified disaccharides in transglycosylation reactions catalyzed by β-N-acetylhexosaminidase 
from T. flavus were prepared and some of them shown extraordinary high imunoactivation 
effects. β-N-Acetylhexosaminidases were shown to cleave C-N glycosidic bond in glycosyl 
azides (4) acting as very efficient glycosyl donors in synthetic reactions having superb properties. 
Additionally, the promiscuous β-N-acetylhexosaminidase from T. flavus was the only enzyme 
able to hydrolyze the C-N glycosidic bond in GlcNAc-1H-1,2,3-triazole 4, which is a very rare 
example of such a cleavage by an O-glycosidase [3]. Fungal β-N-acetylhexosaminidases are highly 
versatile biosynthetic tools for the preparation of both natural and modified hexosaminides or 
glycomimetics under mild conditions with good yields.

Acknowledgement: Support from EU FP7 project NOVOSIDES KBBE-4-265854, Czech 
Science Foundation P207/11/0629 and Ministry of Education of the Czech Republic (grants 
LC06010 and AV0Z50200510) is acknowledged.
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PROTEIN-CARBOHYDRATE INTERACTIONS AT HOST PATHOGEN INTERFACE
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The interactions between proteins and carbohydrates are involved in important biological 
processes such as recognition of antigenic carbohydrates on the bacterial cell surface by antibodies 
or initiation of inflammatory response. Understanding of molecular recognition events in 
protein-carbohydrate systems is pivotal for the elucidation, at molecular level, of the events 
involved at the heart of biological phenomena and drug discovery process.  Nuclear Magnetic 
Resonance (NMR) spectroscopy is a powerful method for studying protein-ligand interactions 
in solution. Two techniques, Saturation Transfer Difference (STD) NMR and transferred NOE, 
together provide a picture of ligand binding to a receptor. In this communication, preliminary 
studies on different systems of protein-carbohydrate interactions at host-pathogen interface will 
be reported. 
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CyCLoSAL-NUCLEOTIDES AS PRECURSORS 
OF NUCLEOSIDEMONO- AND –DIPHOSPHATE-SUGARS
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Organic Chemistry, Department of Chemistry, Faculty of Sciences, University of Hamburg, 
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Nucleotide glycopyranoses as 1 (e.g. NDP- and NMP-sugars, sugar nucleotides) are of 
enormous importance in biology due to their key role as glycosyl donors in the biosynthesis of 
oligosaccharides. Moreover, glycosyltransferases that incorporate non-natural monosaccharides 
or accept non-natural substrates for glycosylation may become a powerful tool for the synthesis 
of non-naturally occurring bioconjugates. Th us, an effi  cient chemical access to these classes of 
compounds is of high importance. A number of methods have been developed for the synthesis 
of NM(D)P-sugars 1 but oft en these protocols involve long reaction times and   gave low yields 
aft er tedious purifi cations. Recently we developed a high yielding method of the synthesis 
using strong-acceptor substituted cycloSal-nucleotides 2.1,2 CycloSal-triesters 2 were reacted 
with deprotonated, protected monosaccharides 3 or anomerically pure (un)protected glycosyl-
phosphates 4 to give anomerically pure NM(D)P-sugars 1a,b in (very) good chemical yields (up 
to 88%) aft er short reaction times. A great variety of NDP-sugars bearing naturally occurring 
nucleoside and sugar as well as analogues of both were prepared proving the general applicability 
of the procedure.3-5 Th is procedure was used for the synthesis of fl uorescently labelled NDP-
sugars, functionalized NDP-sugar, the preparation of nucleotide sugars (NMP-sugars) as well as 
NDP-disaccharides.

Scheme 1: Synthesis pathway to NMP-sugars, NDP-sugars and NDP-oligosaccharides starting 
from the same cycloSal-nucleotide precursor
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DC-SIGN (Dendritic Cell-Specifi c ICAM-3 Grabbing Non-integrin) is a C-type lectin expressed 
mainly at the surface of immature dendritic cells. (right side of the Figure) Th is lectin presents 
at the C-terminus a Carbohydrate Recognition Domain (CRD) able to recognize highly 
glycosylated proteins such as gp120 (HIV), GP (Ebola virus), ICAM-2, ICAM-3, etc.1 
Th e role that DC-SIGN plays during the infection processes and its implication in the immune 
response has attracted the interest of many research groups. During last years, we have been 
involved in the design and preparation of carbohydrate dendritic multivalent systems (left  side of 
the Figure) to study and interfere into those processes where DC-SIGN is involved with the aim 
to develop new antiviral drugs and immune modulators.2-5 Th ese multivalent systems were built 
up based on diff erent scaff olds and then, functionalized with a variety of carbohydrates. Th is 
approach has allowed the development of multivalent systems showing diff erent presentation 
and multivalency of carbohydrates for applications in nanomedicine.

Acknowledgements: Th is work was funded by Ministry of Science and Innovation (MICINN, 
CTQ2008-01694) and the Marie Curie ITN FP7 project CARMUSYS (PITN-GA-2008-213592). 
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AND FUNCTION
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The neural cell adhesion molecule NCAM is modified with the unique carbohydrate polysialic 
acid (polySia), which is added to NCAM by the two polysialyltransferases ST8SiaII and ST8SiaIV. 
PolySia and NCAM are major determinants of cellular interactions during brain development. In 
humans, abnormal levels of NCAM or polySia as well as polymorphisms in the genes for NCAM 
and ST8SiaII have been linked to schizophrenia. In mice, the combined ablation of ST8SiaII and 
ST8SiaIV leads not only to a complete loss of polysialylation but also to a gain of polySia-free 
NCAM. The postnatally lethal phenotype of the polySia-negative NCAM-positive mice reveals 
the vital role of the polySia modification. In the brain, these mice are characterized by severe 
defects of major axon tracts and altered densities of defined GABAergic neuron populations. In 
this presentation, the neurodevelopmental mechanisms leading to these defects as well as the 
striking parallels to structural brain pathology in schizophrenia will be discussed. 
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ExPLORING GLYCOCHEMISTRY FOR MOLECULAR DIVERSITY 
AND BIOACTIVITY

Amélia P. Rauter
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Glycochemistry continues to be a primary tool for the discovery of new drugs. In this lecture 
we demonstrate the use of glycosyl acetates, imidates and glycals for the construction of novel 
sugar-based compounds with potent antidiabetic, anticholinesterase or antimicrobial activity. 
Preliminary studies on the antidiabetic plant Genista tenera have shown that the plant extract 
major compound is 8-C-glucosylgenistein,1 which is not commercially available. Bioactivity, 
and synthesis of this polyphenol derivative starting from glucosyl acetate, will be discussed. In 
addition, environmentally friendly methods for direct C-glycosylation of phenolic compounds, 
either in water with unprotected sugars or under zeolite catalysis with glycosyl imidates, will be 
disclosed. 
The ongoing search for potent cholinesterase inhibitors to treat the late symptoms of Alzheimer’s 
disease, which represents a growing public health threat, is mobilizing many organic chemists. 
This challenge inspired us towards the investigation of 2-acetamidopurine nucleosides, 
synthesised from sugar bicyclic glycosyl acetates,2 some of which showed nanomolar inhibition 
of butyrylcholinesterase and low values for acute cytotoxicity, competing well with rivastigmine, 
a drug currently in use for the treatment of Alzheimer’s disease. 
With the steady emergence and spread of antibiotic resistant Gram-positive pathogens, the 
development of antimicrobial agents with novel mechanisms of action becomes a priority. 
We disclose herein a novel family of sugar-based antimicrobial agents easily obtained from 
glycals and exhibiting a potent activity against Bacillus species, particularly against B. cereus. 
This pathogenic bacteria is responsible for severe food-borne diseases, among others, and its 
eradication is of great importance for health purposes and also for the food industry.

Acknowledgment: Fundação para a Ciência e a Tecnologia (FCT) is gratefully acknowledged 
for the support of the projects PTDC/QUI/67165/2006 and POCI/QUI//59672/2004.
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Amino sugars as well as C-branched sugars have been identifi ed as structural subunits of many 
antibiotics and other biologically active natural products. Based on our results on the Lewis-
acid induced rearrangement of 1,2-oxazines1 we discovered a short and stereoselective synthesis 
of C2-branched 4-amino sugars.2 Th ereby a thiophenyl-substituted 1,2-oxazine is transformed 
under Lewis-acidic conditions into a bicyclic 1,2-oxazinone that can be used as a glycosyl donor 
equivalent. Glycosidation reactions and subsequent reduction of the products stereoselectively 
deliver mono-, di- and trisaccharides with branched amino sugar units. Th e biological activity 
of these and related carbohydrate mimetics will be discussed.3 
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SYNTHETIC GLYCOLIPIDS TARGETING THE LPS-TLR4 SIGNALLING: 
A NEW GENERATION OF IMMUNOTHERAPEUTICS
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New synthetic glycolipids have been developed by our group that are active in modulating 
in animals the TLR4-mediated inflammatory and innate immunity responses to bacterial 
endotoxins (lipopolysaccharides, LPS).1 Lipo-monosaccharides derived from D-glucose inhibit 
LPS- and lipid A-induced cytokine production in innate immunity cells.2-3 These molecules are 
active in vivo in contrasting septic shock and other syndromes, such as neuropathic pain, caused 
by microglial TLR4 activation.4 In collaboration with T. Gioannini and J. Weiss (University 
of Iowa, USA) we characterized the mechanism of action of these compounds. The strong 
antagonistic effect on LPS-dependent TLR4 activation of these molecules can be explained by 
their capacity to compete with endotoxin for binding to the CD14 receptor, that is an essential co-
receptor for endotoxin presentation to TLR4.5  To inhibit TLR4 signalling by selectively targeting 
the CD14 co-receptor is an innovative approach to sepsis therapy, that we are developing in 
collaboration with several industrial and academic groups. Disaccharide-derived molecules6 and 
nanoparticles7 able to selectively stimulate TLR4 will be also presented, in particular symmetric 
lipo-disaccharides and LPS-coated magnetic nanoparticles (LMNPs) formed by LPS adsorbed 
onto oleylamine-coated iron oxide nanoparticles. LMNPs induce mild CD14-dependent TLR4 
activation in innate immunity cells, and are good candidates for the development of innovative 
vaccine adjuvants and immunotherapeutics. 
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COMPUTATIONAL CARBOHYDRATE SCREENING INDENTIFIES 
NOVEL LIGAND BINDING SPECIFICITIES FOR A DIAGNOSTIC PROTEIN
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Kate Rittenhouse-Olson2* and Robert J. Woods1,4,*
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Experimental methods such as X-ray crystallography and NMR spectroscopy face enormous 
challenges when applied to the characterization of oligosaccharide-protein complexes. 
Biologically relevant glycans are often refractory to crystallization and difficult to obtain in 
large quantities. Conversely, theoretical methods are capable of generating 3D structures of 
protein-ligand complexes, and there is considerable interest in employing virtual ligand docking 
studies to predict the structures of carbohydrate-antibody complexes, due to the diagnostic and 
therapeutic relevance of antibodies.  However, such predictions are difficult to validate, due to a 
paucity of experimental constraints. Glycan array screening provides rapid insight into binding 
specificities, limited only by the number of elements in the array, the largest of which currently 
contain on the order of 500 members.  Although such data provide no direct insight into the 
nature of the 3D structure of the complex responsible for the observed specificities, they may 
be employed as constraints against which to validate theoretical 3D models for the complexes.  

Here we employ a new technology, Computational Carbohydrate Grafting (CCG), to generate 
3D models of glycan-antibody complexes that are consistent with the data from glycan array 
screening.  Given any structure for the protein in complex with a carbohydrate ligand, CCG can 
be employed to generate a 3D model of an intact glycan in the complex by splicing the additional 
branches of the glycan into the bound fragment.  Here we demonstrate that the initial structure 
for the carbohydrate-protein complex can itself be generated using virtual ligand docking.  The 
theoretical poses of bound glycans are then validated by comparison with specificities predicted 
by experimental glycan array data.  This virtual approach overcomes the experimental challenges 
of generating structures for antibody-carbohydrate complexes. In addition, by grafting novel 
glycan structures through a validated model for a known binding epitope it is possible to expand 
the CCG approach to glycans that are not currently present on experimental microarrays, and to 
predict previously unexpected ligand specificities.
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D-ARABINOSYLATION OF THE SURFACE LIPOPHOSPHOGLYCAN 
OF Leishmania major

Natalia M. Novozhilova1,2,  Timothy Notton3, Hongjie Guo3, Stephen M. Beverley3, 
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3Dept. of Molecular Microbiology, Washington Univ. Sch. Med., St. Louis, MO 63110 USA
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Polysaccharides composed of arabinose residues are important constituents of glycoconjugates 
from many bacteria, protozoa and plants.  Unlike the more common L-arabinofuranose, 
D-arabinopyranose is not widespread in organisms.  Rare examples are protozoan parasites of 
the genus Leishmania (causative agents of the human disease leishmaniasis), which in part of 
their life cycle, use D-arabinopyranose as a critical component of glycoconjugates implicated 
in virulence.  As a specific example, D-arabinosylation of the surface lipophosphoglycan (LPG) 
plays a key role in transmission of L. major via its phlebotomine sand fly vector.  Previously, it has 
been shown that the donor for the incorporation of D-arabinopyranose into Leishmania surface 
glycans is GDP-D-arabinopyranose. In this work we identified and enzymatically characterized 
two closely related L. major genes (FKP40 and AFKP80) encoding bifunctional proteins with 
kinase/pyrophosphorylase activities.  Both were able to salvage the structurally-related L-fucose 
to GDP-L-fucose, but only AFKP80 yielded GDP-D-Arap from exogenous D-arabinose.  
Correspondingly, afkp80- mutants lack D-Arap modifications while fkp40- mutants resembled 
WT.  Detailed information of the LPG arabinosylation pathway and its regulation are keys to our 
understanding of transmission of the parasite and potentially could be exploited in chemo- or 
immunotherapeutic intervention.
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ACTIVITY-BASED GLYCOSIDASE PROFILING

Herman Overkleeft

Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands

Aberrations in glucosylceramide metabolism are at the basis of several human disorders, 
including the lysosomal storage disorder, Gaucher disease, and type 2 diabetes. Factors involved 
in glucosylceramide metabolism are therefore valid targets for drug development [1]. In this 
lecture I will report on the progress we made in the development of activity-based probes 
for the profiling of retaining beta-glucosidases, including those involved in glucosylceramide 
metabolism. In our studies we compared 2-deoxy-2-fluoroglycosides and cyclitol epoxides and 
we evaluated the merits of direct and two-set bioorthogonal labeling strategies [2] to arrive at 
a highly sensitive acid glucosylceramidase probe with which this activity can be monitored in 
living cells. I will present our results in the use of this probe in monitoring enzyme activity in 
the context of Gaucher disease and in the presence of enzyme inhibitors/activity-based probes. I 
will conclude with discussing our current (unpublished) progress in the development of activity-
based probes targeting a broader range of retaining glycosidases.
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PROTEIN-CARBOHYDRATE AND CARBOHYDRATE-CARBOHYDRATE 
INTERACTIONS.

SOME ExAMPLES FROM THE MOLECULAR MODELLING PERSPECTIVE

Sonsoles Martín-Santamaría
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Urb. Monteprincipe, 28668 (Madrid, Spain)
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In the last decades, molecular modelling has been widely used for the understanding of relevant 
molecular recognition events. The knowledge of target-ligand interactions at atomic level has 
proven to have many beneficial applications for human health, as drug design, among others. 
We report here some examples that account for the application of molecular modelling tools to 
the study of a) protein-carbohydrate, and b) carbohydrate-carbohydrate interactions.

a) Docking and MD simulation techniques have been applied to the study of specific interactions 
of human galectin-1 and lactose mimetics.1 Human galectin-1 is involved in cell recognition and 
adhesion processes, and has proven to play a pivotal role in metastasis. Insights into galectin 
binding can be very valuable for the understanding of the interaction mechanism of these 
compounds, and for further design of selective binders able to modulate galectins functions. 
It has been shown that intermolecular hydrogen bonds as well as van der Waals and CH-pi 
interactions are the key forces involved in the process. The role of water has also been evaluated.

b) Weak Ca2+-mediated carbohydrate-carbohydrate 
interactions have been studied for sugar-decorated gold 
nanoparticles as the “macromolecule” and the same 
carbohydrate as the ligand. 3D models of trisaccharide-
Ca2+-trisaccharide complexes based on results from 
MD simulations are presented, in agreement     with    
experimental    observations.   The obtained complexes 
provide a working model on the cell-cell recognition 
process that mediates interactions in certain types of 
marine sponges.2
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PERIODATE OxIDISED POLYSACCHARIDES: BASIS FOR NOVEL BIOMATERIALS?
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A wide range of polysaccharides (alginates, chitosans, hyaluronan etc.) are well established as 
components of a wide range of biomaterials thanks to their biocompatibilites, degradabilities, 
gelling properties, and rather well-understood structure-function relationships.
A limited degree of periodate oxidation of such polysaccharides may give rise to derivatives 
(dialdehydes) with entirely altered chemical and physical properties which may be useful in the 
biomaterials area. The oxidative ring-opening of 1,4-linked sugars leads to the formation of highly 
flexible ‘hinges’ in otherwise rather semiflexible or rigid structures. This effect subsequently 
permits macromolecular compaction, allowing long-range intermolecular associations to take 
place if otherwise favoured thermodynamically. The compaction has been clearly demonstrated 
for both alginates and chitosans by a progressive decrease in persistence length with increasing 
degree of oxidation. Also, the gelling properties of alginates with calcium ions are strongly 
influenced, both because of the shortening of gelling G-blocks, but also to a large extent due to 
the flexibility introduced between the junction zones.
The dialdehydes are generally more labile under physiological conditions due to their susceptibility 
towards β-elimination. Likewise, the susceptibility towards acid hydrolysis increases following 
carbonyl reduction. Both cases allow for additional possibilities for design of biodegradable 
materials. The degradability of partly periodate oxidised polysaccharides (+/- subsequent 
reduction) was studied for a wide range of temperatures and pH values, and some novel results 
will be presented. The kinetics of degradation revealed in some cases a more complex behaviour 
than what could be expected on basis of randomly distributed dialdehydes.
The reaction with periodate suffers sometimes from side reactions, and precise detection and 
quantification of dialdehydes may be challenging. With alginates as example, carbonyl detection 
using either tritiated NaBH4, reaction with CCOA, or 2-AB, are reported and compared. The 
reaction with CCOA and 2-AB demonstrates that dialdehydes may serve as attachment points 
for substituents, for example through reductive amination. In the case of chitosans, detection 
of released ammonia seems to offer a route to determine the degree of oxidation in a system 
severely influenced by overoxidation and depolymerisation.
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SYNTHESIS OF CYCLIC TRITERPENE SAPONINS 
WITH POTENT ANTITUMOR ACTIVITIES
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Lobatoside E is a member of the triterpene saponins named cyclic bisdesmosides, which have 
two oligosaccharides flanked on a pentacyclic triterpene and bridged with 3-hydroxy-3-methyl 
glutarate. Thus far, ten such compounds have been disclosed from two Chinese medicinal 
plants, that is Bolbostemma paniculatum and Actinostemma lobatum (Cucurbitaceae). Cyclic 
bisdesmosides are cytotoxic and might induce apoptosis of tumor cells. Removal of the glutarate 
bridge kills the activity, thus the novel cyclic structure of these saponins is crucial to their antitumor 
activity. Lobatoside E shows the highest potency among its congeners against the growth of tumor 
cells, and is especially sensitive toward the lung cancer cell A549, colon cancer cell SW-620, and 
melanoma SK-MEL-5, with GI50 values at 0.14-0.36 mM. We have accomplished the first total 
synthesis of Lobatoside E employing conventional glycosylation methods, wherein a total of 73 
steps were required, with the longest linear sequence of 31 steps and an overall yield of 1.2%, 
starting from oleanolic acid, D-glucose, D-galactose, L-arabinose, and L-rhamnose.1 Recently, 
we developed a highly efficacious glycosylation protocol with glycosyl ortho-alkynylbenzoates 
as donors and gold(I) complex as a catalyst.2,3 This new method was successfully applied to the 
2nd generation synthesis of Lobatoside E. In a modular manner, several of its congeners were 
also assembled. Interestingly, a simple congener showed more potent antitumor activity than 
the natural product.

References 
1. C. Zhu, P. Tang, B. Yu, J. Am. Chem. Soc. 2008, 130, 5872.
2. Y. Li, X. Yang, Y. Liu, C. Zhu, Y. Yang, B. Yu, Chem. Eur. J. 2010, 16, 1871. 
3. Y. Li, Y. Yang, B. Yu, Tetrahedron Lett. 2008, 49, 3604. 
 

Lobatoside E
O

HO
H

H

O

HO
HO
HO

O

O

HO

HO

O

O

O

O OH

O
O

OOH

HO

H

O O
OH

OH
OH

OH

OO

HO

OHOH

O
O

O

nBu

gold(I)



16th European Carbohydrate Symposium

43

INVITED LECTURES

NEW CHEMICAL TOOLS TO STUDY THE GLYCOBIOLOGY 
OF PLANT-MICROBE INTERACTIONS

Knud J. Jensen
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The structural requirements for recognition of complex polysaccharides and the role of ligand-
receptor interactions in the interaction between different cells and organisms remain unsolved 
for many systems. We are focusing on the ‘communication’ between rhizobium and leguminous 
plants, which leads to symbiosis and nitrogen fixation. A key goal is understanding at the 
molecular and atomic level the interaction between lipochitin oligosaccharide (Nod factor) 
signal molecules and their putative plant receptors.
We have developed a series of reagents and methods that use highly chemoselective chemistry 
at the anomeric center to enable the study of carbohydrate-protein interactions. They include 
new bifunctional linkers for the construction of glycan microarrays, glyconanoparticles and 
fluorescent glycoconjugates, as well as aniline catalysis for the formation of glycosyl oximes.
Utilizing these new reagents and methods, we here present a comprehensive approach, which 
includes (i) isolation and identification of lipochitin oligosaccharides from different microbial 
strains, (ii) construction of glycan microarrays with lipochitin oligosaccharides, (iii) chemical 
protein synthesis of partial structures of the putative plant receptors in order to study their 
interaction with the lipochitin oligosaccharides signal molecules, and (iv) synthesis of fluorescent 
labeling of lipochitin oligosaccharides  and bioimaging studies to locate the receptors.
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THE ROLE OF ABC TRANSPORTERS IN THE BIOSYNTHESIS AND ExPORT OF 
BACTERIAL GLYCANS

Chris Whitfield, Bradley R. Clarke, Laura Greenfield, and Jerry D. King.

Department of Molecular & Cellular Biology, University of Guelph, Guelph, Ontario N1G2W1 
Canada  

cwhitfie@uoguelph.ca

Complex glycoconjugates play critical roles in the biology of microorganisms. Despite the 
remarkable diversity in glycan structures, and the bacteria that produce them, conserved 
themes are evident in the biosynthesis/export pathways. One of the primary assembly pathways 
is characterized by the involvement of representatives of the ATP-binding cassette (ABC) 
transporter superfamily. These proteins are responsible for the export of a wide variety of 
cell-surface oligo- and polysaccharides in both Gram-positive and Gram-negative bacteria1. 
Recent investigations of ABC transporter-dependent pathways involved in the export of 
prototype lipopolysaccharide O antigens have revealed two fundamentally different strategies 
for coupling glycan polymerization (and chain-length regulation) to export. In one model, the 
glycan export substrate is capped by a non-reducing terminal modification, which serves as a 
chain-termination and export signal. The signal is recognized by a discrete substrate-binding 
domain in the nucleotide-binding domain polypeptide of the ABC transporter to engage the 
export process. In the other model, polymerization and export are obligatorily coupled and their 
relative activities dictate glycan chain length. A bioinformatic survey examining ABC exporters 
from known oligo- and polysaccharide biosynthesis loci identifies conserved nucleotide-binding 
domain protein families that correlate well with themes in the structures and assembly of diverse 
glycans1. I will discuss our progress in unravelling the details of the ABC transporter-dependent 
glycan biosynthesis and export pathways in prototype systems.
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THE MALDI TOF/TOF MASS SPECTROMETER AS A CHEMICAL LAB FOR THE 
STRUCTURAL CHARACTERIZATION OF LIPOOLIGOSACCHARIDES
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Lipooligosaccharide (LOS) is a powerful Gram negative glycolipid involved in immune system 
elusion and invasion of host animal and vegetal cells. Its structural elucidation is pivotal to 
understand at molecular levels mechanisms of infections. Due to its amphiphilic nature, it has 
resisted structural matrix assisted laser desorption/ionization (MALDI) analysis. Our approach 
has now resolved this important issue, permitting us to obtain high resolution MALDI mass 
spectra that are rich of information. In fact, they show both LOS quasi-molecular ions, and 
also well defined fragments due to a in-source decay which yields B-type ions corresponding to 
core oligosaccharide(s), and Y-type ions relating to lipid A unit(s). Moreover, MALDI tandem 
Time of Flight (TOF/TOF) mass spectrometry (MS) of lipid A allows its complete structural 
elucidation straight from the purified intact LOS, without any chemical manipulation. These 
findings constitute a significant improvement in the analysis of such important biomolecule by 
MS.
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MOLECULAR BASIS ON THE PREDOMINANT INTESTINAL GROWTH 
OF BIFIDOBACTERIA IN BREAST-FED INFANT
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Intestinal colonization by bifi dobacteria is important for health of infants. Th ough It has been 
revealed that bifi dobacteria utilize human milk oligosaccharides (HMOs) as carbon source 
to obtain their intestinal growth in infants since 1950s, complicated composition of HMOs 
with more than 130 diff erent molecules had made the molecular mechanism on the growth 
promotion unrevealed for long time. Each component of HMOs can be described as one of the 
12 core structures or those modifi ed with a-fucosyl and/or a-sialyl residues. 
We found that Bifi dobacterium longum possessed the intracellular pathway specifi c to galacto-
N-biose (Galβ1,3GalNAc, GNB) and lacto-N-biose I (Galβ1,3GlcNAc, LNB), the GNB/LNB 
pathway1). Since oligosaccharides containing LNB in their structure (Type I) are predominant in 
HMOs, the possession of the enzymes that liberate LNB from HMOs by bifi dobacteria explains 
how HMOs promote the bifi dobacterial growth. Such extracellular enzymatic system from Bi-
fi dobacteirum bifi dum including a1,2-fucosidase2), a1,3/4-fucosidase3), sialidase4), and lacto-
N-biosidase5) has been isolated (Figure). Bifi dobacterial enzymes related to their metabolism 
of HMOs are useful tool for preparing compounds related to HMOs. For instance LNB6) and 
GNB7) were produced from sucrose and GlcNAc/GalNAc in one-pot using four such enzymes. 

Fig. HMO-metabolizing pathway of 
Bifi dobacterium bifi dum
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GLYCOSAMINOGLYCANS : SYNTHETIC TRICkS, MIMETICS AND CHIMERAS TO 
UNRAVEL NEW THERAPEUTIC TARGETS
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Glycosaminoglycans, especially heparan sulfate (HS), are amongst the most heterogeneous and 
negatively charged biopolymers. Their expression is dynamically regulated at the cell surface 
where they display various epimerization and sulfation patterns that allow establishing selective 
interactions with numerous proteins and tuning of their bioactivities. Within the exception of the 
fully characterized heparin/AT-III interaction, involving a specific pentasaccharide sequence, 
there is much debate on the mechanisms allowing specific HS/protein interactions. HS displays 
two levels of molecular diversity: sulfation and epimerization hypervariability, in tetra to 
octasaccharide domains of the polymer, along with topological diversity due to the alternation of 
various lengths highly charged domains (S) and less charged ones (A). In tight collaboration with 
glycobiologists, chemists have thus a large playground to conceive tools to challenge hypotheses 
on HS-protein interactions. However, HS fragment syntheses is not trivial and many pitfall lies 
on the road to libraries of hypervariable fragments,1 libraries of glycoconjugates mimetic of SAS 
domains2 or other tools.3 This prompt us to find “synthetic tricks” to reach our synthetic targets 
in order to establish new HS-protein interaction as relevant therapeutic targets.3 Gratifyingly, 
we were able to identify an efficient inhibitor of IFNg proinflamatory activity 4 or to “lock the 
door” against HIV, by preventing it to bind its target with a peptide HS-chimera,5 both active in 
the low nanomolar range.

Diversity due to micro-heterogneities Diversity due to charge topologies
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In spite of the long history of synthetic blood group glycans, there is plenty of room for further 
insights into the secrets of ABO system. Here, we give several examples of how chemical synthesis 
allows us to solve immunological “theorems”. Complex A and B antigens possess common 
fragments, terminal trisaccharides (3S) GalNAca1-3(Fuca1-2)Gal or Gala1-3(Fuca1-2)Gal 
respectively. The 3S, connected β1-3 or β1-4 with GlcNAcβ determine type 1 and type 2 of 
antigens, whereas connected β1-3 with GalNAca or β determine type 3 and type 4. This gives 
us an opportunity to use block approach as the most effective pathway to have series of glycans, 
including types 1, 2, 3, 4 tetrasaccharides (4S). We have developed “tri(donor)+mono(acceptor)” 
strategy, where “tri” is 1 or 2), and “mono” is protected derivative of GlcN or GalN (3 – 7).

TMSOTf-promoted glycosylation of 3 led to A or B 4S (type 1), only aimed β-anomers. Acceptors 
4 and 5 were used to get A and B (type 2) 3S, as a/β (1:1). Glycosylation of 6 gave A and B (type 
3) 3S (a/β 1:2). A and B (type 4) 3S were obtained using acceptor 7 (a/β 1:2). Thus, in spite of 
absence of assistant group, β-anomers were the major products in most cases. 
Glycans printed on a chip allowed us to get new knowledge about human serum ABO-antibodies 
(Abs). Blood group A glycans (both 3S and 4S) in composition of printed glycan array bind 
donor’s Abs weaker than the corresponding B analogs, whereas variability between donors is 
considerably higher in case of anti-A. Using affinity columns with the glycans we isolated human 
anti-A Abs. Interestingly, from A donor’s serum we isolated auto-Abs, differing from allo-Abs 
by specificity. It was still unclear also to what exactly is the epitope that is recognized by Abs 
having AB specificity; we hypothesized that the AB-epitope should be situated oppositely to the 
NHAc group of GalNAc. We synthesized a conjugate in such a way that the A 3S is attached to a 
polymer via C-2 of GalNAca; the supposed AB-epitope should be maximally accessible for Abs, 
whereas the discrimination site should be maximally hidden due to the close proximity of the 
polymer. Interaction with human sera confirmed our hypothesis. 
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INTERACTIONS OF COMPLEMENT FACTOR H WITH 
GLYCOSAMINOGLYCANS

Dušan Uhrín
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Complement factor H, CFH, the main fluid-phase regulator of the alternative pathway of the 
complement, is a 155 kDa heparin-binding protein consisting of twenty ∼7 kDa complement 
control protein modules (CCPs) connected by linkers of 3-8 residues. CFH has the appearance 
of 20 beads on a string. By binding heparin sulfate or other cell-surface polyanions, CFH protects 
host cells from complement attack. Using two polyanion binding sites in CFH modules 6-8 
(CFH6-8)1,2 and CFH19,203,4 we discuss the strength and limitations of NMR spectroscopy in 
the study of protein-GAG interactions. 
To complement the backbone NH chemical shift perturbation data obtained by acquiring 1H,15N 
HSQC spectra we also monitored lysine NxHx

3
+ and arginine NεHε resonances by acquiring 

HISQC and H2CN spectra while titrating the heparin oligosaccharides into CFH72. In addition, 
we used chemical cross-linking as a means to probe the roles of individual lysine side chains in 
the formation of protein-GAG complexes2. 
We also investigated heparin-binding properties of CFH19,20 mutants using heparin-
chromatography3 and showed a lack of a straightforward correlation between their heparin 
binding properties and complement regulation in a biological assay. We used NMR and 
X-ray crystallography to study the C3d–CFH19-20 complex in atomic detail and identified 
glycosaminoglycan-binding residues in factor CFH20 of the C3d–CFH19-20 complex.
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CARBOHYDRATE STRUCTURE: AN NMR AND COMPUTATIONAL APPROACH
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The structural determination of carbohydrates is posed by the specific problem of limited 
spectral dispersion both for 1H and 13C nuclei. The use of 15N and 31P nuclei is also of importance 
in carbohydrate NMR spectral analysis. Employing one-, two-, as well as multidimensional 
NMR spectroscopy the process of assignment of a certain resonance to a specific nucleus is 
still tedious and the most time consuming part of the process. We developed a computerized 
method to determine carbohydrate structure from NMR spectra, termed CASPER, an acronym 
for Computer Assisted SPectrum Evaluation of Regular polysaccharides, but can it be used 
for oligosaccharides as well. Its advantage is that it uses unassigned NMR spectra. Recent 
developments include utilization of experiments based on through-bond connectivities over 
several bonds, i.e., 1H,1H-homonuclear and 1H,13C-heteronuclear spin-spin coupling constants 
[1]. In NMR terminology 1H,1H-TOCSY, 1H,13C-H2BC and 1H,13C-HMBC experiments. A new 
function, employing knowledge about classes of glycans to generate only structures containing 
the structural elements of a specific kind of carbohydrates, is biological rules for N-linked and 
O-linked glycans, Wzx/Wzy dependent WecA assembled E. coli O-antigen repeating units, S. 
flexneri O-antigen repeating units and H. influenzae lipopolysaccharides.
For the analysis of the three-dimensional structure of glycans a number of experimental 
biophysical techniques are available, in particular NMR spectroscopy, X-ray diffraction on 
crystals, optical rotation, ultrasonic relaxation and Raman optical activity. The experimental 
techniques may be complemented by molecular dynamics simulations that give a detailed 
description of the dynamics of the systems [2]. The use of 13C site-specifically synthesized 
oligosaccharides [3], for obtaining conformationally dependent trans-glycosidic homo- and 
heteronuclear coupling constants and interpretation of conformational equilibria from these 
based on recently developed Karplus-type relationships for J coupling constants over three 
bonds [4], will be presented in search for a description of the population distribution of the 
torsion angles at the glycosidic linkage.
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1,2-DICARBONYL SUGARS IN BIOLOGY:  PHOSPHATE-CATALYZED SkELETAL 
REARRANGEMENT INVOLVING C1-C2 TRANSPOSITION

Wenhui Zhang and Anthony S. Serianni
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1,2-Dicarbonyl sugars such as 3-deoxy-D-erythro-hexos-2-ulose (3-deoxy-
D-glucosone) (1) and D-arabino-hexos-2-ulose (D-glucosone) (2) have 
been implicated in the degradation of D-glucose in vivo, with 1 commonly 
detected as a metabolite in diabetic patients.1  Th e contiguous electrophilic 
carbonyls in 1 and 2 make them susceptible to nucleophilic attack by 
protein side-chains (e.g., arginine), leading to structural modifi cation 
and in some cases loss of protein function.2,3 Degradation of 1 and 2 can 
generate reactive carbonyl species (RCS), such as glyoxal and methyl glyoxal, which can infl ict 
more functional damage than 1 and 2 alone.4  Recent studies of the solution behavior of 1 using 

13C NMR and 13C/1H-labeled compounds showed that 1 rearranges 
in solution under physiological conditions to give metasaccharinic 
acids exclusively via a 1,2-hydrogen transfer mechanism. Under the 
same solution conditions, 2 experiences C1-C2 bond cleavage to 
give D-ribulose 3 and other by-products.5  13C NMR studies of 13C 
isotopomers of 2 revealed an unexpected C1-C2 transposition in the 
conversion of 2 to 3 (e.g., D-[1,3-13C2]glucosone gives D-[1,2-13C2]
ribulose).  Th is transformation is phosphate- and arsenate-catalyzed 

at pH 7.4, and may involve an osone-phosphate (or osone-arsenate) adduct as an intermediate.   
Th ese fi ndings suggest a new role for phosphate in the degradation of 1,2-dicarbonyl compounds 
in vivo.  Th is work was supported by the National Institute of Diabetes and Digestive and Kidney 
Disease, research grant No. DK065138.
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RED MICROALGAL POLYSACCHARIDES FROM THE TEST TUBE 
TO THE FINAL PRODUCT

Shoshana (Malis) Arad

Ben-Gurion University of the Negev, Beer Sheva, Israel

The cells of the red microalgae are encapsulated with sulfated polysaccharide. In recent years, 
our lab has developed the biotechnology for the production of valuable products from the red 
microalgae with the emphasis on cell-wall sulfated polysaccharides. The combination of the 
unique characteristics of these novel molecules (their composition, structure, rheology, and 
extreme stability) and their biological activities, has opened a vast range of potential applications. 
The bioactivities – including anti-inflammatory and soothing actions and antioxidant 
properties – have made the sulfated polysaccharides suitable for application in a wide range 
of dermal cosmetic preparations that are already on the market. Additional applications, e.g., 
pharmaceutical and nutritional applications, are currently under development. 
The multidisciplinary R&D effort of our lab – integrating biological, chemical, molecular and 
engineering studies – has already yielded various commercial products. In the future, however, 
red microalgae will be exploited in a more sophisticated manner for additional applications—
based on unraveling the enormous potential that lies in the algal genome concerning sugars and 
their biosynthesis.
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SEVEN-MEMBERED IMINOSUGARS:
FROM GLYCOSIDASE INHIBITION TO SkELETAL REARRANGEMENT
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Iminosugars, in which the ring oxygen has been replaced by nitrogen, constitute the most 
promising class of sugar analogues because their glycosidase and/or glycosyltransferase 
inhibition profi le make them promising therapeutics.[1] As a consequence, some iminosugar 
derivatives are already on the market to treat diabetes or Gaucher disease while others are 
currently involved in clinical trials to treat cancer, viral infections or genetic diseases such 
as cystic fi brosis. While fi ve- and six-membered iminosugars have been largely investigated, 
the unusual seven-membered analogues have been rather unexplored [2] despite an expected 
potential related to their conformational fl exibility.

Structure of fi ve-, six- and seven-membered iminosugars

We have launched a program to explore the synthetic access, the biological and the synthetic 
potential of these polyhydroxylated azepanes.[3] Recent results obtained with  these odd 
iminosugars will be presented.  
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HIGHER-CARBON SUGARS OF BACTERIAL LIPOPOLYSACCHARIDES: 
SYNTHESIS AND BINDING INTERACTIONS WITH ANTIBODIES AND LECTINS

Paul Kosma 
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Cell-wall anchored microbial sugars constitute an important class of ligands being exposed to 
the continuous interaction with the components of the adaptive and innate immune system. 
Extending common pyranose-ring chemical entities, higher carbon sugars such L-glycero-
and D-glycero-D-manno-heptose (L,D-Hepp, D,D-Hepp), 3-deoxy-D-manno-oct-2-ulosonic 
acid (Kdo) and D-glycero-D-talo-oct-2-ulosonic acid (Ko) comprise structural and functional 
motifs for multiple binding interactions. In particular, side chain diol groups and ionic species 
present as carboxylate, phosphate or amino groups, respectively, provide signifi cant binding 
contributions. Synthetic approaches to generate defi ned ligands for binding and crystallographic 
studies will be illustrated for biomedically important antigenic epitopes residing in the inner core 
of Chlamydia, Burkholderia and Proteus lipopolysaccharides to allow for in-depth molecular 
analysis of binding modes and defi nition of major factors in immune recognition of LPS inner 
core epitopes.1-4

Acknowledgments: Financial support by Austrian Science Fund (FWF grants P19295 and P 
22909)
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DETECTION AND PURIFICATION OF CARBOHYDRATES AND CONjUGATED 
CARBOHYDRATES

Virginio Lonati
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Separation and identification of carbohydrate-based compounds is complicated due to their 
structure and poor detection. Lack of chromophores, high sensitivity, and the compound’s 
instability require a chromatographic system that is productive and efficient. The Reveleris® 
iES allows the detection and purification of carbohydrates and conjugated carbohydrates using 
multiple signal processing from UV and ELSD (Evaporative Light Scattering Detection). Using 
this RevealX™ detection technology in the Reveleris® iES flash chromatography system chemists 
can isolate both chromophoric compounds and non-chromophoric sugars present in the sample 
matrix during a single run.
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Th e Carbohydrate separation by HPAE PAD was largely used in last 20 years. Th e resolution 
power the sensitivity and the broad range of application capability  has made  very popular this 
technique in last twenty years. Th e development of  detectors and chromatographic phases was 
improved by the time and the analytical technique is today robust, reliable and reproducible. 
Nevertheless the last innovation in Ion Chromatography, the capillary technology can still give 
improvement in such technique.
Th e new high effi  cient, carbonate free capillary electrochemical eluent generation off ers high 
automation and robustness. Th anks to the capillary fl ow rate is possible to generate hydroxide 
up to 200 mM/l without Carbonate and with low content of hydrogen. Sample volume as little 
as 0,4 µl is enough for an injection and the low consumption of eluent makes possible a no stop 
operation for several weeks. 
Th e presentation  describes the innovative IC instrument technology, the pump capillary the 
new electrochemical eluent generator for capillary and the original idea of the Dionex Cube. 
Several practical example will be discussed.
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SIMGLYCAN SOFTWARE
A PREDICTIVE CARBOHYDRATE AND GLYCOPEPTIDE ANALYSIS TOOL 

FOR MS/MS DATA
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The analysis of glycans in MSMS mode is challenging due to the high complexity of fragment 
ion spectra. We present novel software for the interpretation of MSMS spectra which lead to 
the glycan structure, providing the glycan fragments, its structure, sequence, composition, the 
theoretical glycan mass and other information.
The analysis of carbohydrates is of high importance in modern biochemistry. Structure 
determination requires the knowledge of various sugar sequences, anomeric linkages between 
the monosaccharides and their fragmentation patterns under different experimental conditions 
such as permethylation, reducing end modifications, adducts used and the ion mode. The 
SimGlycan software (www.premierbiosoft.com) predicts the structure of a glycan based 
on MS/MS data acquired by mass spectrometry, facilitating the study of glycosylation and 
posttranslational modifications studies. SimGlycan software accepts the experimental MSMS 
data generated by a mass spectrometer and matches it with its own database of theoretical 
fragmentation of over 8,000 glycans and generates a list of probable glycan structures. Each 
structure is scored to reflect how closely it matches the experimental data. Other biological 
information for the probable glycan structures such as the glycan class, reaction, pathway and 
enzyme are also made available for easy reference.
SimGlycan software accepts experimental m/z and intensity values (MSMS data) of a glycan. 
Samples are analyzed using a quadrupole linear ion trap hybrid instrument, quadrupole-
TOF instrument or TOF/TOF™ System. SimGlycan software verifies the monosaccharides 
composition of the experimental glycan using diagnostic ions calculated for the glycans in the 
database. The composition score is calculated for every probable. Further, the branching score 
is calculated for identification of the linkages and branching pattern of the unknown sugar 
by using the internal and cross ring cleavages of theoretical glycans. The glycan with highest 
composition and branching score is the predicted structure. 
MSMS spectra allow differentiation of isomeric structures and the determination of 
oligosaccharide sequences and the linkage position of the reducing residue. In the MALDI CID 
MS/MS spectra a considerably greater number of fragments are found in comparison to other 
mass spectrometry fragmentation techniques. Although this may complicate their interpretation, 
it permits acquisition of more information on linkage position and points of branching. 
For every probable glycan structure, SimGlycan software provides glycan fragments, structure, 
sequence, composition, glycan mass, class, reaction, pathway, enzyme and other database 
links. All the possible glycan structures are ranked based on proprietary search and scoring 
algorithm. The ranking algorithm is based on calculating the glycan score, which is a numerical 
representation of how close the experimental glycan is to theoretical glycans in terms of 
composition and branching pattern. 
In summary mass spectrometry in combination with SimGlycan software demonstrated a 
powerful combination for the analysis of carbohydrates.



ORAL
PRESENTATIONS



16th European Carbohydrate Symposium

60

ORAL PRESENTATIONS

OL 01

THE IODINE/TRIETHYLSILANE SYSTEM: A VERSATILE COMBINATION WITH 
MULTIPLE APPLICATIONS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

Matteo Adinolfi ,  Alfonso Iadonisi, Antonello Pastore, Silvia Valerio

Dipartimento di Chimica Organica e  Biochimica, 
Università degli Studi di Napoli “Federico II”
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Combination of  I2 and Et3SiH allows a rapid generation of HI under anhydrous conditions, 
and over the last years we have shown that an appropriate stoichiometric tuning of these 
reagents can lead to several useful synthetic routes in carbohydrate chemistry. Th e fi rst 
reported application concerns the use of stoichiometric I2 and catalytic Et3SiH as an activation 
system of trihaloacetimidate glycosyl donors1 which was subsequently shown by Takahashi 
and co-workers to be especially eff ective for the stereocontrolled synthesis of β-glycosides 
of 2,6-dideoxy sugars.2 In an alternative application, use of a slight equimolar excess of both 
reagents allows a very quick anomeric iodination of 1-O-acetylated precursors; incorporation 
of this transformation into several sequential procedures has led to the streamlined synthesis of 
a wide range of useful saccharidic derivatives such as 1,2-orthoesters, ethylidenes, glycals,3 thio- 
and selenoglycosides,4,5 estradiol glycosides.6 Very recently the reagent system was disclosed to 
promote the fast regioselective deprotection of poly-O-benzylated substrates and in many cases 
an unprecedented regioselectivity control, with preferential deprotection of the most sterically 
encumbered carbinol positions (see representative examples in the following Scheme), was 
observed.7 
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TOWARDS SYNTHETIC GLYCONjUGATES BASED ON THE STRUCTURES 
OF neisseria meningitidis A CAPSULAR POLYSACCHARIDE
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A Gram-negative bacterium N. meningitidis serogroup A causes endemic and epidemic 
meningitis in Sub-Saharan Afrika and sporadically throughout the world. The 1996 epidemic in 
the region known as African meningitis belt led to 250,000 cases and 25,000 deaths. Thus, a well-
working vaccine to control the disease is greatly needed. Protection against the meningococcal 
infection is directly related to the presence of humoral IgG antibodies against the bacteria 
capsular polysaccharide (CPS), consisting of 3-O-Ac-a-D-ManNAc 1-phosphate repeat units 
(structure 1). An effective and proved [V. Verez-Bencomo et al., Science 2004, 305, 522] approach 
to a vaccine is to synthetically produce fragments of the CPS, followed by their conjugation 
to an immunogenic protein carrier, which induces a T-cell dependent immune response with 
immunological memory and gives protection to young children.

Here, we report the synthesis of some CPS structures and the preparation of neoglyconjugates 
therefrom. The H-phosphonate derivative 2 was coupled to dec-9-enol 3 to produce 
(after oxidation and deprotection) a monomer of the CPS repeat 4. It was converted to the 
neoglyconjugates 5 and 6 via ozonolysis and coupling to TetC protein by reductive amination. 
The phosphosaccharides 9 and 10 containing two and three ManNAc units were prepared by 
stepwise chain elongation using the 6-O-DMT protected H-phosphonate 7 and the glycoside 8 
as the first alcohol acceptor. A set of oligomers 14 containing from 2 to 5 phosphosaccharide 
repeats and a 6-aminohexyl spacer were made effectively from the H-phosphonate synthon 12 
(for chain elongation), the 6-OH glycoside 13 and the N-Cbz-6-aminohexyl H-phosphonate 11 
(for chain termination). The oligomers 14 will be further coupled to an aminooxylated protein 
using V. Pozsgay technique [J. Org. Chem. 2005, 70, 6987].
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NEW APPROACHES TO STEREOCHEMICAL CONTROL; APPLICATIONS 
OF ASYMMETRIC CATALYSIS AND NEW TYPES OF NEIGHBOURING 
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Th e recent rapid development of asymmetric organocatalysis has opened up new avenues for the 
control of stereochemistry in a wide variety of synthetic arenas. However, as yet, organocatalysis 
has found scant application in the carbohydrate fi eld. One intriguing possibility is that asymmetric 
catalysis could also be applied to achieve control of the diastereoselectivity of glycosylation; this1 
and other potential applications of chiral Brønsted acid catalysts in the carbohydrate fi eld will 
be discussed.

Th e development of stereoselective glycosylation mediated by chiral protecting groups, invented 
by Boon’s in 2005,2 has opened up new possibilities for the stereochemical control of glycosylation 
by diff erent types of neighbouring group participation. Novel types of participating protecting 
groups that can be installed at the 2-hydroxyl of a glycosyl donor, and their infl uence on the 
stereochemical outcome of glycosylation, will also be discussed.3
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Since the interest in well-defined glycoproteins is steadily increasing, various methods for the 
synthesis of homogeneously glycosylated proteins were developed [1]. A very versatile basis is 
the sequential or one-pot native chemical ligation (NCL) developed by Kent et al [2].
As a model glycoprotein we chose the human interleukin 6 (IL-6), a cytokine with pleiotropic 
functions [3]. Non-glycosylated IL-6 shows only a short half-life in vivo, thus native IL-6 
glycoforms are of therapeutic interest. 
For the semisynthesis of glycosylated IL-6 the protein was divided into three fragments. The 
N-terminal thioester fragment 1-42 and the C-terminal cysteine-fragment 49-183 were 
produced via expression of intein fusion proteins in E. coli. The released IL-6 49-183 containing 
an N-terminal cysteine was isolated after protection of the three thiols as mixed disulfides [4]. 
The glycosylated central IL-6 fragment 43-48 thioester was synthesized via different linkers on 
a solid phase and contained an N-terminal thiazolidine [2] and a GlcNAc moiety or a complex 
type nona-saccharide. 
With this set of suitable protected building blocks in hand sequential ligations were carried out 
leading to different full length IL-6 glycoproteins. The IL-6 glycoproteins were refolded and 
assayed for activity.
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The development of novel strategies for the synthesis of carbohydrate mimetics is a major task 
in modern bioorganic and medicinal chemistry.[1, 2] During the last decades scientists succeeded 
in the modular synthesis of highly complex O-glycosides.[3] The most difficult synthetic 
modification with respect to the linkage is the construction of C-glycosides. Several elegant 
methods have been reported in literature, but most of them use highly elaborated systems[4] 
or can only be applied for very special cases. A general approach to form C-glycosidic bonds 
between monosaccharide units has still been lacking.
Our approach for the construction of C-glycosidic bonds between two monosaccharide units 
employs Pd-mediated coupling reactions. Monosaccharide building blocks are modified in such 
a way that sp2- or sp-hybridized carbons are available. Such a design enables us to use cross-
coupling reactions to create the carbon-carbon bond. The pseudodisaccharides obtained by 
these reactions allow an access to either 2-deoxy-C-glycosides or to C-glycosides with the native 
hydroxyl pattern, either as a- or as β-anomer. Using this methodology (1→2)-, (1→3)-, (1→4)- 
and (1→6)-linked C-glycosides can be created in a highly modular fashion.
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In an environment that is rich in potentially pathogenic microorganisms, the survival of higher 
eukaryotic organisms depends on efficient pathogen sensing and rapidly mounted defence 
responses. Such protective mechanisms are found in all multicellular organisms and are 
collectively referred to as innate immunity. Innate immunity is the first line of defence against 
invading microorganisms in vertebrates and the only line of defence in invertebrates and plants. 
Plants interact with a variety of microorganisms, and like insects and mammals, they respond 
to a range of microbial molecules from both host and non-host pathogens. The elicitors are 
essential structures for pathogen survival and are for that reason conserved among pathogens. 
These conserved microbe-specific molecules, also referred to as Microbe Associated Molecular 
Patterns (MAMPs), are recognised by the plant innate immune systems Pattern Recognition 
Receptors (PRRs). We have chemically and biologically examined lipopolysaccharides (LPS) 
and peptidoglycan (PGN) from two Gram-negative plant pathogens, Xanthomonas campestris 
pv. campestris (Xcc) and Agrobacterium tumefaciens (At). In the case of PGN we show that PGN 
functions as a MAMP in plants by triggering diverse innate immune responses, and that its 
perception is dose dependent. Clear differences in the structures of Xcc and At PGNs and their 
constituent muropeptides were found and may explain why Xcc PGN was a better elicitor of 
plant immune responses than At PGN; the lower efficacy of At PGN might relate with its subtle, 
biotrophic mode of invasion. However, for both bacteria the muropeptides were more effective 
in triggering immune responses in Arabidopsis than the native PGN. These findings demonstrate 
that PGN from true plant pathogenic bacteria functions as a MAMP. 
The role of LPS in plant innate immunity has been investigated for a number of years in our 
group. I will present new data to show that Arabidopsis PEN1, a SNARE protein believed to 
be required for docking and fusion of intracellular transport vesicles, is involved in signal 
transduction leading to the induction of the innate immune responses by particular bacterial 
MAMPs. Specifically we show that PEN1 is required for PR1 gene induction, callose deposition 
and generation of reactive oxygen species by LPS but not by Flg. These findings, which suggest 
multiple roles for PEN1 in determining plant resistance to pathogens, will be discussed in the 
light of previously published work that shows internalisation of LPS on application to suspension 
cultured cells and the recent work implicating PEN1 in resistance to fungal pathogens. Finally the 
effects of MAMP combinations and their interactions with the host cell wall were investigated. 
Early responses in Arabidopsis, elicited by non-saturating concentrations of Flg peptide (flg22), 
EF-Tu peptide (elf18), PGN, its constituent muropeptides, LPS and its core oligosaccharide 
derivative, revealed that some MAMPs have additive and even synergistic effects, while some 
mutually interfere. The peptide elicitors are potent at sub-nm levels, whereas PGN and LPS 
only at high µm levels induce low and late responses. This contrast may result from restricted 
access to receptors through the host wall of these macro-molecular MAMPs. Thus flg22 rapidly 
permeates a cell wall matrix, whereas LPS, which forms micelles, is severely constrained. Clearly, 
induction and suppression of innate immunity involves complex interactions between host and 
pathogen polymers. 
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Arbuscular mycorrhizal (AM) fungi establish symbiotic associations with a majority of the 
vegetal kingdom of critical importance when soil fertility and water availability are low. AM 
is a difficult system to study, since the fungi can’t be cultivated without vegetable host. Recent 
publications demonstrated the existence of a diffusible fungal signal, active on the plant and 
borrowing partly the transduction way of the Nod factors (signals for establishing the nitrogen 
fixing symbiosis) [1-2]. Our work reports the structural elucidation of this signal.
Very complex mycorrhized root exudates were extracted, prepurified on SPE and finally 
separated on semi-preparative or analytical reversed phase HPLC. Activity of the so obtained 
fractions was biologically tested. Due to the very low concentration of these signals (10-12M), the 
scarcity and complexity of the biological material, different mass spectrometer and mass analyses 
were necessary. MRM experiments using a LC-Q-Trap were advantageously used for screening 
the presence of several expected Nod-factor-like structures at very low concentration levels. 
UPLC-Q-Tof MS/MS and exact masses determination were used for unambiguous structural 
identification of the major compounds. The characterization was performed after a cleaning up 
and a preconcentration of 106 times.
The fungal signal exhibiting the expected biological activity are lipo-oligomers belonging to the 
chitin series (LCO). The first elucidated compounds are similar to the well known Nod factors, 
but they exhibit a very simple structure and are synthesized as a mixture. These compounds of 
major ecological interest were investigated since years allowing their publication in Nature [3]. 
Our know-how allowed us to find very recently a new extremely active fungal LCO family.
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Biofilms are communities of bacteria that live in a polymeric matrix associated with a surface. 
This matrix grants the embedded bacteria a protective environment and helps pathogens 
to escape antibacterial agents. The composition of the matrix is quite complex containing 
polysaccharides, proteins and nucleic acids. Moreover, the polysaccharides produced in biofilm 
are not always identical to the ones produced in planktonic conditions. In fact, for P. aeruginosa 
biofilm, Byrd et al.1 characterised a neutral polysaccharide constituted of mannose, rhamnose 
and glucose, and therefore deeply different from alginate.
The purpose of our investigation is to define the polysaccharides present in the biofilms matrix 
produced by Burkholderia cepacia complex (BCC) bacteria, which are important opportunistic 
pathogens for cystic fibrosis (CF) patients. CF is a common autosomal recessive genetic disease 
caused by a mutation in the gene for the protein cystic fibrosis transmembrane conductance 
regulator (CFTR). Lungs are affected by clogging of the airways due to mucus build-up, 
decreased mucociliary clearance which leads to bacterial infection, inflammation and often early 
death. The strain B. cenocepacia BTS2b was isolated from a CF patient and it was cultured in 
polystyrene plates in the biofilm mode of growth, using different media. The biofilm matrix was 
scraped off the plates, and the polysaccharidic component was purified. The 1H-NMR spectra 
recorded were typical of polysaccharides, and all identical, regardless of the growth medium 
used. They were also very different from those of polysaccharides obtained using the same type 
of media, but growing the cells in planktonic mode. Methylation analysis suggested a backbone 
of (1-4)-β-linked Gal with Ara side chains. It is remarkable that Ara has never been found before 
in polysaccharides from BCC bacteria. These results indicated that the major polysaccharide 
component produced by BTS2b in the biofilm matrix is neither cepacian nor any other known 
polysaccharides produced by BCC bacteria grown in liquid or solid media, but a completely 
novel polymer.
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Cronobacter sakazakii is an important food-borne pathogen, which can cause severe invasive 
infections in all age groups, especially, in immunocompromised infants and elders. Recently, 
based on the O-antigens, C.  sakazakii strains have been classified into seven O-serotypes.1 
Structures of the O-antigens (O-polysaccharides) of serotypes O1 and O2 have been established.2,3 
In this work, the following O-polysaccharide structures of the reference strains of the remaining 
serotypes O3-O7 were elucidated using chemical analyses, selective degradations, and 1H and 
13C NMR spectroscopy (all sugars are pyranosidic; non-stoichiometric O-acetylation is indicated 
in italics):

The observed two-way serological cross-reactivity of O1, O3, and O5 strains1 could be accounted 
for by the presence of d-Qui3N derivatives at the non-reducing end of the O-units. The 
chromosomal O-antigen gene clusters of strains from all O-serotypes were sequenced, and the 
gene functions were tentatively assigned and found to correspond to the O-antigen structures 
established. 
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Mycobacterium marinum (M.ma) is a natural pathogen of ectotherms genetically close to 
M. tuberculosis. This pathogen model is useful for deciphering the role of mycobacterial cell 
wall glycolipids in granulomatous infection 1.  In this context, we compared the glycolipids 
profiles of seven M. marinum natural strains inducing acute or chronic infection in zebrafish 
by TLC and showed that an avirulent strain (M.ma 7) was unable to synthesize one of the four 
lipooligosaccharides (LOSs) previously identified, the LOS IV 2. In agreement, a previous study 
has shown that a LOS IV deficient mutant of M.ma was less phagocytosed by macrophages 
than WT strain 3. LOSs are antigenic glycolipids present in numerous pathogenic mycobacteria 
including M. canettii 4. However, their precise role in virulence of mycobacteria remains unclear. 
Structural analysis of the LOSs family from M.ma (including LOS-I to LOS-IV) by NMR, MS 
and GC demonstrated the presence of several rare or even unique monosaccharides including 
caryophyllose, derivatives and a N-acylated monosaccharide specific of LOS-IV 2,5. Biological 
activity assays showed that LOSs exert an important pro-inflammatory effect by decreasing the 
TNF-a secretion from macrophages 2. Moreover, LOS-IV was found to stimulate the expression 
of the chemokine IL-8 and cell surface antigens (CD40 and ICAM-1) on macrophages 5. This 
specific immunostimulatory property was related to the presence of the terminal N-acylated 
monosaccharide in LOS-IV. Finally, preliminary in vivo tests with purified LOSs demonstrated 
that this family of glycolipid alone can induce granulomas formation in zebrafish. This work 
established for the first time the involvement of LOSs in mycobacterial virulence. 
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Glycosaminoglycans (GAGs) heparin, heparan sulphate, and dermatan sulphate show particular 
conformational plasticities of their L-iduronic acid constituents, which affords them with 
remarkable protein adaptability.1 They show equilibria between different conformations (1C4, 
2SO, and 4C1), and their relative proportion of conformers is a function of sulphation pattern and 
sequence.2 In the framework of a project aimed to explore the molecular bases of the selectivity 
in their interactions with heparin binding proteins,3 we have synthesized a library of heparin 
like trisaccharide models, highly pure and structurally perfectly defined.
In addition to their suitability for the interaction studies, this library represents the minimum 
structural features around iduronate residues within GAG chains, in which the different 
possible substitution patterns are systematically varied. On the other hand, their small sizes 
allow to determine distances from NOEs with high accuracy as well as to measure very precise 
3JH-H values. Together with NMR experiments at variable temperature, these trisaccharides 
have been studied by MD simulations4, in explicit water, using Particle Mesh Ewald conditions 
to handle long-range electrostatic interactions, and by MD-tar simulations (time averaged 
restraints molecular dynamics) with vicinal coupling constants (3JH-H) or interproton distances 
as experimental restraints.
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CTQ2006-01123) and Junta de Andalucía (grant P07-FQM-02969) for financial support. J.A. 
acknowledges support from a M.E.C “Ramón y Cajal” fellowship. J.C.M.-G. is supported by a 
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Sjögren’s syndrome (SS) is a chronic autoimmune disease of the exocrine glands. Altered 
secretory function leads to the symptoms of dry mouth and eyes1. Salivary mucins are essential 
for lubrication of the oral epithelium. MUC5B, the predominant mucin in saliva contains 
neutral, sulfated and sialylated oligosaccharides2. Sulfated and sialylated glycans add negative 
charges to mucins conferring them the ability to retain water. MUC5B is hyposulfated in salivary 
glands (SG) from SS-patients3 and decreased sulfation is observed in patients with either normal 
or decreased unstimulated salivary flow3. Therefore, in contrast to standard thinking, reduced 
water content of saliva may not be the only factor responsible for the dry mouth symptom in SS-
patients. We postulated that reduced expression and/or activity levels of sulfotransferases may 
account for MUC5B hyposulfation in SG from SS patients. In this study SG from 31 SS-patients 
and 31 control subjects were analyzed. Relative mRNA levels of Gal3ST-2, 3, 4 and β3GalT-5 
were determined by real-time RT-PCR. Relative protein levels of Gal3ST-2, 4 and β3GalT-5 
were evaluated by Western blotting. Enzymatic activities were quantified using in vitro assays 
with radioactively labelled donor substrates and specific acceptor substrates. Enzyme products 
were purified by a two-step chromatographic procedure. Our results show that the activities of 
polypeptide GalNAc-transferase, core 1 β3- and β4-Gal-transferases and core 2 β6-GlcNAc-
transferase are similar in SG from controls and SS-patients. The same trend was observed for 
a3-sialyltransferase activity in both groups. However, levels of Gal-3-O-sulfotransferase activity 
were significantly decreased in SS patients (p = 0.0004). These findings are not correlated 
with relative mRNA and protein levels for these enzymes. We conclude that the decrease in 
sulfotransferase activity may explain mucin hyposulfation observed in the SG and contribute to 
the dry mouth sensation in SS-patients. Funded: Fondecyt 1080006 (MJG, SA, CM).
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Heparan sulfate (HS), a polysaccharide of the glycosaminoglycan family characterized by a 
unique level of complexity, has emerged as a key regulator of many fundamental biological 
processes. Although it has become clear that this class of molecules exerts its function by 
interacting with proteins, the exact modes of interaction still remains largely unknown. Using 
the Heparosan producing E. coli K5 strain and chemical sulfation, we prepared 13C labeled HS-
like molecules and selected an octasaccharide which glucosamines were homogeneously N- and 
6O-sulfated for further studies.  Th e availability of such a compound, together with a 15N labeled 
chemokine (CXCL12a) allowed us to investigate the structural determinants of the protein-
HS recognition by multidimensional Nuclear Magnetic Resonance spectroscopy. Chemical shift  
data and saturation transfer diff erence experiments provided site-specifi c information on both 
the oligosaccharide and the chemokine during the binding reaction, and NMR data have been 
used as restraints to derive a model of the CXCL12a/octasaccharide complex. Altogether, this 
work demonstrates that isotopically labeled HS provides great opportunities for the study of 
protein-HS interaction and dynamics by NMR.
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FOR CANCER IMMUNOTHERAPY
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Malignancies are frequently associated with the over-expression of various cell-surface glyco-
proteins and glycosphingolipids. In many carcinomas, the transmembrane glycoprotein mucin-1 
(MUC1) is strongly over-expressed and characterized by the exposure of immunogenic peptide 
epitopes and truncated glycans, as a result of the down-regulation of certain glycosyltransferases.1 
Expression of various tumor-associated carbohydrate antigens (TACA) has been found to 
correlate with cancer progression and metastasis, and so these antigens are of particular interest 
for the development of cancer diagnostics and immunotherapy.2 
Recently, we became interested in the use of fluorinated mucin-type glycopeptides as hydrolysis-
resistant antigen mimics for cancer immunotherapy. Deoxyfluoro sugars have proven to be 
efficient mechanism-based inhibitors for glycosyl transferases,3 but have not been used before as 
antigenic building blocks for carbohydrate-based vaccines. Here, we present our approaches and 
results concerning the preparation of various selectively fluorinated carbohydrate antigens (TN, 
TF and sTF antigen).4 These TACA-threonine analogs were further subjected to solid-phase 
glycopeptide synthesis to allow the construction of first examples of fluorinated MUC1-BSA 
and MUC1-TTox vaccines for immunological studies.5
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Th e synthesis of neo-glycoconjugates has been gaining much attention in recent years, due to the 
relevance of natural glycopeptides and glycoproteins in human health and disease.1 Our group 
has been actively investigating the synthesis of a-N-linked glycosyl amides and glycopeptides.2 
Th ese compounds are practically unknown in nature and may lead to molecules tolerated by 
biological systems and yet less susceptible to chemical or enzyme-mediated hydrolysis. Th e 
synthesis of these unnatural compounds is not trivial because only few methods are available for 
a-N glycosylation.2,3 Recently, a route to obtain a-N-linked glucosyl asparagine was introduced 
by DeShong and co-workers.3 Starting from this strategy we were able to optimize and scale 
up the stereoselective synthesis of  a-N-glycosylated building blocks of glucosyl and galactosyl 
asparagine with suitable protecting groups for solid phase peptide synthesis. Th e resulting a-N-
linked glycosylaminoacids were initially employed in solution to determine activation conditions 
for both C-terminus and N-terminus elongation. Aft er identifi cation of appropriate condensing 
agents and deprotection conditions, solid phase synthesis (Fmoc protocol) was explored for 
the synthesis of more complex a-N-linked glycopeptides (Scheme 1). Th e preparation of short 
model a-N-linked glycopeptides has allowed to initiate the study of conformation and properties 
of these neo-glycoconjugates.

Scheme 1. Solid phase synthesis of a-N-linked galactosyl tripeptide.
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TARGETING GLYCOSAMINOGLYCANS BY A DECOY CxCL8 PROTEIN LEADS TO 
POTENT ANTI-INFLAMMATORY ACTIVITY IN MURINE LUNG 

INFLAMMATION MODELS OF COPD

Andreas J Kungl, CSO

ProtAffin Biotechnologie AG, Reinghausstrasse 13a, A-8020 Graz, Austria

Rationale: Glycosaminoglycans (GAGs) can be found on the surface of almost all human cells. 
They mediate, or are directly responsible for, a wealth of (patho-)physiological pro-cesses. The 
question whether GAGs are amenable drug targets for therapeutic intervention is ultimately 
connected to the concept of ligand specificity, i.e. the existence of well-defined disease-specific 
GAG structure. The chemokine CXCL8 exerts its chemotactic activity by binding to its GPCR 
receptors located on the neutrophils, as well as through interactions with co-receptors located 
on the inflamed endothelium, the so-called glycosaminoglycans (GAGs). Binding to GAGs 
is required to create a solid-phase haptotactic gradient as well as to present CXCL8 in the 
proper conformation to its GPC receptors on circulating neutrophils. Neutrophils are playing a 
fundamental role in acute lung injury (ALI)/ARDS and in several chronic lung diseases including 
bronchiectasis, bronchiolitis, COPD and cystic fibrosis. Neutrophil infiltration of the airway-
walls has been correlated to disease severity and progression in these pathologies. Among the 
mediators of neutrophil recruitment into the lung, CXCL8 is considered to be the major player. 
Increased CXCL8 levels have been reported in bronchoalveolal lavage (BAL) fluid as well as in 
sputum of patients and have been correlated to neutrophil presence and thus to lung disease.
Methods: We have engineered higher affinity for GAG binding into human CXCL8 thereby 
obtaining a protein-based inhibitor for the CXCL8/GAG interaction. By additionally knocking-
out the GPCR domain of the chemokine, we obtained a decoy protein (termed PA401) with 
potent anti-inflammatory characteristics which inherently is able to recognise its cognate GAG 
ligand sequence on target cells.
Results: In vitro tests showed a >20-fold increased affinity of PA401 for its natural glycan 
ligand heparan sulfate and chemotactic activity reduced by 96% compared to wild type CXCL8, 
resulting in a dominant negative mutant of CXCL8. PA401 has been tested in murine models 
of lung inflammation induced by aerosolised lipopolysaccharide (LPS-salmonella enterica), 
showing strong dose-dependent BAL neutrophil reduction after intravenous and subcutaneous 
administration at doses of 40 and 400µg/kg. Activity upon subcutaneous administration was 
confirmed in a second model induced by intranasal administration of another LPS strain 
(pseudomonas aeruginosa), as well as in acute and sub-chronic models of tobacco-smoke (TS) 
induced lung inflammation. In the TS models, PA401 not only significantly reduced BAL 
neutrophils by 70%, but also prevented infiltration of macrophages, lymphocyte and epithelial 
cells. This refers to a broader range of action than a CXCL8-directed compounds.
Conclusions: The data obtained in the LPS models demonstrate strong activity of PA401 in 
acute lung neutrophilic inflammatory animal models resembling human ALI/ARDS and COPD 
exacerbations. The effects in the TS model corroborate the anti-inflammatory activity of PA401 
on mixed cell infiltration in a model considered highly predictive for testing anti-inflammatory 
therapeutics for human COPD. PA401 is a new promising biologic therapeutic with a novel 
mechanism of action for interfering with lung inflammation by targeting glycosaminoglycans.
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Epidermal Langerhans cells (LCs) constitute a subset of dendritic cells (a sentinel immunity 
cell lineage) that express langerin, a C-type lectin which is a crucial component of Birbeck 
granules (BGs), subdomains of the endosomal compartment specific to LCs.1 Langerin acts as a 
pathogen receptor by binding to surface glycoconjugates of a number of microorganisms (fungi, 
mycobacteria, viruses). Notably, langerin can prevent transmission of HIV from LCs to T cells 
by mediating internalization into BGs and degradation of the virus.2 Within the C-type family 
of lectins, langerin seems to be a unique receptor as it has shown to have dual specificity, being 
able to recognize both, mannosylated and sulfated glycans, via a single C-type carbohydrate 
recognition domain (CRD).3-4

In this work we are interested in the characterization in structural terms of the second specifity 
of langerin; that for sulfated glycans. We have applied NMR spectroscopic techniques to study 
the interactions of sulfated ligands to the extracellular domain (ECD) of langerin in solution. 
We have paid particular attention to the effect of the different sulfation patterns of the ligands, as 
well to the role of the divalent cation, on the interactions. We demonstrate that STD NMR and 
transferred-NOE experiments can be optimized and successfully carried out on these highly 
charged systems, from which the binding epitopes and the bioactive conformations can be 
obtained. 
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Escherichia coli O5:K4:H4 produces a capsular polysaccharide (K4 CPS) whose repeating unit 
is constituted by glucuronic acid (GlcA), N-acetylgalactosamine (GalNAc) and a terminal 
residue of fructose (Fruct) and whose backbone resembles the structure of the mammal 
chondroitin sulfate (CS) chain [1]. CS is a very well noted bio active molecule and a widely 
used anti-osteo-arthritis drug, but it is nowadays mainly produced by animal tissue sources 
with unsafe extraction procedures. For these reasons recent studies explored the possibility 
to biotechnologically produce a CS precursor from the E. coli K4 capsular polysaccharide by 
using fermentation technologies [2]. Environmental and growth conditions like temperature, 
pH, carbon and nitrogen sources influence the K4 CPS production. In this research work we 
investigated the possibility to enhance the K4 CPS synthesis by supplementing the growth 
medium with the monosaccharides (GlcA, GalNAc, Fruct) that constitute the polysaccharide 
chain. Shake flasks experiments were performed by adding the monosaccharides singularly or 
together, testing also possible additive effects. An increase of 66% of K4 CPS titre, compare to the 
control, was observed in case of contemporary addition of 75 mM of GlcA and GalNAc while a 
maximum increase of 57% was noted when a 75 mM concentration of fructose was singularly 
supplemented. Similar results were obtained also in batch fermentation, performed on lab scale. 
The kinetic of sugar uptake as well as the organic acid metabolism were investigated to test the 
influence of monosaccharide additions too. The expression levels of the gene kfoC, coding for 
K4 polymerase, and of the gene of galU, coding for glucose-1-phosphate uridylyltransferase, 
were investigated by Real-Time PCR in different growth conditions.
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Glycosaminoglycans (GAGs) represent a class of linear negatively charged polysaccharides, 
which participate in many key events in the extracellular matrix by interactions with their protein 
targets1. Interleukin-8 (IL-8) is a chemotactic cytokine involved in inflammation processes by 
recruiting and activating neutrophil granulocytes via binding a G protein-coupled receptor. 
This activation is strongly influenced by the interaction of IL-8 with GAGs, which makes these 
molecular interactions of a great of interest for rational engineering. There are no experimental 
structures of IL-8-GAGs complexes available. However, several IL-8 residues were found to be 
responsible for heparin binding according in mutagenesis studies2. In this work, we use docking 
and molecular dynamics (MD) approaches to study molecular recognition of modified GAGs 
on monomeric and dimeric IL-8. For the analyzed GAGs, we find a common representative 
and high scoring docking binding pose similar to the previously described for heparin3. We 
analyze energetics of this pose using MM-PBSA free energy calculations and per residue energy 
decomposition. Our results are in agreement with binding data obtained by NMR and show: i) 
an electrostatics-driven general improvement of binding with the increase of GAGs sulfation; 
ii) GAGs sulfation position specific but not purely electrostatics dependent binding patterns. 
In addition, we investigate the influence of GAGs binding on the conformational space of their 
glycosidic linkages, the effect of GAGs elongation on binding to IL-8, the role of solvent in 
the GAG binding interface and the impact of GAGs binding on the thermodynamics of IL-8 
dimerization. 
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The room temperature water extract obtained from green seaweed Codium vermilara1 was 
fractionated by addition of KCl to give solutions of increasing concentrations of this salt. Only one 
insoluble product was obtained at 0.115 M (Ab) in 31% yield, which contained 97% of L-arabinose, 
a sulfate/arabinose molar ratio of 1.8/1, an [a]D = + 167.5 º, and a number average molecular 
weight of 180 KDa. Methylation analysis of Ab and its desulfated derivative (DAb) showed that 
this polysaccharide is mainly constituted by 3-linked 2,4-disulfated arabinopyranosyl residues, 
although some mono- and non-sulfated units are also present. Analysis of the corresponding 
NMR spectra confirmed this structure and showed that these units are in the β–configuration.
This product showed a high anticoagulant activity, but lower than that of heparin, as 5 and 0.65 
mg/ml, respectively were necessary to increase the clotting time in APTT assay in 2.5 times. 
The coagulation mechanism is in part through the direct inhibition of thrombin, although 
inhibition of thrombin by potentiation of antithrombin and heparin cofactor II was also found 
by amydolitic methods.
In conclusion, a highly sulfated pyranosic β-L-arabinan was isolated from the cell walls of a 
green seaweed. It showed anticoagulant behaviour by a mechanism different to that of heparin. 
To the best of our knowledge, this is the first report in nature of a polysaccharide constituted 
only by arabinose residues in the pyranosic form.
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Mycobacterial diseases, such as tuberculosis and AIDS-associated Mycobacterium avium 
infections, are re-emerging as worldwide health concerns, and their resurgence is providing 
significant motivation for the development of new anti-mycobacterial agents.  A key structural 
component of the mycobacterial cell wall is arabinogalactan (AG), a polysaccharide composed 
almost exclusively of galactofuranose and arabinofuranose moieties.  The galactan portion 
of the AG is assembled by two galactofuranosyltransferases, GlfT1 and GlfT2, which use the 
sugar nucleotide UDP-Galf as the donor species.1  As galactan biosynthesis is essential for 
mycobacterial viability, these enzymes are ideal targets for drug action.  We have expressed 
and purified recombinant mycobacterial GlfT22 and shown that the enzyme uses a single active 
site to carry out two distinct transferase reactions: the formation of β-Galf-(1→5)-β-Galf- and 
β-Galf-(1→6)-β-Galf linkages.3  Recently, we have obtained structure of GlfT2 using X-ray 
crystallography and have further probed the specificity of the enzyme through the synthesis of 
a range of substrate analogs.  Progress in these areas will be presented. 
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Glycosylation is the most complex form of posttranslational protein modifi cation and is known 
to regulate many aspects of protein function. Whereas proteins can be labeled in a routine 
manner by genetic methods such as expression as GFP fusion proteins, comparable methods 
are not available for secondary gene products such as the glycans of glycoproteins. Metabolic 
oligosaccharide engineering off ers a possibility to introduce carbohydrate residues with non-
natural structural elements in the glycan chains without genetic manipulation.1 In this way, 
functional groups with a unique chemical reactivity can be incorporated into the glycan chains 
and subsequently ligated to an exogenously delivered detectable probe by a bioorthogonal 
ligation reaction. Successfully applied bioorthogonal ligation reactions are mainly Staudinger 
ligation and azide-alkyne [3+2] cycloaddition.2 
To increase the repertoire of existing methods, we developed a new ligation method based on 
a Diels-Alder reaction with inverse electron demand of electron defi cient 1,2,4,5-tetrazines 
and terminal alkenes. Synthetic modifi ed N-acetylmannosamine derivatives with a dienophile 
moiety in the N-acyl side chain were added to the culture medium of cells and metabolically 
introduced into cellular glycoconjugates. Th e modifi ed cell-surface glycoconjugates were 
subsequently labeled on living cells with appropriately functionalized tetrazines. 

    

References
1. O. T. Keppler, R. Horstkorte, M. Pawlita, C. Schmidt, W. Reutter, Glycobiology 2001, 11, 11R-

18R.
2. J. A. Prescher, C. R. Bertozzi, Nat. Chem. Biol. 2005, 1, 13-21.



16th European Carbohydrate Symposium

82

ORAL PRESENTATIONS

OL 23

NEW ASPECTS OF GLYCOSIDE BOND FORMATION

Amit Kumar, Vipin Kumar, Ravindra T. Dere, Richard R. Schmidt

Fachbereich Chemie, Universität Konstanz, Fach 725, D-78457 Konstanz, Germany
richard.schmidt@uni-konstanz.de 

The advances in glycoside synthesis have addressed major problems associated with glycoside-
bond formation and provided efficient strategies and powerful tools for accessing complex 
oligosaccharides and glycoconjugates of biological significance. However, their synthesis is still 
by no means routine and not comparable to peptide and nucleotide synthesis. Often careful 
optimisation of all parameters including the leaving group, promoter/catalyst, protecting groups 
and glycosidation conditions is crucial for high yield and high stereoselectivity. Hence, new 
conceptual approaches to glycosylation are still welcome to meet the intrinsic structural diversity 
of carbohydrates.
In order to overcome some difficulties of intermolecular glycosidations, intramolecular 
glycosidation has attracted quite some interest.1 In this context three different methods have 
been employed:

(1) Glycosyl donor transfer to the acceptor linked via a spacer to a donor functional group.
(2) (Rigid) Spacer mediated standard glycosidation.
(3) Glycosyl donor transfer to the acceptor linked via a spacer to the donor leaving group.

Excellent results have been reported for the first two methods.1 Their major drawback is the 
preparation of the starting material demanding a quite complex protecting group strategy. 
Hence, linkage of the donor and acceptor via the leaving group (method 3) seems to be an 
ideal alternative as it could be based on the same or even a simpler protecting group strategy as 
applied for intermolecular glycosidations. Results exhibiting the ease and general applicability 
of this intramolecular glycosidation method will be reported.
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Sugar derivatives, whose oxygen atom in the hemiacetal ring is 
replaced by a carbon, nitrogen, or sulphur atom, are called as 
carba, aza, or thia sugars, respectively, which are categorized 
as pseudo sugars. Th e characterization of pseudo sugars of 
naturally occurring products and chemically synthesized 
derivatives are well investigated and many of them are known 
to be biologically active pseudo sugars.  On the other hand, 
phospha sugars which are not yet found in the nature and the 
synthesis and the characterization of them are not yet so well 
studied in spite of being expected to exert biological activities.
Apart from the previous methodologies for pseudo sugar 
chemistry, we were challenging to develop the novel synthetic 
routes starting from phosphorus heterocyclic compounds, 
mainly 2-phospholene derivatives. Mono-, di-, and tri-
bromodeoxyphospha sugar analogues (Scheme 1) as well as some 
substituted phospha sugar analogues such as anhydrophospha 
sugar derivatives were prepared and their structures and bio-
activities were studied.1 Th e studies on the characterization of 
phospha sugars for the anti-cancer agents were carried out by 
MTT in vitro evaluation, cell cycle analysis, etc., to prove that 
they are potential anti-cancer agents2 which possess (i) high 
anti-cancer activities, (ii) wide spectra, and (iii) selectivity and specifi city against leukemia cell 
lines and solid tumor cells as well. Th e cell cycle analysis indicates that phospha sugars induce 
apoptosis just like Gleevec, a well known molecular targeting anti-cancer agent, does (Figure 1).
 
Acknowledgement: Financial supports by MEXT, JSPS, and JST of Japanese Government are 
greatly acknowledged.
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Scheme 1. Preparation of di- 
(top) and tri-bromo 
(bottom) deoxyphospha 
sugar analogues.	  

	  

Figure 1. Cell cycle analysis 
of dibromo phospha sugar.	  
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SYNTHESIS OF DISACCHARIDES WITH ExTENDED BIS-AZOLE LINkERS

Māris Turks,1 Jevgeņija Mackeviča,1 Jevgeņija Lugiņina,1 Vitālijs Rjabovs,1 Sergey Belyakov,2 
Antonio J. Moreno Vargas,3 Inmaculada Robina3

1Faculty of Material Science and Applied Chemistry, Riga Technical University, 
14/24 Āzenes Str., Riga, LV-1048, Latvia, 

2Latvian Institute of Organic Synthesis, 21 Aizkraukles Str, Riga, LV-1006, Latvia, 
3Department of Organic Chemistry, Faculty of Chemistry, University of Seville Prof. García 

González 1, 41012 Seville, Spain.
maris_turks@ktf.rtu.lv

Triazole-carbohydrate conjugates exhibit a broad spectrum of biological properties such as 
inhibitory effects on the proliferation of leukemia cells1 and glycosidases.2 On the other hand, 
isoxazoles have been successfully used to link sugars with other molecules of medicinal interest.3

Hence, we proceeded to the synthesis of novel type of disacharides that are connected by an 
extended linker containing bis-triazole or bis-isoxazole units. Our synthetic approach is based 
on Cu(I)-catalyzed click-dimerization and nitrile oxide 1,3-dipolar cycloaddtion reaction, 
respectively.
Diacetone-d-glucose, diacetone-d-allose, and diacetone-d-galactose derived azides, as well as 
diacetone-d-glucose derived nitrometyl derivatives were dimerized either with commercially 
available 1,n-diynes or 2,2-dipropargyl dimedone and 5,5-dipropargyl Meldrum’s acid. Dimers 
were obtained within good to excellent isolated yields and further deprotected in order to obtain 
products of type 1. The biological activities of the latter will be discussed.
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PYRANOSIDIC CATIONS
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Th e Nicholas reaction1 and the Ferrier (I) rearrangement2 are two well-known, useful, synthetic 
transformations, which have in common the intermediacy of cationic species such as 1 and 
3, respectively. Th e reaction of these cations with nucleophiles (NuH) leads to propargylated 
derivatives (e.g. 2) or allylic glycosides (e.g. 4), respectively. In this context, we became interested 
in the study of Nicholas-Ferrier cations, e.g. 5, since they might display new reactivity regarding 
unsaturated carbohydrate derivatives and/or Nicholas cations.

We have observed3 that cations type 5, which benefi t from Nicholas stabilization at C-1, display 
a remarkable reactivity leading to a range of products (7-11), that depends on the substituent at 
O-6.
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SYNTHESIS AND NMR-SPECTROSCOPIC CHARACTERIZATION 
OF A WIDE RANGE OF GLYCOCONjUGATES

Filip S. Ekholm and Reko Leino
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Glycoconjugates, molecules consisting of a glycone moiety attached to an aglycone backbone, 
are widely distributed in nature and are often strongly associated with interesting and important 
biological properties. Due to their wide presence in nature the glycosylation of different 
aglycones is an important topic in modern carbohydrate chemistry. Some of the challenges with 
glycosylation of various aglycones include control of stereo- and regioselectivity, low reactivity 
of secondary alcohols and steric hindrance from other functionalities attached to the aglycones. 
Recently, we have investigated methods for the glycosylation of several different aglycones, 
including steroids, lignans and anthracyclines. Herein, we present our results from these 
studies along with the complete NMR-spectroscopic characterization of some of the prepared 
structures.1
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CYPLOS, NOVEL CARBOHYDRATE-BASED SYNTHETIC ION TRANSPORTERS
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Artifi cial ion transporters are synthetic molecules mimicking at a functional level the activity of 
naturally occurring ion channels or carriers. In the frame of cyclodextrin mimicry, we recently 
described the synthesis and conformational properties of new carbohydrate-based macrocycles 
having the glucoside units connected through phosphodiester linkages, named CyPLOS (Cyclic 
Phosphate-Linked Oligosaccharides).1 Th e cyclic disaccharide was adopted as a suitable synthetic 
platform to obtain a variety of analogs, carrying long alkyl or polyether chains, so to result 
into diverse jellyfi sh-shaped amphiphilic CyPLOS,2 with some compounds acting as good ion 
transporters through lipid bilayers.3 For a fi ne tuning of their properties and complexation abilities, 
a special reporter group is desirable at the extremities of the tentacles, so to insert ad hoc selected 
appendages. Th rough the design of a versatile key intermediate, bearing terminal azido groups, a 
fl uorescently-labelled CyPLOS analog was synthesized, found to be a very active ionophore, also 
allowing detailed investigation on its mechanism of action and localization within the phospholipid 
bilayers.4 Incorporation of a spin label at the CyPLOS tentacles provided further insight into the 
study of their interactions with phospholipid membranes by means of ESR spectroscopy.5,6

General structure of CyPLOS (right), and pictorial 
representation of the insertion of a CyPLOS 
derivative within phospholipids.
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NANOVECTORS BASED ON CYCLODExTRINS

Cédric Gervaise, Véronique Bonnet and Florence  Djedaïni-Pilard
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It has been shown that a high diversity of structure such as vesicles, micelles or even mixed 
phospholipides/cylodextrin derivatives films can be obtained depending on the structure of the 
cyclodextrins (CDs). For this purpose, novel classes of amphiphilic derivatives based on CDs 
were considered. Moreover, many researchs are realized to improve the efficiency of therapeutic 
treatments and to increase drug release through biological membranes and, particularly, the 
Blood Brain Barrier (BBB). The aim of our work is to synthesize new nanovectors, based on 
amphiphilic cyclodextrins, able to cross the BBB. First, the mono-amino permethylated 
b-cyclodextrin derivatives are obtained with a classical synthesis scheme. Then, Todd-Atherton 
reactions are carried out to have the expected products. The influence of the nature of the 
cyclodextrins (methylated or not, bearing a spacer …) will be discussed.

Studies of critical micelle concentration of auto-assembled objects in water and in buffer 
solutions will be presented. DLS measurements have been done to obtain the polydispersity 
and the average diameter of supramolecular objects.  Moreover, the stability of these objects in 
several aqueous media has been studied. Then, interest molecules have been encapsulated in 
these nanoparticules, these phenomenons will be discussed.
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ExTRACELLULER PRODUCTION OF CYCLOISOMALTOOLIGOSACCHARIDE 
GLUCANOTRANSFERASE AND CYCLODExTRAN BY THE baCiLLus subtiLis 

HOST–VECTOR SYSTEM

Kazumi Funane,1 Yasuyuki Kawabata,2 Ryuichiro Suzuki1 and Keitarou Kimura1

1 National Food Research Institute, NARO, 2-1-12 Kannondai, Tsukuba 305-8642, Japan,
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Cyclodextrans (CIs) are cyclic isomaltooligosaccharides that consist of 7 to 17 molecules of 
a-1,6-linked glucoses in cyclic forms and are represented as CI-7 to CI-17 (Fig. 1) [1]. CIs 
prevent forming dental plaque by inhibiting glucansucrase activity of mutans streptococci 
[2]. CI-10 was reported to show an inclusion ability as good as cyclodextrins [3]. Bacillus 
circulans T-3040 was reported to simultaneously produce CIs along with the CI-producing 
enzyme, cycloisomaltooligosaccharide glucanotransferase (CITase; EC 2.4.1.248) in its culture 
supernatant when grown with the substrate dextran [4]. However, the CITase productivity 
of this strain is very low (0.001 U/mL) and thus not sufficient for commercial production of 
CIs. To improve the productivity, B. circulans T-3040 was mutagenized. The mutant strain B. 
circulans G22-10 produced approximately 110 times higher CITase than the parental strain. 
However, even B. circulans G22-10 requires a long culture period of at least 4 days to produce 
sufficiently large amounts of CIs for practical use. CITase gene of B. circulans T-3040, along with 
the a-amylase promoter (PamyQ) and amyQ signal sequence of B. amyloliquefaciens, was cloned 
into the Bacillus expression vector pUB110 and subsequently expressed in B. subtilis strain 168 
and its alkaline (aprE)- and neutral protease (nprE)-disrupted strains. This system using the 
aprE and nprE double-deficient strain successfully produced 8 times higher extracellular CITase 
than B. circulans G22-10. Moreover, CIs were simultaneously produced at a yield of 17% by 
direct fermentation of dextran using this B. subtilis host-vector system. This study was supported 
partially by a Program for Promotion of Basic and Applied Researches for Innovations in Bio-
oriented Industry (BRAIN, Japan).                                                                               

Fig. 1. Structure of cyclodextran.
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PNA-SUGAR CONjUGATES AS TOOLS FOR THE SPATIAL SCREENING 
OF CARBOHYDRATE-LECTIN INTERACTIONS
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Carbohydrate-lectin interactions are often characterized by low binding affinities. Stronger 
binding interactions occur in multivalent recognition events. However, number, orientation and 
distance between the presented carbohydrate ligands are crucial for enhanced potency.1 PNA/
DNA hybrids present a powerful scaffold for the multivalent presentation of carbohydrates. The 
defined structure and periodicity of the PNA/DNA duplex2 enables Ångström-scale positioning 
and allows the precise control of number and distance between the presented carbohydrate 
ligands.
A wide range of multivalent complexes was assembled in a modular approach by hybridizing 
up to 4 PNA strands, some of which modified with N-acetyllactosamine (LacNAc), to a 
complementary DNA strand. Nick sites and partially unpaired regions were introduced into the 
duplex to increase the flexibility of the scaffold. The self-organized LacNAc assemblies were used 
for the spatial screening of accessible carbohydrate binding sites in the Erythrina cristagalli lectin 
(ECL) by means of surface plasmon resonance (SPR). This systematic investigation revealed a 
distance dependence which is in agreement with the crystal structure analysis.3
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GLYCOCOATED CYCLODExTRIN (CD): 
PDNA NANOPARTICLES (gLyCoCdPLexes) 

FOR SITE- SPECIFIC GENE DELIVERY
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Multifunctional macrocyclic platforms1 have emerged as suitable tools to build up monodisperse 
macromolecular constructs with the potential to condense DNA into transfectious nanoparticles. 
Polycationic amphiphilic CDs (paCDs) have shown signifi cant promise towards this goal.2 Th ese 
jelly-fi sh-like molecules self-organize in the presence of pDNA to form small (40-70 nm) 
complexes (CDplexes) that mediate transfection with remarkable effi  ciency.3,4 In principle, 
biorecognizable epitopes installed onto the hydrophilic rim in paCDs would be exposed at 
the surface of the corresponding CDplexes, accessible to molecular recognition events. Aft er 
binding to the putative receptors, selective internalization mechanisms can be elicited (see 
Figure). To explore the potential of this strategy to manipulate DNA delivery effi  ciency towards 
specifi c cell targets, the construction of carbohydrate-coated paCD:pDNA mixed nanoparticles 
(glycoCDplexes), the evaluation of their ability to bind to specifi c lectins and the implications of 
glycoCDplex-lectin recognition phenomena in transfection effi  ciency has now been investigated.
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Research into foldamers - synthetic oligomers akin to natural polymers such as peptides, 
proteins and oligonucleotides - has given valuable insights into how non-covalent interactions 
can regulate the folding, assembly and catalysis of their natural counterparts. A limited number 
of “designer” foldamers have also been demonstrated to be functional.1 
We describe here the study of a family of foldamers comprising pseudopeptide backbones 
derived from sugar amino acids (SAAs)1 onto which glycans are grafted. These can be thought 
of as glycopeptide mimics or “glyco”-foldamers and are relevant in that the majority of proteins 
are glycosylated. Consequently, there is much interest in designing mimetics that are functional 
as they could provide an understanding of how glycopeptides themselves might exert their 
biological activity.3 We demonstrate that various members of this new family of mimetics 
do adopt well-defined secondary structures that depend both on the nature of the SAA 
backbone and the structure of grafted glycan. In several cases the secondary structures of the 
glycofoldamers are maintained (after deprotection). The unique structural and physical features 
of our glycofoldamer family has given us a rare opportunity to investigate their activity against a 
variety of biological targets and has demonstrated certain of them indeed to be functional. 
Data on the synthesis, conformational preferences and biological activity of examples of these 
novel glyco-foldamers will be presented. 
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Nature frequently uses multivalency in several biological processes to overcome the limited 
affi  nities of ligands and to achive tight binding1. Th e unique collective characteristics of 
multivalent interactions compared to monovalent constituents suggest new strategies for 
the design of bioactive molecules. Actually synthetic polyvalent ligands may be designed for 
several areas of application in particular multivalent interactions are valuable tools in the fi eld 
of immunotherapy of tumours. As a matter of fact the multivalent presentation of an antigen 
overcomes the issues connected with the low immunogenicity of the monovalent hapten. 

Figure 1

Th is communication will concern the synthesis within the immunological and antiadhesive 
assessments of multivalent carbohydrate-based systems obtained by functionalizing various 
branched scaff olds with a synthetic analogue of a carbohydrate melanoma-associated antigen2. 
Preliminary immunological and antiadhesive tests showed that our multivalent systems are 
attractive candidate for the development of new agent in melanoma treatment.
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ANALYSIS OF PROTEIN GLYCOSYLATION IN COMPLEx MIxTURES
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22000 San Sebastian, Spain

2Mass Spectrometry Platform, CICbiomaGUNE
3CIBER-BBN
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Glycan biomarker discovery programs require analytical techniques that allow the hightroughput 
analysis of protein glycosylation in clinical samples. Existing analytical technologies rely on the 
cumbersome separation of glycoproteins and the individual analysis of protein and glycans 
by established chromatographic and mass spectrometric methods or measure changes in bulk 
glycosylation with the help of lectin and antibody arrays. 
Changes in the glycosylation often affect only a small proportion of the glycoproteome, of often 
special diagnostic value, and which can go unrecognized as they will be covered up by the 
glycosylation of highly abundant proteins. 
By combining electrophoretic protein separation with lectin array based glycan analysis we 
have developed a hyphenated method that allows the simultaneous analysis of individual 
glycoproteins in serum and other complex matrices. Fluorescently tagged proteins are separated 
by gel electrophoresis and then diffusion-blotted onto a glass slide covered with multiple copies of 
micrometer size lectin arrays. Glycoproteins are sorted and retained by the printed panel of lectins 
according to their glycan decoration. We have applied this novel technique for the analysis of serum 
glycoprotein of various individuals and evaluated its utility for the detection and glycoanalysis 
of prostate specific antigen (PSA), a FDA approved biomarker of prostate cancer in serum . 
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NEW METHODS FOR STUDYING THE ROLE OF IMMUNE LECTINS 
IN ANTIGEN CROSS-PRESENTATION

Sander I. van Kasteren1/2, Huib Ovaa,2 Colin Watts1
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 2Netherlands Cancer Institute, Amsterdam, The Netherlands

s.v.kasteren@nki.nl 

Antigen cross-presentation is an important process in immunology. It is the process whereby 
antigenic material is taken up by endocytosis, and rather than being presented as ‘normal’ 
exogenous antigen on MHC-II complexes, it escapes from the endosomes and enters the 
antigen presentation pathway usually reserved for intracellular antigen presentation: the MHC-I 
pathway. 
The mechanisms by which this occurs are poorly understood and hotly debated. One aspect that 
seems to control the routing is the engagement of specific immune lectins, such as DC-SIGN 
and the Mannose Receptor (MR). The engagement of these receptors appears to route antigenic 
materials to cross-presenting endosomes, but the exact mechanism of this is not yet known. 
Here we present a new screening method based on the ubiquitously used LacZ-protein that 
allows us to very precisely study the first steps in antigen cross-presentation, namely the escape 
from endosomes. The combination of this high-throughput screening tool with the synthesis of 
ligands for specific immune lectins will allow us to elucidate the roles these receptors play in the 
early stages of antigen cross-presentation. 
By using this new toolkit we hope to shed some light on a important, yet controversial, process. 
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A MODEL OF ACTION FOR PERIPHERAL MEMBRANE-ASSOCIATED GT-B 
GLYCOSYLTRANSFERASES 
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Peripheral membrane-associated GT-B glycosyltransferases (GTs) are a ubiquitous family 
of enzymes that play essential roles in a variety of important biological processes in all living 
organisms. They transfer a sugar moiety from nucleotide- or lipid-phospho-sugar donors to a 
wide range of membrane-associated acceptors. Here we focus in PimA, an essential enzyme 
involved in the biosynthesis of phosphatidyl-myo-inositol mannosides (PIMs), which are key 
glycolipids of the mycobacterial cell envelope1. PimA is a paradigm of this family of GTs, which 
the molecular mechanism of substrate/membrane recognition and catalysis is still unknown. 
We have solved the crystal structure of PimA from M. smegmatis in complex with its donor 
substrate GDP-Man. The notion of a membrane-associated protein via electrostatic interactions 
is consistent with the finding of an amphipathic a-helix in the N-terminal domain of PimA. 
Based on structural, biophysics and biochemical studies, we proposed a model of interfacial 
catalysis in which PimA recognizes the fully acylated acceptor substrate, phosphatidyl-myo-
inositol (PI), with its polar head within the catalytic cleft and the fatty acid moieties only 
partially sequestered from the bulk solvent. In addition, we provided strong evidence showing 
that PimA undergoes significant conformational changes upon substrate binding. Altogether, 
our experimental data support a model wherein the flexibility and conformational transitions 
confer adaptability of PimA to the substrates, which seems to be of importance during catalysis. 
The proposed mechanism has fundamental implications for the comprehension of the peripheral 
membrane-associated GTs at the molecular level.
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SUGAR-DECORATED HYDROxYAPATITE: AN INORGANIC MATERIAL 
BIOACTIVATED WITH MONOSACCHARIDES 

Laura Cipolla

Dept. of Biotechnology and Biosciences, University of Milano-Bicocca, P.za della Scienza 2, 20126 
Milano-Italy

laura.cipolla@unimb.it

Th e promising trends in biotechnology and tissue engineering are based on development of 
advanced materials with biomimetic features created by designing and tailoring of specifi c surface 
properties such as the enhancement of the surface affi  nity to selective adhesion and proliferation 
of diff erent cell strains, improvement of biological response and tissue compatibility.1 
It has been widely described the ability of bioceramics such as hydroxyapatite (HA) to form a 
bonding with the surrounding bone tissue.2 Since inorganic materials such as hydroxyapatite 
possess a paucity of reactive functional groups, biomolecular modifi cation of these materials is 
still challenging. 
An effi  cient method for the direct and covalent decoration of granules of nanostructured apatite 
with a sample monosaccharide is presented (Scheme); the hydroxyapatite material was directly 
functionalised with a short azido-containing spacer arm, to which a-propargyl glucopyranoside 
has been chemoselectively ligated by Huisgen-type cycloaddition. Th e “glycosylated” 
hydroxypatite was characterised by its ability to interact with glucose recognising lectins.

Aknowledgments We gratefully acknowledge MIUR, under project FIRB RBPO68JL9 and 
FONDAZIONE CARIPLO, project 2008/3175 for fi nancial support.
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SYNAPTIC FUNCTIONS OF GLYCANS

Alexander Dityatev1,2 
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The structural diversity of glycan chains allows for immense combinatorial possibilities that 
might underlie the fine-tuning of cell-cell and cell-matrix interactions. Recent studies uncovered 
the roles of multiple glycans in formation and function of synapses. The polysialylated form of 
the neural cell adhesion molecule NCAM in association with heparan sulfate proteoglycans 
regulates formation of synapses in an NMDA and FGF receptor-dependent manner 1. Polysialic 
acid (PSA) is a necessary and sufficient part of NCAM for normal induction of long-term 
potentiation (LTP) in the CA1 region of the hippocampus 2,3. PSA potentiates AMPA receptor-
mediated currents in immature neurons and astrocytes and inhibits GluN2B-containing NMDA 
receptors 4,5. In neurons deficient in PSA/NCAM, hyperactivity of extrasynaptic GluN2B 
impairs LTP and contextual fear conditioning by activation of p38 MAPK signalling pathway 6. 
On the other hand, the effects of the extracellular matrix glycoprotein tenascin-R on GABAergic 
perisomatic inhibition are mediated by the associated HNK-1 carbohydrate, whose binding to 
GABAB receptors may regulate K+ homeostasis in perisomatic inhibitory synapses 7. HNK-1 and 
other carbohydrates, hyaluronic acid and chondroitin sulfates, are enriched in the extracellular 
matrix of perineuronal nets surrounding fast-spiking perisomatic inhibitory interneurons. 
Recordings from these interneurons after enzymatic removal of chondroitin sulfates revealed 
that these beautiful structures regulate excitability of interneurons and thus may shape LTP in 
the hippocampus 8. Removal of hyaluronic acid by hyaluronidase treatment reduces activity 
of postsynaptic L-type Ca2+ channels, which results in impairment of LTP and contextual fear 
memory9. These studies put forward the view that neural glycans mediate interplay between 
recognition molecules and ion channels/neurotransmitter receptors and affect multiple aspects 
of synaptic activity and plasticity.
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DEVELOPMENTAL MECHANISMS REGULATING NEURAL-SPECIFIC 
GLYCAN ExPRESSION
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Multiple environmental, signaling, and metabolic processes shape the profile of glycans expressed 
by cells, whether in culture, in developing tissues, or in mature organs.  In some contexts, 
specific signaling cascades have been shown to trigger the expression of glycan processing 
enzymes so that glycosylation is modified to meet a particular cellular function.  In most cases, 
especially in developing tissues, the mechanisms that control cell-specific glycan expression are 
unknown.  Unbiased genetic approaches are revealing new mechanisms for regulating glycan 
processing.  In the Drosophila embryo, signaling through a Toll-like receptor expressed in 
non-neural cells influences neural-specific glycosylation.  This non-cell autonomous pathway 
alters neural glycosylation by modulating the expression of a neuronal protein kinase that in 
turn influences Golgi dynamics.  Thus, transcellular signals impinge on the organization of the 
secretory pathway to modulate glycan presentation.  Genetic and biochemical approaches in 
sensitized backgrounds are identifying interacting pathways and relevant substrates, indicating 
that additional signals converge on differentiating neurons in order to tune cellular glycosylation 
to environmental conditions or developmental requirements.  
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A NOVEL SITE OF ACTION FOR POLYSIALIC ACID IN THE BRAIN
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Polysialic acid (polySia) is a vertebrate-specific carbohydrate comprising a2,8-linked sialic 
acids that plays a crucial role in postnatal survival, brain wiring and maintaining synaptic 
plasticity. For decades, the function of polySia in the nervous system was studied in the context 
of the neural cell adhesion molecule NCAM, which represents the main carrier of polySia. 
However, brain of Ncam-/- mice still contains residual amounts of polySia and a glycoproteomics 
approach led to the identification of the synaptic cell adhesion molecule SynCAM 1 as a 
novel polysialylated glycoprotein in the developing mouse brain1. SynCAM 1 belongs to the 
immunoglobulin superfamily and acts as a powerful inducer of synapse formation. The 
extracellular part of SynCAM 1 consists of three immunoglobulin-like domains and mediates 
homo- and heterophilic interactions. Both polysialyltransferases, ST8SiaII and ST8SiaIV, were 
able to polysialylate SynCAM 1 in vitro and polysialylation of SynCAM 1 completely abolished 
homophilic binding. Analysis of serial sections of perinatal Ncam-/- brain revealed that polySia-
SynCAM 1 positive cells were scattered throughout the grey matter but scarcely found in 
white matter such as corpus callosum. PolySia-SynCAM 1 was particularly abundant in the 
pontomedullary hindbrain and completely absent in brain sections of Ncam-/-St8sia2-/-St8sia4-/- 
triple knock-out mice. PolySia-SynCAM 1 was expressed exclusively by NG2 cells, an enigmatic 
multifunctional glia cell population that can receive glutamatergic input via unique neuron-
NG2 cell synapses. By attenuating SynCAM 1-mediated functions, polysialylation of SynCAM 
1 may have an important regulatory role during integration of NG2 cells into neural networks. 
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DEVELOPMENT OF A NOVEL qUADRIVALENT MENINGOCOCCAL CRM197 
CONjUGATE VACCINE AGAINST SEROGROUPS A, C, W135, Y

Francesco Berti
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Meningococcal disease is a serious medical condition that can prove fatal within hours in 
otherwise healthy individuals. Epidemic and endemic disease are caused primarily by five 
different serogroups - A, B, C, W135 and Y. More than 500,000 cases of meningococcal disease 
are reported annually, with a high death toll. Approximately 10-15% of survivors experience 
morbidity in the form of neurological sequelae, loss of limbs, mental retardation, hearing loss 
and paralysis.
Primary prevention through universal implementation of effective vaccination programs offers 
the best prospect of reducing this burden of disease.
In order to address this unmet medical need, a new quadrivalent conjugate vaccine against 
Neisseria meningitidis serogroups A, C, W135 and Y has been developed and recently licensed. 
The specific technological approach, including the conjugation of oligosaccharides of defined 
length to the carrier protein CRM197 and their physico-chemical characterization, is described 
herein.
In clinical trials, this vaccine has proven to be immunogenic in infants and other age groups, 
and it has therefore the potential to provide broad protection against meningococcal serogroups 
A, C, W135 and Y in all ages.  
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MUSCULAR DYSTROPHIES
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Brain malformations and retinal dysplasia in a subset of congenital muscular dystrophies 
(CMDs), dystroglycanopathies, are caused by disruptions of the basement membranes.  Reduced 
extracellular matrix binding by the hypoglycosylated a-dystroglycan because of mutations 
in several glycosyltransferases is the underlying molecular defects.  It is not known how the 
basement membrane becomes disrupted. We hypothesized that assembly of the basement 
membrane is reduced in rate thus causing a physically compromised basement membrane.  To 
test this hypothesis, we analyzed assembly of extracellular matrix on cultured neural stem cells 
and physical properties of the mutant basement membrane by atomic force microscopy.  Laminin 
assembly on the protein O-mannose β1,2-N-acetylglucosaminyltransferase 1 (POMGnT1) 
knockout neural spheres was reduced when compared to the wildtype.  When incubated with 
Matrigel, extracellular matrix (ECM) molecules including all four major components of the 
basement membrane, laminin, collagen IV, perlecan, and nidogen co-aggregated.  Rate of ECM 
aggregation was reduced on POMGnT1 knockout neural sphere as revealed by slower growth 
in aggregate size when compared to the wildtype. Immunofluorescence staining and proteomic 
comparison revealed that the mutant basement membrane exhibited compositional changes from 
the wildtype.  Atomic force microscopic analysis revealed that the mutant basement membrane 
had reduced elastic modulus with surface topography showing bigger valleys than the controls. 
Thus, disruptions of the basement membrane in dystroglycanopathies may be caused by its 
weakened strength resulted from biochemical changes in composition and physical changes in 
structure and reduced assembly rate.  
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AS RAFT MARkERS
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Gangliosides are considered to have signifi cant roles in the process of cell-cell signalling 
mediated by lipid raft s. In order to understand formations and functions of raft  domains, we 
have developed the single molecule tracking techniques1 using synthesized fl uorescent probes. 
In this study, we have accomplished the synthesis of fl uorescent GM3 and GM1 analogs in which 
glycan parts were labelled with various fl uorescent dyes and evaluated the functionality of the 
GM1 and GM3 analogs as raft  markers.
To introduce fl uorescent labels into C9 position of Neu of GM1, we designed replacement 
of the C9 hydroxyl group with an amino group. Th e synthesis of GM1 tetrasaccharide was 
successfully achieved by the coupling of Gal-GalNTroc donor and Neu-Gal acceptor having a 
trifl uoroacetamide at the C9 position. Th en, the tetrasaccharide was transformed into imidate 
donor. Th e donor was glycosidated with the Glc-Cer acceptor2 to yield the corresponding GM1 
skeleton, which was further converted into an amino-GM1 ganglioside. Finally, fl uorescent 
group was attached to GM1 through an amide linkage, producing the targeted GM1 analog. By 
exploiting similar synthetic process, GM3 analogs were successfully synthesized. The synthesized 
ganglioside analogs were subjected to biophysical evaluation; DRM analysis, Lo/Ld partition 
test, and simulataneous single molecule tracking of the analogs and CD59 clusters. Results 
obtained in the evaluation demonstrated that polarity and the loaded position of fl uorescent 
molecule greatly infl uenced on the raft philicity of ganglioside analogs.
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NEW STRATEGIES FOR THE SYNTHESIS OF THERAPEUTIC GLYCOPEPTIDES
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Glycosylation is the most complex post-translational modification of proteins.  Over 50% of 
human proteins are thought to display covalently bound glycans which are required to mediate 
an array of biological recognition events, including cell adhesion, cell differentiation and 
cell growth. In addition, aberrant glycosylation is associated with a number of disease states 
including autoimmune diseases and cancer. Unfortunately, the detailed study of glycopetide 
and glycoprotein structure and function at the molecular level has been hampered by the 
heterogeneous display of glycans on the protein backbone, resulting in glycoforms which 
are inseparable by current chromatographic techniques.  This has led to the demand for new 
tools to facilitate the chemical synthesis of homogeneous glycopeptides and glycoproteins for 
biological study.1,2  This talk will outline the development of new methods for the construction 
of glycopeptides. These include the solid-phase synthesis of N-linked glycopeptides3,4 and the 
synthesis of large glycopeptides using new peptide ligation strategies.5,6   The scope of these 
methods for the efficient chemical synthesis of complex glycopeptides will be discussed along 
with their potential applications in the construction of glycopeptide-based therapeutics.6    
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AUTOMATED SOLID-PHASE SYNTHESIS OF GLYCEROL TEICHOIC ACIDS (GTAS)
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Glycerol teichoic acids (GTAs) are prominent constituents of the cell walls of most gram-
positive bacteria. GTAs provide elasticity and porosity to the cell wall and play an important 
role in the regulation of cell wall autolysis as well as the uptake of nutrients and metal ions. GTAs 
are structurally diverse and are often decorated with carbohydrate and d-alanine substituents. 
It recently became evident that GTAs are antigenic and can possess immunostimulatory 
properties.1 To study the activity of GTAs, we set out to synthesize a row of molecules of well-
defined length and composition. In this context, we explored a solution-phase approach to an 
a-kojibiosyl substituted GTA, a structure that occurs in the cell wall of Enterococcus Faecalis.2,3 
Our next goal was to apply the same chemistry in an automated solid-phase protocol to access a 
number of GTAs from various gram-positive species, including Staphylococcus Aureus, varying 
in length (n = 6-20) and structure (R = H or a-glucosyl). The developed automated solid-phase 
methodology proved to be a fast and efficient means to obtain a variety of GTAs in good yields 
and purity.4
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CONCENTRATION DEPENDENCE OF GLYCOSYLATION OUTCOME: 
A CLUE FOR REPRODUCIBILITY
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During the development of preparative synthesis of Neu5TFA-(a-2→3)-Gal building block, 
useful for the preparation of sialooligosaccharides with various N-substituents, we faced a 
serious problem of reproducibility of yield and especially stereoselectivity of sialylation (Fig. 
a). In order to tackle this issue, we used a recently introduced supramer approach,1 and studied 
the solutions of 1, 2 and 1+2 in MeCN by polarimetry and laser light scattering. Several critical 
points on the plots of αD, [α]D and hydrodynamic radius vs. concentration (C) were detected 
(marked with the arrows in Fig. b), and formation of mixed supramers {1+2} at C > 0.07 M 
was revealed. Using these critical concentrations as the guidelines, we performed a series of 
glycosylation experiments and found that changes in concentration of reagents dramatically 
modulate stereoselectivity (Fig. b, solid line, 2), the ratio of anomers being very high (a : β ~ 
20:1) at C = 0.05 and 0.2 M, while the yield of disaccharide 3 levels off  (~72%) at C > 0.07 M 
(Fig. b, dashed line, 1). Correlation between stereoselectivity and optical rotation of 1 suggests it 
is the conformational changes2 upon increase in concentration that determine stereoselectivity. 
Th is work was supported by RFBR (projects No. 08-03-00839, 11-03-00918) and the Council on 
Grants at the President of the Russian Federation (project МК-2533.2011.3).
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GLYCURONIC ACIDS: REACTIVITY AND SELECTIVITY

Jeroen D. C. Codée, Marthe T. C. Walvoort, Na-Rae de Jong, Alpert E. Christina, 
Herman S. Overkleeft, Gijsbert A. van der Marel

Bio-Organic Synthesis, Leiden Institute of Chemistry, Leiden University, PO Box 9205, 
2300 RA Leiden, The Netherlands

jcodee@chem.leidenuniv.nl

Glycuronic acids are prominent constituents of many naturally occurring oligo- and 
polysaccharides. For the assembly of uronic acid containing oligosaccharides two strategies exist, 
differing in the timing of the oxidation step which introduces the carboxylic acid function on 
the carbohydrate backbone or building block.1 Because it is often assumed that the presence of 
a C5-carboxylic acid ester in a carbohydrate building block has a negative effect on its reactivity, 
the most commonly pursued approach involves assembly of the oligosaccharide chain prior to 
introduction of the uronic acid function(s). Over the last decade we have assembled various 
uronic acid containing oligosaccharides following the alternative approach using glycuronic 
acid building blocks.2,3 In many cases good to excellent yields were obtained with these building 
blocks indicating that the reactivity of these species might not be as low as often surmised. In 
addition, it has been discovered that the presence of a C5-carboxylic acid ester in a glycosyl 
donor can have a profound effect on the stereochemical outcome of a glycosylation reaction, as 
hightlighted by the excellent 1,2-cis selectivity displayed by various mannuronic acid donors.3 
To get a better understanding of glycuronic acid reactivity and selectivity we started a thorough 
investigation of the glycosylation properties of a broad palet of glycuronic acid donors, the 
results of which will be presented here. In contrast to common perception, several glycuronic 
acids turned out to be rather potent donor glycosides. The bearing of these results on the 
reaction mechanism and selectivity of glycosylation reactions involving uronic acid donors will 
be discussed.  
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SYNTHETIC STRATEGIES TO PRODUCE CHONDROITIN SULFATE 
POLYSACCHARIDES FROM escherichia coli DERIVED CHONDROITIN

Emiliano Bedini,1 Cristina De Castro,1 Mario De Rosa,2 Annalida Di Nola,1 Alfonso Iadonisi,1 
Odile Francesca Restaino,2 Chiara Schiraldi,2 Michelangelo Parrilli1

1Department of Organic Chemistry and Biochemistry, University of Naples “Federico II”, 
Complesso Universitario Monte S.Angelo, via Cintia 4, I-80126 Naples, Italy, 

2Department of Experimental Medicine, Second University of Naples, 
via De Crecchio 7, I-80138 Naples, Italy

ebedini@unina.it

Chondroitin sulfate (CS) is a glycosaminoglycan found in both vertebrates and invertebrates. 
It is ubiquitously distributed in connective tissue extracellular matrices and on cell surfaces. 
CS is constituted of a 4)-β-GlcA-(1→3)-β-GalNAc-(1→ disaccharide repeating unit with a 
variable sulfation pattern, that is tissue/age specific, tightly regulated in vivo and considered 
to be able to encode functional information in a sequence-specific manner.  CS predominantly 

composed of A and C disaccharide subunits (CS-
A,C) has been recently introduced as drug for the 
therapy of tibiofibular osteoarthritis of the knee 
and in the articular cartilage osteoarthritis.1 For 
these pharmacological applications, CS-A,C is 
obtained by extraction from bovine, porcine and 
shark cartilages. Nonetheless, the low abundance 
of the raw material and the laborious downstream 
purification limit CS availability in spite of the 
growing interest in expanding its application to 

pharmacological fields other than osteoarthritis treatment. Furthermore, the ever more strict 
regulations for animal-derived drugs has led to a renewed search for synthetic replacements. 
In this communication it is reported a microbiological-chemical approach opening for the first 
time a preparative synthetic access to several CSs polysaccharides with a well-defined sulfation 
pattern. This approach relies upon a regioselective sulfation of Escherichia coli O5:K4:H4 derived 
chondroitin2 through multistep protection/deprotection strategies, to afford CS-A,C, CS-L,M 
and some non-natural CSs. A detailed characterization by NMR, enzymatic digestion and high 
performance size exclusion chromatography combined with a triple detector array (HP-SEC-
TDA) demonstrated a very close resemblance between synthesized CS-A,C and pharmacological 
CS standards.
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PREPARATION OF THE ENES OF BACTERIAL NONULOSONATES

D.M. Whitfield I.C. Schoenhofen Evgeny Vinogradov and Susan M Logan

National Research Council, Institute for Biological Sciences
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dennis.whitfield@nrc-cnrc.gc.ca

Some bacterial species decorate their cell surfaces with nine carbon sugar analogues of sialic 
acids.  Presumably these sugars interact with the bacterial host to provide some evolutionary 
advantage such as immune system evasion.  One of the best known neuraminidase inhibitors 
is the 2-ene of sialic acid, DANA (2-deoxy-2,3-didehydro-N-acetylneuraminic acid).  DANA 
inhibits most neuramindases of viral, bacterial or mammalian origin to some extent.  The well 
known anti-viral drugs Relenza and Oseltamivir are designed analogues of DANA.  Our Institute 
has developed chemoenzymatic synthesis of both Legionaminic acid (5,7-diacetamido-3,5,7,9-
tetradeoxy-D-glycero-D-galacto-nonulosonic acid) and Pseudaminic acid (5,7-diacetamido-
3,5,7,9-tetradeoxy-L-glycero-L-manno-nonulosonic acid) as their activated CMP-derivatives.1  
Thus, it was of some interest to us to develop a method to convert these CMP-compounds 
to their corresponding 2-enes.  We present a simple procedure featuring a one step thermal 
preparation method followed by purification and characterization by NMR and MS of such 
enes in mg quantities.  To date the parent Leg5NHAc7NHAc 2-ene, Pse5NHAc7NHAc 2-ene as 
well as the Leg5NHAm7NHAc-2-ene and Pse5NHAc7NHAm 2-enes have been prepared.  The 
last two are analogues where the acetamide group (NHAc) has been enzymatically converted 
to the amidine group (NHAm) using bacterial enzymes.  Some preliminary data on their 
neuraminidase inhibitory potential will be reported.
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SYNTHESIS AND EVALUATION OF HEPARIN SULFATE OLIGOSACCHARIDES 

Steen U. Hansen,1 Gavin J. Miller,1 Marek Barath,1 Karl Broberg,1 Egle Avizienyte,2 Claire Cole,2 
Graham Rushton,2 Gordon C. Jayson,2 John M. Gardiner*,1 

1School of Chemistry and Manchester Interdisciplinary Biocentre, 
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2 School of Cancer and Enabling Sciences, University of Manchester, Manchester, UK.
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Heparin/heparan sulphates (HS) are linear glycosaminoglycan (GAG) polysaccharides which 
play critical roles through binding to a wide range growth factors with biological evidence 
implicating L-iduronic containing domains and number/location of sulfation as key to effects 
on a number of FGFs.1 The complex heterogeneity of natural HS oligosaccharides means 
defining roles of specific HS sequences - essential for providing designed sequences for potential 
therapeutic applications  - is best addressed by specific synthesis of a diversity of structurally-
defined HS sequences. We have developed a new, large scale synthetic entry to suitable iduronic 
acid derivatives and an improved access to scalable glucoazide intermediates. A range of 
oligosaccharides with differing sulfation patterns have thence been prepared, covering sequences 
up to 14 saccharides in length. The synthesis provides an iterative and modular approach to 
different heparin-related targets, which has enabled biological evaluations of a range of these 
synthetic oligosaccharides in binding, cell proliferation and migration, and cell signalling 
experiments, providing important structure-effect information. We have also adapted this 
synthesis to provide a versatile new end-labellable oligosaccharide entry, applicable to a range of 
conjugation and labelling strategies.

References 
1. (a) Casu, B.; Naggi, A.; Torri, G. Matrix Biology 2010, 29, 442-452. (b) Bishop, J.; Schuksz, 

M; Esko, J. D. Nature 2007, 446, 1030–1037. (b) Sasisekharan, R.; Shriver, Z.; Venkataraman, 
G.; Narayanasami, U. Nat. Rev. Cancer 2002, 2, 521–528. (c) Hung, K. W.; Kurnar, T. K. S.; 
Kathir, K. M.; Xu, P.; Ni, F.; Ji, H. H. Biochem. 2005, 44, 15787-15798. (d) Olsen, S. K.; Ibra-
himi, O. A.; Raucci, A.; Zhang, F. PNAS 2004. 101, 935-941.

2. (a) Seeberger, P. H.; Werz, B. Nature 2007, 446, 1046-1051. Cole, C.; Jayson, G. C. Expert 
Opin. Biol. Ther. 2008. 8, 351-362.

	  



16th European Carbohydrate Symposium

111

ORAL PRESENTATIONS

OL 52

TARGETING ANTHRACYCLINE-RESISTANT TUMOR CELLS 
WITH ALOE-EMODIN GLYCOSIDES
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1 School of Chemistry, Tel Aviv University, Tel Aviv, Israel. 2 School of Medicine, Department of 
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Anthracyclines such as doxorubicin (DOX, Figure 1) are antineoplastic agents commonly 
used for the treatment of hematopoietic and solid tumors. One of the major limitations on 
the clinical use of anthracylines results from the emergance of tumor cells with resistance to 
these chemothrapeutic agents. In search for novel directions to develop anthracyclines with 
activity against resistant tumors, our attention was drawn to the unique properties of the natural 
anthranoid aloe-emodin (AE, Figure 1) which has antiproliferative activity against several tumor 
cell lines. Interestingly, although its activity was usually modest, AE demonstrated similar levels 
of cytotoxicity against several tumor cell lines and their corresponding anthracycline-resistant 
lines. Based on these observations, we reasoned that it should be possible to design AE analogs 
with poetent antitumor activity against anthracycline-resistant tumor cell lines.

Figure 1. Anthracyclines, Aloe-Emodin and Synthetic AEGs

Hence, we designed and synthesized a small collection of AE glycosides (AEGs 1-4, Figure 1) 
by attaching a 2,3,6-trideoxy-3-amino-L-sugar to the anthranoid core of AE in order to improve 
the DNA minor groove binding properties and as such, the antitumor activity of these analogs. 
Some of the AEGs exhibited improved cytotoxic activity of more than two orders of magnitude 
relative to that of DOX in tumor cell lines with high levels of effl  ux pumps mediated anthracycline 
resistance. Th e synthetic AEGs were shown to readily permeate anthracycline-resistant tumor 
cells while DOX accumulates in these cells mebranes. Th e results of this study demonstrate that 
AEGs may be used as a promising scaff old for the development of antineoplastic agents that will 
overcome the widespread problem of effl  ux pumps mediated  anthracycline resistant tumors.
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TOWARDS THE SYNTHESIS OF 4-AMINO-4-DEOxY-L-AMINOARABINOSE 
MODIFIED LIPID A

Ralph Hollaus 1, Paul Kosma 1, Alla Zamyatina 1

1Department of Chemistry, University of Natural Resources and Life Sciences, Muthgasse 18, 
A-1190 Vienna

alla.zamyatina@boku.ac.at

Covalent modifi cation of lipid A by cationic β-L-Ara4N on either both phosphates or solely 
on the reducing phosphate, which is characteristic for several Burkholderia[1] and CF (cystic 
fi brosis) adapted Pseudomonas aeruginosa[2] strains, is deemed critical for bacterial survival 
in pulmonary airways and associated with increased virulence, resistance to antibiotics and 
modulation of  TLR4-MD-2 regulated innate immune response. To better comprehend the 
biological consequences of this  modifi cation and to gain a detailed insight into the interaction 
of Ara4N-modifi ed lipid A with TLR4-MD-2 complex, we embarked on the  synthesis  of  
L-Ara4N  substituted  lipid A  structures,  corresponding  to  native  lipid A  of   B. cepacia 
complex and CF adapted P. aeruginosa. 
H-phosphonate approach was found to be the method of choice for the stereocontrolled 
instalment of “double anomeric” phosphodiester linkage connecting glycosidic centres of 
reducing Glc2N of the lipid A carbohydrate backbone and divergently protected β-L-Ara4N 
hemiacetals. Th e options to access anomerically pure β-confi gured H-phosphonate of L-Ara4N 
starting from allyl glycosides were explored. Th e infl uence of the nature of protecting groups on 
the anomeric confi guration of L-Ara4N hemiacetals and the corresponding H-phosphonates 
was assessed. 

Acknowledgments: Financial support from FWF (grant P 21276) is gratefully acknowledged. 

References 
1. a) Silipo, A.; Molinaro, A.; Cescutti, P.; Bedini, E.; Rizzo, R.; Parrilli, M.; Lanzetta, R. Glyco-

biol. 2005, 15, 561-570. b) Silipo, A.; Molinaro, A.; Comegna, D.; Anthony; Sturiale, L.; Ce-
scutti, P.; Garozzo, D.; Lanzetta, R.; Parrilli, M. Eur. J. Org.Chem. 2006, 2006, 4874-4883. 
c) Silipo, A.; Molinaro, A.; Ieranò, T.; De Soyza, A.; Sturiale, L.; Garozzo, D.; Aldridge, C.; 
Corris, P. A.; Khan, C. M. A.; Lanzetta, R.  Chem. Eur. J. 2007, 13, 3501-3511. d) Ierano, T., 
Cescutti, P., Leone, M. R., Luciani, A., Rizzo, R., Raia, V., Lanzetta, R., Parrilli, M., Maiuri, 
L., Silipo, A. and Molinaro, A. Innate Immunity, 2010, 16, 354-365.

2. Ernst, R.; Moskowitz, S.; Emerson, J.; Kraig, G.; Adams, K.; Harvey, M.; Ramsey, B.; Speert, 
D.; Burns, J.; Miller, S.   J. Infect. Dis. 2007, 196, 1088-1092.



16th European Carbohydrate Symposium

113

ORAL PRESENTATIONS

OL 54

xYLOSE AND GALACTOSE METABOLISM IN THE PARASITE 
triChomonas vaginaLis
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Previous studies on the structure of the trichomonad lipophosphoglycan, a major cell surface 
component, have indicated the presence of xylose and galactose residues; this may indicate that 
the occurrence of these sugars in the N-glycans of this species is also very likely. However, neither 
the molecular mechanisms for xylose and galactose synthesis and transfer nor any details of 
the N-glycan structures of Trichomonas vaginalis have been published. We have now examined 
these questions and detect pentose residues on the N-glycans of both Trichomonas vaginalis and 
Tritrichomonas foetus; the reactivity of anti-horseradish peroxidase to trichomonad proteins 
suggests that these pentose residues are indeed xylose. In addition, various HPLC and MS 
experiments have been performed to analyse the N-glycans and also indicated the modification 
with galactose residues. Furthermore, based on homology to enzymes from other organisms, 
we have cloned Trichomonas vaginalis cDNAs encoding enzymes required for the generation 
of the nucleotide sugar donors involved in transfer of xylose and galactose residues to target 
glycoconjugates. Thereafter, the UDP-xylose synthase (also known as UDP-glucuronic acid 
decarboxylase) and one isoform of UDP-galactose epimerase were expressed in Escherichia coli 
and, as judged by HPLC assays, found to indeed possess the expected enzymatic activities. In 
conclusion, this study offers new evidence that there are indeed xylose and galactose metabolic 
pathways in the parasite Trichomonas vaginalis. 
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CARBOHYDRATE RECOGNITION BY APICOMPLExAN PARASITES – NEW 
INSIGHTS TO TROPISM FROM CARBOHYDRATE MICROARRAYS
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The Apicomplexa are a large group of parasites that contain some of the most widespread 
protozoan parasites of humans and animals. Among these are the Plasmodium spp. causing 
malaria, Eimeria spp., Neospora spp., and Toxoplasma, the causative agent of toxoplasmosis in 
warm blooded animals and humans. Unlike bacteria and viruses that often exploit host endocytic 
pathways for invasion, apicomplexan parasites use their own machinery for active penetration 
into host cells and this process critically depends on micronemal proteins1. By neoglycolipid-
based microarray analyses, in conjunction with protein structural studies, we discovered that the 
cell-binding domain [called microneme adhesive repeat (MAR)] of a key micronemal protein 
of Toxoplasma gondii, TgMIC1, recognizes a wide range of sialyl oligosaccharides1,2 of the types 
found on the surface of vertebrate cells, thus providing an explanation for the ability of T. gondii 
to infect all warm-blooded animals. Microarray analyses of a second micronemal protein of T. 
gondii, TgMIC13 and of MIC1 of Neospora caninum, NcMIC1, have shown different binding 
preferences to sialyl sequences3. We have now extended our studies to microarray analyses of 
a MAR-containing protein, EtMIC3, of Emeria tenella which is one of the most economically 
significant species of Eimeria that causes coccidiosis in modern poultry farming. Compared to 
TgMIC1, a more restricted set of sialyl oligosaccharides are bound by EtMIC3; notably EtMIC3 
does not recognize the N-glycolyl form of sialic acid (NeuGc). This could be an adaptation to 
the chicken host that lacks NeuGc. Also, in a follow-on study of T. gondii micronemal proteins, 
we are investigating an ‘apple’-domain-containing protein, TgMIC4, which is closely associated 
with TgMIC1. Microarray analyses reveal that TgMIC4 has a binding specificity distinct from 
that of TgMIC1, namely binding to a broad spectrum of galactose-terminating oligosaccharides. 
Thus microarray analyses are providing crucial information on the way that the apicomplexan 
parasites use their micronemal proteins to decipher and select carbohydrates of the host cells that 
they invade, with obvious implications for host/tissue tropisms and pathobiology of infections, 
and designs of therapeutic substances.
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EVALUATING THE ROLE OF UDP-GLUCOSE/ UDP-GALACTOSE METABOLISM IN 
THE PROTOZOAN PARASITE Leishmania major
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About 350 million people in tropical and subtropical regions face the risk of Leishmaniasis, a 
sandfly-transmitted parasitic infection of considerable health impact. The causative agent of 
this neglected disease is a protozoan parasite of the genus Leishmania with the ability to evade 
the human immune response and multiply within macrophages. One major virulence factor 
which is indispensable for survival of Leishmania within the insect vector and for establishment 
of infection in mammals is its thick glycocalyx, consisting of galactose rich glycans like the 
lipophosphoglycan (LPG). In order to cover the high demand on UDP-galactose for glycan 
biosynthesis Leishmania requires a specialized enzymatic machinery. The UDP-glucose 
pyrophosphorylase (UGP) activates glucose-1-phosphate with UTP, fueling this pathway with 
high amounts of UDP-glucose which in turn is converted into UDP-galactose by epimerization. 
However, the synthesis of LPG and parasite virulence was only partially affected after UGP gene 
deletion (∆ugp) by homologous recombination1. This effect could be traced back to a homologue 
of the plant UDP-sugar pyrophosphorylase (USP) found in Leishmania parasites and several 
other protists, displaying specificity for galactose- and glucose-1-phosphate activation consistent 
with a role in monosaccharide salvage2.
We have now studied the in vivo role of USP by targeted gene deletion in L.  major (∆usp). 
Similar to the deletion of UGP the absence of USP had only mild effect on growth and 
glycoconjugate biosynthesis. In contrast, a conditional mutant deficient in both UGP and USP 
is unviable under repressive conditions. The subcellular localization of the enzymes involved 
in UDP-glucose/-galactose metabolism was further elucidated using immunofluorescence, 
successive permeabilization and isopycnic centrifugation experiments. Interestingly, despite 
putative targeting motifs USP and UGP are not situated within the peroxisome-like glycosomes 
but in the cytosol. These findings delineate the UDP-Gal and UDP-Glc biosynthetic pathway 
in Leishmania and demonstrate the importance of these nucleotide sugars for parasite survival. 
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COLLECTIN kIDNEY 1 (CL-k1) IN BLOOD IS DETECTED 
BY A NOVEL ELISA SYSTEM

Takayuki Yoshizaki, Katsuki Ohtani, Wataru Motomura, Seong-Jae Jang, Ken-ichiro Mori, 
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We have identified the human collectin kidney 1 (CL-K1, COLEC11) from human kidney 
cDNA library (Keshi, H., et al., Microbiol. Immunol. 50, 1001-1013, 2006). The high homology 
between human and mice CL-K1 among 6 collectin members suggests it might be a prototype 
of collectin. To quantitate the blood CL-K1 concentration, we have developed polyclonal and 
monoclonal antibodies for human CL-K1 and have set the best matching sandwich enzyme-linked 
immunosorbent assay (ELISA) system. Mannan-binding lectin (MBL) is the first discovered and 
famous collectin in which the plasma concentration is almost similar to the serum one. Although 
the low blood concentration of MBL is often found due to its single nucleotide polymorphisms 
(SNPs) which is seemed to be related in opsonic defect, the low blood case of CL-K1 in about 
fifty samples was not found shown in MBL. The real time PCR study to quantitate the CL-K1 
mRNA in human and mice tissues demonstrated the similar expression profiles to each other 
and liver was its major expression organ like MBL. The ELISA system developed in this study 
will be useful for elucidating the physiological and pathophysiological role of CL-K1 in humans.
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COMPARISON OF THE CHARACTERIZATION AND FUNCTION OF PROTEIN 
o-MANNOSYLTRANSFERASES BETWEEN ZEBRAFISH AND HUMAN 
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a-Dystroglycan (a-DG) is a highly glycosylated surface membrane protein. The main glycan of 
a-DG was found to be O-mannosylglycan. Protein O-mannosylation is important in muscle and 
brain development. Glycosyltransferases such as protein O-mannosyltransferase 1 (POMT1) 
and POMT2 were identified and characterized in O-mannosylglycan synthesis. Since POMT1/2 
were found to be responsible for Walker-Warburg syndrome (WWS), WWS is now congenital 
muscular dystrophies with brain malformation and structural eye abnormalities together with 
selectively deficiency of glycosylated a-DG. Therefore, we focused on protein O-mannosylation 
in zebrafish that is catalyzed by POMT1/2. In particular, to elucidate how different it is between 
human and zebrafish, we have recently cloned two zebrafish protein O-mannosyltransferase 
genes encoding zPOMT1 and zPOMT2. Injection of antisense morpholino oligonucleotides 
of zPOMT1 and zPOMT2 resulted in several severe phenotypes - including bended body, 
edematous pericaridium, and abnormal eye pigmentation. We also found that co-expression 
of both genes is necessary to show protein O-mannosyltransferase activity similar to human 
enzymes. These results indicated that the protein O-mannosyltransferase machinery between 
zebrafish and human is highly conserved and suggested that zebrafish is useful for functional 
studies of protein O-mannosylation. In this presentation, possible regulatory mechanism of 
protein O-mannosylation will be discussed.
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HIGH-THROUGHPUT GLYCOSYLATION PATTERN ANALYSIS 
OF GLYCOPROTEINS UTILIZING A 

MULTIPLExING CAPILLARY-DNA-SEqUENCER
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Glycomics is a rapidly emerging field that can be viewed as a complement to other „omics“ 
approaches including proteomics and genomics. Hence, there is a dramatic dynamic increase 
in the demand for sophisticated databases and analytical tools in glycobiology respectively 
glycobiotechnology. In order to enhance and improve the comparatively small existing 
glycoanalytical toolbox, fully automated high-throughput (HTP) and high-resolution (HR) 
analysis methods including automated data evaluation are required. 
Besides several mass spectrometry and liquid chromatography based analysis techniques, 
electromigrative separation techniques for the analysis of oligosaccharides have been developed 
over the last years. Especially, capillary gel electrophoresis with laser induced fluorescence 
detection (CGE-LIF) shows high potential for HTP glycoprofiling of fluorescently labeled 
glycans1,2. This glycoanalysis approach based on multiplexed CGE-LIF is utilizing a DNA-
sequencer, and the instruments - based electromigrative separation - in principle (with some 
minor modifications) are well suited for glyco-profiling of glycoconjugates. 
The aim of the project presented was to further investigate and to improve this innovative 
approach with respect to sample preparation and data analysis. First, sample preparation method 
and workflow were further optimized with respect to performance and feasibility regarding HTP. 
Second, data analysis was computerized developing a novel modular software-tool for automated 
data-processing and structural elucidation by interfacing a corresponding oligosaccharide-
database. Using this software-tool, the generated “normalized” electropherograms of the glyco-
moieties (“fingerprints”) can be evaluated on two stages: “simple” qualitative and quantitative 
fingerprint comparison and structural elucidation of each single glyco-component. The 
application of this technique with up to 96 capillaries in parallel, results in massive reduction of 
the effective separation time per sample combined with an impressive sensitivity achieved due 
to LIF detection3. 
This novel modular glycoanalysis system and method allows fully automated, highly sensitive 
instrument-, lab- and operator-independent high-throughput HTP-glycoanalysis, even when 
operated by non-experts. This is in contrast to the currently prevailing methods, where 
multiplexing with respect to high-throughput is highly cost and lab-space intensive and ties up 
a lot of manpower and experts hands-on-time.
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SYNTHESIS AND BIOLOGICAL EVALUATION OF BIVALENT 1,2,3-TRIAZOLE 
LINkED GALACTOPYRANOSIDE INHIBITORS OF CHOLERA TOxIN
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Cholera toxin (CT) is the enterotoxin produced by Vibrio cholerae (causal agent of cholera).  It is 
estimated that 120,000 deaths worldwide are caused by cholera each year.1 Antibiotic treatment 
can shorten the course of the disease by limiting V. cholerae growth.  However, there are no 
eff ective small molecule prophylactics or therapeutic drugs available that block the action of CT, 
which means that the development of such drugs would be of great worldwide benefi t.2

Proposed structures of multivalent inhibitors will be discussed that will enable the development 
of cholera prophylactics and therapeutics.  It is important that the CT receptor-binding 
antagonists mimic the terminal galactose and sialic acid groups on the GM1 oligosaccharide (cell 
surface receptor of CT).
Th ese multivalent inhibitors need a precise geometry that matches the binding epitopes on the 
CT surface.  Huisgen 1,3-dipolar cycloaddition of azides to alkynes (‘Click’ chemistry) will be 
discussed in the proposed synthesis.

Figure 1: A conceptual diagram illustrating how proposed cholera toxin inhibitors 
were designed.
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PUCkER-FUNCTION RELATIONSHIPS: NEW INSIGHTS 
FROM EqUILIBRIUM SIMULATIONS

Ben Sattelle and Andrew Almond
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The vast biotechnological potential of sulfated carbohydrates could be harnessed if only the 
relationship between molecular structure and function could be understood. One route to 
this goal is via 3D-structure, which depends on two key determinants: glycosidic linkage and 
monosaccharide pucker. Linkage geometry equilibrates on ns-timescales, allowing even short 
simulations to be tested with experiments, and hence it is understood microscopically to some 
extent. Ring puckering, however, occurs on ms-timescales and remains enigmatic, since it has 
been difficult to study experimentally and inaccessible to simulations. To overcome this, we 
employed massively-parallel graphics processing units (GPUs) to perform ms-simulations 
in explicit water and calculate free energy landscapes (Figure 1) for three monosaccharide 
constituents of heparin (one of the oldest and most widely used drugs).1 In doing so, the first 
complete exploration of room temperature conformational phase-space was achieved for these 

monosaccharides (populating all chair 
and boat conformers), without recourse to 
enhanced sampling methods. The puckers 
of l-iduronic acid (IdoA) took ~3µs to 
equilibrate and the IdoA conformational 
exchange rates (enigmatic for 50 years prior) 
were predicted.  Further, IdoA 2-O-sulfation 
(IdoA2S) was predicted to destabilize 
the 4C1-chair conformer by 2.6 kcal mol-

1 and the computed IdoA and IdoA2S 1C4-chair energies were identical. Synthesis and ultra-
high-field NMR validated these observations. Subsequent equilibrium simulations (including 
oligosaccharides) showed that sulfation does not significantly perturb linkage geometry, in 
agreement with previous data.2,3 Interestingly, this chemical modification was predicted to 
fine-tune pucker, which lead to the novel hypothesis that puckering is a key determinant of 
carbohydrate structure-activity relationships. The GPU-accelerated calculations have provided 
a step-change in our understanding of this biological phenomenon by exposing biologically-
relevant spatiotemporal dynamic equilibrium properties that are inaccessible to experiment 
and conventional modeling. This approach promises to pave the way to unlocking structural 
glycobiology and rational design of carbohydrate-based biotechnologies.
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Figure 1: Computed equilibrium free energies (G)
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REPAIRING FAULTY GENES BY SMALL MOLECULES: DEVELOPMENT OF NEW 
DERIVATIVES OF AMINOGLYCOSIDES FOR TREATMENT OF HUMAN GENETIC 

DISEASES
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A large number of human genetic disorders including cystic fibrosis, Duchenne muscular 
dystrophy and several types of cancer are resulted from nonsense mutations. Aminoglycoside 
antibiotics were the first small molecule drugs that gave promising results as a potential therapy 
of such genetic disorders. However, high human toxicity and reduced readthrough efficiency 
at safe doses, largely limits their use for suppression therapy. To date, no systematic studies 
have been performed to optimize aminoglycosides activity for readthrough activity and reduced 
toxicity.

Towards these ends we reported on the development of novel pseudo-trisaccharide derivatives 
of paromomycin (Figure 1, 1-4) with significantly improved readthrough activity and reduced 
toxicity in comparison to those of parent paromomycin and gentamicin.1-3  In attempts to further 
improve the readthrough efficiency we discovered that the introduction of a chiral C5’’-methyl 
group on the ribosamine ring (ring III) of these lead structures (1-4) significantly improves 
the suppression activity of the observed derivatives while the toxicity was retained unchanged 
and similarly low as that of the parent leads.4 By separately synthesizing each C5’’-diasteromers 
of the ribosamine ring and solving their absolute configuration, we also discovered significant 
preference of the (S)-C5’’-methyl group over that of (R)-C5’’-methyl group in the resulted 
pseudo-trisaccharides, both in cell-free and cell-based readthrough activity tests. The new 
developed pharmacophore, (S)-C5’’-methyl group, was further introduced in combination with 
other structural elements and created most powerful pseudo-trisaccharide derivatives exhibiting 
the highest readthrough efficacy and reduced toxicity ever reported. These new biochemical 
data, mostly unpublished together with very recently communicated data4 will be presented.
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TOWARDS THE DEVELOPMENT OF GLYCOCONjUGATE VACCINES: 
SYNTHESIS OF CAPSULAR POLYSACCHARIDE STRUCTURES 

OF CryPtoCoCCus neoformans
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Cryptococcus neoformans is an opportunistic fungal pathogen that causes severe diseases 
primarily in immunocompromised individuals (e.g. HIV positive patients).[1] C. neoformans is 
surrounded by a thick layer of capsular polysaccharides (CPS), which is an important virulence 
factor. In order to investigate the immunobiological properties of the fungal CPS and to develop 
glycoconjugate vaccines, chemically synthesised part structures of the fungal CPS are required. 
Currently, we are focusing on the synthesis of a thioglycoside hexasaccharide building block 
containing a-Manp, β-Xylp, β-GlcpA and 6-O-acetyl motifs. Th e hexasaccharide corresponds 
to serotype A structures of C. neoformans. Our aim is to use the hexasaccharide as a building 
block in the construction of large oligosaccharide structures in order to determine structure and 
size of protective epitopes.[2]

We present an improved synthetic pathway to the various Xylp-Manp and GlcpA-Manp 
disaccharides and their assembly to the hexasaccharide. A reliable methodology to access 
structurally related thioglycoside building blocks has been developed previously in our group.
[3,4,5] 
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CRAZY POLYSACCHARIDES: 
SCREENING OF ACTIVE ENZYMES ON A COLLECTION 

OF POLYSACCHARIDES HAVING kNOWN AND UNkNOWN STRUCTURE

William Helbert & Maude Fer

CNRS-University Pierre and Marine Curie, UMR 7139 Marine Plants and Biomolecules, 
Station Biologique de Roscoff, F-29682 Roscoff, France

Polysaccharides are the most abundant and the most diverse renewable polymers found on earth. 
Except polysaccharides used traditionally in food and non-food industries, the structure and 
the functionality of most of them are unknown and unexplored. Structural analyses of complex 
polysaccharides benefit strongly from the use of polysaccharides depolymerising enzymes: 
glycoside hydrolases (GH) and polysaccharide lyases (PL).
Aiming at crossing the chemical diversity of terrestrial and marine polysaccharides with the 
biological diversity of bacteria as source of new GH and PL, we have designed and implemented 
a medium throughput screening strategy polysaccharides having known and unknown 
structure. The detection of active enzymes is achieved by colorimetric method and by mass 
spectrometry using protocol allowing detection of anionic and neutral oligosaccharides. In 
parallel, a collection of more than 150 polysaccharides substrates was collected. This includes 
polysaccharides extracted from land plants, marine macroalgae (red, brown and green) and, 
land and marine bacteria.
The screening was successfully applied to complex bacterial extracts allowing highlighting 
different profiles of GH or PL production according to culture conditions (i.e. induction by 
polysaccharides). As an example, the comparison of predicted enzyme activities from the 
sequenced genome of Pseudalteromonas atlantica with the experimentally detected activities 
allows us evidencing new polysaccharides degrading enzymes.
The screening program involved a consortium of French laboratories interested in understanding 
polysaccharides/protein interaction, resolving the structure of complex polysaccharides as well 
as ascribing function of putative GH and PL (INRA: M. Lahaye, D. Ropartz; IFREMER: C. 
Boisset, CNRS: R. Daniel; CEVA: J.-F. Sassi, CNRS: B. Henrissat, G. Michel) 
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NEW CHROMOGENIC SUBSTRATES FOR THE SCREENING OF ACTIVE ENZYMES 
IN THE CONTROLLED BIOCHEMICAL CONVERSION 

OF ARABINOxYLANS 
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The increasing use of enzymes in industrial processes has led to an increase in research aimed 
at enzyme discovery and engineering. In turn, high throughput discovery methods, such as 
functional metagenomics, are underlining the need for more efficient and reliable screening 
assays. Chromogenic substrates are useful, because they provide quick and easy detection of 
activity in enzymes libraries and are compatible with automated strategies involving image 
capture and analysis.1,2 One group of enzymes that is receiving considerable attention are 
biomass-degrading enzymes, which are useful tools for biorefinery processes. Cellulases are the 
main targets, but hemicellulases that breakdown complex arabinoxylans, which account for up 
to 35% of the dry weight of higher plants, are also very important and highly diverse in terms of 
their specificities. In this work, new carbohydrate substrates that release a chromophore upon 
hydrolysis have been synthesized. Specifically, a series of catechol and indolyl glycosides that can 
be used for the detection and study of different hemicellulases.

These molecules have been tested in different assay conditions. In addition to their good stability 
to spontaneous hydrolysis, our results reveal that these chromogenic glycosides allow the reliable 
and specific detection of their target enzymes in different screening modes. 
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FAMILY GH19 CHITINASE FROM MOSS: NEW INSIGHTS 
FROM NMR SPECTROSCOPY, ITC ExPERIMENTS, AND ENGINEERING 

INTO A GLYCOSYNTHASE
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Chitin, a b-1,4-linked polysaccharide of N-acetylglucosamine (GlcNAc), is hydrolyzed by 
chitinases (EC 3.2.1.14), which are divided into two families, family GH18 and family GH19 
(http://www.cazy.org). Although the family GH18 enzymes have been intensively studied 
with respect to their structure and function, the family GH19 enzymes have been poorly 
characterized. In this study, oligosaccharide binding study was conducted by NMR spectroscopy 
and isothermal titration calorimetry (ITC) using family GH19 chitinase from moss, Bryum 
coronatum (BcChi-A)1. We also tried to produce a glycosynthase from the moss chitinase. 
NMR spectroscopy. 15N/13C-labled BcChi-A was produced by E. coli expression system, and 
the backbone resonances in the 1H-15N HSQC spectrum were assigned by three-dimensional 
NMR measurements. NMR titration experiments were conducted with (GlcNAc)n (n=2, 4, and 
6) to identify the substrate binding site of the enzyme. The oligosaccharides were found to bind 
preferentially to the aglycon binding site. ITC analysis. (GlcNAc)n (n=2, 3, 4, 5, and 6) binding to 
the inactive BcChi-A mutant (BcChi-A-E61A) was analyzed by ITC. The binding was found to 
be enthalpically driven. The longer the chain-length of (GlcNAc)n added, the larger the negative 
values of binding free energy changes. The binding cleft of BcChi-A is likely more extended 
than that expected from the modeled structure. Engineering into a glycosynthase. To convert 
BcChi-A to a glycosynthase, mutations of Ser102 residue orienting the water molecule, which 
attacks the C1 carbon of the -1 sugar in the hydrolytic reaction, were conducted to produce 
the three mutant enzymes (S102A, S102G, or S102C). Each mutant exhibited a glycosynthase 
activity forming (GlcNAc)4 from a-(GlcNAc)2 fluoride. The glycosynthase activity of S102C 
was the highest among these mutants. This is the first case of a glycosynthase derived from an 
inverting endo-chitinase.

References
1. Taira, Ohnuma, Fukamizo, Glycobiology, 2011, in press.



16th European Carbohydrate Symposium

126

ORAL PRESENTATIONS

OL 67

AN ENDO-β-1, 6-GLUCANASE INVOLVED IN FUNGAL AUTOLYSIS 
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The cell wall structure of fungi is constantly changing, and morphological changes involving 
synthesis, reorienting and lysis of the cell wall structure are an essential process in fungi. Fungi 
are known to produce glycoside hydrolases (GH) associated with the cell wall polysaccharides. 
Some of these fungal GH act on cell wall components and are responsible for morphological 
changes. We reported two types of β-1,3-glucanases involved in cell wall autolysis, EXG2 [1] and 
TLG1 [2], from harvested Lentinula edodes fruiting bodies. In the present study, a novel β-1,6-
glucanase involved in autolysis of L. edodes fruiting body (mushroom), termed LePus30A, was 
purified, cloned and characterized. 
LePus30A with a molecular mass of 49 kDa was purified from extracts prepared from gills 
of L. edodes fruiting bodies on day 4 after harvest. The cDNA of LePus30A includes an open 
reading frame of 1,575 bp encoding an 18-amino-acid signal peptide and the 506-amino-acid 
mature protein. Sequence analysis indicated that LePus30A is a member of GH family 30. 
The transcriptional level of LePus30A was significantly increased in fruiting bodies preserved 
postharvest, suggestting that LePus30A is responsible for the degradation of the cell wall 
components during fruiting body autolysis after harvest.
β-1,6-glucanases degrade β-1,6-glucan polysaccharides which is a unique and essential 
component of fungal cell walls. The purified LePus30A catalyzed depolymerization of β-1,6-
glucan endolytically, and was highly specific toward β-1,6-glucan polysaccharide. Since mainly 
glucose was liberated when a β-1,3/1,6-glucan (laminarin) was treated with LePus30A, the 
enzyme presumably cut the β-1,6-linked side chains in laminarin. Some mushroom β-glucans 
are known as antitumor polysaccharides, and β-1,6-linked glycosyl structures are believed to 
be important components for this function. We suppose that the β-1,6-glucanase activity of 
LePus30A is effective for development of studies and applications of functional β-glucans.  
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INTERACTIONS OF a-AMYLASE WITH THE SURFACE OF STARCH 
GRANULES: THE ROLE OF SUPRAMOLECULAR STARCH STRUCTURE
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Starch, which is composed of two a-glucan polymers, the essentially linear amylose and the 
highly-branched amylopectin, is a main source of carbohydrate in the diet of humans and 
some farm animals. It is well known that large variations exist in the rate that different starchy 
foods are digested1-4. The rate of starch digestion in the gut is believed to explain much of the 
variation seen in the glycaemic index (GI) of starchy foods1-3. There is a lack of mechanistic 
understanding, however, of how the structure of starch itself, and other components in the diet, 
create variations in the rate that a-amylase degrades starch3,4. The hydrolysis of starch granules 
is also an important step in a range of industrial processes (e.g. bioethanol production).
This project was a study of the equilibrium binding and binding rate of amylase to starches 
from a variety of botanical origins. The aim was to characterise the binding properties of the 
enzyme to solvent-exposed a-glucan chains on the granule surfaces and seek information 
about the significance of physico-chemical properties of the starch granules for binding. The 
enzyme was either (a) equilibrated at 00 C with starch at different concentrations for 30 min 
and the mixture then centrifuged to separate the polysaccharide, or (b) mixed with a constant 
starch concentration and the polysaccharide separated from the supernatant by filtration at 
defined time points. The quantity of bound amylase was determined by a sensitive fluorometric 
method. The morphology and physico-chemical properties of the starches used in the study 
were characterised using FTIR, particle sizing methods, scanning electron microscopy and 
calorimetric methods.
It was found that the main variable affecting the equilibrium dissociation constant is starch 
granule surface area. However, the main factor determining enzyme binding rate is the structural 
organisation of the starch at the granule surface. We believe that amylase binding is a key step in 
starch hydrolysis and that our results will aid understanding of this important process.
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TARGETING 5´-METHYLTHIOADENOSINE PATHWAYS IN CANCER AND 
qUORUM SENSING WITH  SULFUR-FREE TRANSITION STATE ANALOGUES 
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Enzymatic transition state structure  provides information on both the geometric and electronic 
features of a transition state.1  Inhibitor design based on transition state theory has been 
successfully applied to a number of N-ribosyl transferases including 5´-methylthioadenosine 
phosphorylase (MTAP)2 and 5´-methylthioadenosine nucleosidase (MTAN).3 MT-DADMe-
ImmA (1) is an iminosugar based nucleoside analogue with low pM dissociation constants for 
both MTAP and MTAN and whose design incorporated several transition state features.4,5 MT-
DADMe-ImmA has proven effective in treating a variety of human cancers, such as head and 
neck and lung cancers, using  mouse xenograph models.6,7 However, thiols are succeptible to 
metabolic oxidation. In order to probe the necessity of the sulfur atom present in 1 we have 
synthesised a variety of sulfur free analogues and assayed these against both human MTAP and 
E. coli MTAN and these results are reported. Also described is the multi-gram synthesis of the 
lead compound, Bu-DADMe-ImmA (2), which was required for in vivo screens.  The synthesis 
of 2, in particular, and the other inhibitors described required the development of a scalable 
process for the synthesise 9-deazaadenine (3) and this work is also presented.  
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NONCOVALENT INTERACTIONS BETWEEN SUGARS AND AROMATIC 
AMINO ACID ANALOGS

Manju Kumari,1 Petety V. Balaji1 and Raghavan B. Sunoj2
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Indian Institute of Technology Bombay, Mumbai 400 076, India
manjusah@iitb.ac.in

The importance of noncovalent interactions in chemical and biological systems has long 
been recognized in a plethora of situations.1 In biological systems, the interactions between 
saccharide and aromatic amino acids have been shown to be critical for a large number of 
recognition processes, and are suggested to involve vital C–H...p interactions. These are 
non-conventional hydrogen bonds, largely governed by dispersive contributions. To develop 
a molecular understanding of noncovalent interactions in the recognition process, we have 
examined a series of binary complexes between aromatic amino acid analogs of tryptophan, 
tyrosine, and phenylalanine with saccharide. Conformational sampling has been performed 
to obtain the initial geometry. The interaction energies (EINT) of optimized binary complexes 
are obtained at the MP2(full)/6-31G(d,p) and the M06/TZV2D//MP2/6-31G(d,p) level of 
theories. The conventional hydrogen bonding such as N-H...O, O-H...O and C-H...O as well 
as nonconventional O–H...p and C–H...p type of interactions are identified in such binary 
complexes. More number of prominent conventional hydrogen bonding contacts remain as a 
characteristic feature of the strongly bound complexes and the lower end of the EINT spectrum is 
dominated by multiple C–H...p interactions. The complexes exhibiting as many as four C–H...p 
contacts are identified in the case of a/β-D-glucose, b-D-galactose, and a/β-L-fucose with 
an EINT hovering around -8.00 kcal/mol with tryptophan analogue. The presence of effective 
C–H...p interactions is found to be dependent on saccharide configuration and the type of 
aromatic amino acids analog.2 The study illustrates the significance and ubiquitous nature of 
C–H...p interactions in carbohydrate–protein complexes.

Figure: Important bond critical points in β-D-Galactose:Trp complex exhibiting four C–H...p 
interactions.
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Owing to prospective shortage of crude oil and rising costs of oil production access to 
petrochemically based raw materials for industrial purposes may be restricted or become 
unattainable due to price increases.1 Therefore, next to alternative, renewable feedstock 
based pathways to these chemicals, also the formation of alternative raw materials needs to 
be investigated. Carbohydrates as a renewable feedstock are mostly confined to textile, paper 
and coating industries, other applications are alkyl polyglycosides (APGs), polylactic acid 
(PLA) and furfural.2 Further development of carbohydrate based monomers as replacement of 
established raw materials is a challenging task. For example: Polyols should be substituted by 
novel carbohydrate based monomers. 
The systematic development of carbohydrate-based monomers with defined properties and 
the analysis of their thermostability aims at the transformation of renewables into polyols for 
industrial use. Based on D-glucose (1), the alditol derivatives 2-4 could be synthesized and their 
suitability tested for polymer synthesis.

Acknowledgements: This work was supported by the FNR, Gülzow, Germany.
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PROTEIN O-MANNOSYLATION DISRUPTION DOES NOT ALTER 
MYCOBACTERIAL GROWTH IN VITRO

M. Beau, C-F. Liu, D. Bouyssié, A. Stella, W. Malaga, C. Guilhot, G. Puzo, 
O. Schiltz, M. Riviere

CNRS; IPBS; Université de Toulouse; UPS;205 route de Narbonne, 
F-31077 Toulouse, France.

Protein glycosylation is currently acknowledged as of the most abundant and biologically 
significant post translational modifications with considerable effects on protein biological 
activities. Several glycosylation patterns have been identified including the O-mannosylation 
of secretory proteins, which has emerged as an essential modification thought to be restricted 
to eukaryotes (except plantae). However, O-mannosylation has been demonstrated also 
in prokaryota including in the major human pathogen Mycobacterium tuberculosis (Mtb) 
[1]. Recent works from us and others, suggest that protein O-mannosylation is essential for 
Mtb infectiousness [2-3] and Mtb manno-proteins are emerging as a new class of secreted 
bacterial molecules thought to contribute to Mtb survival through interaction with host innate 
immune system C-Type lectins (SP-A, SP-D, DC-SIGN, MMR). However, to date only four 
such glycoproteins have been formally described in Mtb but which are totally dispensable for 
Mtb survival. Our objective is then to better define the outcome of protein O-mannosylation 
in Mtb virulence by identifying those still unknown glycoproteins potentially involved in Mtb 
survival in vivo. In this aim we recently produce a mutant of mycobacteria invalidated for a 
putative protein mannosyl transferase (PMT) gene. Unlike expectations, phenotypic analysis of 
this mutant did not revealed any obvious growth alteration in vitro[2]. However, interruption 
of protein O-glycosylation could be confirmed by LC-LTQ MS-MS proteomic analysis using 
a home developed specific glycopeptide MS-MS peak pattern signature search algorithm. 
Interestingly, this “molecular phenotype” defined through MS analysis by the absence of 
secreted glycoproteins is readily reversed by complementation confirming the involvement of 
the PMT gene in the initiation of the protein O-mannosylation process. In addition, several 
still unreported mycobacterial secreted glycoproteins could be identified through this original 
approach combining genetic invalidation and exhaustive glycopeptide MS specific signature 
search. Finally this work reveals that O-mannosylation which is likely to constitute the unique 
protein post-translational glycosyl modification in mycobacteria seems to represent a fairly 
restricted event restrained to a few secreted proteins totally dispensable for bacterial growth in 
vitro.
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FOR GALECTIN CANCER PROTEINS 
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Th e galectin protein family consists of fi ft een galactoside-binding proteins that are present in all 
classes of life where they function as cell-cell and cell-matrix interaction mediators. Galectins are 
however also highly overexpressed in various processes related to cancer, including apoptosis, 
angiogenesis and metastasis1. Galectins are therefore excellent targets for tumor diagnostics and 
medical prognostic purposes.  
Current proteomic tools, e.g. Polymerase Chain Reaction (PCR) and Enzyme-linked 
Immunosorbent Assay (ELISA), are based on protein abundance rather than protein activity. 
In contrast, we have developed a galectin detection assay that visualizes galactoside-binding, 
i.e. functional, galectins using PamChip® microarray technology (Fig 1). Firstly, antibodies 
directed against diff erent galectins are effi  ciently immobilized on the microarray surface by the 
Fc-binding protein A/G. Th en galectin-1 and -3 are captured from a spiked cell lysate that is 
added to the microarray and the unbound proteins are washed away. Th e galectin presence is 
subsequently quantifi ed with a general fl uorescent ligand that is only bound by active galectins. 
Several ligands based on lactose and lactosamine were designed and tested. With the best ligands 
it was possible to detect galectin quantities in the low nanogram range using only 1 µg or less of 
precious anti-galectin antibodies per measurement (Fig 2). Th ese results are truly promising for 
the use of the newly developed galectin detection technology in a clinical setting.
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A RAPID SCREENING METHOD FOR IDENTIFICATION OF 
OSELTAMIVIR-RESISTANT INFLUENZA VIRUS BY COMBINING 

CARBOHYDRATE MICROARRAY ANALYSIS AND 
NANOPARTICLE-BASED DETECTION
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Chi-Huey Wong,1 and Chung-Yi Wu1
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Influenza antiviral resistance is a growing clinical problem. The threat of drug resistance poses 
major challenges in diagnosis and clinical management of seasonal and pandemic influenza. 
When drug resistance is not noticed, use of ineffective therapy may cause selection of highly 
resistant viral populations and other mutations. Therefore, monitoring of viral clearance during 
treatment of influenza in patients is essential. Unfortunately, options for rapid detection of drug 
resistance are currently limited. So far, the most available detection system is the neuraminidase 
inhibition assay followed by RT-PCR to detect mutations associated with the resistance. However, 
RT-PCR sometimes may not detect oseltamivir resistance, because it is sequence specific, and 
any genetic shift can alter the assay performance. In this study, a novel carbohydrate microarray 
assay was developed to detect the oseltamivir resistant influenza virus. Drug-resistant and 
-sensitive viruses could be differentiated using the nanoparticle-based imaging patterns. This 
carbohydrate microarray assay may be performed directly on patient specimens, can detect 
resistant virus at low levels, and therefore may provide early warning of developing resistance 
within patients or the population, and can be used in resource-limited settings. 
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MALDI-TOF ANALYSIS OF ENZYMATIC ACTIVITY ON 
AN ARRAY OF N-GLYCANS 
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A simple and sensitive platform for the immobilization and analysis of surface bound complex 
oligosaccharides has been developed. Complex oligosaccharides tagged with a lipid can 
be efficiently immobilized via hydrophobic interactions on self assembling monolayers of 
alkanethiols and resist washings with aqueous solutions. Through this setup it is possible to 
follow the action of glycosyltransferases and hydrolases on surface bound large oligosaccharides. 
Additionally, the utility of the system for the selective trapping and identification of a lectin from 
a complex mixture was demonstrated. 
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MASS SPECTROMETRY CHARACTERIZATION OF NEW GLYCOCLUSTERS
DESIGNED FOR LECTIN RECOGNITION
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Monitoring carbohydrate-lectin interactions using new multivalent structures is a continuous 
challenge. For this purpose the coupling between monosaccharides and platform molecules 
such as porphyrines or calixarenes has been developed using click chemistry.1 Somewhere else 
the efficiency of a a(1,3)-a(1,6) trimannoside moiety for lectin recognition was demonstrated 
using cyclodextrins bearing oligomannosides.2 It was thus intented to investigate new glycoclu-
sters based on this natural trisaccharide.

This communication describes the electrospray ionization mass spectrometry (ESI-MS) inve-
stigations on a new glycoporphyrine, including positive and negative ion modes, accurate mass 
measurements and MS/MS experiments (CID, HCD) using the respective capabilities of Q-
TOF3 (Waters) and LTQ-Orbitrap4 (Thermo Fisher) mass spectrometers. The preliminary re-
sults obtained for calixarenes5 derivatives will also been presented.
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STRUCTURAL AND IMMUNOLOGICAL CHARACTERIZATION OF 
POLYSACCHARIDIC COMPONENTS OF  enteroCoCCus faeCaLis 

CELL WALL  
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Kinga Marszewska1, Piotr Stepnowski1, Johannes Huebner2, Otto Holst3
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The Gram-positive bacterium Enterococcus faecalis represents a natural inhabitant of the 
mammalian gastrointestinal tract and is also commonly found in soil, sewage, water, and food, 
frequently through fecal contamination1. 
Infections commonly caused by enterococci include urinary tract infections, endocarditis, 
bacteremia, catheter-related infections, wound infections, intra-abdominal and pelvic infections. 
The increasing occurrence of enterococcal strains resistant to multiple antibiotics underscores 
the necessity to improve our understanding of the pathogenisis of enterococcal infection. 
We have structurally characterized capsular polysaccharides, teichoic acids, lipoteichoic acids, 
and wall teichoic acids isolated from enterococci as in search for carbohydrate virulence factors 
and for the development of glycoconjugate vaccines to combat enterococcal infections2. 
The carbohydrates were isolated and purified by gel-permeation, hydrophobic interaction 
chromatography, and anion exchange chromatography compounds and subsequently studied 
by compositional analyses, one-dimensional (1H, 13C and 31P), two-dimensional homonuclear 
(1H,1H COSY, TOCSY, and ROESY), as well as two-dimensional heteronuclear (1H,13C HMQC, 
HMQC-TOCSY, HMBC and 1H,31P HMQC) NMR spectroscopy. 
Moreover, we have revisited the cell wall carbohydrates of E. faecalis and investigated their role as 
antigens in a CPS-serotyping system3. Using highly purified polysaccharides, we were able to show 
that opsonic antibodies are directed against only two of these antigens: in acapsular strains, LTA is the 
major opsonic epitope and in encapsulated strains opsonic antibodies bind to a novel diheteroglycan, 
the putative capsular polysaccharide of E. faecalis in CPS-C and CPS-D strains. These cell-wall 
associated polymers are promising candidates for vaccination and add to our armamentarium to fight 
this important nosocomial pathogen. 
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A HERBAL OIL COMPOSITION IN CONTROLLING BLOOD SUGAR WITHOUT 
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Diabetes has now become a global disease. Type – 2 diabetes form 90% of the estimated 40 
million diabetic cases in India. Due to diabetes some time post meal blood sugars rises high and 
remain uncontrolled even on taking oral medicines, which can lead to a series of complications 
in brain, kidneys, heart or eyes. In type I diabetes, insulin is injected but this carries the risk of 
causing hypoglycemia. The newly invented herbal oil composition can be prescribed to both type 
of diabetics (Type- I and type – II), is more cost effective and potent with negligible side effects 
in comparison to sulphonamides (Oral drugs) and insulin, both of which contain amino group 
as pharmacophoric moiety. While using the herbal oil, the excess of glucose present in blood 
is converted into more glucuronic acid which then form uridine di phosphate glucuronic acid 
(UDPAG). Mean while free hydroxyl group of pharmacophore present in herbal oil conjugates 
with UDPAG and form glucuronide in presence of enzyme glucuronyl transferase to reduce 
glucose level in the blood.
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NEW FEATURES AND IMPROVEMENTS IN CARBOHYDRATE 3D STRUCTURE 
VALIDATION
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More than 5000 entries in the Protein Data Bank (PDB, www.pdb.org, the largest collection of 
biomolecular 3D-structures) contain carbohydrates. This makes the PDB a valuable resource 
not only for proteomics but also for glycoscience. Unfortunately, the quality of the carbohydrate 
moieties is significantly lower than that of the protein parts of glycoproteins or protein-
carbohydrate complexes in the PDB; many entries contain errors. There are several reasons for 
this, one of them being the lack of validation software. Only recently crystallographers became 
aware of this problem and started to use tools such as PDB Carbohydrate Residue check (pdb-
care) to examine the carbohydrate parts. Here we present an updated version of pdb-care, which 
in addition to the residue notation checks already performed by the former version also detects 
other problems such as invalid residues within the N-glycan core structure (e.g. a-D-GlcpNAc 
instead of β-D-GlcpNAc), missing LINK records, which often result in “1-deoxy” sugars, or 
superfluous atoms within glycosidic linkages.
The results are presented via a new, clearly arranged web interface for human readability, or as 
a computer-readable xml file to aid automatic validation routines. Suggestions how to correct 
errors are also included in many instances. These are used e.g. within the PDB_REDO project 
(www.cmbi.ru.nl/pdb_redo/) to enable an automatic correction of some of the problems.
The interface to pdb-care is available at www.glycosciences.de/tools/pdb-care/.
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DC-SIGN BINDING MODE OF DI- AND TRI-MANNOSIDE MIMICS REVEALED BY 
NMR AND x-RAY CRYSTALLOGRAPHY
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Dendritic cells (DCs) are “gate keepers” of the body, being at the first place of contacts with 
pathogens within epithelia and mucosa. They are key players in the immune system by their 
ability to recognise and process pathogens for further T cells activation. Indeed, DCs possess 
multiple receptors on their surface able to recognise specific pathogenic patterns. Amongst them 
DC-SIGN (dendritic cell-specific ICAM-3 grabbing nonintegrin) is a C-type lectin involved in 
the recognition of mannose and fucose based glycosylation motifs. Several pathogens are able 
to hijack DC-SIGN to circumvent the immune system. Indeed, DC-SIGN is able to bind HIV 
through the high mannose glycans exposed on the envelope gp120. This is used by HIV to be 
captured at the level of mucosal tissue and finally to be presented to its target, T lymphocytes, in 
lymphoid organs. For these reasons, DC-SIGN has become an interesting target for therapeutic 
intervention.
Glycomimetics are good drug candidates for DC-SIGN inhibition due to their high solubility, 
resistance to glycosidases and non-toxicity. Recently, we described 2 molecules of this type, 
mannose-based glycomimetics, able to inhibit DC-SIGN-mediated HIV infection. In order to 
improve their efficiency, we co-crystallized these compounds in complex with the carbohydrate 
binding domain of DC-SIGN. Surprisingly, despite a similar binding affinity of natural and 
mimetic compounds, these X-ray structures reveal different binding modes. In addition, we 
performed NMR STD experiments that gave us a full picture of the binding properties in 
solution. On the basis of these structural and dynamic informations, new improvement of the 
molecules have been designed and approached.
The global strategy of DC-SIGN inhibition will be presented, X-ray structures and binding mode 
of these glycomimetic compounds with DC-SIGN will be analysed and preliminary results on 
second generation glycomimetics will be disclosed. 
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MOLECULAR RECOGNITION AND CONFORMATION ANALYSIS 
OF o- AND n-LINkED GLYCOPEPTIDES
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Molecular recognition events are at the heart of live processes.1 The understanding of these events 
is of paramount importance to achieve a better knowledge of the living systems. In addition, it 
has been recognised that glycans on cell surface (attached to membrane proteins or lipids) and 
those bound to proteins (glycoproteins) play a critical role in biology.2 Therefore, study of the 
structure and dynamics of this interacting glycoconjugates are crucial for recognition. NMR has 
become a major tool to disclose the conformational behaviour and the interaction properties 
of either O- and N-linked glycopeptides.3 In this context, we are interested to investigate the 
molecular recognition events of natural and unnatural glycopeptides in both free and bound state 
to protein receptors. For that purpose new synthetic glycopeptides containing either unnatural 
aminoacids (e.g. methyl serine) or uncommon glycosidic bonds (a-N-linked glycopeptides) 
were prepared. 
In this communication the implications on the molecular recognition of short tumor-associated 
glycopeptides 1 and 2 studied by STD-NMR and molecular modelling will be reported.4  

Afterwards conformation analysis and interaction studies of uncommon a-N-linked 
glycopeptides using STD-NMR and TR-NOESY techniques will be also presented. 
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A novel application of two-dimensional correlation analysis has been employed to filter 1H 
NMR heparin spectra to distinguish acceptable natural variation and foreign species. Analysis 
of contaminated heparin samples, compared to a dataset of accepted heparin samples using two-
dimensional correlation spectroscopic analysis of their 1-dimensional 1H NMR spectra allowed 
the spectral features of contaminants to be recovered with high sensitivity, without having to 
resort to more complicated NMR experiments. Contaminants which exhibited features distinct 
from those of heparin and those with features normally hidden within the spectral mass of 
heparin could be distinguished readily. When a heparin sample which had been pre-mixed with 
a known contaminant, oversulfated chondroitin sulfate (OSCS), was tested against the heparin 
reference library, it was possible to recover the 1H NMR spectrum of the OSCS component 
through difference 2D-COS power spectrum analysis of as little as 0.25 % (w/w) with ease 
and of 2 % (w/w) for more challenging contaminants, whose NMR signals fell under those of 
heparin. The approach shows great promise for both the quality control and regulatory analysis 
of heparin, as well as other intrinsically heterogeneous and varied products1.
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Levan which is a linear β(2-6)-linked fructose polymer (fructan) has valuable properties like low 
viscosity, high solubility in oil, stability to heat, acid and alkali, and good biocompatibility and 
many potential use as emulsifier, stabilizer and thickener, an encapsulating agent, osmoregulator 
and cryoprotector in foods, feeds, cosmetics, and the pharmaceutical and chemical industries. 
Halophilic bacteria Halomonas sp. has been reported as a high level levan-producer for the 
first time by our research group (Poli et al., 2009). Besides sucrose-based chemical media, 
high production yields were achieved when agroindustrial wastes were used as fermentation 
substrate (Kucukasik et al., 2010). Considering the significance of biopolymers, elucidating the 
metabolic reactions and pathways for the production of this novel biopolymer is very important 
for controlling and hence improving its biosynthesis. However, there is very limited information 
about the mechanisms involved in the biosynthesis of exopolysaccharides (EPS) from 
extremophiles and no report about a systematic approach to EPS production by Halomonas sp. 
To investigate biosynthesis mechanism by a systems-based approach, a genome-scale metabolic 
model of a halophilic bacterium, Chromohalobacter salexigens DSM 3043 (formerly Halomonas 
elongata DSM 3043) was reconstructed based on genomic, biochemical and physiological 
information (Ates et al. 2011). This model was adopted for Halomonas sp. via integration of the 
physiological and phenotypic data. In silico model was verified with dynamic experimental data 
on different medium compositions and used to elucidate the metabolism of levan synthesis in 
Halomonas sp. The results of the work will serve as a framework to design metabolic engineering 
strategies for overproduction of levan. 
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NOVEL ENGINEERED GLYCOSIDASES FOR THE SYNTHESIS 
OF ALPHA-GLYCANS
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Glycosynthases, a class of mutant glycosidases obtained by replacing the active site nucleophile 
with a non-nucleophilic residue, represent an interesting tool for the chemo-enzymatic synthesis 
of carbohydrates. These enzymes are completely inactive, but, in the presence of a substrate 
with good leaving group ability, their activity can be restored. In fact, the small cavity created 
upon mutation can accommodate a substrate with inverted anomeric configuration when 
compared with the original substrate (inverting glycosynthases)1,2, or a small anion (retaining 
glycosynthases)3. In both cases, the mutant enzyme promotes the transglycosylation to an 
acceptor with almost quantitative yields. However, several glycosidases are not prone to function 
as glycosynthases, the most noticeable examples are retaining alpha-glycosidases. 
We report here on a new glycosynthetic methodology for the production of alpha-glycosynthases 
exploiting beta-glycosyl azide derivatives. This approach allowed the production of two 
inverting alpha-fucosynthases and an alpha-galactosynthase with transglycosylation yields up 
to 91%4,5. The use of azide derivatives opens new perspectives that may be of general application 
for the production of engineered alpha-glycosidases for the synthesis of oligosaccharides of 
biotechnological interest.
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Human extracellular matrix glycosaminoglycans play significant roles in many cellular processes 
like signaling, morphogenesis and matrix organization. Their biosynthesis requires UDP-
glucuronic acid (UDP-GlcA) as precursor. UDP-GlcA is obtained by two-fold NAD+-dependent 
oxidation of UDP-glucose catalyzed by UDP-glucose 6-dehydrogenase (UGDH). UDP-xylose 
is utilized to initiate glycosaminoglycan attachment to a protein core during proteoglycan 
formation. UDP-xylose synthase (UXS) is responsible for its production from UDP-GlcA 
through an oxidoreductive decarboxylation reaction. Crystal structures of the human forms 
of UGDH and UXS have been determined, and catalytic mechanisms for the two enzymes are 
proposed using combined evidence from structures, site-directed mutagenesis, and kinetic 
studies. 
Four-electron oxidation of UDP-glucose requires the consecutive activitivies of alcohol 
dehydrogenase and aldehyde dehydrogenase, both recruited from a single UGDH catalytic 
center. Cooperation of active-site residues in UGDH to achieve this complex catalytic task 
is described. The different chemical steps of the reaction of UGDH must be precisely timed 
with intermediate physical steps of coenzyme binding and release. Conformational changes at 
different levels of the enzyme structure have key roles in promoting the overall enzymatic reaction 
and are directly conducive to catalysis. UXS is a member of the short-chain dehydrogenase/
reductase superfamily. Its catalytic mechanism occurs through a three-step cascade whereby 
NAD+-dependent oxidation of the C4 alcohol of UDP-GlcA precedes decarboxylation at C5. The 
resulting keto-intermediate is reduced stereospecifically to UDP-xylose by the enzyme-bound 
NADH that was produced in the initial oxidation step. Results of in-situ NMR studies for wild-
type and mutated enzymes portray the course of the enzymatic reaction and allow assignment 
of catalytic function to individual groups in the active site.   
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Stereoselective formation of the carbon-carbon bond in nature is assisted by enzymes named 
lyases, which catalyze the usually reversible addition of carbon nucleophiles to carbonyl 
groups. Aldolases belong to the group of lyases and have evolved to catalyze the anabolism and 
catabolism of highly oxygenated metabolites. Th ey are essential for many biosynthetic pathways 
of carbohydrates, keto acids and some amino acids. It is highly desirable to develop chemical 
systems that can mimic the action of enzymes and perform organic reaction, particularly aldol 
addition, with perfect effi  ciency and stereoselectivity. Following nature’s lead, the area of direct 
asymmetric aldol reaction (also in water) has received much attention in light of perception 
both of its green chemistry advantages and its analogy to eon-perfected enzyme catalysis.1,2 
Now, when the development of practical and effi  cient synthetic methodologies reached reasonable 
level of sophistication the time is ripe for its application to the synthesis of carbohydrate targets.3 

Attempt to the synthesis of polihydroxylated natural products as well as few ketoaldoses, and 
iminosugars will be presented by using direct activation of hydroxyacetone and dihydroxyace-
tone donors.
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ENZYMES AS A TOOL FOR THE SYNTHESIS OF 
CARBOHYDRATE DERIVATIVES
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Proteins and polysaccharides have multiple applications in both the food and non-food industries, 
as thickening, gelling, foaming, and suspending agents, as stabilizer in foams and emulsions 
and as texturizer. However, limitations exist for both polymers. Cross linking of proteins with 
carbohydrates will result in a new class of block polymers and may surpass these limitations. The 
first step in the cross linking procedure is the synthesis of carbohydrate derivatives containing 
reactive groups. Enzymes can be used in these synthesis reactions because they are in particular 
highly selective and have a high activity under mild reaction conditions. Another advantage is 
that they often can be applied in food processes.
In this study a whole range of enzymes, such as lipases, glycoside hydrolases and sucrose 
phosphorylases, were tested if it was possible to synthesize carbohydrates with phenolic or 
amino side groups. β-Galactosidase and β-glucosidases, both glycoside hydrolases, were able to 
add phenolic side groups to glycosides, although the conversion rate was low. Candida antarctica 
lipase B proved to be the most efficient catalyst in transesterification reactions of the primary 
alcohol with an alyphatic fatty acid ester but also allowed the formation of products with an 
aromatic ester. For the synthesis of carbohydrate phenyl esters the lipase from Thermomyces 
lanuginosus seems to be the best option due to a broad specificity for the carbohydrate residues 
and due to a good activity with phenolic esters as acyl reagents. Sucrose phosphorylase from 
Leuconostoc mesenteroides and Bifidobacterium adolescentis were able to add a glucose unit at 
catechin. Different isomers of glucosylated catechin were identified.
In conclusions positive results were obtained using enzymatic synthesis of reactive carbohydrate 
derivatives bearing either a phenolic or amino side groups.
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ENGINEERING THE THERMOSTABILITY OF SUCROSE PHOSPHORYLASE 
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Sucrose phosphorylase (SP) catalyzes the reversible phosphorolysis of sucrose into a-D-
glucose-1-phosphate and fructose. Thanks to its broad acceptor specificity, however, SP can 
also be employed for the transfer of glucose to a wide variety of carbohydrates as well as non-
carbohydrate molecules.1 Unfortunately, the commercial exploitation of these glycosylation 
reactions has been hampered by the low thermostability of the enzyme. We have, therefore, 
evaluated several engineering strategies to improve the stability of the SP from Bifidobacterium 
adolescentis at the process temperature of 60°C.  
By substituting the most flexible residues in SP with amino acids that occur more frequently 
at the corresponding positions in related sequences, we were able to increase the enzyme’s 
melting temperature by several degrees. A similar result was also obtained after introducing 
substitutions that promote electrostatic interactions at the protein surface. Combining all of 
the beneficial mutations in a single enzyme generated a biocatalyst whose half-life at 60°C has 
doubled compared to the wild-type SP. Furthermore, the enzyme’s stability against the presence 
of organic co-solvents was also markedly enhanced, which should allow the use of SP for the 
glycosylation of hydrophobic acceptors.
In parallel, immobilization of SP has been performed to improve the enzyme’s operational 
stability. Covalent coupling to a Sepabeads carrier was found to increase the optimal temperature 
for activity with 7°C,2 while preparation of a cross-linked enzyme aggregate (CLEA) increases 
the optimum with an impressive 17°C.3 More importantly, the CLEA preparation remained fully 
active for more then one week at 60°C, during which it could be recycled at least ten times 
for use in repetitive batch conversions. This easy and cheap procedure should allow the cost-
efficient application of SP for glycosylation reactions performed at the industrial scale.
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Lipopolysaccharide (LPS) is a major glycolipid present in the outer membrane (OM) of Gram-
negative bacteria1.  The peculiar permeability barrier of the OM is due to the presence of LPS at 
the outer leaflet of this membrane that prevents many toxic compounds from entering the cell. 
LPS is essential for growth in most Gram-negative bacteria. In Escherichia coli LPS synthesized 
inside the cell is translocated over the inner membrane (IM) by the essential MsbA flippase, 
then seven essential Lpt proteins located in the IM (LptBCDF), in the periplasm (LptA) and in 
the OM (LptDE)  are responsible for LPS transport across the periplasm and its assembly at the 
cell surface2. The Lpt proteins form a transenvelope complex spanning IM and OM and genetic 
data suggest that they operate as a single device. LptA and LptC have been shown to bind LPS in 
vitro with LptA capable to displace LPS from LptC consistent with their proposed placement in 
a unidirectional export pathway2,3. 
We demonstrated that LptA and LptC physically interact and form a stable complex. Failure 
of LptC to interact with LptA results in LptA degradation. By the analysis of loss of function 
mutations in LptC we predict that the C-terminal region of LptC is implicated in LptA binding. 
LptA level is also decreased in cells lacking LptDE thus removing the OM LptA docking site. 
Finally our recent data suggest that LptA form oligomers in vivo and that oligomerization 
protects the protein from degradation. Based on these data, we suggest that the steady-state 
level of LptA is controlled at the protein stability level by the assembly of the Lpt complex and 
that the inability of the protein to properly interact with IM and OM docking sites results in its 
degradation. Therefore, the LptA level could be used as a marker of properly bridged IM and 
OM components. 
Overall, our data strongly support the transenvelope complex model for LPS transport.
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The formation and trafficking of membrane vesicles is an essential process in eukaryotes. These 
structures are formed to store, traffic, or digest cellular components and virtually all the organelles 
of the eukaryotic cell, including mitochondria and chloroplasts, are able to form vesicles1. In 
prokaryotes, vesicle formation was reported several decades ago; first in Gram-negative bacteria 
and recently in Gram-positive bacteria and in archaea. In contrast to the well established multiple 
cellular roles of membrane vesicles in eukaryotic cell biology, outer membrane vesicles (OMV) 
produced via blebbing of Gram-negative outer membranes (OM) have frequently been regarded 
as cell debris or microscopy artifacts. It has only relatively recently been acknowledged that OMV 
possess multiple functional roles, including response to diverse forms of stress, intra-species 
communication, long distance virulence factor delivery and contribution to immune system 
evasion. Although the importance of OMV is now established, it remains to be determined 
whether OMV result from a directed process or by passive disintegration of the OM as well as 
the mechanism(s) involved in their biogenesis and secretion.
 In our work we have analyzed the OMV produced by the human oral pathogen Porphyromonas 
gingivalis. The most abundant proteins from purified OM and OMV were identified by tandem 
mass spectrometry. Our results have shown that P. gingivalis has a mechanism to selectively 
sort OM proteins into OMV. This process results in the preferential packaging of gingipains, a 
group of proteases that constitute a major virulence factor of P. gingivalis, and in the exclusion 
of abundant OM proteins from the protein cargo. OM and OMV were not only differing in 
the protein composition but also in distribution of the LPS. The OMV were enriched in LPS 
molecules containing long O antigen chains and deacylated lipid A structures. Furthermore, 
we have shown that mutations affecting the synthesis of LPS result in aberrant protein sorting 
into the OMV. These results assigned a critical role for the LPS in directing the protein sorting 
mechanism, reminiscent to the role of galectin in eukaryotes endosomal vesicles formation. 
We have explored if this process also takes place in other bacteria like Salmonella typhimurium 
and Serratia marcesens and the results of these experiments will be discussed. The existence of 
a process to package specific virulence factors into OMV may significantly alter our current 
understanding of host-pathogen interactions. 
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Escherichia coli K-12 WcaJ and Caulobacter crescentus HfsE, PssY and PssZ proteins are predicted 
to initiate the synthesis of colanic acid (CA) and holdfast polysaccharide, respectively. These 
proteins belong to a large prokaryotic family of membrane enzymes that catalyze the formation of 
a phosphoanhydride bond joining a hexose-1-phosphate with undecaprenyl phosphate (Und-P).  
Previous work on the structure of CA suggested that WcaJ transfers glucose-1-phosphate to 
Und-P, while microscopy and polystyrene adherence assays in C. crescentus demonstrated 
that HfsE, PssY and PssZ are required for holdfast production. However, the sugar specificity 
of the C. crescentus proteins was not established, as a complete structural characterization of 
the holdfast polysaccharide is not available. Here we investigated the enzymatic function of 
these proteins and demonstrate the requirement of WcaJ for CA production in E. coli K12. 
Through in vivo complementation assays, we also demonstrate that overexpression of WcaJ, 
PssY or RcsA, a positive transcriptional regulator of CA, in an O antigen deficient strain of S. 
enterica Typhimurium results in the attachment of CA to lipid A-core. In vitro transferase assays 
conclusively demonstrate that both WcaJ and PssY utilize UDP-glucose, while the function of 
HfsE and PssZ remains to be elucidated. 
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Innate immune system is essential for the host defense, and is activated with microbial 
components such as bacterial cell wall peptidoglycan (PGN; Nod1, and Nod2 ligands), 
lipopolysaccharide (LPS; TLR4/MD-2 ligand), lipoprotein/peptide (LP; TLR2 ligand), and etc. 
Recent results suggested that the regulation of these receptors do not only stimulate/regulate the 
host’s protecting system, but also affect on the developing of immune system in early childhood, 
or inducing chronic inflammation. 
 We have developed synthetic methods to obtain these bacterial immunostimulatory 
glycoconjugates, and also analyzed the biological functions.1 One of these glycoconjugates is 
lipophilic terminal structure of LPS (incl. lipid A) of Gram-negative bacteria.  In the case of lipid 
A from Helicobacter pylori, we synthesized various kinds of lipid A structures, i.e., tri-acylated 
lipid A and Kdo-lipid A, with or without the ethanolamine group at the 1-phosphate via a new 
divergent synthetic route.2 Stereoselective a-glycosylation of Kdo N-phenyltrifluoroacetimidate 
was effected by using microfluidic methods. None of the lipid A and Kdo-lipid A structures were 
not strong inducers of IL-1b, IL-6, and IL-8 in human peripheral blood cells (HPBC), suggesting 
that H. pylori LPS is unable to induce acute inflammation. On the other hand, these H. pylori 
LPS partial structures showed potent IL-18 and IL-12 inducing activity. Since IL-18 has been 
shown to correlate with chronic inflammation, H. pylori LPS may be implicated in the chronic 
inflammatory responses induced by H. pylori. We also developed other immune regulatory 
compounds from our library of synthesized bacterial glycoconjugates.
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The genus Psychrobacter belongs to the family Moraxellaceae of the order Pseudomonadales of 
gammaproteobacteria. The bacteria live in extremely cold habitats, such as Antarctic ice, soil, 
and sediments, as well as in deep sea environments. No data on lipopolysaccharide (LPS) of this 
genus are available. In this work, we analyzed the LPSs of two Psychrobacter species: P. muriicolla 
(strain 2pS) and P. maritimus (strain 3pS) isolated from a ~110 thousand-year-old lenses of 
overcooled (-10 °C) water brines within Siberian permafrost sediments. 
Each LPS was cleaved by mild acid hydrolysis to yield an O-polysaccharide (O-antigen) and lipid 
A. The following structures of the O-polysaccharides were established by chemical methods and 
one- and two-dimensional 1H and 13C NMR spectroscopy: 
P. muriicolla 2pS
→4)-a-l-GulpNAcA6Gly-(1→3)-β-d-GlcpNAc-(1→
P. maritimus 3pS
→2)-a-Rhap-(1→4)-a-GalpNAcA-(1→3)-a-QuipNAc4NHb-(1→3)-β-QuipNAc4NHb-(1→
where l-GulNAcA6Gly stands for N-(2-acetamido-2-deoxy-l-guluronoyl)glycine and 
QuipNAc4NHb for 2-acetamido-4-(3-hydroxybutanoylamino)-2,4,6-trideoxyglucose. To  the 
best of our knowledge, l-GulNAcA6Gly has not been hitherto found in nature. 
Mass-spectrometric analysis showed that lipid A from both strains possesses a bisphosphorylated 
diglucosamine backbone, which is acylated with shorter-chain fatty acids as compared to lipid 
A of enterobacteria. The predominant structural variant is a hexaacyl lipid A with four primary 
3-hydroxylauroyl groups and two secondary decanoyl groups.
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β-(1,3)-(THIO)GLUCANS AND THEIR INTERACTIONS WITH RECOMBINANT 
HUMAN RECEPTORS USING HIGH-RESOLUTION NMR STUDIES
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β-(1g3)-Glucans1,2 are probably amongst the most fascinating biomolecules in the world of 
glycosciences, as evidenced by the tremendous number of publications since the discovery of 
their biological properties in the sixteen’s. All the potential applications relate with the fact that 
β-(1g3)-glucans are likely to enhance the immune system of mammals, which are not able to 
biosynthesize nor metabolize these polymers, for instance against some bacteria, yeast, fungi, 
and viral pathogens.3-6 Despite these apparent advances, β-(1g3)-glucans unfortunately suffer 
from inherent drawbacks: a small chemical purity (great polydispersity), a variability of the 
production sets, many branching differences. Reading data from literature, it is however very 
difficult to ascertain the biological pathways that are used by very small oligosaccharides and the 
receptors with whom they interact.
To increase our understandings in that tremendous field, we first designed new well-defined 
small oligo-thioglucans to increase stability and substrate/receptors interactions, and have 
demonstrated that a very short trisaccharide is able to stimulate the immune system in murin 
model. In a second part, a full characterization of the high-resolution NMR spectrum of the 
laminarihexaose was performed and used for the determination of the binding epitope of the 
more complex but structurally related laminarin. These biophysical data extend the current 
knowledge of β-glucans / Dectin-17,8 interactions and suggest different biological mechanisms 
in close relation with the size of the saccharidic chain.
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Recognition of carbohydrates by proteins often involves p-interactions from aromatic side 
chains of Phe, Tyr and Trp, whereby the p-electron cloud of the aromatic ring interacts with the 
aliphatic protons of the sugar ring. These carbohydrate-p interactions are widely utilized by sugar 
processing enzymes, such as glycoside hydrolases and glycosyltransferases. Members from the 
glycoside hydrolase family 13 contain a special aromatic motif where a highly conserved Phe/
Tyr is positioned at the B-face of the glucopyranosyl ring bound in the catalytic subsite. Sucrose 
phosphorylase (SPase; EC 2.4.1.7) is a bacterial transglucosidase from the GH 13 family that 
catalyzes the reversible conversion of sucrose (α-D-glucopyranosyl-1,2-β-D-fructofuranoside) 
and phosphate into D-fructose and α-D-glucose-1-phosphate. Using site-directed mutagenesis 
Phe52 of SPase was replaced by alanine (F52A) and asparagine (F52N) to probe the role of 
aromatic stacking in the catalytic reaction. The resulting mutants were characterized by free 
energy profile analysis for catalytic glucosyl transfer from sucrose to phosphate that occurs 
in two steps via a β-glucosyl enzyme intermediate. Despite large destabilization (≥ 3.5 kcal/
mol) of the transition states for enzyme glucosylation and deglucosylation in both mutants as 
compared to wild-type, the relative stability of the covalent intermediate was not (F52A) or 
only weakly (≈ 1.6 kcal/mol; F52N) affected by substitution of Phe52. In reverse reaction where 
fructose becomes glucosylated from β-D-glucopyranosyl phosphate, “error hydrolysis” was 
the preponderant path of breakdown of the covalent intermediate of F52A and F52N. Thus, 
aromatic interactions from Phe52 facilitate enzymatic catalysis of reversible phosphorolysis of 
sucrose in two different ways. Firstly, Phe52 is selective for transition state stabilization via 
cation-p interactions and secondly, Phe52 is required for precise positioning of the transferred 
glucosyl moiety at the catalytic subsite.
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Carbohydrate recognizing proteins play a key role in many biological processes. Multivalent 
effects are ubiquitous in nature and are employed to overcome the generally weak carbohydrate-
protein interactions[1]. Therefore well defined multivalent glycoconjugates represent a valuable 
tool for the investigation of carbohydrate-lectin interactions.
Here we want to report the structure based design, synthesis and analysis of a polyvalent ligand 
for the haemagglutinin of the avian influenza H5 as a novel potential lead structure for an 
effective and highly specific entry inhibitor.
Based on the H5 crystal structures published 2001 by Wiley et al.[2] (PDB: 1JSO) and 2006 by 
Kawaoka et al.[3] (PDB: 2IBX) molecular modeling studies were performed. Different structures 
were modeled and analyzed by in silico binding studies. The ligand with the highest in silico 
affinity for the HA was a trimeric molecule with a rigid anchor and a peptidic linker terminated 
by the sialic acid derivative for the attachment. The synthesis was performed by a convergent 
strategy and the building blocks were coupled by active ester strategy with HATU to give a 
trimeric ligand. The in vitro potency of the ligand will be tested by STD-NMR-spectroscopy[4] 
and SPR-spectrometry. Synthesis and analysis of a small library of derivatives with variable 
chain length will provide precious information about the nature and the grade of the polyvalent 
interaction.
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Gangliosides are glycosphingolipids that are concentrated in the outer leaflet of neuronal 
membranes with exposure of their oligosaccharides on the cell surface1. Guillain-Barre´ syndrome 
(GBS) is acute autoimmune neuropathy, often subsequent to an infection. Antiganglioside 
antibodies are often closely associated with clinical phenotype and specific symptoms of GBS. 
Recent studies demonstrated that some GBS patients had serum antibodies that specifically 
recognize the novel glycoepitopes formed by two individual ganglioside molecules and named 
such antibodies as ‘anti-ganglioside complex (GSC) antibodies’. Those antibodies can be used 
as diagnostic markers of GBS. Conventional measurement of antiganglioside antibodies has 
been done for purified single ganglioside antigens using enzyme-linked immunosorbent assays 
(ELISAs) or thin-layer chromatogram (TLC)-immunostaining.2-4

The availability of several hybrid gangliosides, containing two or more oligosaccharide chains and 
the availability of simple analytical approaches opens new perspectives for the understanding and 
therapy of several neuropathies. For this purpose we prepared the dimeric hybrid GM1-GD1a 
ganglioside derivative that contains two structural different oligosaccharide chains. A mixture 
of the two natural gangliosides was described to be recognized by the sera from patients with 
specific and clinical characterized GBS. We prepared the GM1-GM1 and GD1a-GD1a dimers 
to be used as controls. After removal of the acyls and reconstitution of the original acetylated 
sugars, the lyso-gangliosides, were connected with adipic acid to form the hybrid compound, a 
same-how mimic of the heterogeneous plasma membrane cluster of gangliosides. The dimeric 
hybrid GM1-GD1a was very well recognized by the GBS serum. However no reactivity was 
observed with the patient serum and the dimeric GM1 and dimeric GD1a. This suggests that 
both the GM1 and GD1a chain are necessary for a strong interaction and to maintain stable the 
antibody-antigen complex. 
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The sialidase (neuraminidase, NA) of influenza virus plays a major role in the virus’ life cycle 
by facilitating release of virus progeny from the infected host cell.1  The enzyme has been 
successfully targetted in the development of anti-influenza therapeutics,2 with the potent 
and selective influenza NA inhibitors zanamivir 1 (Relenza™) and oseltamivir carboxylate 2 
(Tamiflu™) currently on the market for treatment of influenza virus infection. However, the 
emergence of seasonal and pandemic influenza A H1N1 and avian H5N1 (‘bird flu’) viruses 
resistant to the most widely used drug Tamiflu,3 underscores the need for the development of 
next-generation anti-influenza drugs.  
Influenza A virus NAs can be divided phylogenetically into two groups, with recent structural 
studies4 showing that the two groups differ in the flexibility of the so-called ‘150-loop’.  As a result 
of apparently greater flexibility in the 150-loop, group-1 NAs (including N1) present a more 
open active site architecture in the apo form compared to group-2 enzymes (including N2).  This 
newly observed structural feature provides opportunities for new directions in anti-influenza 
drug design.  Using a multidisciplinary approach, we have developed novel sialic acid derivatives 
of type 3, which bind the open 150-loop form of group-1 NAs, and show selectivity in inhibition 
of N1 compared to N2 NA.5  This presentation will describe the design and development of this 
new class of influenza virus NA inhibitor.
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During the last decade, Sharpless concept of click chemistry was transplanted to carbohydrate 
chemistry1-3. While, the original alkyne-azide concept of click-chemistry is well known, 
the alternative thiol-click is relatively unexplored. Recently, we have developed one-pot, 
Th iol enone michael addition (TEMA) click procedure for the synthesis of new family of 
(1-5)-C-thiodisaccharides4. Starting templates for the specifi cally developed TEMO thiol-click 
approach were new reactive enones 3 and 4 conveniently prepared in our laboratory.  
Enones 3 & 4 undergoes base catalyzed Michael additions with D-galactose 1-thiol 5 via one 
step thiol-click approach. Th e exclusive regio- and stereochemistry of the Michael addition 
reaction proceeds with the formation of 1, 4-adducts 6-7 in high yields. Th ese adducts upon 
the conventional borohydride reductions, aff ords free amines in good yields. Th e conventional 
functionalization of amines with protected amino acids produced the fi rst representatives of new 
family of non-hydrolysable glycosyl thiocarbamino peptides 8-9 and 10-11. Th ey will be used as 
new tools for glycobiology and specifi cally as new inhibitors of galectin-3.5 Th e inhibition data 
of these thiosugars will be discussed in details. 
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Molecular recognition of carbohydrates by proteins plays a key role in many biological processes 
including immune response, pathogen entry into a cell, cell-cell adhesion and so forth1-5. Recent 
studies show that key role in protein - saccharide recognition may play dispersive interactions, 
such as CH/p interactions of aromatic amino acids with non polar faces of carbohydrates. 
In this study we present the first systematic computational three-dimensional scan of 
carbohydrate hydrophobic patches for the ability to interact via CH/p dispersion interactions. 
The carbohydrates β-d-glucopyranose, β-d-mannopyranose and a-l-fucopyranose were studied 
in a complex with a benzene molecule, which served as a model of the CH/p interaction in 
carbohydrate/protein complexes. The 3D relaxed scans were performed at the SCC-DFTB-D 
level with 3 757 grid points for both carbohydrate hydrophobic sides. The interaction energy 
of all grid points was recalculated at the DFT-D BP/def2-TZVPP level. The results obtained 
clearly show highly delimited and separated areas around each CH group, with interaction 
energy up to the -5.40 kcal/mol. Identified most stable complexes were optimized at the DFT-D 
BP/def2-TZVPP level and the interaction energies of these complexes were refined by use of 
the high level ab initio computation at the CCSD(T)/CBS level.6
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Bacterial colonization of human tissue is an important public health issue. Uropathogenic 
strains of Escherichia coli (E. coli) bacteria cause the greatest part of all urinary tract infections. 

Initiating the contact to their host, E. coli bind to carbohydrate 
residues of the glycocalyx on the mammalian cell surface. 
Th is adhesion is mediated by FimH, a lectin on the distal 
tip of bacterial type 1 fi mbriae. Th is binding event has been 
studied recently in adhesion inhibition experiments1 and with 
isolated parts of the fi mbriae2 and the isolated lectin FimH.3 
We now performed AFM measurements with covalently 
carbohydrate-functionalized cantilever tips and live E. coli 
bacteria in buff er solution. With this set-up it was possible to 
investigate the infl uence of the sugar specifi city, the glycosidic 
linkage, and the rupture force on glycoside-FimH interactions 
in the native protein environment. 

References 
1. M. Hartmann, A. K. Horst, P. Klemm, T. K. Lindhorst, Chem. Commun. 2010, 46, 330–332.  
2. I. Le Trong, P. Aprikian, B. A. Kidd, M. Forero-Shelton, V. Tchesnokova, P. Rajagopal, V. Ro-

driguez, G. Interlandi, R. Klevit, V. Vogel, R. E. Stenkamp, E. V. Sokurenko, W. E. Th omas, 
Cell 2010, 141, 645–655.

3. Z. Han, J. S. Pinkner, B. Ford, R. Obermann, W. Nolan, S. A. Wildman, D. Hobbs, T. Ellen-
berger, C. K. Cusumano, S. J. Hultgren, J. W. Janetka, J. Med. Chem. 2010, 53, 4779–4792.

AFM image of a live 
5 µm long E. coli cell, immobilized 
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N-Acetyl mannuronic acid (ManNAcA) and 2,3-di-N-acetyl mannuronic acid (Man2,3diNAcA) 
are constituents of acidic polysaccharides found on the cell wall of various bacteria. In these 
polymers the mannuronic acids are primarily β-1,3 and β-1,4 linked. To construct such complex 
oligosaccharides effi ciently, a comprehensive survey of the possible donor building blocks is 
essential.1 

A variety of donors equipped with different anomeric leaving groups are pre-activated and the 
resulting intermediates are detected by low-temperature NMR spectroscopy.2 Large differences 
were observed between a- and β-fused donors and between anomeric moieties. A selection of 
suitable donors was explored for their β-stereoselective properties with different acceptors. The 
most suited donors were used in the effi cient construction of natural anionic oligosaccharides. 
This communication will clarify the need for a thorough study of the glycosylating properties 
of the donor glycosides when challenging carbohydrate moieties like ManNAcA and 
Man2,3diNAcA are the building blocks of interest.
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Solid-phase chemical tools for studying carbohydrate-protein interactions are in increasingly 
high demand and Surface Plasmon Resonance (SPR) based detectors show great potential for 
label-free analysis within the fields of glycobiology and glycomics. We have previously developed a 
general and flexible method for bio-compatible functionalization of gold nanoparticles based on 
bifunctional PEG linkers. Using this system we were able to study protein binding, carbohydrate 
processing and self-assembly of carbohydrate-encapsulated nanoparticles.[1]

Here we demonstrate how this chemistry can be applied to a BiaCoreTM type instrument as 
a general method for functionalization of chips with carbohydrates. The method relies on a 
bifunctional PEG-linker containing a mercapto group in one end and a free aminooxy group at 
the other. The resulting linker layer potentially allows on-line immobilization of any reducing 
sugar that is passed over the chip. Aniline catalysis of carbohydrate oxime formation, which we 
recently reported,[2] proved advantageous also here. The feasibility of the method is demonstrated 
using the inhibitor Acarbose and variants of the enzyme glucoamylase from Aspergillus niger 
that are modified in the binding properties by mutations in those sub-sites that are known to 
be in contact with this pseudo-tetrasaccharide. We examine the efficiency of chemoselective 
anchoring of the glycan to the sensor surface and the importance of chemical display of the 
glycan in different sensor surface architectures.
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Organocatalysts are metal-free organic compounds characterized by large-scale bioavailability 
(chiral pool of nature) and low toxicity, capable of promoting reactions in substoichiometric 
amounts. Indeed, the great attention they have received in the last decade, was probably due 
to their effi  cacy in carrying out reactions in aqueous medium, hence under environmentally 
friendly conditions that either reduce or even avoid the use of organic solvents.1 
Under these circumstances, a recent trend is toward the use of organocatalysts which can catalyze 
effi  ciently a number of related C-C bond formation processes such as the enantioselective aldol 
addition and Mannich, Michael and Diels–Alder transformations in aqueous medium since 
water is a safe, economical, and environmentally benign solvent.
Simple d-glucosamine was already demonstrated2 to exert a catalytic role on direct aldol reaction 
(DAA) of ketones and aromatic aldehydes, although aff ording moderate yields and rather poor 
enantiomeric excess of the aldol product.3 On the other hand, small proline-based molecules 
bearing hydrophobic groups were reported to act as good organocatalysts for aldol reactions. 
Th erefore, we have combined all this information in the same molecule, actually the chimeric 
carbohydrate-amino acid catalyst containing l-proline, 1. Synthesis and successful applications 
of catalyst 1 in the DAA of cyclohexanone and acetone to variously substituted benzaldehydes 
will be presented.
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C-GLYCOSYL AMINO ACIDS via HYDROBORATION-CROSS COUPLING 
OF exo-GLYCALS
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Glycosylation is one of the most common post-translational modifi cations of proteins. As in 
natural glycosyl amino acids the glycosidic bond represents the weakest connection within the 
building block, the schematical substitution of the exocyclic heteroatom by a methylene-bridge 
leads to C-glycosides, which show high long term stability in alkaline and acidic media as well 
as against enzymatic degradation1.
For the synthesis of the biologically interesting C-glycosyl amino acids we chose a modular 
approach off ering access to a large number of combinations of diff erent amino acid moieties 
with diff erent carbohydrates via hydroboration of the fully protected exo-glycals followed by 
Suzuki-Miyaura cross coupling2 with the corresponding halides of the protected amino acids.

Th e choice of a suitable protecting group pattern at the sugar moiety allows further 
functionalization of the resulting C-glycosyl amino acids, as for example, the attachment of the 
LewisX-trisaccharide. 
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GLYCOSYL ALkOxYTHIOIMIDATES AS COMPLEMENTARY BUILDING BLOCkS 
FOR CHEMICAL GLYCOSYLATION AND ExPEDITIOUS 

OLIGOSACCHARIDE SYNTHESIS
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Challenges faced in the synthesis of oligosaccharides can be addressed by developing effi  cient 
strategies in which the stability and reactivity of glycosyl donors plays an important role.1 Amongst 
the myriad of glycosyl donors introduced during the last two decades, glycosyl thiocyanates 
stand out due to their ability to provide unusually high diastereoselectivity in glycosylation.2,3  

However, high lability and incompatibility with most protecting group manipulations make 
this class of compounds unsuitable for building block-based expeditious oligosaccharide 
synthesis. Our laboratory has been investigating glycosyl thioimidates, and the synthesis of the 
S-benzoxazolyl (SBox)4 and S-thiazolinyl (STaz)5 derivatives and their application as glycosyl 
donors has been reported.  Undoubtedly, thioimidates have some structural similarity with 
thiocyanates; our comparative studies, however, indicated potential orthogonality of these two 
classes of glycosyl donors.6 
Herein we report the development of a series of novel glycosyl alkoxythioimidate derivatives, 
which have been specifi cally designed to represent a hybrid structure bridging between simple 
acyclic thiocyanates and cyclic SBox glycosides. During the course of comparative reactivity study 
of a variety of alkoxythioimidates we observed that S-glycosyl O-methyl phenylcarbamothioates 
(SNea) are signifi cantly more stable than both the SBox glycosides and thiocyanates and tolerate 
selected protecting group manipulations. We also demonstrated that SNea have a fully orthogonal 
character in comparison to SBox glycosides.6 Th ese features make glycosyl alkoxythioimidates 
new promising building blocks for further utilization in oligosaccharide synthesis.  Th is work 
was supported by Aawards from the NSF and NIGMS supported this work. 
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SYNTHESIS OF HIGH-MANNOSE TYPE OLIGOSACCHARIDE MIMETICS 
BASED ON HUISGEN’S COPPER-CATALYSED [3+2] CYCLOADDITION

Moreau Vincent,1 Cendret Virginie,1 François-Heudes Marc,1 Djedaïni-Pilard Florence.1

1Laboratoie des Glucides,UMR 6219,Université de Picardie Jules Verne, 
80039 Amiens, France

vincent.moreau@u-picardie.fr

It is now well known that N-glycans, the oligosaccharidic counterparts of many glycoproteins, 
are involved in several biological events, such cell-cell interactions or bacteria and virus adhesion 
to host-cell.1,2 Among them, “High-Mannose” type N-glycans contain two to six mannose 
residues linked to a common pentasaccharidic core. For the past three decades, several groups3 
have reported the synthesis of such oligosaccharides with the aim to study their implication 
in different biological processes. But even if significant progresses have been made and many 
different approaches have been developed in oligosaccharide synthesis field,4 reach such complex 
structures remains a challenge.
CuI-catalysed azide-alkyne cycloaddition has been widely used in carbohydrates chemistry, 
mainly to the preparation of triazole-linked  glycoclusters but also to the synthesis of 
oligosaccharide mimetics.5 The use of click azide-alkyne cycloaddition for the quick preparation 
of pseudo “High-Mannose” type oligosaccharides, in which some carbohydrate units were 
replaced by a triazole ring will be presented and discussed.
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GLYCOSYL SULFOIUM IONS AS STORABLE GLYCOSYLATION INTERMEDIATES
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Much attention has been paid to glycosyl sulfonium ions as useful glycosylation intermediates 
because of their application to a-selective glycosylations which make 1,2-cis glycosidic linkages.1 
We reported a novel method for preparing glycosyl sulfonium ions using electrochemical 
oxidation and investigated the stability and reactivity of glycosyl sulfonium ions.2 On the basis 
of these results, it is reasonable to assume that stability and reactivity of glycosyl sulfonium 
ions can be tuned by changing substituents on the sulfur atom. In this study, we demonstrate 
that glycosyl sulfonium ions bearing appropriate substituents on the sulfur atom can serve as 
storable intermediates for glycosylations.
We have developed the electrochemical method to generate and accumulate highly reactive 
glycosyl trifl ates at low temperatures.3,4 Glycosyl sulfonium ions, which serve as persistent glycosyl 
cation equivalents were prepared by the addition of diorganosulfi des to the electrochemically 
generated glycosyl trifl ate. Low-temperature and variable-temperature NMR studies were 
performed to reveal the structure, stability, and reactivity of glycosyl sulfonium ions. Th e 
glycosyl sulfonium ion which waas prepared from methyl phenyl sulfi de could be used as a 
storable intermediate for reactions with various glycosyl acceptors including thioglycosides to 
give the corresponding disaccharides.5
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SYNTHESIS OF TAILOR-MADE OLIGOSACCHARIDES AS SPACER MOLECULES 
FOR BIOPHYSICAL APPLICATIONS
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Th e use of an appropriate spacer molecule is of great importance in many systems, ranging from 
biosensor applications1 to membrane-anchoring2 or as a crosslinker between biomolecules. 
Studies have shown that variations in the spacer length infl uence the mobility of the attached 
moieties (i.e. proteins, carbohydrates)3. To avoid a complicated synthesis of natural occurring 
carbohydrate containing linkers such as GPI anchors4 we turned our attention to the synthesis 
of various oligosaccharide units with variable length. 

In our study, we present the synthesis and characterization of orthogonally protected tri, 
penta- and heptasaccharides. Th ese oligosaccharides could further be functionalized using 
diff erent chemical handles (e.g. biotin, maleimide or alkyn), thereby enable the incorporation of 
biomolecules in biophysical systems (e.g. nanoparticles, SAMs, or vesicles).
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SYNTHESIS OF HOMOGENEOUS GLYCOPROTEINS BEARING 
HIGH-MANNOSE OR COMPLEx TYPE BIANTENNARY 

ASIALOOLIGOSACCHARIDE
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Protein glycosylation is one of the most important post-translational modifi cation on protein 
surface and the presence of carbohydrates on proteins is associated with a number of biological 
events.1 In nature glycoproteins are found in complex heterogeneous mixture which complicates 
their characterisation and function. To understand the role of each carbohydrate substituent 
on the glycoprotein is therefore essential to have access to homogeneous glycoproteins.2 Using 
crambin as a model protein we synthesized homogeneous “glycocrambin” bearing high-mannose 
or asialo complex type oligosaccharide in order to investigate the diff erent impact of the two 
N-glycans on the protein structure. Wild type crambin consists of 46 aminoacids and this is 
to be a non-glycosylated protein involving three disulfi de bonds and one salt bridge.3 Th e full 
length sequence (1-46) was divided into two segments of which the N-terminal peptide thioester 
(1-15) was synthesized by Boc chemistry and the glycosylated C-terminal peptide segment (16-
46) was synthesized by Fmoc chemistry. Th e Fmoc-Asn-oligosaccharide was introduced at the 
position 17. Aft er obtaining the full length amino acid sequence of crambin by native chemical 
ligation,4 the 46 residues-glycopeptide was folded to aff ord the three disulfi de bonds. Further 
detail will be discussed in this presentation.
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SUCROSE BASED MACROCYCLES. SYNTHESIS AND COMPLExATION ABILITY 
TOWARDS CHIRAL CATIONS
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Recently we have proposed a convenient route to sucrose-based macrocycles of the general 
formula 1.1 These compounds have very interesting complexing properties; for example the 
ability constant of the complex of compound 1a (n = 1; X = NBn) with S-phenylethylamine is 
1.5 times higher than with the R-enantiomer the (Ka = 1200 vs. 800). Even more enantioselective 
was receptor 1b (X = O, Y = NBn, n = 2) which complexed only the S-isomer of the amine.2 
We have prepared also more complex sucrose based receptors with the C2-symmetry such as 
4, which were obtained from the linear precursors 3. The cyclization was possible only in the 
presence of optically pure template: L-phenylalanine.3 

Stereochemical aspects of these processes will be discussed. 
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VACCINES ACTIVE AGAINST ANTHRAx
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Bacillus anthracis, the causative agent of anthrax, is currently one of the main bioterrorist threats. 
Th us, the development of a potent eff ective vaccine against anthrax has become a pressing target 
worldwide. In particular, the development of a glycoconjugate vaccine, known to be safe and 
well tolerated in humans, has been stimulated by the recent discovery of the structure of a 
tetrasaccharide[1] expressed on the surface glycoprotein of the spores of the bacteria (Fig  1).

     
Fig 1: Structure of the native tetrasaccharide of the exosporium glycoprotein of B. anthracis

Th e preparation of the diff erent anthrose-containing carbohydrate moieties of the glycoconjugates 
relies on a new synthetic route. Th is strategy takes advantages of cyclic sulfi te/sulfate intermediates 
which serve successively as protecting and as leaving groups.

Scheme 1: Retrosynthetic strategy of anthrose-containing derivatives

Th e conjugation of these disaccharides to a carrier protein as well as to T-helper epitopes and the 
preliminary evaluation of the vaccine potency of these glycoconjugates will be presented as well. 
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SELECTIVE FUNCTIONALIZATION OF ENZYMATICALLY OxIDIZED 
POLYSACCHARIDES
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Galactose-containing polysaccharides, spruce galactoglucomannan, guar galactomannan (guar 
gum), and tamarind galactoxyloglucan, were selectively modified in aqueous media, aiming 
to obtain materials with improved physicochemical properties and new functionalities. The 
polysaccharides were first oxidized with galactose oxidase (GO) [1] to introduce reactive 
carbonyl groups, which enabled the selective further modifications.
GO (EC 1.1.3.9) oxidizes primary alcohols to corresponding aldehydes with high regioselectivity 
[2]. The C-6 hydroxyl groups of the galactosyl units of the polysaccharides were oxidized in good 
yield, and further reacted by techniques suitable for one-pot procedures, performed directly 
after the enzymatic oxidation in aqueous media. Selective carboxylation, reductive amination 
and metal-mediated allylation were studied (Scheme 1).
Combination of the enzymatic oxidation with the chemical reactions was found a good method 
for the production of polysaccharides with new properties and several potential applications. The 
polysaccharides carrying the anionic carboxyl groups are interesting novel polyelectrolytes, for 
example, for the paper industry due to the specific binding of these polysaccharides to cellulose. 
The derivatives with non-polar carbon chains may find uses as emulsifiers in e.g. cosmetic and 
pharmaceutical products, and the reactive double bond of the allylated products gives way to 
new additional modifications. In this paper, this feasible and sustainable chemo-enzymatic 
functionalization of natural polysaccharides will be discussed in more detail.
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Iminosugars are very attractive carbohydrate mimics in which the endocyclic oxygen atom is 
replaced by the more basic, trivalent nitrogen atom.1 In their protonated form, iminosugars 
resemble the transition state or intermediate generated during the hydrolysis reaction catalysed 
by glycosidases, key hydrolytic enzymes involved in many physiological functions. Given the 
important role of glycosidases in controlling the structures and functions of carbohydrates in 
cell surfaces, inhibitors of these classes of enzymes are potential antidiabetes, agrochemicals, 
anti-viral and anti-cancer agents, and also potential drugs for the treatment of lysosomal storage 
disorders.1

We have developed several straightforward synthetic strategies for the syntheses of pyrrolidine, 
piperidine, pyrrolizidine and indolizidine iminosugars that employ pyrrolidine nitrones readily 
derived from carbohydrates, such as arabinose, ribose, and xylose as the key building blocks. The 
nitrones are then reacted in highly stereoselective reactions such as cycloadditions with suitable 
dipolarophiles2 or addition reactions with organometallic derivatives. We will also present our 
recent approach to lipophilic 3,4,5-trihydroxypiperidine derivatives through a double reductive 
amination strategy on a mannose-derived dialdehyde with primary amines.
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Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease that aff ects almost 5% of the adult 
population in western countries.1 A dramatic rise of the number of patients suff ering from T2DM 
is forecast in the coming years, and the world health organization estimates that this number will 
reach 250 millions in 2030.2 Various antihyperglycaemic agents have been developed for several 
years. However they suff er from limitations (side eff ects, loss of effi  ciency) and polytherapies are 
oft en required.2 Glycogen phosphorylase (GP) plays an important role in the regulation of blood 
glucose level, and its inhibition could open new pathways for the treatment of hyperglycaemia 
in T2DM aff ected patients.3 Glucose-based glycomimetics have been developed in our group, 
thanks to several collaborations, and have demonstrated promising activities.4
Enzymatic and crystallographic studies have shown that glucose-based molecules with a 
β-oriented aromatic moiety at the anomeric center, are capable of strong binding at the catalytic 
site and nearby β-pocket of GP.3 We have developed a new family of potential inhibitors using 
Huisgen 1,3-dipolar cycloaddition. Use of stoichiometric amounts of Cu(I)-halide aff orded 
5-halogenated triazoles. Subsequent Suzuki cross coupling yielded 1,4,5 trisubstituted triazoles 
with two aromatic moieties. Kinetic and crystallographic data will be presented.5

1  Zimmet, P.; Alberti, K. G.; Shaw, J. Nature 2001, 414, 782-787.
2  Ross, S. A.; Gulve, E. A.; Wang, M. Chem. Rev. 2004, 104, 1255-1282.
3  a) Chrysina, E. D. Mini-Rev. Med. Chem. 2010, 10, 1093-1101; b) Praly, J.-P.; Vidal, S. 
Mini-Rev. Med. Chem. 2010, 10, 1102-1126.
4  a) Tóth, M.; Kun, S.; Bokor, E.; Benltifa, M.; Tallec, G.; Vidal, S.; Docsa, T.; Gergely, 
P.; Somsák, L.; Praly, J.-P. Bioorg. Med. Chem. 2009, 17, 4773-4785; b) Benltifa, M.; Hayes, 
J. M.; Vidal, S.; Gueyrard, D.; Goekjian, P. G.; Praly, J.-P.; Kizilis, G.; Tiraidis, C.; Alexacou, 
K.-M.; Chrysina, E. D.; Zographos, S. E.; Leonidas, D. D.; Archontis, G.; Oikonomakos, N. G. 
Bioorg. Med. Chem. 2009, 17, 7368-7380; c) Nagy, V.; Benltifa, M.; Vidal, S.; Berzsényi, E.; 
Teilhet, C.; Czifrák, K.; Batta, G.; Docsa, T.; Gergely, P.; Somsák, L.; Praly, J.-P. Bioorg. Med. 
Chem. 2009, 17, 5696-5707.
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GENERAL STRATEGY FOR THE SYNTHESIS OF GPI-ANCHORS 
AND GPI-ANCHORED PROTEINS

Tsai Yu-Hsuan,1,2 Götze Sebastian,1 Seeberger Peter 1,2  and Varón-Silva Daniel1

1Max Planck Institute of Colloids and Interfaces, Am Mühlenberg 1, 14476 Potsdam, 
2Free University of Berlin, Arnimallee 22, 14195 Berlin, Germany

daniel.varon@mpikg.mpg.de

Many proteins and glycoproteins are attached to the cell membrane by a glycosylphosphatidylinositol 
(GPI) anchor. Although the structure of this GPI is diverse and cell type depending, a conserved 
core pseudo-pentasaccharide containing a Man3-GlcNH2-Inositol is observed. Additional 
modifications like lipidation, phosphorylation and additional glycosylation are the major 
modifications found on this core.1 GPI molecules from mammalian cells have been described to 
contain additional branched carbohydrate structures. This modification extends the diversity of 
the GPI and has been reported as a critical moiety for the function and recognition of the GPI 
anchored protein.2

In order to understand the role of the branching glycosylations and other modifications like 
phosphorylations in the function of GPIs and GPI anchored proteins, the chemical synthesis of 
these structures and successive ligation to proteins offer a good alternative for understanding 
the biological processes associated with these molecules.   
Here we reported a new general strategy for the total synthesis of different branched GPI 
anchors and GPI-anchored proteins. The strategy is based on the chemical synthesis of lipidated 
and phosphorylated GPIs and the subsequent ligation to recombinantly expressed proteins.3 
The syntheses of the GPI-glycan moieties have been performed using pre-synthesized building 
blocks by [2+n+2] and [3+n+2] glycosylation strategies. The branching glycosylation has been 
introduced through an orthogonal protected mannose building block elongated at 4-O with a 
mono-, di- and trisaccharide. Finally, phosphorylations and incorporation of a cysteine residue 
on a phosphate-ethanolamine enables the ligation of the GPI anchors to proteins via native 
chemical ligation resulting in homogenous GPI-anchored proteins.

References 
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IODOSULFONAMIDATION OF PERACETYLATED GLYCALS; APPLICATION 
TO THE PREPARATION OF GALECTIN’S LIGANDS
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1,2-Di-nitrogenated sugars are important motifs, featuring in all 
N-glycoproteins and in many glycoconjugates. 

Simple access to these derivatives from readily accessible peracetylated glycals using Danishefsky’s 
iodosulfonamidation followed by azidation,1 is hampered by the rapid isomerisation of the trans 
1,2-iodosulfonamide intermediates, initially formed, into their corresponding, unreactive cis 
isomers (Scheme).2
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Scheme. Modifi ed Danishefsky’s azido-sulfonamidation procedure

By using a combination of NIS/I2 as a source of iodonium ion, we have been able to circumvent 
this limitation,3 thereby restoring its full utility to this procedure. 
Application of this methodology to the straightforward synthesis of novel, potent mono- and 
multivalent ligands of the human galectins will also be presented.
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DESIGN AND SYNTHESIS OF NEW AMINO IMINO HExITOLS VIA NOVEL 
ASYMMETRIC STRECkER + CARBAMATE ANNULATION METHODOLOGY
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As noted inhibitors of carbohydrate processing enzymes,1 iminosugars, including amino imino 
hexitols, hold much promise as therapeutics for the treatment of a variety of diseases including 
diabetes, cancer and lysosomal storage disorders.2 The biological activity of iminosugars has 
been largely attributed to their ability to mimic oxocarbenium ion intermediates formed during 
glycosidase reactions, and for this reason, functional and stereochemical modifications of the 
iminosugar scaffold have proven important in developing specific and potent inhibitors.3 

New methodology for the preparation of a number of known and novel amino imino hextitols 
will be presented, starting from readily available methyl iodoglycosides (Scheme 1). Key steps 
in each synthesis include an asymmetric Strecker reaction, without the need for a chiral Lewis 
acid or catalyst, and a novel carbamate annulation.4 The effects that the substitution patterns 
of the a-amino nitrile precursors have on the diastereoselectivity of the annulations will be 
highlighted.

Scheme 1. Retrosynthesis towards amino imino hexitols.
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SYNTHESIS OF β-D-GLUCOPYRANOSYLAMINE URONIC ACID 
IN AqUEOUS SOLUTION: kINETIC STUDY AND SYNTHETIC POTENTIAL

Luca Albertin, Ali Ghadban, Alain Heyraud
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BP53, 38041 Grenoble cedex 9, France
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The products of the reaction of sodium D-glucuronate with various combinations of ammonia 
and volatile ammonium salts in water were studied by NMR. For long reaction times (~24 hrs), 
the expected products β-D-glucopyranosylamine uronic acid and N-(β-D-glucopyranosyl)
carbamate were obtained in good to high yield, whereas 7 intermediate species were identified 
in samples taken at earlier reaction times. We established that two of them are actually are the a 
anomer of the main products, whereas the others are precursors to their formation. In general, 
higher ammonia and/or ammonium salt concentrations lead to a faster conversion of the starting 
sugar into the intermediate species and of the latter into the final products. Yet, some interesting 
trends and exceptions were observed: The use of saturated ammonium carbamate leads to the 
fastest rates and the highest final yields of β-glycosylamine/carbamate. With the exception of 1 M 
ammonia plus 0.6 M ammonium salt, all tested protocols lead to higher yields of β-glycosylamine/
carbamate than concentrated ammonia alone. The mole fraction of a-glycosylamine/carbamate 
at equilibrium is around 7-8 % in water at 30 ºC. Concerning di-(β-D-glucopyranosyl)amine 
uronic acid, less than 3 % of it is formed in all cases, with a minimum value of 0.5 % in the case of 
saturated ammonium carbamate. Surprisingly, the formation of β-glycopyranosylamine / N-(β-
glycopyranosy)carbamate is 4 to 8 times faster in the case of D-glucuronic acid than in the case 
of D-glucose, possibly due to a higher proportion of acyclic aldehyde form in aqueous solution. 
Finally, the synthetic usefulness of our approach was demonstrated by the synthesis of three 
β-D-glucopyranosylamide uronic acids and one N-(β-D-glucopyranosyluronic acid)-N’-(alkyl) 
urea directly in aqueous/organic solution without resorting to protective groups’ chemistry.
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IONIC-LIqUID-BASED CATCH AND RELEASE 
OLIGOSACCHARIDE SYNTHESIS (ICROS). 

CHEMICAL AND ENZYMATIC APPLICATIONS

M. Carmen Galan, A. T. Tran, C. Bernard
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The development of general and efficient methodologies for the preparation of complex 
oligosaccharides has been the subject of research for many years. Herein, we describe an ionic 
based “catch-and-release” oligosaccharide strategy for the chemical1 and enzymatic2 synthesis 
and fast purification of oligosaccharides. 
We demonstrate that the methodology is compatible with thioglycoside and trichloroacetimidate 
glycosylation strategies and amenable to protecting group manipulations. Furthermore, we 
have also shown that the ICROS methodology is compatible with glycosyltransferase enzymatic 
transformations. 

The ionic-liquid-based tags (ITags) developed are designed for easy attachment to substrates 
and simple product release that is amenable to conjugation to array platforms for further high-
throughput biological screening.  In addition, the ITags can be used as fast, robust and sensitive 
tools for reaction monitoring and quantitative kinetic analysis.
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Scheme 1: General Scheme for ICROS
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MANNOSE-GLYCODENDRIMERS AS ELECTROCHEMICAL SENSORS
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Carbohydrates and Proteins Group, University of Almería, 04120 Almería, Spain
avargas@ual.es

Important biological events such as viral and bacterial infections, cell-cell adhesion, infl ammatory 
and immune response, fertilization, and cancer metastasis are governed by multivalent 
interactions between carbohydrates and cell-surface proteins.1 Inherent in the advance of 
glycomics, is the challenge to develop synthetic tools that can be used to inhibit, modulate, 
detect and probe those interactions.2 In this respect, ferrocene-containing carbohydrates could 
be of particular interest as the reversible and tunable redox properties of the ferrocene moiety 
could be applied in the development of molecular devices for the detection of carbohydrate-
protein interactions, as well as in a redox switchable control of such interactions.
Considering the above, we have synthesized electroactive PAMAM-based glycodendrimers which 
include 4 (P0FcM4), 8 (P0FcM8) or 16 (P0FcM16) ferrocene-mannose units. Th e capabilities 
of these compounds to recognize Concanavalin A (Con A) and to act as electrochemical sensors 
for such lectin has been studied using calorimetric and electrochemical methods and compared 
with results obtained for ferrocene-mannose conjugates synthesized previously that contain one 
(FcM) or two (FcM2) mannose units.3 
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THEORETICAL INVESTIGATIONS OF SOLVENT EFFECTS 
ON GLYCOSYLATION REACTIONS: 

THE CONFORMER AND COUNTERION DISTRIBUTION HYPOTHESIS
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Th e mechanism of solvent eff ects on the stereoselectivity of glycosylation reactions is investigated 
using density functional theory (DFT) calculations and molecular dynamics (MD) simulations.1 
Th e DFT calculations on oxacarbenium-solvent complexes do not provide support to the usual 
solvent-coordination hypothesis, suggesting that an experimentally observed β-selectivity 
(a-selectivity) is caused by the preferential coordination of a solvent molecule to the reactive 
cation on the a-side (β-side) of the anomeric carbon. Instead, explicit-solvent MD simulations of 
the oxacarbenium-counterion complex are compatible with an alternative mechanism, termed 
here the conformer and counterion distribution hypothesis. Th is new hypothesis suggests that 
the stereoselectivity is dictated by two interrelated conformational properties of the reactive 
complex. For example, in acetonitrile, the calculations suggest a dominant B2,5 ring conformation 
of the cation with preferential coordination of the counterion on the a side, both factors leading 
to the experimentally observed β selectivity. Conversely, in dioxane, they suggest a dominant 
4H3 ring conformation with preferential counterion coordination on the β side, both factors 
leading to the experimentally observed a selectivity.
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2-ALLYLPHENYL GLYCOSIDES AS VERSATILE GLYCOSYL DONORS 
FOR CHEMICAL GLYCOSYLATION AND ORTHOGONAL 

OLIGOSACCHARIDE SYNTHESIS

Hemali D. Premathilake and Alexei V. Demchenko

Department of Chemistry & Biochemistry, University of Missouri – St. Louis
One University Boulevard, St. Louis, Missouri 63121, USA. 

hdp9tb@umsl.edu

Only recently has the tremendous biological signifi cance and therapeutic potential of 
carbohydrates and conjugates thereof (glycoproteins, glycolipids, proteoglycans, etc.) begun 
to emerge.1 Th e ongoing search for new and effi  cient methods for chemical glycosylation 
has remained a topic of high signifi cance.2 Th erefore, the development of highly reactive and 
stereoselective glycosyl donors that would also be compatible with common protecting group 
manipulations is of high importance in the fi eld. 
Developed in our laboratory, allylphenyl glycosides off er a new robust method for chemical 
glycosylation and excellent fl exibility in multi-step oligosaccharide synthesis. Th ese novel 
glycosyl donors were synthesized using inexpensive 2-allylphenol as the aglycone. Noteworthy, 
being structural analogs of 4-pentenyl and aryl glycosides, 2-allylphenyl glycosides show high 
reactivity in glycosylation and have dual activation properties. Th is new leaving group can be 
activated remotely, via the allyl group, like in conventional 4-pentenyl glycosides. Conversely, 
this can be activated directly via the anomeric oxygen, similarly to that of aryl glycosides. 
Having explored these mechanistic pathways for their glycosidation, we determined that the 
2-allylphenyl glycosides also fi t into existing progressive concepts for oligosaccharide synthesis.3 
Th us, 2-allylphenyl glycosides can be chemoselectively activated in the armed-disarmed fashion 
and show complete orthogonality with thioglycosides.  Th is work has been generously supported 
by awards from the NSF and NIGMS. Th e presenting author is indebted to UM – St. Louis 
Graduate School for awarding her with the Dissertation Fellowship.  
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PREPARATION OF MUCIN TYPE o-GLYCANS BY IONIC CATCH AND RELEASE 
OLIGOSACCHARIDE SYNTHESIS (ICROS)
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Mucins are high molecular weight glycoproteins in which the oligosaccharide motif is a-O-
linked to the peptide backbone via a serine or threonine residue. Th ese glycoproteins form an 
integral part of mucosal barriers and off er protection against pathogenic infection.1

To date, eight core oligosaccharides have been identifi ed as being present on the mucins. 
However, there have been few syntheses of these carbohydrate cores due to the lack of available 
methods for the preparation of complex carbohydrates.2-6

We recently developed the ionic catch and release oligosaccharide synthesis (ICROS) as a general 
and effi  cient method for the preparation of complex oligosaccharides that requires no lengthy 
chromatography aft er each reaction step. It has been shown that this methodology is compatible 
with current glycosylation strategies and amenable to protecting group manipulations.7

Exploiting this recently developed ICROS; we herein present the application of ICROS to the 
rapid and effi  cient synthesis of core 1, 3 and 4 oligosaccharides.

Figure One: Core 1, 3 and 4 structures of mucin-type O-linked glycans
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IMMOBILIZATION OF CELLS OF LEUCONOSTOC MESENTEROIDES 
kIBGE HA1ON CALCIUM ALGINATE BEADS FOR THE CONTINUOUS 
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Dextran is an extracellular long chain polymer of D-glucopyranose with predominantly α- 
(1→6) linkage in the main chain. Bacterial strains of Leuconostoc, Streptococcus and Acetobacter 
produce dextran under certain conditions. The advantages of immobilizing the cell rather 
than a purified enzyme are numerous. These includes; the expense of separation, isolation and 
purification of enzymes is minimized, a wider scope of reactions is possible including multi-
step reactions utilizing several enzymes and enhanced stability of enzymes achieved since the 
enzyme is maintained in its native site. The cells of Leuconostoc mesenteroides KIBGE HA1 were 
immobilized on calcium alginate for the continuous production of dextran. Concentration 
of sodium alginate and calcium chloride was optimized for maximum entrapment of cells. 
From immobilized cells of Leuconostoc mesenteroides KIBGE HA1 the dextran production 
was effected by the temperature. Dextran production increases as the temperature increases 
and after reaching maximum at 30°C the production suddenly decreases. It was also observed 
that at 50°C the dextran production decreases upto 25% as compared to 100% production at 
30°C. Dextran production from immobilized cells was also compared from free cells at various 
temperature and found that there was no shift in temperature optimum of the dextran produced 
by immobilized and free cells.Sucrose at substrate concentration of 10% produced high yield of 
dextran at 30°C with a percent conversion of 5.82 while at 35°C it was 3.5. However, increasing 
levels of sucrose concentration as a substrate diminished dextran yields. The free cells stopped 
producing dextran after 144 hours, while immobilized cells continued to produce dextran 
even after 480 hours. Molecular mass distribution of dextran from free cells indicated that it is 
identical to that of blue dextran while the molecular mass of dextran from immobilized cells is 
lower than that of free cells. The production of different molecular mass dextran can easily be 
controlled by varying different incubation time of immobilized cells and substrate.
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ANOMERIZAION  REACTION OF PYRANOSIDES 
WITH 2,3-trans CARBAMTE GROUP
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Since pyranosides are asymmetrical acetal, two cleavage patterns are possible: endocyclic 
cleavage vs. exocyclic cleavage. In an endocleavage mode, the bond between anomeric carbon 
and ring oxygen is cleaved. Th e 2,3-trans carbamate and carbonate carrying pyranosides 
are easily anomerized from the β- to the a-direction via endocyclic cleavage-recyclization 
process. Th e acyclic cation generated via endocyclic cleavage was captured by reduction, 
intra- and intermolecular Friedel-Craft s reaction.1 Signifi cant solvent eff ect was found in the 
anomerization reaction2. Th e anomerization reaction was accelerated in CH3CN, on the other 
hand no anomerization was observed in Et2O. Th e substitution eff ect was also observed in the 
anomerization reaction3. Th e acyl group on the nitrogen enhances the anomerization reaction.
Th e utility of this anomerization in the oligosaccharide preparation will be reported.
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Lectin-carbohydrate interactions are playing a major role in several pathologies such as viral or 
bacterial infection, cancer metastasis, cell-cell communication of even fecundation. Although this 
interaction is highly specifi c, the affi  nity is usually weak (Kd ~ mM) for monovalent interactions. 
Th erefore, Nature uses the so-called “glycoside cluster eff ect”1 to overcome this weak interaction 
by presenting several saccharides ligands interacting with one or more of their receptor(s) at once. 
Several approaches have been designed to take advantage of multivalency2 including glycoclusters, 
glycodendrimers, and glycopolymers.3

We have designed a general and fl exible synthesis of glycoclusters using microwaves assisted “click 
chemistry” methodology for the conjugation of carbohydrate residues to multivalent scaff olds.4 
Th e binding studies (hemagglutination, ELLA, SPR and ITC) displayed preferences based on the 
nature of the spacer arm.

In vivo studies in mice models demonstrated the potential applications of such glycoclusters as 
anti-adhesive agents for the treatment of bacterial infection.5
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Solvents are long known to affect the yields, rates, and stereoselectivities of glycosylation 
reactions.  The origin of these effects, however, is somewhat obscure, and there are no clear 
guidelines either, how to alter stereoselectivity by the choice of solvents.
In a systematic study on factors affecting the results of glycosylations we have studied the effect 
of solvents on the stereoselectivity in detail.
Previously, we have found that electron withdrawing substituents remote from the anomeric 
position exert a strong shift on the stereoselectivity.  We now present that the extent of these 
effects varies with the solvent and strongly correlates with the polarity of the reaction media.
The remote substituent effects in glycosylations are best explained by the conformational 
equilibrium of an oxocarbenium ion intermediate and stereoselective reactions of the individual 
oxocarbenium ion conformers.  As charge neutralization is the major driving force of the 
conformational preference of an oxocarbenium ion, it is readily understandable that the polarity 
of the solvent exerts a major influence on its conformational equilibrium.  The observed solvent 
effects clearly support this explanation, and, in the cases studied, they refute the widely used 
interpretation that remote substituent effects in glycosylations are caused by the formation of 
cyclic acyloxonium ion intermediates.
From the preparative aspect, it is important that synthetically useful stereoselectivities can 
frequently be achieved by the appropriate choice of a remote substituent and solvent.  It should 
also be noted that, depending on the substrate, the same solvent is capable to increase both a 
and b stereoselectivities.
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As a consequence of the progresses in glycobiology and the development of carbohydrate-
based pharmaceuticals,1 innovative procedures for the synthesis of natural and unnatural 
oligosaccharides and glycoconjugates have been explored over the last years.2 Particularly, 
synthetic studies enabling assembly of oligosaccharides containing l-sugars have drawn 
attention,3 given the occurrence of l-sugars in bioactive natural products and the emergence 
of synthetic drug candidates based on l-carbohydrates and their analogues.4 However, access 
to such oligosaccharides is still complicated by the limited availability of the corresponding 
l-monomers, for which preparation simple synthetic procedures are highly demanding. Herein, 
we report a new strategy for the synthesis of oligosaccharides containing enantiopure l-hexoses. 
Key for the success of this approach is the use of a-l- and β-l-sugar derivatives 2 and 3, whose 
preparation through a “domino” reaction starting from heterocycle 1 has already been at the 
core of previous studies on the synthesis of the whole series of l-hexoses.5 Based on the unique 
properties of our sulfur-containing cyclic scaffolds, unprecedented orthogonal activation of 2 
and 3 respectively at C1 and C4 positions under extremely mild acidic conditions has been 
exploited for their conjugation to various sugar units, enabling straightforward access to 
l-hexoses-containing di- and trisaccharides.

References
1. B. Ernst, J. L. Magnani, Nat. Rev. Drug Discovery, 2009, 8, 661–677.
2. T. J. Boltje, T. Buskas, G.-J. Boons, Nature Chem., 2009, 1, 611–622.
3. D. D’Alonzo, A. Guaragna, G. Palumbo, Curr. Org. Chem., 2009, 13, 71–98.
4. J. J. Forsman, R. Leino, Chem. Rev., 2011, in press. DOI: 10.1021/cr1002563.
5. A. Guaragna, D. D’Alonzo, C. Paolella, C. Napolitano, G. Palumbo, J. Org. Chem., 2010, 75, 

3558–3568.

S
S

H

MPMO

domino
reaction

DDQ
MeOH

DDQ
H2O

pH 6

pH 6

O

S
S

OMe

RO

R'O
O

S
SRO

R'O

O

S
S

O

C1 activation
H+

MeOH
H+

CHCl3

1

2

3
b-L-"sugar"

scaffold

Nu-

Nu-

a -L-"sugar"
scaffold

O

S
S

O

RO

R'O
O

(OR)n

OR

O

S
S

O

RO

O

S
S

O

OO
RO

(RO)n
L-sugar

elaboration

L-hexoses-containing
disaccharides

L-sugar
elaboration

O

(OR)n

ORHO

HO O
OR

(RO)
n

C4 activation
1. ring opening
2. C1 activation higher

oligosaccharides

H+

H+

L-sugar
elaboration

a

β



16th European Carbohydrate Symposium

189

ORAL PRESENTATIONS

OL 130

CARBOHYDRATES IN CATALYSIS
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The demand for enantiomerically pure compounds in medicinal chemistry and natural product 
synthesis has spurred a tremendous interest in stereoselective transformations. As asymmetric 
catalysis using metal complexes with chiral ligands offers efficient access to chiral building 
blocks, the design of new ligands is an active field of research. Carbohydrates, which have long 
been regarded as ill suited for ligand design, are nowadays becoming more and more popular 
scaffolds for new chiral complex ligands.1
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We have introduced new bis(oxazoline) ligands based on d-glucosamine (glucoBox),2 which 
were successfully applied to the synthesis of the natural product grenadamide3 via an asymmetric 
cyclopropanation.4 With ligands gluco-enoPhos and galacto-enoPhos we have designed novel 
olefin-phosphinite ligands easily accessible from d-glucose and d-galactose.5 These act as a set of 
highly efficient pseudo enantiomers in asymmetric rhodium-catalysed 1,4-addition reactions.6
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The carbohydrate-binding protein malectin, an ER-resident protein, is currently being discussed 
as a possible player in N-glycoprotein quality control in higher eukarya.1 Its binding affinity 
to disaccharides and to defined fragments of the Glc3Man9GlcNAc2-N-glycan precursor 1, e.g. 
fragments as the Glc2Man7GlcNAc2-N-glycan, has been demonstrated.2,3 As the exact binding 
epitopes of such carbohydrate structures remained unknown, we commenced a synthetic 
program aimed at the preparation of defined N-glycan precursor fragments as possible malectin 
ligands. Recently, we reported on the synthesis of a Glc2Man2-fragment 2 (highlighted region in 
1) and its binding properties with regard to malectin.4

Based on these results we envisioned a second generation of potential malectin ligands, 
incorporating not only carbohydrate residues from the N-glycan precursor’s 1,3-arm (highlighted 
in blue), but from the 1,6-arms (highlighted in green) as well.

Here, we present the synthesis of compounds 
presenting two distinct, oligoethyleneglycol-linked 
carbohydrate epitopes (3); as well as our results 
regarding their binding properties with respect to 
malectin (determined from NMR-experiments).
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Sugar enones are versatile building blocks for a variety of natural products and relevant bioactive 
chiral molecules [1]. Th e fungal metabolite Microthecin [2] is an example of a bioactive pyranoid 
enone, presenting a 3-enopyran-2-ulose skeleton. Enones of this type possess stereogenic centers 
next to the conjugated system, which may induce stereoselectivity in addition reactions, turning 
them useful chiral precursors for derivatization. Among the methods known for the synthesis of 
such enones, those employing β-acylated pyran-2-uloses are preferred since these compounds are 
prone to β-elimination. In this context we used triacetylated carboxymethyl glycoside lactones 
(CMGL, 1) as synthons [3]. Th e opening of their lactone moiety, especially by amines, provides 
adducts containing a free and unique OH group at C-2. Further oxidation is shown to occur with 
concomitant 3,4-elimination [4]. In the present work, diff erent oxidation methods were used 
and the infl uence of confi guration at C-1 and C-4 on the oxidation-elimination process towards 
the target enones (2) was investigated. Branching at C-2 by Wittig olefi nation was subsequently 
explored leading to conjugated dienepyranosides 3. (N-Propargylcarbamoyl)methyl glycosides 
were used for the incorporation of an additional triazole motif, leading to 4−5. Th e results of the 
antimicrobial evaluation performed on these series of compounds against clinically signifi cant 
pathogens and those of acute toxicity will also be disclosed in this communication.
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The use of enzymes and whole cells for catalysis in the chemical industry is of great interest, as 
environmentally friendly alternative (1,2). The combination of biocatalysts with the appropriate 
solvents is key to the successful construction of a bioprocess. As many enzymes can catalyze 
reactions in organic solvents, there is much interest in the use of ionic liquids (ILs) as (co)
solvents to create novel reaction media for such biocatalytic processes. ILs have emerged as a 
potentially attractive “green” recyclable alternative to environmentally harmful organic solvents 
(1,2).
The use of enzymes in ILs has proven to have many advantages, such as, high conversion rates, 
high enantioselectivity, and better enzyme stability (3). Several authors have explained this 
behaviour in terms of enzyme-ILs molecular interactions but to our knowledge nobody has 
tried to quantify them until now. So far, Ils have been used in various enzymatic reactions, but 
studies of the use of ILs in transglycosylation catalyzed by glycosidases are scarce (4). 
In this communication we have studied for the first time the influence of ILs as co-solvents 
in the enzymatic synthesis of a β-galactosidase from Thermus thermophilus (cell extracts and 
purified recombinant enzymeTTP0042 his6tag). TTP0042 his6tag exhibit important yields of 
N-Acetyllactosamine (Gal-β[1→4]GlcNac) in one pot process, reducing classic self-condensation 
of glycosil donor and improving yields. Some ILSs employed are insoluble in water and could be 
re-use in many reactions, reducing economical costs., The increased activity found is believed 
to be caused by the interactions between the enzyme and LIs that were studied by molecular 
modelling and measured using surface plasmon resonance (SPR). 
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OF RHAMNOGALACTURONAN FRAGMENTS BY MODULAR DESIGN

Amayak Pogosyan,Vogel Christian

Universität Rostock ,Institut für Chemie Albert-Einstein-Straße 3a18059 Rostock
amayak.pogosyan@uni-rostock.de ; christian.vogel@uni-rostock.de 

Blockwise build-up of homogalacturonan and rhamnogalacturonan fragments by modular 
design principle is based on an orthogonal protecting group strategy1.In first part this work are 
introduced context of methods and concrete algorithms for efficient synthesis L-rhamnose and 
D-galacturonoacide derivatives as a building blocks2 (Schema 1). 
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Second part of our investigation refers to a plan of action designed to achieve a particular goal-
build up of rhamnogalacturonan fragments (Schema 2).
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Raman optical activity (ROA) has over the last few decades emerged as a powerful tool in the 
structural analysis of biomolecules.[1,2] This chiroptical technique, measuring a small intensity 
difference in the circularly polarised components of the Raman scattered light from chiral 
molecules, combines the conformational sensitivity of circular dichroism with the structural 
information available from conventional vibrational spectroscopy. ROA is highly sensitive 
to local chirality, making the technique ideally suited for the study of chiral biomolecules in 
solution, from simple amino acids and monosaccharides,[3] through peptides, proteins and 
oligosaccharides[4] and even complex samples such as intact viruses and glycoproteins.[5]

Here, we present ROA as a novel tool in the detailed structural analysis of carbohydrates and 
the glycan moieties of glycoproteins in solution. Comparison of experimental ROA spectra 
of glycoproteins with spectra obtained from smaller saccharides found as components in the 
glycan coats indicate that the over-all conformation of the component saccharides in the glycan 
coat are preserved in solution.[6] Therefore, it is possible to study the three dimensional structure 
of complex saccharides by zooming in on specific component parts, reducing the computational 
costs of the conformational analysis. By combining experimental ROA studies with molecular 
dynamics simulations and quantum mechanical calculations on density functional theory level, 
we have studied the conformational states of monosaccharides and smaller oligosaccharides in 
detail and show that the structural results can be transferred onto polysaccharides or even whole 
glycan coats. The data presented in this talk will focus on recent structural studies performed on 
high mannose type glycoproteins and mannose saccharides,[6] as well as on results optained on 
the linear glycosaminoglycan hyaluronan.[7]
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ADP glucose pyrophosphorylase (AGPase) is a key regulatory enzyme of bacterial glycogen and 
plant starch synthesis as it controls carbon flux via its allosteric regulatory behavior. 
Whereas the bacterial enzyme is composed of a single subunit type, the plant AGPase is a 
heterotetrameric enzyme (a2β2) with distinct roles for each of the two subunit types. The large 
subunit (LS) is involved mainly in allosteric regulation through its interaction with the catalytic 
small subunit (SS). Previously, critical amino acids of potato (Solanum tuberosum L.) LS that 
interact with SS in the native heterotetramer structure were identified by both computationally 
and experimentally1. In this study, we aim to improve heterotetrameric assembly of potato AGPase 
with a reverse genetics approach. A mutant, a2β2 formation deficient, large subunit of potato 
(Solanum tuberosum L.) AGPase named  LSR88A was subjected to random mutagenesis using 
error prone PCR and screened for the capacity to form an enzyme restoring glycogen production 
in glgC- Escherichia coli, AGPase activity deficient, containing wild type SS by assessing iodine 
staining. Many suppressor mutants were identified and sequence analysis of these mutants 
revealed that mutations are mainly clustered at regions that would be significant for subunit 
association. Subsequently, R88A mutation was reversed with site directed mutagenesis to see 
the effect of these mutations in the absence of R88A mutation. We are currently characterizing 
the effects of these mutants on heterotetrameric formation of AGPase. Obtaining stable AGPase 
variants will enable us to use these mutants to increase the yield in crop plants and so to increase 
the use of starch for industrial purposes.
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IMPROVED PROCESS FOR ENHANCED PRODUCTION 
OF SUGARS FROM SUGAR BEET

Ahmad Adnan, Saleem Ahmad Bokhari and Fahim Ashraf Qureshi

Sugar production from sugar beet has been known for many years.  The current processes for 
sugar production from Sugar beet is energy intensive, involving high pressure steam, and involves 
wastage of approximately 25 – 30 percent of cellulosic waste. We have developed a process for 
extraction of sugar from Sugar beet crop that utilizes various enzymes and also converts the 
cellulosic material (waste) into sugars.  The overall recovery of sucrose has been raised to 11% as 
compared to 8% by conventional diffusion techniques for sugar extraction from Sugar beet.  The 
process also envisages 13% recovery of reducing sugars from this new process. Residual biomass 
is mainly composed of lignin which may be utilized for other industrial application thus making 
the process nearly with zero waste.  Since this new process does not require any additional water, 
the overall process will need relatively less energy for crystallization of sugars from the resulting 
solution.
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STARCH-CELLULOSE RETICULATION – TOWARDS A NEW MATERIAL
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Starch application in papermaking dates back to the invention of paper itself 2000 years ago, 
when starch was applied to the paper for a stronger, smoother writing surface. One of the many 
possible applications of starch in paper manufacturing is its use as a binding agent which can 
enhance paper’s mechanical properties, and also improve paper manufacturing by increasing 
paper pulp retention the paper machine. Here, we take the advantage of the CuAAC reaction1 to 
fi x starch on cellulose in order to create a three-dimensional network. Th is crosslinked network 
can be used in new biocomposite materials. 

Th is research describes a click reticulation through a spacer molecule, for modifi ed 
polysaccharides crosslinking. Doing so, the reactive functions become more accessible, returning 
any ulterior reaction easier. Alkyne starch was synthesized using the classical method.2 Azide 
spacer molecule was obtained in two steps, fi rst by di-tosylation in solvent free condition, then by 
a mono-azidation. Th e spacer molecule was then fi xed on cellulose by nucleophilic substitution. 
Th e two modifi ed polysaccharides were crosslinked in the presence of Cu(I) catalyst, a type 
of Huisgen’s 1,3-dipolar azide-alkyne cycloaddition which is also defi ned as “click chemistry”. 
Modifi ed polysaccharides substrates were characterized by NMR, FTIR and XPS spectroscopies 
and the resulting material was characterised by means of scanning electron microscopy (SEM).
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SYNTHESIS OF MULTIVALENT OLIGOSACCHARIDES AS ANTIMICROBIAL 
AGENTS FOR TREAT GUT INFECTION
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Helicobacter pylori infects over half of the world’s population and is thought to be a leading 
cause of chronic gastritis, peptic ulcer, and gastric cancer. Campylobacter jejuni is another 
enteric and gastric bacteria which is the most common cause of bacterial diarrhea. Both of these 
microbes adhere to mucosa by binding blood group antigen-related carbohydrates expressed 
on epithelial cells.1 Breast feeding protects infants against these bacterial infections, which was 
proven to be a consequence of the presence of large quantities of antigen oligosaccharides in 
human milk. Multivalent human milk oligosaccharides were synthezied with rigid and flexible 
scaffolds2 designed to present the carbohydrates diversely. These multivalent compounds were 
evaluated on purified chicken large intestine mucin. Some of the compounds inhibit the binding 
of bacteria to the mucin. These multivalent oligosaccharides are promising prophylactic and 
therapeutic antimicrobials for gastric and intestinal diseases.
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SYNTHETIC HIGH GLYCOSYLATED MUC1 GLYCOPEPTIDE ANTIGENS 
BOUNDED TO SYNTHETIC ADjUVANS AS POTENTIAL CANCER VACCINES

Simone Di Pietro and Horst Kunz 

Department of Organic Chemistry, Johannes Gutenberg-University Mainz, 
Duesbergweg 10-14, D-55128 Mainz, Germany

dipietro@uni-mainz.de

The mucin MUC1 is a high molecular weight membrane glycoprotein found on the surface of many 
epithelial cell types such as those from the breast, prostate, intestinal tract, liver, pancreas and kidney.1,2 
It consist of a hydrophobic transmembrane domain, a short cytoplasmic tail and a relatively large, heavily 
O-glycosylated extracellular domain rich in serine, threonine and proline amino acid residues. Most 
O-glycosylations occur at the serine and threonine residues within the 20 amino acid tandem repeat domain 
of MUC1 (GSTAPPAHGVTSAPDTRPAP). This number can vary from 20 to 120. The primary function 
of MUC1 is protection of the epithelial cells from insult, from chemical or microbial sources, resulting in 
the induction of inflammatory and repair or healing processes,3 and has also been implicated in important 
cell-cell adhesion events. The MUC1 glycoprotein is an important biological target for the immunotherapy 
of cancer due to its altered level of expression on the surface of tumour cells. These changes manifest in 
an over-expression of the glycoprotein, altered levels of glycosylation and a loss of polarisation at the cell 
surface.4 Significantly, the changes in the glycosylation profile result in the presentation of specific tumour-
associated carbohydrate antigens, as well as exposure of important peptide epitopes. In its tumour-associated 
form, the mucin exhibits altered levels of glycosylation resulting in short, prematurely sialylated glycan 
chains including the TN, sialyl-TN (STN), a-2,6-sialyl-T (a-2,6-ST) and a-2,3-sialyl-T antigens and exposure 
of the immunodominant PDTRP epitope.5 Although the type, number and glycosylation position of the 
tumour-associated carbohydrate antigens is tissue-dependent, there has been some conjecture as to whether 
glycosylation within the immunodominant motif increases the binding affinity of the peptide. The aim of 
the cancer immunotherapy is to override the multiple suppressive mechanisms and to potentiate existing 
immune responses against cancer cells. Therefore, we synthesized 1 in which the built-in immunoadjuvant 
(VQGEESNDK) corresponds to a peptide sequence derived from the interleukin 1 (IL-1) cytokine.6 In 
addition, we conjugate different core MUC1 structures to synthetic adjuvans  like Pam3Cys and Lipid A as 
an immunostimulant to get glycopeptide vaccine 2.
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SYNTHESIS, CONjUGATION, AND IMMUNOLOGICAL EVALUATION 
OF PHOSPHONOESTER ANALOGUES OF SEROGROUP A 

neisseria meningitidis CAPSULAR POLYSACCHARIDE
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Serogroup A Neisseria meningitidis (MenA) is a Gram-negative, encapsulated bacterium, which 
can cause explosive epidemics of meningitis, especially in the sub-saharian region of Africa. Th e 
defence against MenA infection is mediated by the production of antibodies directed against 
its capsular polysaccharide (CPS), composed of (→6)-N-acetylmannosamine a-1-O-phosphate 
repeating units. Th e development of an effi  cient vaccine against MenA is greatly hampered by the 
inherent instability of the anomeric phosphodiester bridges and by the poor immunogenicity of 
unconjugated natural saccharides. To enhance chemical stability, fragments 1-3 of MenA CPS, 

containing interglycosidic phosphonoester linkages, 
in place of the naturally occurring phosphodiester 
bridges, have been synthesised (Figure 1), showing 
that the synthetic fragments 2 and 3 containing the 
unnatural phosphonoester linkage are recognized 
by a human polyclonal anti-MenA serum (ELISA).1 
Th e synthetic oligomers were conjugated to 
passivating thiols and employed for the fabrication 
of multivalent gold glyconanoparticles, that bind 
to specifi c antibodies with affi  nities far higher than 
the analogous monovalent systems.2 In addition, we 

found that synthetic saccharide-functionalized nanoparticles are able to induce immune cell 
responses,3 opening the access to fully synthetic leads for new vaccine development.

Acknowledgments: Th is work has been supported by MIUR-Italy (PRIN 2008).
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INPUT OF NON STOECHIOMETRIC o-ACETYLATION ON ANTIGENICITY:  
shigeLLa fLexneri 2A LPS AS AN ExAMPLE
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Shigella flexneri are Gram-negative enterobacteria responsible for bacillary dysentery. As 
an alternative to Shigella detoxified lipopolysaccharide-protein conjugate vaccines under 
development, we have investigated the use of synthetic oligosaccharide-based conjugates as 
immunogens. We have identified the synthetic pentadecasaccharide [AB(E)CD]3, a trimer 
of the basic repeating unit of the S. flexneri 2a (SF2a) O-antigen (O-Ag), as a promising 
functional mimic of the native polysaccharide, and a conjugate thereof, as the first synthetic 
oligosaccharide-based vaccine candidate against SF2a infection.1 The recent disclosure of the 
non stoechiometric O-acetylation of the SF2a O-Ag at both hydroxyls OH-6D and OH-3A,2,3 
suggested further improvements.

Positioned in the context of future developments in the field of S. flexneri carbohydrate-
based vaccines, this communication reports on our present understanding of the influence 
of O-acetylation on SF2a O-Ag:antibody recognition. First, we will expose the convergent 
synthesis of three [AB(E)CD]2 decasaccharides, mono- and/or di-O-acetylated at positions 3A 
and 6D, by use of a common fully protected decasaccharide intermediate. Next, we will discuss 
the binding of the synthetic decasaccharides, O-acetylated or not, to five protective monoclonal 
IgG antibodies.
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2)-αL-Rhap-(1→2)-αL-Rhap-(1→3)-[αD-Glcp-(1→4)]-αL-Rhap-(1→3)-βD-GlcpNAc-(1→ 

2)-[Ac→3]-αL-Rhap-(1→2)-αL-Rhap-(1→3)-[αD-Glcp-(1→4)]-αL-Rhap-(1→3)-[Ac→6]-βD-GlcpNAc-(1→ 

Basic repeating unit of SF2a O-Ag: AB(E)CD and its O-acetylated counterpart AcAB(E)CAcD 
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TOWARDS LIPOPOLYSACCHARIDE CONjUGATE VACCINES BASED 
ON SYNTHETIC OLIGOSACCHARIDES
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The lipopolysaccharides of Neisseria meningitidis, Haemophilus influenzae and Moraxella 
catarrhalis are all of the rough type, i.e., they lack the polysaccharidic O-antigen component and 
contains only the core and the Lipid A part. The outer core part of these bacteria show a lot of 
heterogeneity both within and between species, but the inner core parts are quite conserved and 
have common motifs (Figure 1).

As part of a programme aiming at developing glycoconjugate vaccines against these bacteria 
based on LPS motifs, we are synthesising oligosaccharides related to these structures. Syntheses 
of core structures from N. meningitidis, H. influenzae and M. catarrhalis have been published.1-3 
We now present efforts towards synthesis of structures also containing the Kdo and lipid A 
part. A block synthesis is attempted using various core thioglycoside donors in couplings with 
Kdo acceptors including a lipid A analogue part (Scheme 1). Global deprotection affords target 
structures ready for conjugation to a carrier protein through the spacer moiety to produce 
vaccine candidates.

Scheme 1.  General block synthetic strategy for synthesis of target structures.
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                                      β-D-Glc            α-D-Kdop 
  N. meningitidis            PEtN                     1         2 
                               |                     ↓                  ↓    
                                  3 or 6                      4         4    
               α-D-GlcNAcp-(1→2)-L-α-D-Hepp-(1→3)-L-α-D-Hepp-(1→5)-α-D-Kdop-(2→6)-LipidA 
 
                                 β-D-Glc                
  H. influenzae        PEtN                   1                  PPEtN 
                              |                    ↓                   |          
                                      6                     4         4     

L-α-D-Hepp -(1→2)-L-α-D-Hepp-(1→3)-L-α-D-Hepp-(1→5)-α-D-Kdop-(2→6)-LipidA 
 

                      β-D-Glc          α-D-Kdop 
  M.catarrhalis                          1          2 
                                                      ↓                   ↓    
                                                                     6          4    
Figure 1.           β-D-Glcp-(1→4)[β-D-Glcp-(1→3)-]-α-D-Glc-(1→5)-α-D-Kdop-(2→6)-LipidA 
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Synthetic carbohydrate vaccines have been developed to overcome the poor immunogenicity 
of natural carbohydrates.[1] In search for effective vaccines against Streptococcus pneumoniae, 
the major cause of acute respiratory bacterial infection, we developed a new strategy for the 
presentation of carbohydrate antigens to the immune system. According to a single-step 
protocol,[2] we prepared 2nm gold nanoparticles coated with three different conjugates: the 
synthetic branched tetrasaccharide β-d-Galp-(1→4)-β-d-Glcp-(1→6)-[β-d-Galp-(1→4)-]
β-d-GlcpNAc-(1→) related to the S. pneumoniae type 14 capsular polysaccharide, the OVA323-

339 peptide of ovalbumin, and d-glucose. These nanoparticles were able to induce an immune 
response in mice demonstrating their usefulness as a versatile platform for the development of 
synthetic carbohydrate-based vaccines.
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Studies on endogenous lectins have contributed greatly to our understanding of the physiological 
significance of glycans in humans and animals. The serum mannan-binding protein MBP 
binds to mannose, N-acetylglucosamine and L-fucose via the carbohydrate binding sites 
in its carbohydrate recognition domain (CRD). In pathogenic microorganisms, manno-
oligosaccharides on the cell surface appear to be the major glycans involved in the interaction 
with MBP, whereas in human colorectal carcinoma SW1116 cells, which could be endogenous 
target cells of MBP, Lewis (Le)-type oligosaccharides with the type I structure appear to play a 
major role in the interaction with the lectin. In fact, MBP ligand oligosaccharides (MLO), which 
have complex type N-glycans with at least four Fuc(Hex-HexNAc) units, have been isolated 
with an MBP affinity column, whereas complex type N-glycans having three or less Fuc(Hex-
HexNAc) units as well as high-mannose type structures (Man5 to Man8) did not bind to the 
MBP affinity column. The structure of MLO is very unique and distinct from those of other 
previously reported tumor-specific carbohydrate antigens, and thus this should be considered as 
a representative of a new family of tumor-associated carbohydrate antigens. In order to study the 
potential clinical use of MBP as novel cancer diagnostic and therapeutic agents, we have carried 
out histochemical studies on various human colorectal cancer cell lines and also human colorectal 
cancer tissues using serum MBP as a probe.  Interestingly, the results obtained indicated that 
MBP recognizes certain types of human colorectal cancer cells.  It may be reasonable to assume 
that this lectin or modifications of it may have potential clinical use as novel cancer diagnostic 
agents for cancer patients. 

References 
1. Terada, M., Khoo, K.H., Inoue, R., Chen, C.I., Yamada, K., Sakaguchi, H., Kadowaki, N., Ma, 

B. Y., Oka, S., Kawasaki, T., & Kawasaki. N., J. Biol. Chem., 2005, 280, 10897-10913. 
2. Kawasaki, N., Lin, CW., Inoue, R., Khoo, KH., Kawasaki, N., Ma, BY., Oka, S., Ishiguro, M., 

Sawada, T., Isida, H., Hashimoto, T., & Kawasaki, T., Glycobiology, 2009, 19, 437-450.



16th European Carbohydrate Symposium

205

ORAL PRESENTATIONS

OL 146

PRE-ACTIVATED DMF-MODULATING GLYCOSYLATION STRATEGY
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In previous study of mild chlorination of glycosyl hemiacetals, it was found that residual DMF 
in glycosylation mixture promoted 1,2-cis alpha-glycosidic bond formation.[1] A search in 
literature also revealed that Koto et al reported the use of DMF as a glycosylation additive; 
however, their protocol was plagued by formation of undesired glycosyl formate and only 
moderate selectivity of glycosylation was achieved.[2] We hypothesized that the activation 
of thioglycoside generates an oxocabenium ion pair during glycosylation, which would be 
trapped by nucleophilic DMF to form an alpha-glycosyl imidate. Subsequent reaction of the 
imidate with an acceptor furnishes the alpha-anomer as the major product (see Figure 1). Since 
DMF acts a modulator during glycosylations, this method is coined as the DMF-modulating 
glycosylation strategy. This new DMF-modulating glycosylation strategy achieves excellent 1,2-
cis alpha-selectivity in glycosylations of a wide range acceptors with thioglycosyl donors bearing 
benzylidene protected D-galacto scaffold. Based on this method, a new iterative pre-activated 
glycosylation procedure was established for thioglycoside substrates. Herein, we also reported 
the results of an unprecedent real-time NMR study for this modulating glycosylation method as 
a support for the proposed mechanism.
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Clostridium diffi  cile is a Gram positive spore-forming anaerobic bacterium, which is considered 
the most important defi nable cause of nosocomial diarrhea.1 Since its description in 1978 as 
a cause of antimicrobial-associated diarrhea, colitis and pseudomembranous colitis (PMC) 
the interest in this pathogen is growing due to its impact on morbidity and mortality in the 
elderly and among hospitalized patients.2 Treatment failures and recurrences with antibiotics 
are emphasizing the need for the discovery of a vaccine.
Monteiro’s group recently analyzed the cell wall polysaccharide of C. diffi  cile rybotype 027, 
considered the most virulent strain, and two additional strains, MOH900 (classifi ed as NAP2) 
and MOH718.3 Two diff erent structures were identifi ed, named PS-I and PS-II. However PS-II, 
whose repeating unit is [→6)-β-D-Glcp-(1→3)-β-D-GalpNAc-(1→4)-a-D-Glcp-(1→4)-[β-D-
Glcp-(1→]-β-D-GalpNAc-(1→3)-a-D-Manp-(1→P], resulted the only structure occurring in 
all strains. Th is fi nding strongly suggests that PS-II is a conserved surface antigen, which may be 
advantageous in the development of a carbohydrate-based anti C. diffi  cile vaccine. 
With the aim of studying the role of the phosphate 
group in the carbohydrate structure, we synthesized 
the natural phosphate-containing hexasaccharide 
repeating unit and its non-phosphorylated 
counterpart via a (4+2) convergent approach 
from a common tetrasaccharide intermediate 
AB(D)C.4 Th ese compounds bear an a-O-linked 
aminopropyl spacer at the anomeric position of 
the reducing end to allow their conjugation to a carrier protein. Ongoing immunological studies 
on the glycoconjugates prepared from the synthesized molecules and the native polysaccharide 
will provide information about the feasibility of a carbohydrate-based vaccine against C. diffi  cile.
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SYNTHESIS OF n-(β-D-GLYCOSYL) GUANIDINOACETAMIDES 
AND GUANIDINE LINkED n-GLYCOSYL AMINO ACIDS

Amrita Srivastava and Duraikkannu Loganathan*

Department of Chemistry, Indian Institute of Technology Madras, Chennai, 600036, India  
loganath@iitm.ac.in

Formation of sugar-amino acid linkage is a crucial event in the biosynthesis of the carbohydrate 
units of glycoproteins. Glycosylation is the most complicated co- or posttranslational 
modification that proteins undergo in nature. The β-glycosyl linkage of GlcNAc to asparagine 
(Asn) represents the most widely distributed carbohydrate-peptide bond and is the site of 
attachment for a large variety of complex and high mannose oligosaccharides in proteins with 
well-known biological functions. The β-glucosyl linkage to the guanidine group of arginine 
(Arg) is found in amylogenin, a glycoprotein from sweet corn. Such a linkage, a rare example of 
N-glycosyl bond,1,2 is often labile under physiological conditions.
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The present work is aimed at the design and synthesis of relatively stable Glcβ-Arg conjugates, 
potentially useful for enhancing the half-life of drugs such as erythropoietin. Our novel design, 
which is biomimetic in nature, is based on the conserved GlcNAcβ-Asn linkage of eukaryotic 
glycoproteins with a spacer between the glycosyl residue and the guanidine moiety. Two types of 
spacers, acetamido and triazole moieties, were chosen. The synthetic methodology involves, as a 
key step, the reaction of appropriately protected sugar unit containing a free amino group with 
suitably functionalized bis-Boc-thiourea3 or the reverse combination. Details of the synthesis of 
title conjugates and their structural characterization will be presented.
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 GALACTURONIC ACID LACTONES IN THE SYNTHESIS 
OF ALL TRISACCHARIDE REPEATING UNITS OF THE ZWITTERIONIC 

POLYSACCHARIDE SP1

Alphert E. Christina, Leendert J. van den Bos, Herman S. Overkleeft, Gijsbert A. van der Marel 
and Jeroen D. C. Codée

Bio-Organic Synthesis, Leiden Institute of Chemistry, Leiden University, 
PO Box 9205, 2300 RA Leiden, The Netherlands

christinaae@chem.leidenuniv.nl

Zwitterionic polysaccharides (ZPs) are the only class of bacterial polysaccharides that is capable 
of eliciting a T-cell dependent immune response, brought about in a MHC-II dependent manner.1 
In addition, ZPs have been shown to stimulate the innate immune system through interaction 
with the Toll-like receptor 2 (TLR2).2 To elucidate the mode of action of ZPs at the molecular 
level, well-defined ZPs fragments can serve as valuable tools. We therefore synthesized all possible 
trimer repeating units of the type 1 capsular polysaccharide of Streptococcus pneumonia, Sp1. A 
key feature of our synthesis is the use of 1-thio galacturonic acid lactones3 as a-selective donor 
and suitable nucleophilic acceptor building blocks.4
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DISPROPORTIONATION OF ALPHA-GLUCANS BY GLYCOSIDE HYDROLASE 
FAMILY 70 ENZYMES

Justyna M. Dobruchowska, Hans Leemhuis, Johannis P. Kamerling and Lubbert Dijkhuizen  

Microbial Physiology, Groningen Biomolecular Sciences and Biotechnology Institute (GBB), 
University of Groningen, Nijenborgh 7, 9747 AG Groningen, The Netherlands

j.dobruchowska@rug.nl

The glycoside hydrolase family 70 (GH70) (1) is a group of bacterial enzymes that synthesize 
a-glucan polymers such as dextran and mutan. These enzymes are called glucansucrases as they 
use sucrose as glucose donor. Until recently it was believed that sucrose was the only glucose 
donor used by GH70 enzymes, till it was reported that the Lactobacillus reuteri 121 GH70 
enzyme GTFB uses a-(1→4)-oligosaccharides, but not sucrose, as glucose donor to synthesize 
oligosaccharides high in a-(1→6)-glycosidic bonds even though the primary sequence of this 
enzyme is highly similar to sucrose utilizing GH70 enzymes (2). 
Here we report that several lactic acid bacteria encode a GH70 enzyme that disproportionates 
a-(1→4)-oligosaccharides and also starches, thus demonstrating that this reaction specificity is 
a common activity within the GH70 family and was not simply an abnormality found once only. 
The important feature of these enzymes is that they can generate a-glucan products with a high 
degree of a-(1→6)-glycosidic linkages starting with starches and as such hold great potential in 
the production of prebiotics. The a-glucan products made by these enzymes are studied in detail 
using analytical methods such as MALDI-TOF mass spectrometry and 1D/2D 1H/13C NMR 
spectroscopy. This revealed that the disproportionating GH70 enzymes form linear a-glucans, 
whereas the sucrose utilizing GH70 enzymes produce branched a-glucan polymers. These data 
are used to discuss the structure/function relationships of the GH70 family, which became 
possible with the recent publication of the first GH70 crystal structure (3).
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AMINOGLYCOSIDE BASED MIMICRY OF ANTIMICROBIAL PEPTIDES 

Smritilkeha Bera,1 Ramesh Dhondi,1 George, G. Zhanel,2 Frank Schweizer1,2 

 1Department of Chemistry, University of Manitoba, Winnipeg, MB, R3T 2N2, Canada, 
2Department of Medical Microbiology, University of Manitoba, Winnipeg, MB, R3A 1R9

schweize@cc.umanitoba.ca

The explosive growth of multidrug-resistant bacteria and the declining rate of antibacterial drug 
discovery have led to an emerging crisis where an increasing number of antibiotics cease to be of 
clinical usefulness. As a result, there is an urgent need for novel classes of antibacterial agents with 
new or combined mechanisms of action and reduced likelihood to lead to the development of 
resistance. Both, cationic amphiphilic peptides and aminoglycoside antibiotics contain multiple 
charges that ensure accumulation at polyanionic microbial surfaces. However, while cationic 
amphiphilic peptides enhance the permeability of the cytoplasmic bacterial membrane and/or 
translocate across the membrane and act on internal targets, aminoglycoside antibiotics interact 
predominantly with RNA after self-promoted uptake. Recent work has shown that amphiphilic 
aminoglycosides1-4 and amphiphilic aminoglycoside platforms5,6 (AAPs) restore antibacterial 
efficacy against aminoglycoside resistant strains. Preliminary mode of action studies indicate 
that AAPs display a different mode of action when compared to aminoglycoside analogs.7 The 
presence of a common cationic amphiphilic pharmacophore in both cationic antimicrobial 
peptides and amphiphilic aminoglycoside antibiotics suggests that AAPs can serve as functional 
mimics of AAPs. This talk will provide an update on our efforts to develop potent and nontoxic 
AAP-based antimicrobial peptidomimetics.
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INDUSTRIAL DEVELOPMENT 
OF COMPLEx, FULLY SYNTHETIC OLIGOSACCHARIDES

P. Potier

Sanofi Aventis, Route de Gap, 04200 Sisteron, France
pierre.potier@sanofi-aventis.com

For more than twenty years, Sanofi-Aventis has been involved in industrial oligosaccharide 
chemistry throughout hemi-synthetic or fully synthetic heparinoïds exhibiting anti-thrombotic 
activities and leading to very active compounds, some of them being on the market. 
Around ten fully synthetic oligosaccharides, dealing with up to 80 chemical steps, have been 
discovered by our researchers and then worked by our development teams in the aim of being 
able to produce hundreds of kilograms of active ingredients. These developments were done 
taking into account all important aspects of industrialization (safety, environment, regulatory 
aspects, GMP productions …) and managing the industrial risk (long cycle time synthesis, cost 
of goods…).
The presentation will be focused on representative steps and will deal with original synthesis, 
process improvement, batch productions results, carryover/mapping of impurities, robustness 
studies (DOE...), analytical developments and main issues.

This work has never been either published or presented.
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FLUORESCENT CYCLODExTRIN DERIVATIVES:
AID IN THE DEVELOPMENT OF NOVEL ANTICANCER STRATEGIES 

AND IN VISUALIZING BIOLOGICAL BARRIERS CROSSING

Milo Malanga, László Jicsinszky, Kata Tuza and Éva Fenyvesi

CycloLab Ltd., H-1097 Budapest, Illatos út 7, Hungary
milomalanga@gmail.com

In the recent past, nanostructures gained considerable attention in the field of medicine due 
to their ability to cross biological barriers (including the blood brain barrier, BBB) and to 
behave as effective drug delivery systems. These properties have made them promising tools 
to overcome some of the current therapeutic drawbacks related to the major diseases in our 
society, particularly cancer.
Cyclodextrins (CDs) are widely used by the pharmaceutical industry as drug carriers. The 
β-CD derivatives (those consisting of seven glucopyranose units) have special selectivity for 
complexing cholesterol therefore they have a potential for regulating the cholesterol trafficking 
as an active pharmaceutical ingredient. It is still, however, not understood how CDs work, if 
they can cross the biological barriers such as BBB.
In order to provide useful tools for studying the behaviour of promising nanostructures in 
antitumor therapy and for following the transmembrane processes in a sensitive and non-
destructive way we prepared several fluorescent CD derivatives.
The introduction of a chromophore to cyclodextrins is not always a simple task. One difficulty is 
often originated from the reactivity of the hydroxyl group which is usually accompanied by poor 
regioselectivity and poor control of the degree of substitution. Additionally, the complexation of 
the chromophore causes further complications and the purification of the products is laborious. 
The first task of the synthetic work consisted in the introduction of the azide/amino function 
in the selected CDs (such as βCD, (2-hydroxy)propyl-βCD, carboxymethyl-βCD, randomly 
methylated-βCD) to create the key intermediates  for the following fluorescent modifications. 
Among the tested methods, click chemistry and the Edman coupling approach were proven to 
be the most effective in the synthesis of fluorescent CDs. We have developed new rhodaminyl-, 
fluoresceinyl- and nitro-benzofurazanyl CD derivatives. The structures were confirmed  by 
spectroscopic methods and capillary electrophoresis.

Acknowledgement: The support of Marie Curie Programme Initial Training Network - Project 
N° 237962 (CYCLON) is greatly acknowledged.

OL 153



16th European Carbohydrate Symposium

213

ORAL PRESENTATIONS

OL 154

PROTECTED SULFATE GROUPS – AN APPLICATION TO THE SYNTHESIS 
OF SULFATED SACCHARIDES–

Kenya Matsushita, Shinji Funamoto, Jun-ichi Tamura 

Tottori University, Tottori, 680-8551 Japan

Naturally occurring saccharides often have O- and N-sulfates which deeply relate to various 
biological activities depending on the sulfation patterns. However, sulfated poly- and 
oligosaccharides, such as bioactive chondroitin sulfates and heparan sulfates, consist of different 
repeating units with various sulfation patterns. Although precisely sulfated oligosaccharides at 
the specific positions are useful tools for medical purposes, it is difficult to prepare the substrates 
for probes having homogeneous sulfation patterns from nature.
On the other hand, chemical synthesis is a powerful method to get the substrates having sulfate 
groups at the specific positions. Generally, chemical sulfation at the liberated hydroxyl and 
amino groups are executed in the final stage of the total syntheses. In spite of the worked out 
planning, we still have some difficulties to get the sulfated products. Some hydroxyl groups resist 
the sulfation. In addition, acetamides of the substrates are occasionally sulfated and prevent the 
following O-sulfation1. 
Recently, 2,2,2-trichloroethoxy sulfate ester was reported as a protected sulfate2. The 
trichloroethoxysulfonated sugars have high solubility in nonpolar aprotic solvents such as 
dichloromethane, and are useful for many reactions including glycosylation. The appropriate 
saccharide moieties having protected sulfates strongly contribute to the modular synthesis of 
larger glycans. Nevertheless, the protected sulfates are still ambiguous to be used in many organic 
reaction conditions. These facts prompted us to apply the protected sulfate groups to our on-
going project, synthesis of the sulfated carbohydrates. We executed the protected sulfation to the 
multifunctional alcohols. In addition, we examined the influence and tolerance of the protected 
sulfates against the various kinds of reactions.
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A NOVEL STEREOSELECTIVE SYNTHESIS OF CHIRAL CYCLOPENTANE

Raid Abdel-Jalil,1 Wolfgang Voelter,2 and Thomas Steinbrecher 3 

1 Chemistry Department, College of Science, Sultan Qaboos University, Muscat-Oman, 
2 Interfakultüres Institut für Biochemie, Universität Tübingen, 

Hoppe-Seyler Straße 4, 72076  Tübingen, Germany, 
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The development of new routes for the stereospecific synthesis of cyclopentane rings continues 
to attract attention due largely to the wide variety of natural products containing this structural 
unit which exhibit a broad spectrum of biological activities.  Herein, we1 report a regio- and 
stereoselective annellation of cyclopentane on pyranoside ring in one step and high yield protocol. 
The reaction of the intermediary reagent 3-lithio-2-[lithiomethyl]-propene with the β-L sugar 
triflate 1 leads to the formation of 1-methylene-(benzyl3,4-dideoxy-a-D-arabinopyranoso)-
[3,4-c]- cyclopentane (3). Applying the same reaction conditions on the a-D isomer 2 leads to 
the formation of benzyl 2,3-anhydro-4-deoxy-4-C-(2-methylpropen-3-yl)-β-L-lyxopyranoside 
(4). A theoretical investigation was also carried out to calculat the heat of formation and most 
stable structure of the intermediates in an attempt to justify these data.
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SYNTHESIS OF MUCIN o-GLYCAN CORE STRUCTURES FOR THE INVESTIGATION 
OF BINDING TO GUT BACTERIA

Stefan Oscarson*, Fana Abraha and Martin Hollinger
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Belfi eld, Dublin 4, Ireland

Fana.Abraha@ucdconnect.ie, Stefan.Oscarson@ucd.ie

Mucosa is the innermost layer of the gastrointestinal tract (GI) that is surrounding the lumen 
and forms a major barrier between the internal and external environment which are constantly 
exposed to microorganisms.1,2 Helicobacter pylori and Campylobacter jejuni are pathogenic 
species responsible for acute and chronic infections of the human gut.2,4 We want to investigate 
the interaction between these bacteria and mucin glycoproteins.
A number of mucin O-glycan core structures (1-7) with diff erent aglycons have been synthesized 
(Figure 1). Th ese structures will be used for identifying binding structure hits and preparation of 
microarrays. Diff erent methodologies will be investigated to generate the target core structures.

Figure 1. Mucin type O-glycan core structures with diff erent a-glycosidic linkers.
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UNUSUAL STEREOSELECTIVITY OF GLYCOSYLATION OF 
NOVEL 4-(2-CHLOROETHOxY)PHENYL ARABINOFURANOSIDE

Polina I. Abronina, Nikita I. Podvalnyy, Alexander I. Zinin, Vladimir I. Torgov, 
Leonid O. Kononov

N. D. Zelinsky Institute of Organic Chemistry, Leninsky prospect, 47,
11991 Moscow, Russian Federation

kononov@ioc.ac.ru

Development of novel approaches to stereoselective synthesis of 1,2-cis-arabinofuranosides 
related to mycobacterial arabinans remains an important task, and a variety of approaches have 
been proposed for this purpose.1,2 Thioglycosides 1 with conformationally-restricting 3,5-O-(di-
tert-butylsilylene) group (DTBS) and non-participating (usually benzyl) group at O-2 have 
been successfully used by others1 and us3 for straightforward introduction of 1,2-cis-linked 
arabinofuranose residues into oligosaccharides by low-temperature glycosylation in CH2Cl2 
promoted by NIS–AgOTf. Here, we report that glycosylation of monosaccharide acceptor 2 with 
thioglycoside 1a (Ar = Ph, R = Bn) unexpectedly resulted in selective formation of 1,2-trans-
linked disaccharide (a:β = 5:1) while thioglycoside 1b (R = TIPS) performed as expected 
according to 1,2-cis-selective glycosylation pattern (a:β = 1:4.5). This prompted us to vary 
protecting groups at O-2 (R = Bn, MPM, TIPS, Ms, TCA, TFA, etc.) and O-3/O-5. In particular, 
we found that the use of glycosyl donor 1c (R = TFA) with acyl (trifl uoroacetyl) group at 
O-2 slightly improved stereoselectivity towards β-anomer (a:β = 3:1) when compared with 1a 
possessing alkyl (benzyl) group. Even more unusual was the observation that glycosyl donor 3 
containing only acyl protecting groups gave the corresponding disaccharide with essentially the 
same stereoselectivity (a:β = 3.8:1). These results indicate that (1) 3,5-DTBS protection does 
not always lead to enhanced 1,2-cis-selectivity (and hence the current theoretical background 
may need revision) and (2) TFA group might be regarded as a non-participating protecting 
group. This work was supported by RFBR (projects No. 10-03-01019, 11-03-00918, 11-03-
00925).
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STEREOCONTROLLED SYNTHESIS OF POTENTIAL ACCEPTORS 
OF GLYCOSYLTRANSFERASES IMPLICATED 

IN PROTEOGLYCAN’S BIOSYNTHESIS

K. Ait-Mohand,1 C. Lopin-Bon,1 J.-C. Jacquinet1  

1Institut de Chimie Organique et Analytique (ICOA)-UMR CNRS 6005, 
Université d’Orléans-BP6759, 45067 Orléans (France)

katia.ait-mohand@univ-orleans.fr  

The proteoglycans (PGs) are macromolecules which are composed by glycosaminoglycans 
(GAGs) covalently linked to a core protein by the intermediary of a common tetrasaccharidic 
linkage structure. The key step in the assembly of PGs is a sequential stepwise addition of each 
saccharidic unit by respective O-glycosyltransferases1,2 (Fig. 1).
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Fig. 1 The linkage region of proteoglycans.3 

The aim of this work is to better understand the GAG’s assemblage process and in particularly, 
the influence of the sulfation of the linkage sequence on the orientation to CS or HS chains. In 
this aim, a library of biotinylated acceptors of the linkage region without sulfate or monosulfated 
in positions 4 or 6 of the two galactose unities, alternatively (1), have been synthesized from 
commercial D-galactose (2) and D-glucurono-6,3-lactone (3) (Fig. 2). 
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Fig. 2 Synthesis strategy

All these compounds will be tested as potential substrates of the CS GalNAcT and the HS 
GlcNAcT, which initiate biosynthesis of CS and HS chains.
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SYNTHESIS OF SILYL PROTECTED gLuCo-PYBOx LIGANDS
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Processes using water as a reaction medium have recently attracted a great deal of attention, 
partly because of the unique properties of this solvent but chiefly due to its green chemistry 
aspect.1 Running Lewis acid catalysed reactions in aqueous media is especially challenging as 
many Lewis acids are destroyed by water. Jacek Mlynarski and co-workers achieved excellent 
results for asymmetric Mukaiyama-aldol reactions2 in water, using zinc triflate in combination 
with a sterically demanding and hydrophobic pyridylbis(oxazoline) ligand (he-pybox).3,4
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Our group has recently introduced a series carbohydrate-derived bis(oxazoline) ligands based on 
d-glucosamine5,6 In a collaboration project with the Mlynarsky group, we are working towards 
the application of these ligands in aqueous asymmetric Mukaiyama aldol reactions. In initial 
experiments, our ligand 3-OH-glucoBox achieved only moderate stereoselectivities, therefore 
we are currently testing persilylated and selectively 3-O-silyl protected glucoPybox ligands in 
combination with various metals salts for asymmetric Mukaiyama-aldol reactions in aqueous 
media.
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Maltose phosphorylase from Enterococcus sp. catalyses the reversible phosphorolysis of maltose 
to form glucose and β-D-glucose-1-phosphate. In the reverse reaction mode, its capability to 
catalyse the formation of disaccharides from β-D-glucose-1-phosphate and various glucose 
analogues such as D-xylose, 2-deoxyglucose or 6-deoxy-glucose can be utilized to synthesize 
maltose analogues.¹
Maltose analogues are of interest as precursors for nutritional supplements, biomimetic polymers 
and as building blocks for innovative pharmaceutical excipients such as novel cyclodextrins. 
Enzyme reaction systems based on maltose phosphorylase are under development which 
permit large-scale enzyme catalysis, cycling of intermediates and regeneration of substrates.² 
Glycomimetics of maltose are being tested as substrates of cyclodextrin-glycosyltransferase³ 
with the aim of discovering new, useful analogues of maltooligosaccharides or cyclodextrins. 
Over-all, syntheses are being designed to maximize enzyme-catalysed steps and minimize 
environmentally less benign organic-chemical reaction sequences.
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Th e consumption of fruits and vegetables with high levels of polysaccharide fi bres is known to 
be an important aspect of a healthy diet but our present understanding of the precise in vivo ef-
fects of plant fi bres is limited. We aim to elucidate the connection between dietary fi bre and he-
alth specifi cally in relation to cancer treatment and prophylaxis. Th e key goals are to investigate 
the molecular basis of the interaction between specifi c glycan structures present in dietary fi bre 
and a class of carbohydrate-binding proteins called galectins that are typically over-expressed 
on the surface of multiple myeloma and other cancer cells. Th is interaction is known to trigger 
apoptosis of cancer cells in vitro and is thought to be the basis of the anti-cancer activities of 
certain pectic polysaccharides in vivo. 

Since galectins are known to bind galactose-containing moieties, such as pectic galactan, the 
preliminary focus has been on oligogalactosides. Th e fi rst oligosaccharides to be investigated 
were linear β-(1→4)-linked oligogalactosides of four to eight residues. 
Th e problem of the inherently low reactivity of the axial 4-hydroxyl of D-galactose has been 
adressed through the use of a 1,6-anhydro sugar in the fi rst glycosylation. Th e disaccharide was 
subsequently converted to the corresponding thioglycoside which served as building block for 
the synthesis of the target molecules. Th ese were conjugated to bovine serum albumin, immobi-
lized on microarrays and screened against recombinant galectin and antibodies.  
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Glycoside analogues, in which oxygen atom was replaced by other atoms, such as carbon, 
nitrogen and sulfur, enhanced binding properties or increased stability toward enzymatic 
degradation, compared with the natural glycosides.1 It has great interest to investigate the 
biological properties of these pseudo glycosides containing selenoglycosidic linkage.
Recently, we have reported a facile synthetic method for β-selenoglycoside and succeeded 
in various selenoglycosides.2 The reactions between p-methylbenzoyl selenoglycoside and 
bromides (alkyl, aryl and glycosyl) in the presence of secondary amine and Cs2CO3 gave the 
corresponding β-selenoglycosides in high yields, respectively.
In this study, the typical selenohexopyranosides, β-selenogalactoside and β-N-acetyl-
selenoglucosaminide (Fig. 1) were systematically synthesized to examine their susceptibilities 
(Fig. 2) and inhibitory activities against the corresponding glycosidases, β-galactosidase and 
β-hexosaminidase. Furthermore, the kinetic constants (Km, Vmax and Kcat) were measured to 
compare with the corresponding O-glycosides. 
 

 

Fig.1  Synthesized selenoglycosides in this study      Fig. 2  Time course of hydrolysis of PNP-Se-Gal  
                                                                                            by β-galactosidase from E. coli
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D-myo-Inositol 1,4,5-trisphosphate (InsP3) is a ubiquitous Ca2+-releasing second messenger 
involved in a wide range of cellular functions.1 Consequently, many syntheses of both the 
natural InsP3 and numerous unnatural derivatives have been completed.1 We have previously 
reported the synthesis of InsP3 and derivatives from a 6-deoxyhex-5-enopyranoside via a Ferrier 
rearrangement.2,3 However, this process involved use of super stoichiometric mercuric acetate 
and proceeded in moderate yield. Consequently, we are interested in evaluating the efficiency of 
other metals in mediating the Ferrier rearrengment. During our studies toward a gold-mediated 
Ferrier rearrangement, we observed the surprising formation of the anhydrosugar derivatives 3 
and 4 from 6-deoxyhex-5-enopyranosides 2.
The precursor 2 was synthesised in five steps from methyl a-D-glucopyranose 1 (Scheme 1).2 
A range of reaction conditions, employing gold catalysts, was investigated in order to obtain 
inositol derivatives. However, the treatment of compound 2 with AuCl3 and AgBF4 unexpectedly 
resulted in the formation of 3 and 4 in 9 and 27% yield, respectively (Scheme 1). Compound 3 
is potentially an intermediate in the synthesis of the glycosidase inhibitor, 1-deoxynojirimycin, 
via 5-ketoglucose.4 To the best of our knowledge compound 4 has not been previously reported.
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Scheme 1. Synthesis of compounds 3 and 4. Reagents and conditions: (i) PhCH(OMe)2, THF, rt, 
50%; (ii) NaH, BnBr, DMF, rt, 84%; (iii) DIBAL-H, CH2Cl2, rt, 81%; (iv) DMP, CH2Cl2, rt, 67%; 
(v) K2CO3, Ac2O, DMAP, MeCN, reflux, 61%; (vi) AuCl3, AgBF4, dioxane/water (4:1), reflux, 9% 
of 3 and 27% of 4.

In conclusion, progress has been achieved in the synthesis of anhydrosugars 3 and 4, which are 
useful precursors to a range of biologically important compounds.
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Galectins are a family of animal proteins characterised by their affinity for β-galactoside 
containing glycans, and sharing consensus amino acid sequences. They play important roles in 
cancer, contributing to tumor cell survival, angiogenesis and tumor metastasis.1 Anti-galectin 
compounds have been proposed as potential anti-cancer drugs, in that they can restrict the levels 
of migration of several types of cancer cell.2 Matrix Metalloproteinases (MMPs) are a family of 
mammalian endopeptidases involved in the degradation of extracellular matrix components, 
thus playing a key role in different tissue remodelling processes. Their overexpression or wrong 
modulation are also related to cancer.3 The development of MMP inhibitors has gathered much 
efforts in the drug discovery field in the last few years.4

We present here a new ligand designed for targeting both class of proteins. The interaction of 
compound 1 with Galectin 3 and Matrix Metalloproteinase 12 have been studied by NMR from 
both the perspective of the ligand (STD and trNOE)5 and the proteins (1H-15N HSQC chemical 
shift mapping).6 These experimental results together with molecular modeling allow us to 
picturise a 3D model of the interaction.
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One of the already known strategies to obtain potent and systemically active antinociceptive 
enkephalin analogues is to make use of glycosylation technologies. Early studies in our group 
have revealed that the introduction of glucose and galactose via O- linkage to Hyp5 of the Tyr-
D-Met-Gly-Phe-Pro-NH2 enkephalin sequence1 greatly improved its antinociceptive activity, 
but there was a clear cut diff erence in that the galactosyl analogue was always more potent than 
the glucosyl2. Th ese diff erences were temptatively explained by the diff erent conformations of 
the analogues3. Recently, we have prepared a manosyl derivative of morphine which has shown 
remarkable antinociceptive properties that may be attributed to a particular dynamic behaviour 
of the molecule4. To explore if an opioid peptide ligand may also show similar biological and 
conformational eff ects than those induced on morphine by the mannosyl residue, we have 
further expanded our SAR studies on the neoglycopeptide structure shown below. 

The synthesis of the six neoglycopeptides and of their parent compound have been performed 
by solid-phase peptide synthesis. Their binding affi nity for the d- and m- zebrafi sh cloned opioid 
receptors have been assessed. NMR conformational studies in aqueous and membrane model 
media have also been conducted to explain the different affi nities of these compounds.
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The Burkholderia cepacia complex (Bcc) is a group of genetically distinct but phenotypically 
similar bacteria with interesting environmental and biotechnological potential [1]. Bcc cause a 
variety of infections in immunocompromised patients, in patients with cystic fibrosis (CF) and 
granulomatous disease and is responsible for the “cepacia syndrome” that leads to rapid lung 
deterioration. Within the Bcc, B. ambifaria is one of the species that has been isolated from CF 
patients [2]. As observed for other opportunistic bacteria [3], species from the Bcc have been 
reported to produce soluble lectins able to bind to glycoconjugates present in human tissues 
[4]. This work describes the production and characterization of BamL, a new lectin from B. 
ambifaria. BamL, that presents similarity with a lectin from the plant pathogen Rasltonia sola-
nacerarum and binds with micromolar affinity to fucosylated ligands with a preference for blood 
group epitopes. Crystal structures of BamL in complex with a-methyl-fucoside, blood group 
B, blood group H and lewis X oligosaccharides have been solved at high resolution. BamL is a 
homotrimeric β-propeller with two binding sites per monomer. We have used giant unilamellar 
vesicles with incorporated glycosphingolipids that represent a minimal cellular plasma mem-
brane to define BamL cellular receptors. We show that, in this context, the binding of BamL was 
optimal with blood group A glycolipids. In conclusion, these results underline a new type of 
lectin from a member of Bcc with binding preferences for blood group epitopes. These epitopes 
might be used by the bacterium to bind and invade human cells. Consequently, BamL constitute 
a potential target for anti-adhesive treatments.
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Oligosaccharides have immense biological impact as secondary metabolites. Th e biological 
importance of oligosaccharides has rendered them targets of intense examination and syntheses. 
Since the microheterogeneity of carbohydrates limits the amount of pure oligosaccharides that 
may be isolated from natural sources, chemical synthesis is essential to procure appreciable 
quantities of material for biological studies.[1]

Lipopolysaccharides (LPS) are a major component of the outer membrane of the cell wall and are 
considered as a virulence factor of Gram-negative bacteria, including Providencia.[2] In order to 
facilitate detection of Providencia bacteria the heptasaccharidic repeating unit of the LPS (Fig. 1) 
will be synthesized by a (4+2+1) strategy. At fi rst, all appropriate building blocks for the required 
branching and respective selectivities at the anomeric centres have to be created. Immunization 
studies using this target molecule will be performed to get access to corresponding antibodies.

Figure 1. A heptasaccharidic repeating unit of LPS from Providencia rustigianii.
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Basils belong to Genus Ocimum in Lamiaceae and distribute worldwide as a king of herbs. In 
Southeastern Asia three different species, Ocimum basilicum L., O. x citriodorum L. and O. 
americanum L., are commonly cultivated and their nutlets were used in cold drinks as a kind of 
dietary fibers after swelling in water with addition of sweetners and an antipyretic pharmaceutical 
agent. Hydrogels produced from the epicarp of their edible nutlets are present as a composite 
of cellulose and hemicellulosic polysaccharides differing in proportion among species. In this 
study, precise chemical structures of the hemicellulosic polysaccharides present in the hydrogels 
exuded out from three species of basils were comparatively characterized by methylation, 
NMR spectroscopic and MALDI-TOF and MALDI-TOF/TOF mass spectroscopic analyses in 
relation to their rheological properties. The neutral fraction is commonly composed of a mixture 
of at least three types of polysaccharides consisting of arabinan, arabino-(1,3;1,6)-galactan 
and a small amount of glucomannan the amount of which differed among species. The acidic 
fraction is, however, exclusively composed of a β-(1,4)-linked xylan substituted highly with 
4-O-methylglucuronic acid with a molar ratio of 1.6-1.8:1.0.  By the MALDI-TOF and MALDI-
TOF/TOF mass analysis of the partially hydrolyzed materials from the reduced acidic xylan, a 
series of 37 ions as [M+Na]+ from m/z 349 (X1MG1; X = Xyl, MG = 4-O-methylglucose)  to m/z 4046 
(X17MG10) were identified. Furthermore, a similar experiment by using the partially hydrolyzed 
native acidic xylan gave 13 ions with the parental ion as [M+Na]+ at m/z 2633 (X11MGA6; MGA 
= 4-O-methylglucuronic acid). Presence of contiguous substitution with 4-O-methylglucuronic 
acids in an irregular fashion was also indicated by the MALDI-TOF and MALDI-TOF/TOF 
methods. Viscoelastic properties are largely depending upon the cellulose content. The results of 
analysis of interaction between cellulose and hemicellulosic polysaccharides by graded alkaline 
solutions and microwave heating indicate that the acidic xylans were weakly associated with 
cellulose, although they are the major contributor for maintaining hydrogel structure1.  
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Nectrisine (1) (Scheme 1), isolated from  the fungus Nectricine lucida as immunomodulator 
FR-900483,1 had been found to exhibit inhibitory activity on a–glycosidases.2 Furthermore, 
nectrisine is involved in the prevention of diff erent deseases such as immunosuppresed mice1a 
and Newcastle disease virus.1b 
Due to its important biological activity, organic chemists have been interested on the development 
of new methods for the synthesis of this compound from the chiral pool componds such as 
diethyl tartrate,3,4 aminoacids,5,6 and carbohydrates.7,8

We present a formal synthesis of the target compound. Th e synthetic route starts with racemic 
butadiene monoepoxide 6, which is transformed into the chiral allylic amine 5 via a Pd-catalyzed 
Dynamic Kinetic Asymmetric Tranformation.9 Ru-cross-metathesis reaction of 5 with diff erent 
a,β-unsaturated carbonyl compounds, followed by Os-catalyzed dihydroxylation aff ords the 
useful intermediate 3. Deprotection of the benzoate group, deprotection of N-Boc group and in 
situ cyclization renders lactame 2 from which synthesis of Nectrisine has been already reported.5
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IN VITRO AND IN VIVO MECHANISMS OF THE YEAST 
OLIGOSACCHARYTRANSFERASE ACCESSORY PROTEINS OST3 AND OST6 

AND THE HUMAN HOMOLOGS N33 AND IAP
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Protein N-glycosylation is a common and essential co- and post-translocational modification 
of membrane and secreted proteins that in eukaryotes is catalysed by the multicomplex en-
zyme Oligosaccharyltransferase (OTase) (1). A number of the genes that encode for subunits 
within the OTase complex have been implemented in human health and disease such as prostate 
cancer, ovarian cancer and mental retardation. The specific glycan structures modulate protein 
function in developmental programs, during immune responses, in cell-cell interaction and in 
many other cellular processes. With over half of all proteins predicted to be glycosylated, the 
sequence and structural diversity of protein acceptor sites is extraordinarily large (2). Incorpo-
ration of either of the homologous proteins Ost3p or Ost6p in OTase results in two isoforms of 
the yeast enzyme, which have different protein substrate specificities at the level of individual 
glycosylation sites (3). 
Here we present in vitro and in vivo analyses that map specific interactions that can occur be-
tween substrate proteins and yeast Ost3/6p. We also present the expression profile of the human 
Ost3 and Ost6 homologs, N33 and IAP, in a panel of breast cancer cell lines. 
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TOLL-LIkE RECEPTOR 4 (TLR4) RECOGNIZES RHAMNOMANNANS 
OF PseudaLLesCheria boydii CELL WALL
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Pseudallescheria boydii is a saprophytic fungus widespread in the environment, and has recently 
emerged as an agent of localized as well as disseminated infections in both immunocompro-
mised and immunocompetent hosts [1]. The host response to fungi is in part dependent on 
activation of evolutionary conserved receptors including toll-like receptors and phagocytic re-
ceptors. However, the molecular nature of fungal ligands responsible for this activation is largely 
unknown. In this work, we describe the isolation and structural characterization of a rhamno-
mannan from P.boydii cell wall and evaluate its role in the induction of innate immune response.
We have previously shown that an a-glucan stimulates the secretion of inflammatory cytokines 
by macrophages and dendritic cells and induces cytokine secretion by cells of the innate im-
mune system through TLR2, CD14 and MyD88 [2]. A fraction highly enriched in rhamnoman-
nans characterized by NMR, high performance TLC and GC-MS, triggered cytokine release by 
macrophages, as well as MAPKs phosphorylation and IkBa degradation. Cytokine release in-
duced by P.boydii-derived rhamnomannans was dependent on TLR4 recognition and required 
the presence of rhamnose non-reducing end units, but not of O-linked oligosaccharides from 
peptidorhamnomannan. These results indicate that P.boydii-derived rhamnomannans are mo-
lecular patterns recognized by TLR4. These results add new information on the role of mannan-
containing polymers in the recognition of fungal pathogens. 
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ACID-CATALYSED INTRODUCTION OF p-METHOxYBENZYL ETHER: 
A NOVEL ALTERNATIVE
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Benzyl type protecting group such as benzyl (Bn) or p-methoxybenzyl (PMB) ethers always 
play a central role in strategies for oligosaccharide synthesis. Usually, they are introduced by in 
strong basic media. Such conditions are not eligible for alkali-labile protecting groups nor for 
compounds, which could be sensitive to racemisation or β-elimination.
Methods for acid-catalysed introduction of p-methoxybenzyl (PMB) ethers have already been 
developed. Some are not so convenient: the low stability of the reagent leads to low yields and 
messy reactions (p-methoxybenzyl trichloroacetimidate).1 Others are not so easy to prepare: 
obtained via nitrile from the corresponding amides at –78°C (p-methoxybenzyl perfluoroace-
timidates).2

First of all, we want to report here the successful preparation and application of a novel benzyl 
type reagent: the p-methoxybenzyl N-phenyl-2,2,2-trifluoroacetimidate (1). The synthesis of 
this imidate is very efficient (starting from commercially available reagents) and it has been 
obtained as very stable crystals (stable for one year at room temperature). We want to exemplify 
here the application of this reagent to introduce very cleanly and with very mild activation p-
methoxybenzyl ethers. 
In a second time, we want to outline the utilisation of the known p-methoxybenzyl lepidine (2)3: 
we mention a new type of activation for this lepidine with trimethylsilyl triflate or lanthanide 
triflates. These new activations afford slowly but cleanly the p-methoxybenzylated compound 
without troublesomes.
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«ONE POT» REGIOSELECTIVE PROTECTION: AN EFFICIENT PREPARATION 
OF kEY SYNTHONS INVOLVED IN HEPARAN SULFATE FRAGMENTS 

SYNTHESIS
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Heparan sulfate (HS) is a sulfated glycosaminoglycan formed by repetition of a basic disaccha-
ride: an uronic acid (L-iduronic or D-glucuronic) linked to a D-glucosamine by β(1-4) ligation. 
HS is one of the most heterogeneous biopolymers by both existence along the chain of large 
range of sulfation and epimerisation pattern.1 In order to access to this molecular diversity, we 
develop combinatorial methods syntheses of HS fragments by oligomerisation of suitably func-
tionalised disaccharide building blocks.2

We will present our results on a highly convergent synthesis, based on extremely regioselective 
reactions. We particularly pointed out the regioselective introduction of 
- benzylidene/p-methoxybenzylidene, 
- benzyl ether by reductive etherification
- selective 6-acetylation by temporary in situ protection.
This methodology afforded in particular disaccharide 2a and 2d from the sole precursor 1
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2a: R1 = Bn; R2 = Ac
2b: R1 = R2 = Bn
2c: R1 = R2 = Ac
2d: R1 = Ac; R2 = Bn

1

Access to this molecular diversity will allow us to prepare libraries of HS octasaccharides frag-
ments in order to achieve the molecular optimization of 2O10, a dimeric octasaccharide, which 
has shown an ability to inhibit both interaction between interferon-g (IFN-g) / IFN-g receptor 
and IFN-g / HS. The decrease in pro-inflammatory action of IFN by such glycoconjugates is an 
innovative therapeutic lead for treatment of many disabling inflammatory pathologies.
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ON GALACTOSAMINE – MODIFIED LIPID A OF franCiseLLa tuLarensis
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F. tularensis is a highly infectious human pathogen which causes tularaemia, an extremely con-
tagious lethal pulmonary disease, which is of concern because of its potential for bioterrorism. 
An important role in the pathogenesis of Francisella infections plays its tetraacylated lipid A, 
which lacks 4′-phosphate and is covalently modified with a-D-GalNH2 at the reducing phos-
phate.[1, 2] Since around 90% of Francisella Lipid A is present in a free form, i.e., not 6′- linked to 
Kdo, and, presumably, 6′-linked to a a-D-glucose residue [3], lipid A-based neoglycoconjugates 
containing the epitope GlcN(β-1→6)GlcN(a-1→P→1-a)GalN, which is conserved in all viru-
lent Francisella strains, will be of considerable use for the generation of specific antibodies in an 
attempt to elaborate effective sub-unit vaccines and might be utilized in diagnostic immunoas-
says as capture antigen.
An efficient approach based on the H-phosphonate methodology was elaborated for the con-
struction of glycosyl phosphodiesters in which the anomeric centres of a-D-GalN and a-D-
GlcN are the parts of the phosphodiester bond. Conformation-constraining 4,6-DTBS pro-
tection of GalN was employed to ensure the a-selective phosphitylation. Conditions for final 
deprotection which warrant the integrity of anomeric phosphodiester were optimized. The in-
troduction of the thiol-terminated spacer allows either coupling to BSA or immobilization on 
gold nanoparticles.

Acknowledgments: Financial support from FWF (grant P 21276) is gratefully acknowledged. 
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ENTEROCOCCAL CELL WALL POLYSACCHARIDE – A PUTATIVE MECHANISM 
TO MISLEAD THE IMMUNE SYSTEM
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Enterococcus faecalis is a commensal Gram-positive bacterium commonly found in the hu-
man gastrointestinal tract. It is also a causative agent of urinary tract infections, endocarditis  
and bacteraemia1. One of the keys to understanding the mechanism of enterococcal pathogenesis  
is to identify virulence factors expressed by the bacterium such as proteins and capsular polysac-
charides. Cell-wall-associated polysaccharides (CWP) are a major structural component  
of the entercococcal cell wall influencing not only biofilm formation and adherence to host tis-
sues, but also resistance to host defence mechanisms such as phagocytosis and induction of host 
inflammatory responses2,3,4. 
Complement induced opsonophagocytic killing seems to be more efficient in E. faeca-
lis V583Δ1172 insertion mutant (mutation of tagB gene) than in E. faecalis wild type strain. 
Preliminary analysis of CWP after cleaving the phosphodiester bonds and size exclusion 
chromatography revealed the presence of a polysaccharide lacking in the mutant strain.  
Therefore we hypothesise that the polysaccharide fraction absent in the mutant strain may con-
tribute to resistance of complement induced opsonophagocytosis in E. faecalis V583. Composi-
tional and methylation analysis of this polysaccharide revealed the presence of terminal gluco-
se, 1,2- and 1,2,3-linked hexosamines and ribitol as main constituents. HPLC analysis allowed 
obtaining two subfractions, which indicated the high heterogeneity of the material and compli-
cated the structure elucidation. Further investigations are on the way.
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SYNTHESIS OF n-DEACYLATED PEPTIDOGLYCAN FRAGMENTS 
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Peptidoglycan is an essential and unique structural part of the bacterial cell wall. It has a 
polymeric structure with alternating N-acetyl-glucosamine (GlcNAc) and N-acetyl-3-O-(R)-
lactyl-glucosamine (muramic acid, MurNAc) linked through β-1→4-bonds. The lactyl moiety 
of MurNAc is covalently attached to a pentapeptide chain, that is employed in polymer cross-
linking. Structural modifications in the glycan strand often affect bacterial recognition by hosts. 
One of the most common modifications is N-deacetylation. It has been recently demonstrated 
that the absence of N-acetyl substituent in the glucosamine residue of peptidoglycans from 
Listeria monocytogenes – a Gram positive human intracellular pathogen – is critical for the 
bacterium to evade or at least mitigate the host innate immune system, survive in gastrointestinal 
environment and disseminate to various organs by surviving in human macrophages.1 Similar 
results were found in other Gram positive bacteria and, very recently, in Helicobacter pylori, a 
Gram negative pathogenic bacterium infecting over 50% of humans.2 On the contrary, in the 
case of the Gram negative phytopathogenic bacterium Xantohomas campestris pv. campestris 
the effect of N-deacetylation at glucosamine site seems to hyper-elicitate a plant immune 
response.3 In the last decade there was a great deal of activity directed toward the chemical 
synthesis of several peptidoglycan fragments,4 because of the lack of pure and discrete species 
for precise structural and biochemical studies. Nonetheless, to the best of our knowledge, no 
synthesis of N-deacetylated-GlcN-containing structures has been reported yet. For this reason 
and in light of our interest in the chemical synthesis and phytopathological study of microbe-
associated molecular patterns (MAMP)-related compounds,5 we embarked in the synthesis of 
peptidoglycan fragments containing N-deacetylated glucosamine units.6
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The conformation of the basic structural unit of cellulose, cellobiose, was investigated by re-
sidual dipolar coupling constants (RDCs) using NMR spectroscopy. Our data is compatible 
with the existence of syn-conformations for both f and y dihedral angles. We were not able to 
ascertain the existence of minor anti-conformers predicted theoretically1. During this work we 
have developed new 13C-detected NMR methods for the measurement of proton-carbon RDCs. 
These were essential for the structural investigation of cellobiose - a disaccharide that shows 
considerable overlap of 1H resonances even at 800 MHz.
One-bond proton-carbon RDCs (1DCH) are the most readily accessible coupling constants that 
are often measured in structure elucidation studies of small molecules with natural abundance 
of 13C. Traditionally, and certainly for more weakly aligned samples, this type of measurement 
is performed using 1H-detection and frequency-based methods. However, a recent introduction 
of cryogenically cooled probes with a cooled 13C preamplifier or even direct 13C-detection has 
boosted the sensitivity of 13C-detection significantly. Capitalizing on this development and the 
unique high-resolution of 1D 1H-decoupled 13C NMR spectra, the measurement of 1DCH cou-
pling constants now looks very promising. We present here one-dimensional, intensity-based 
13C-detected methods that provide these coupling constants with high-accuracy. 
In some structural motives the orientation of CH vectors is highly degenerate, meaning that 
1DCH coupling constants alone are not sufficient for the calculation of the alignment tensors. The 
long-range proton-carbon RDCs (nDCH) sample many more internuclear orientations therefore 
allowing the alignment tensors to be properly characterized. We have, therefore, also developed 
intensity-based 13C-detected methods that provide small nDCH coupling constants with high-
accuracy.
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DC-SIGN (Dendritic Cell-Specifi c Intercellular adhesion molecule-3-Grabbing Non-integrin) 
is a C- type receptor present on both dendrimeric cells and macrophages. Lectin DC-SIGN has 
a high affi  nity for d-mannose and a moderate affi  nity for l-fucose, for this reason it is able to 
recognize pathogens that express mannosylated and fucosylated glycoproteins at their surface 
including HIV-1, hepatitis C virus, Ebola virus, Dengue virus, cytomegalovirus, Mycobacterium 
tubercolosis, Helicobacter pylori and others. Many viruses use DS-SIGN as vector to get to the 
target cells.1,2

Knowing this we proposed a series of stable mimics based on d-mannose or l-fucose scaff old 
containing non-hydrolysable C-C bond instead of glycosidic C-O bond. Two starting model 
C-glycosides 1 and 2 were prepared by procedure exemplifi ed in the scheme and their ability to 
interact with DC-SIGN was assessed by SPR. Th e terminal azide function allows click reaction 
with Boltorn dendrimer to create carbohydrate multivalent tools.
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the Czech Republic under the project MSM 6046137305 and by 7FP under project Carmusys.
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Important lessons were learned during the development of a Haemophilus influenzae type b 
(Hib) conjugate vaccine, and transfer of the technology to vaccine manufacturers in developing 
countries. At the start of the project, only about 25% of children worldwide had access to Hib 
conjugate vaccines, partly because of high prices, and because local vaccine manufacturers did 
not master Hib vaccine technology. To address this problem, the RIVM has developed a produc-
tion process based on public knowledge1, and has transferred this technology to several public 
and private industrial partners. The simplicity and robustness of this process have facilitated its 
adoption. Eight to ten years after inception of the project, licenses have been granted for both 
lyophilized and liquid presentations, either with Hib alone or as part of combination vaccines. 
Overall, the vaccine has proven to be consistent, stable and immunogenic in humans.
Transfer of the Hib process has resulted in access to the technology for emerging manufacturers 
in developing countries2, and in an increased and sustainable supply of affordable Hib vaccines, 
through the establishment of a level playing field and the stimulation of competition. These 
manufacturers began to use up-to-date technologies that they did not master before. Moreover, 
this paved the way for them to build a new capacity to experiment and innovate, and motivated 
them to invest in their research and development infrastructure. The threshold to start working 
on other conjugate vaccines was hereby reduced.
Lastly, it has been clearly proven that manufacturers in developing countries are capable of pro-
ducing high quality new-generation vaccines that do meet stringent World Health Organization 
(WHO)3 requirements. The RIVM Hib conjugate vaccine project therefore provides a valid mo-
del for successful transfer of modern vaccine technology to developing countries.
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Over the past decade, aminoglycosides were established as universal RNA binders, being able 
to link to TAR1 and RRE sites, in HIV-1 RNA, replacing two essential viral regulatory proteins, 
Tat and Rev, respectively. Transcription and translation of the viral RNA is dependent upon this 
sequence-specific interaction. The literature reports several aminoglycosides that bind to TAR 
and inhibit Tat-TAR interaction, as well as, competitively inhibit the bind between Rev protein 
and RRE, for example, neomycin and tobramycin2.
Considering the importance for searching novel and efficient drugs for the treatment of the 
HIV/AIDS, the synthesis of potential inhibitors related to neamine, subunit of  aminoglycoside 
antibiotic neomycin, conjugated to commercial nucleosides, such as, adenosine was performed 
by 1,3-dipolar cycloaddition (click chemistry) (Scheme 1)3.
The treatment of adenosine (1) with 5-chloro-1-pentyne (1.2 equiv.), sodium hydride (1.2 
equiv.) and tetrabutylammonium iodide (1.2 equiv.), in anhydrous DMF, under microwave-
assisted condition, gave intermediate 2 in 26% yield. Ongoing experiments are being performed 
by click chemistry to convert compound 2 into product 3, which will be submitted to antitumor 
biological assay. 
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Scheme 1. Reagents and conditions: (a) NaH, TBAI, DMF, 110 °C, 100 W, 30 min; (b) CuSO4, 
sodium ascorbate, DMF, 150W, 70ºC, 10 min.
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Among glycosidases, trehalase (EC 3.2.1.28) is a very specific inverting glycosidase that hy-
drolyses trehalose (1, a non-reducing disaccharide formed by two molecules of a,a-1,1-linked 
d-glucose) [1] to two glucose units, a process which is essential to vital functions of several 
organisms, in particular fungi and insects. Trehalase inhibitors are valuable tools for studying 
the molecular physiology of trehalase function and sugar metabolism in insects and have the 
potential to produce novel insecticides. We recently synthesized some of the most powerful 
inhibitors of trehalase identified to date, with an imino sugar linked to the sugar moiety in a 
pseudo disaccharide structure (compounds 2, Fig. 1) [2]. In the present work we wish to report 
the synthesis of new trehalose mimetics 3 based on the iminosugar nojirimycin, as potential 
trehalase inhibitors (Fig. 1).
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Fig. 1. General structure of trehalose mimetics (X = O, NH).

The disaccharide analogues were synthesised by CM reaction on C-allyl-nojirimycin and/or 
allyl-C-glucoside. Preliminary evaluation of the inhibitory activity against porcine trehalase was 
performed.
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N-Acetylneuraminic acid (NeuAc, 1 Fig. 1) represents the most ubiquitous member of the 
sialic acid family of derivatives present on cell surface glycoproteins and glycolipids.1 Aberrant 
glycosylation is known to be a common feature of cancer cells and sialidases, which catalyzes 
the removal of sialic acid residues from glycoproteins and glycolipids, has also been suggested 
to play important roles in many biological processes through regulation of cellular sialic acid 
contents. 
NMR of paramagnetic systems continues to be a highly active fi eld, indicative of the richness of 
the physics of coupled electron-nuclear spin systems and the importance of paramagnetic metal 
ions in chemistry, biochemistry and diagnostics. Intensive work continues on the optimiza-
tion of paramagnetic complexes as molecular imaging agents in Magnetic Resonance Imaging 
(MRI).2 
Independently from the magnetic resonance technique of choice, the system necessitates the 
attachment of an extrinsic paramagnetic group to the (macro)molecule of interest through ap-
propriate chemical modifi cation. 
Here we report the synthesis of a paramagnetic sialic acid conjugate (3, fi gure), for PRE and MRI 
applications. 
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Heparan sulfates (HSs) are linear polysaccharides belonging to the glycosaminoglycan (GAG) 
family. Their backbone consists in repeating dimers of D-glucosamine, and D-glucuronic acid  
or L-iduronic acid to form chains that usually range from 20 up to 80 units. A varied N-substitu-
tion pattern with appreciable proportions of both N-sulfation and N-acetylation, together with 
O-sulfation at various positions typically occurs. HS synthesis occurs in Golgi lumen by two 
type II transmembrane enzymes encoded by EXT1 /EXT2 genes whose mutations are thought 
to be responsible for the onset of Multiple Osteochondromas (MO) disease1,2. It is characterized 
by cartilage capped bony outgrowths arising from the metaphyseal zone of  endochondral os-
sifying bones.  Although the many studies performed, information about the correlation betwe-
en MO and the quali-quantitative modifications of HSs chains is still lacking. Accordingly, the 
characterization of HS from pathological cartilages in comparison with healthy cartilage could 
lead to a better comprehension of the causes of MO disease. 
In the framework of a study aimed at elucidating the structure of cartilagineous HSs from pa-
thological specimens in comparison with healthy articular cartilage, a flexible method for GAGs 
isolation has been set up starting from rabbit cartilagineous tissues, allowing their subsequent 
fractionation and purification. This process was driven to the isolation of the pure native HS 
fractions for the NMR structural characterization. Such fractions were subsequently degraded 
by enzymatic treatment with specific lyases to di-oligosaccharide fragments that have been 
analysed by mass spectrometry to obtain a complete characterization of the HS structure. As a 
result, HS structure was isolated, for the first time, from rabbit growth plate cartilage as a minor 
but significantly represented GAG component and fully characterized for its mono and disac-
charide composition3, sulfation degree and average chain length. In addition, also rabbit articu-
lar cartilage HS was analysed. It turned out to be significantly less abundant with respect to the 
previous one, however an appraisal of its structural features was achieved by mass spectrometry.
The presented approach will be useful for the analysis and the determination of the molecular 
phenotype of GAGs, and in particular of HSs, in case of suspicion of HSs defects.
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Among drug delivery systems, catanionic vesicles have appeared as powerful candidates for 
pharmaceutical applications because they are relatively cheap and easy to use, thus well corre-
sponding to industrial requirements1. Using labelled vesicles made of a sugar-based catanionic 
surfactant2, the work reported here aims at exploring the mechanisms of their internalisation 
into cells. 
The study was performed on various cell types such as phagocytic as well as non-phagocytic 
cells using confocal laser scanning microscopy and flow cytometry. Using various inhibitors and 
various temperature of incubation, endocytosis and also membrane fusion were found to be the 
prominent mechanisms involved in cellular uptake of catanionic vesicles. 
Finally, to highlight the potential of catanionic vesicles for future pharmaceutical applications as 
a drug delivery system, an example of application of this catanionic system is presented. A pho-
tosensitizer used in photodynamic therapy was solubilised in catanionic vesicles, incubated with 
cells and then irradiated with a laser. First results tend to confirm the gain in photocytotoxicity 
and then the efficiency of the drug delivery system.  
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4-Amino-4-deoxy-arabinose (Ara4N) substitution of LPS is a frequently detected modification 
in bacterial strains that have developed resistance to cationic antimicrobial peptides. Substitu-
tion by Ara4N has been reported for the inner core region, where Ara4N either is linked to the 
8-position of an inner 3-deoxy-D-manno-oct-2-ulosonic acid (Kdo) unit (as in Proteus mirabilis 
R45) or at O-8 of a distal 3-hydroxy-analogue of Kdo, termed Ko, in B. cepacia. [1,2] To further 
assess the antigenic properties of Ara4N epitopes, BSA conjugates containin inner core ligands 
of Burkholderia cepacia and P. mirabilis LPS (Figure 1a and 1b) were prepared. 
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Figure 1: BSA conjugates corresponding to burkholderia cepacia (a) and Proteus mirabilis (b)

Glycosylation using an 4-azido-2,3-di-O-benzyl-4-deoxy-arabinosyl N-phenyltrifluoroaceti-
midate donor with Kdo and Ko acceptors generated the corresponding disaccharides in good 
yields (70-80%) but moderate stereoselectivity (Fig. 1a). An Ara4N-Kdo disaccharide interme-
diate served as acceptor in a subsequent regioselective glycosylation step to give the correspon-
ding trisaccharide in moderate yield. The O-debenzylation next to an allyl moiety and the intro-
duction of a thio-linker was effectively achieved to provide the corresponding spacer glycosides 
which were coupled to maleimide-activated BSA.
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Benzyl-type protecting groups are frequently applied in carbohydrate chemistry, especially in 
the synthesis of higher oligosaccharides to mask hydroxyl groups either permanently or tem-
porarily. A systematic study has been undertaken to establish the relative stability of benzyl, p-
methoxybenzyl, 1-(naphthyl)methyl,1 2-(naphthyl)methyl, diphenylmethyl, 9-fluorenyl, (9-an-
thracenyl)methyl and p-chlorobenzyl ethers under different cleavege conditions. 
Here, we report our study on the removal of the different ethers of compounds 1a-h, as well 
as compounds 2a-h by catalytic hydrogenation to give 3 and 4, respectively, in competititve 
reactions. Investigation of sequential deprotection by acidic hydrolysis, by oxidative conditions 
(DDQ or CAN)2 or by treatment of p-toluenesulfonamide,3 as well as possible application of the 
ethers as orthogonal protecting groups are also discussed.
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Oligo- and polysaccharides are often comprised of many different building blocks that are 
branched, substituted and differently linked to each other. These saccharides constitute a struc-
turally heterogeneous family of macromolecules, of importance in biology, medicine and in-
dustrial applications. Carbohydrate mixtures, generated from various natural sources (e.g. N-
glycans, plant cell wall hydrolysates, saccharides in food and feed) can contain isomeric and 
isobaric structures that have the same molecular weight and behave very similarly. Because of 
their complexity, these mixtures are difficult to separate with conventional analytical methods.
Over the past years, we developed an analytical fingerprinting method that is able to resolve 
many of these structures and provides adequate sensitivity and throughput. Using standard 
DNA sequencing equipment, fluorescently labeled carbohydrates are separated by carbohydrate 
electrophoresis (CE) and detected using laser-induced fluorescence. 
We describe here the off-line coupling of this electrophoretic technique to analytical high-per-
formance anion-exchange chromatography (HPAEC). In this first dimension, unlabeled poly- 
and oligosaccharides are separated based on their size and charge, and collected in fractions. 
In the second dimension, these fractions are analyzed by CE on a capillary DNA sequencer to 
obtain a higher resolution, thus yielding a 2D map. To demonstrate the technique, the profiles of 
xylan (hemicellulose) hydrolysates and Belgian beers were analyzed.
Results showed that several fractions collected from the first dimension contain different com-
ponents while only displaying one peak in the HPAEC chromatogram, indicating the occur-
rence of isomeric structures that could not be fully separated during HPAEC analysis. Using CE 
in the second dimension, these components could be fully resolved.
Although this technique was developed as a profiling method for the analytical separation and 
detection of a mixture of saccharides, it is also possible to further analyze the fractions generated 
in the first dimension with MALDI-TOF-MS(MS). This step is useful to identify glycan struc-
tures which vary between samples under study. 
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Tuberculosis (TB) is an infectious bacterial disease caused mainly by Mycobacterium tuberculo-
sis. It is currently one of the leading causes of mortality in developing countries and is responsi-
ble for 2-3 million deaths per year. Hypervirulence in TB has been attributed to small glycolipid 
molecules expressed by the bacteria that are necessary for disease pathogenesis. Phenolic Glyco-
lipids (PGLs), produced by a subset of M. tuberculosis isolates belonging to the W-Beijing family 
have been shown to induce ‘hyperlethality’ in murine disease models.1 It is believed that these 
molecules promote an immune suppression eff ect that allows the disease to progress uninhibi-
ted in the host.
Phenolic glycolipids (PGLs) are complex carbohydrates, linked via a phenol ring to a lipid 
chain2. It is the aim of this research to synthesise and investigate a number of PGLs displaying 
natural and non-natural methylation patterns and to investigate the the immune response to 
these compounds. A convergent strategy for PGL synthesis has been developed and a number of 
PGL molecules have been prepared. Th e synthetic route is fl exible enough to allow variation of 
the carbohydrate methylation pattern and lipid group. 

Figure 1: Phenolic Glycolipid3
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Carbohydrates have become a major focus in current biological and biochemical research.[1] 
Th e high density of functional groups and the immense variety of complex structures represent 
a great challenge for their synthesis, but also for the preparations of carbohydrate mimetics. 
Diff erent classes of carbohydrate mimetics are known in literature.[2,3] 
One class of carbohydrate mimetics is the modifi cation of linkages in oligosaccharides. A stere-
ochemical fi xation of the 6-hydroxyl group by a simple cyclopropane would lead to a reduced 
fl exibility at this position (Figure 1). A Simmons-Smith-Furukawa cyclopropanation of the li-
terature known enol acetate 1[4] aff orded the spiroannelated glucose 2. Standard deprotection 
conditions led to glucose derivative 3. Th e same synthetic route was applied to yield a small 
library of manipulated monosaccharides 4-6. Investigations with respect to the incorporation 
into larger oligosaccharides are underway.

Figure 1: Synthesis of cyclopropanated monosaccharides.
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It is widely accepted that glycosphingolipids (GSLs) at the level of the plasma membrane can 
affect the biological functions of protein molecules, such as cell surface receptors or transporters. 
The interactions between GSLs and proteins belonging to specific membrane microdomains, 
called lipid rafts, could be responsible for the modulation of the functional properties of 
membrane proteins participating in signal transduction. GSL-protein interactions can be 
investigated by cell photolabelling experiments using radioactive photoactivable GSLs, which 
yield, when illuminated, a very reactive intermediate that covalently binds to the molecules in 
the environment, i.e. proteins.1,2

In this context, we have designed a fatty acid probe with two nitrophenylazide photoactivable 
groups, one at position 2 and the other at the end of the acyl chain. The conjugation of the 
fatty acid to a radioactive sphingoglycolipid generates a species to be used for photolabelling 
experiments. In this way, the simultaneous identification of the proteins belonging to both the 
leaflets of the plasma membrane, the cytoplasmatic and the extracellular one, will be realized. 
Herein we describe a general synthetic strategy to obtain not commercially available a,ω-
diamino acids, the synthetic precursors of the labelled fatty acids, which we have applied 
to the synthesis of a C-18 derivative. Furthermore, it will be described the preparation of a 
photolabelled radioactive GSL as a case study.
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OF A β-(1,3) GLUCAN GLYCOCONjUGATE CANDIDATE VACCINE AGAINST 
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Novartis Vaccines & Diagnostics Research Center, Via Fiorentina 1, 53100 Siena, Italy

Laminarin (Lam) conjugated to non toxic mutant of diphtheria toxin CRM197 has been 
demonstrated to confer protection against C. albicans in mice.1 Within a small set of glucans 
mimicking the branching point of Laminarin, the linear β-(1,3) glucan hexasaccharide was 
selected by ELISA assay as the best fragment able to inhibit the binding b etween laminarin and 
the specifi c antibodies induced by Laminarin- CRM197 conjugate immunization.
Based on the concept that the hapten loading in addition to the saccharide chain length can 
infl uence the immune response, several bifunctional linkers were tested to identify the optimal  
conditions for a fully loading of PAMAM scaff old to be coupled to hexa β-(1,3) glucan. Th e 
PAMAM hexa β-(1,3) was consequently prepared, conjugated to the CRM197 and compared in a 
mouse animal model against the glycoconjugate obtained by direct coupling of laminarin to the 
protein. Th is approach was useful to explore the concept of multivalence for conjugate vaccines.
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Stereocontrolled synthesis of a new glycosidic bond is one of the most interesting and most 
investigated issues in organic chemistry. This problem can be solved in many ways. One of the 
methods can be use of appropriate protecting groups which as a result of anticipated impact 
enforced proper conformation or allow to obtain the desired electronic structure.
One of the most versatile methodology is the use of adjunctive ester-type group at O-2 position 
of monosaccharide ring. Venturing into the synthesis of complex molecules we often do not have 
the possibility to introduce desired ester group in specified position. An interesting solution is 
the use of the 2’-pirydylmethyl group activating the anomeric center by forming six-membered 
ring.1,2 The advantage of the application of 2-O-picolyl group beside of stabilization of the inter-
mediate product leading to β-glycoside, is its stability comparable to the ether groups. 
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Presented strategy can be useful in glycosydation of monosachcarides as well as in the synthesis 
of complex polysaccharide motives.
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Carbohydrates play an important role in many biological processes like cell recognition, signal-
ling, differentiation, carcinogenesis and others. Carbohydrate interactions with proteins - lec-
tins are also involved in the first step of pathogenic bacteria adhesion, invasion and infectivity. 
The structural details of such interactions between lectins and carbohydrates are best studied 
by various NMR techniques that are currently available. These results are then complementa-
ry to surface plasmon resonance and microcalorimetry methods. Such NMR study then gives 
details on the binding site, the identities of lectin’s amino acids involved, functional groups of 
carbohydrate ligand involved in the interaction and others. In the current study a fucose bin-
ding lectin from pathogenic plant bacterium – Ralstonia solanacearum (RSL) was studied.1 The 
interaction of RSL with its ligands as well as potential ligands was studied by saturation transfer 
difference NMR spectroscopy.2 In order to have a complete picture of the interaction, the lectin’s 
binding site was studied by titration of 13C and 15N doubly labelled RSL with Fuc while acquiring 
HSQC spectra between the titration steps. The assignment of key amino acids for the binding, 
tryptophans, was achieved by amino acid selective 15N-Trp labelling and by use of single point 
Trp mutants.
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Cellulases are key components for second-generation biofuel production from lignocellulose. 
Substantial efforts are currently made to improve these enzymes by molecular biological tech-
niques and by the use of biodiversity. The present investigation has been focused on isolation 
of cellulase producing fungi from the Bolivian Andean region, an ecosystem characterised as 
an extreme arid highland. Thirty-two fungi were isolated and screened for presence of cellulose 
activity using a plate assay with CMC as carbon source. 
Strain BLT1C was selected from the screening and cultivated using brave straw, an abundant na-
tive grass from the area as carbon source1. Characterization of the extracellular enzyme activity 
induced in brave straw supplemented cultures showed high xylanase activity and moderate en-
doglucanase activity compared to Trichoderma reesei species previously used in enzymatic pre-
treatment for bioethanol production2. Zymograms and SDS-PAGE analysis revealed a 60-kDa 
xylanase. N-terminal sequencing, in-gel digestion, and mass spectrometry showed the enzyme 
to be novel and to consist of a glycoside hydrolase family 11 (GH11) a catalytic module putati-
vely connected to a GH6 domain.
Three of the isolated strains including BLT1C were identified by sequence analysis of the inter-
nal transcribed spacer (ITS) regions to the genus Trichoderma/Hypocrea and were also contai-
ning the species specific regions identified for Trichoderma harzianum/Hypocrea lixii3.
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A GENERAL RING CONTRACTION REACTION FOR THE SYNTHESIS 
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Ring contraction reactions are an important method to increase molecular complexity in a sin-
gle step, because, in several cases, bond reorganization occurs with a high level of selectivity, 
affording products not easily accessible by other approaches. Previous work of our group1 led to 
the development of a simple and efficient methodology allowing easy access to 2,5-anhydro-al-
dehydo-sugar derivatives (formyl C-glycofuranosides), starting from hexose-derived equatorial-
2-OH-glycopyranosides through a ring contraction rearrangement promoted by diethylamino-
sulphur trifluoride (DAST).2

Following this line, and considering the interest of functionalized C-glycofuranosides as key 
building blocks for biologically relevant more complex C-glycofuranoside-based molecules (C-
oligosaccharides and C-glycoconjugates) we have now investigated: a) the adjustment/improve-
ment of this methodology to accomplish our goal in a multigrame scale, and b) the extension 
of the approach for synthesizing ring-contracted compounds involving nucleophiles different 
from fluorine. In particular, enantiomerically pure synthetic equivalents of formyl C-glyco-
furanosides, such as compounds 2-5 have been obtained in two steps from the corresponding 
2-equatorial-OH-hexopyranoside 1 in very mild conditions, and high yield. 
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The study of foldamers, non-natural oligomers with discrete folding propensities, has demon-
strated that a variety of synthetic backbones can show biopolymer-like conformational behavior. 
Early work in this area focused on oligomers comprised of a single type of monomer subunit, 
but recent efforts have highlighted the potential of mixed or “heterogeneous” backbones to ex-
pand the structural and functional repertoire of foldamers.1 Since carbohydrates are conforma-
tionally restricted structures with the added hydrogen capability, we pursued the goal of syn-
thesizing sugar-peptide hybrids: a/β and a/g-hybrid glycoamino acids, as possible monomeric 
structures for the future construction of foldamers. The use of heterogeneous backbone offers 
advantages over homogeneous backbone including access to many new molecular shapes, based 
on variations in the stoichiometries and patterns of subunit combination, and improved pro-
spects for side chain diversification. We have previously described the synthesis of enantiopure 
C-glycofuranoside-based a/β-amino acids.2 Herein, we report the preparation of a variety of six 
membered ring a/g glycoamino acids, such as 2-4, in a straightforward way starting from the 
sugar deoxy-3-azido-glucopyranoside 1.
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Over the last two decades molecular recognition of carbohydrates has become a challenging to-
pic of investigation due to the essential roles exhibited in biological processes, from carbohydrate 
metabolism and transport, to cell-cell adesion, cell infection by pathogens, the immune respon-
se, and enzyme activity regulation.1 Several synthetic receptors have been designed, synthesized 
and widely investigated to provide new insights on the key features of carbohydrate recogni-
tion.2 In this context, we have developed a family of effective carbohydrate receptors,3 based on 
a hexasubstituted benzene scaffold, bearing functional units able to interact with saccharides 
mainly through H-bonding interactions. In an effort to expand on recognition properties, we 
explored different type of binding groups introduced on the same scaffold. Herein the structural 
and functional variations investigated will be described and presented.
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Macrocyclic hosts of different nature, shape and characteristics from crown ethers, to cryptands, 
from cyclophanes, to calixarenes and cucurbiturils have been synthesized and received much 
attention as new supramolecular systems and materials.1 Among them, cyclodextrins (CDs) are 
the most important and promising macrocyclic hosts because of their water solubility, low cost, 
commercial availability and easy functionalization.2 Besides chromophore-modified CDs have 
been studied for a long time by many researchers and several sensors bearing different type of 
chromophores have been reported.1 
In the last decade, green fluorescent protein (GFP) has changed from a bearly known protein to a 
commonly used tool as biological marker in molecular biology and medicine, due to the special 
features of its chromophore, which depend both on the environment and the hydrogen-bonding 
network around itself.3 In this context we have focused on the design and synthesis of a GFP-
like chromophore appended β-cyclodextrin, prepared via click chemistry from a β-cyclodextrin 
azide and an alkynyl-chromophore. The preparation, the inclusion ability and the properties of 
this new cyclodextrin derivative will be described and discussed in this communication.
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DERMATAN SULFATE UPREGULATES NFκB SIGNALING PATHWAY DURING 
ENDOTHELIAL CELL PROLIFERATION
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Temporal and spatial regulation of vascular extracellular matrix remodelling allows local 
changes in the net matrix deposition or its degradation, which in turn contributes to the control 
of angiogenesis by regulating cell growth, migration, and differentiation. Although it was shown 
that Decorin, a small dermatan sulfate (DS) proteoglycan, and the peptides derived from it have 
antiangiogenic properties1, little is known about DS biological activities. The aim of the present 
study was to evaluate the role of low molecular mass DS2 (LMMDS) on angiogenesis, particularly 
on endothelial cell (EC) proliferation. DS (~60 kDa) peroxy-radical depolymerization produced 
a LMMDS of around 5 kDa (PAGE analysis), with a significant increase in sulfate content 
27.7 ± 1.9 µg% (n=6) (p<0.05 LMMDS vs DS). The cellular line H5V, derived from polyoma 
middle T-transformed murine heart endothelium, was grown in the presence or absence of 
increased concentrations of LMMDS (1-100 µg/ml). EC proliferation was evaluated by 1) the 
activity of mitochondrial respiratory chain with second-generation tetrazolium derivate MTS3; 
2) hematoxylin/eosin stain in order to visualize mitotic figures; and 3) immunofluorescence 
studies of sub-cellular distribution of the Proliferating Cell Nuclear Antigen (PCNA,Mouse IgG 
2ak, Pharmigen). Sub-cellular fractions from ECs, obtained by differential centrifugation, were 
analyzed by Western Blot to study Transforming necrosis factor (TNFa) production and the 
distribution of its associated transcriptional factor: NFκB.  A slight increase in ECs number 
was measured in the presence of LMMDS, without significant differences between 5 to 15 µg/
ml. On the other hand, a significant increase in the number of mitotic figures (p<0.01) and in 
the nuclear translocation of PCNA was detected when 25 and 10 µg/ml of LMMDS were added 
to the cultures, respectively. The presence of 10 µg/ml of LMMDS showed an increase of more 
than one time in TNFa production and in NFκB nuclear translocation compared with control 
conditions. In summary, the results suggest that the presence of 10 µg/ml of LMMDS induced the 
proliferation of EC through NFκB signaling pathway.  LMMDS provides new opportunities to 
understand the molecular mechanism involved in the early phases of angiogenesis and may also 
act as a prototype for further development of drugs potentially useful in tissue-repair therapy.
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LPS, found at the surface of Gram-negative bacteria, is the primary exogenous ligand recog-
nized by Toll-like receptor 4 (TLR4). LPS is the major structural component of the outer leaflet 
of the bacterial outer membrane, and from the three components of the LPS molecule, O anti-
gen, core, and lipid A, the latter is responsible for TLR4-dependent proinflammatory activity, 
and it is also known as endotoxin. The induction of inflammatory responses by LPS is achieved 
by the coordinate and sequential action of four principal endotoxin-binding proteins: the LPS 
binding protein (LBP), the cluster differentiation antigen 14 (CD14), the myeloid differentiation 
protein (MD-2) and the Toll-like receptor 4 (TLR4).1 We recently developed2 D-glucose-derived 
glycolipids active in inhibiting the TLR4 signalling by antagonizing the endotoxin-CD14 in-
teraction.3 Those compounds were active in vivo in protecting mice from LPS-induced septic 
shock and were also active in contrasting other pathologies caused by TLR4 activation, such as 
inflammation and neuropathic pain.4 In this communication we present the synthesis and the 
biological characterization of novel, fluorescent glycolipids structurally related to the previously 
developed CD14 ligands together with fluorescence microscopy studies investigating their cel-
lular distribution and mode of action on mammalian cells. 

 
Figure 1: Fluorescence microscopy image of HEK cells treated with a fluorescent glycolipid.
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Pseudoalteromonas haloplanktis TAB 23 is a Gram-negative psychrophilic bacterium isolated 
from the Antarctic costal sea.1 To survive in these conditions psychrophilic bacteria have evolved 
typical membrane lipids and ‘antifreeze’ proteins to protect the inner side of the microorgan-
ism.2 As for Gram-negative bacteria, the outer membrane is mainly constituted by lipopolysac-
charide (LPS). Although this portion of the membrane is the first to come in contact with the 
external environment very little is known about the peculiarity of LPS from Gram-negative 
psychrophilic bacteria and which is their role in the adaptation to cold temperature.3,4

We report the complete structure of the lipooligosaccharide from P. haloplanktis TAB 23. The 
dried cells were extracted obtaining the LOS fraction. 
The oligosaccharide fraction was obtained after strong alkaline hydrolysis. The oligosaccharides 
mixture was purified with HPAEC-PAD giving three main fractions, characterized by means of 
2D NMR spectroscopy. All the data collected showed a very short highly phosphorylated sac-
charidic chain which is in agreement with the feature of the core structures isolated up to now 
from Pseudoalteromonas genus.5 As for P. haloplanktis TAB 23 the core has the following general 
structure

a-Hepp3R,6R,4R’-(1→5)-a-Kdop4P-(2→6)-β-GlcpN4R-(1→6)-a-GlcpN1P
R = -H2PO3 or -H
R’ = a-Galp-(1→4)-β-Galp-(1→ or H-
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It is well known that the ability of bacterial LPS to stimulate the innate immune system depends 
on the lipid A moiety, which is recognized as a pathogen-associated molecule by TLR4 and in-
duces the immune cells to activate the release of pro-infl ammatory cytokines.
It has been demonstrated that lipid A from non-pathogenic microorganisms such as Gram-
negative photosynthetic bacteria are relatively nontoxic and can antagonize many of the known 
eff ects of pathogenic LPS in vitro and in vivo.1,2 Little information is available about the biologi-
cal eff ects on innate immune system exerted by lipid A obtained from other Gram-negative mi-
croorganisms, such as extremophilic cold-adapted bacteria. In this context we isolated and fully 
characterized by MALDI-TOF MS the lipid A from Pseudoalteromonas haloplanktis TAB 23, a 
Gram-negative psychrophilic bacterium isolated from the Antarctic costal sea.3

Moreover the lipid A was tested in vitro in a human monocytic cell line, using the release of the 
pro-infl ammatory mediators TNFa and IL-6, as markers of cell activation. As a result P. halo-
planktis lipid A exerted a signifi cant inhibitory eff ect on the LPS-induced pro-infl ammatory 
cytokine production when added in culture with LPS from Escherichia coli, while alone it failed 
to activate the production of TNFa.
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The recognition of clustered sugars by proteins has been broadly studied in the case of lectins, 
however the evaluation of multivalent inhibition of glycosidases, another protein recognition 
process, has been disregarded to only few examples.1 a-L-Fucosidases participate in many im-
portant biological processes2 nevertheless the structural data existing in the literature on this 
enzyme is not yet complete in most cases with exception of a-L-fucosidases from Thermotoga 
maritima (TmFuc).3 Its crystal shows a compact hexameric arrangement to which several fucose 
or fucose mimic ligands can bind simultaneously. As far as we are aware there are not precedents 
of a multivalent approach regarding a-L-fucosidases. 
We now report the syntheses and of a series of short and long tethered di- and tri-valent im-
inosugars based on fuco-configurated 1,4-imino- and 1,4-biimino-cyclitol epitopes. The new 
compounds were evaluated as glycosidase inhibitors with the aim of studying the multivalent 
effect on fucosidase inhibition and for obtaining structural information on a-L-fucosidases. 
The design of these scaffolded iminosugars is based on the results obtained for 1,4-imino- and 
1,4-biimino-cyclitols, previously prepared by us as a-fucosidase inhibitors.4
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In field, when the ground is nitrate and ammonium starved, a plant family is still thriving: 
the leguminous. For this performance, the plant enters in symbiosis with a bacteria family, 
the rhizobia, to establish the nitrogen fixing symbiosis. Indeed, the rhizobia are able to reduce 
atmospheric nitrogen into ammonia. 
During the symbiosis installation, the plant allows a hazardous process: the infection of its roots. 
To avoid the pathogenic intrusion, both partners have molecular tools allowing a host/invited 
recognition [1]. One of these rhizobia tools is the external face of their external membrane, mainly 
made up of polysaccharides. Quantity of recent work showed that these surface compounds play 
a crucial role in the symbiosis establishment [2]. Among them, one can find exopolysaccharides, 
lipopolysaccharides, capsular polysaccharides and cyclic glucanes. The symbiotic role as well 
as the structure of the capsular polysaccharides (KPS) is still unclear [3]. Actually, rhizobia 
KPSs exhibit a consensus structure of the repeating unit : -[Kdx-Hex]-, where Kdx is a 2-keto,3-
desoxysugar and Hex a neutral or acidic carbohydrate. Their size are commonly ranging 20-80 
kDa. 
We published recently, that the KPS of the european model for rhizobia -Sinorhizobium meliloti 
1021 (Sm 1021)- exhibits a singular structure. Sm1021 synthesizes only a low molecular 
mass (~7kDa) homopolymer of β(2à7) 2-keto, 3-deoxyoctulosonic acid (Kdo). Moreover, 
this polysaccharide exhibits a lipid anchor allowing its stowing and/or its transport to the 
external membrane [4]. We also demonstrate that this compound is ubiquitous at least in the 
Sinorhizobium gender [5]. 
This time, we finalize the KPS structural elucidation by determining the structure of the lipid 
anchor, using a wide panel of methods (enzyme digestion, GC/MS, LC/MS/MS, NMR). This 
structure consist in a singular glycerophospholipid.
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Mucins comprise a class of heavily O-glycosylated proteins coating mammalian cells, with a 
major structural feature: a moiety of N-acetyl-a-D-galactosamine (a-GalNAc) bound to 
hydroxyl protein residues in the reducing end of oligosaccharide chains. In malignant cells, 
biosynthetic disruption leads to incomplete glycans, abnormally exposing the a-GalNAc 
motif, so called Tn antigen, that plays active deleterious role in cancer cells. Such major tumor 
associated carbohydrate antigen is considered a promising selective target for cancer treatment.1

Antitumoral activity is an inherent property of 2,5-diketopiperazines (DKPs), heterocyclic 
systems presenting spatially defi ned substituents around a proteolysis-resistant peptide-
mimicking scaff old, derived from the cross-link between two amino acid residues via a pair 
of complementary amide bonds. Th is stable and rigid core is a privileged structure that can be 
conveniently functionalized at diff erent positions and confi gurations to display pharmacophoric 
groups in a controlled fashion.2

Aiming to combine potential antitumoral properties from both Tn antigen and DKPs  into an 
hybrid glycopeptidic molecule, O-glycosyl dipeptides of interest were prepared and subjected 
to head-to-tail cyclization, leading to glycosyl diketopiperazine (40%), as outlined in Scheme 1.

Scheme 1. Synthesis of glycosyl diketopiperazine
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Catanionic surfactants are of special interest in supramolecular chemistry since they are able 
to spontaneously form aggregates such as vesicles in water. Carbohydrate-based ones, obtained 
from renewable resources and most of the time biocompatible and biodegradable are good can-
didates for applications in drug delivery.1 Moreover, the sugar moiety can allow the targeting of 
the vector towards specific cells or tissues, or bring specific properties (anti-inflammatory).
According to the application, the formulation has to be adapted and therefore a potentially de-
stabilizing effect of a co-solvent such as glycerol or ethanol can occur.
This is why we have initiated a study in which we rationalise the formation of aggregates (size, 
shape, stability) in different media according to the size/nature of the polar head group and the 
length of the hydrocarbon tail.
Glucose-based catanionic surfactants (N-alkylamino-1-deoxy-d-glucitol) were combined with 
fatty acids of different chain lengths to yield the catanionic surfactants. General behaviour of 
non-ionic and ionic surfactants in non-aqueous media already described in the literature could 
be confirmed and extended. The role of some physical parameters of the solvents in the aggre-
gation process was investigated.2,3 The formation of vesicles or micelles could be observed in 
the different solvents and solvent mixtures. The results allowed a better understanding of the 
aggregation mechanism of carbohydrate-based catanionic surfactants in non-aqueous solvents 
and of the key parameters required to obtain specific self-organised aggregates.
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Carbohydrate-fused heterocycles form a diverse family of compounds that exhibit interesting 
biological eff ects, and particularly behave as glycosidase inhibitors.1 It has been shown that the 
heterocyclic moiety is directly involved in the binding process in the enzyme pocket,2 and much 
eff ort has focused in recent years on the synthesis of new and more potent analogous com-
pounds bearing diff erent heterocyclic moieties. 
Herein, we show a general, short and effi  cient procedure for synthesizing a new family of car-
bohydrates with a 1,3-oxathiolan-2-imine moiety bearing diff erent substituents at the exocyclic 
nitrogen. Interestingly, glycosidase inhibition tests showed highly specifi c inhibition of mam-
malian β-glycosidases with a marked dependence of the potency upon the nature of the sub-
stituent.
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The conjugation of a disperse dye with common mono- and disaccharides, preferably lactose, 
has been recently introduced into dye’s chemistry, leading to the so called “naturalized dyes”.1 
The transformation is effective, so that the dye becomes soluble in water and able to dye with 
success synthetic, artificial, and natural materials in a really environmentally sounding way, 
where surface agents are not anymore requested, and lower temperatures are working. This kind 
of derivation of dyes is therefore able to transform the dyes into multipurpose, and may be uni-
versal dyes, since they reveal the ability to dye with a relevant success even leather, or wood. The 
glycoconjugation process has so far mainly developed using lactose, since this disaccharide is re-
ally cheap, and can be easily and selectively protected, allowing first the formation of a covalent 
bond with a linker and therefore with the starting dye. In order to extend these characteristics 
to higher molecular weight dyes, a double glycoconjugation with lactose is requested, the single 
one being not sufficient to reach the result. Presented here is a simple and efficient procedure, 
where the glutamic acid is the linker, allowing the formation of a double glycoconjugated deriva-
tive through two amide bonds between the glutamic linker and two 6’-aminolactose units. 
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Through this process the saccharide moiety becames as large as the dye plus the linker, and the 
final results is that dye turns to hydrosolubility and displays the above claimed multipurpose 
properties. Also, researches are running concerning the possibility of bio-degradation of these 
naturalized dyes with microorganisms, in order to develop an innovative “green” tinctorial pro-
cess. 
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Dendritic cells (DCs) play a crucial role in the immune system by their localisation (in epithelia) 
and their ability to recognise and process pathogens for further T cell activation. To play this 
role, DCs possess multiple receptors on their surface. Among those receptors, C-type lectins are 
able to recognise oligosaccharide motifs present on the pathogen surface. In the case of HIV-1 
infection, two different DC subsets, dermal DC and langherhans cells, interfere differently with 
the virus using two distinct C-type lectins. They either favour transmission of HIV-1 to T cells 
(DC-SIGN lectin), or prevent HIV-1 transmission (Langerin lectin) by internalisation and de-
gradation of the virus into Birbeck granules (a specific organelle of Langerhans cells). These two 
C-type lectins recognise mannose, N-acetyl-glucosamine and fucose and in a calcium depen-
dent manner. More specifically they recognize “High Mannose” patterns on the virus envelope 
glycoprotein 120 (gp120). Langerin, which can prevents HIV-1 transmission, has additional 
specificity towards sulfated sugars. 
In this study, we show by Surface Plasmon Resonance two different modes of Langerin inte-
raction with “High Mannose” patterns and a specific family of sulfated sugars, the Glycosami-
noglycans (GAGs). We demonstrated that Langerin/GAG interaction is not dependent on the 
calcium-binding site, contrary to the interaction with ”High Mannose” patterns. Furthermore, 
this interaction does not proceed through single carbohydrate domain but is absolutely depen-
dent upon Langerin trimerisation. And Moreover, these two interaction modes are cumulated 
and Langerin/GAGs complexation does not inhibit gp120 interaction but stabilises it.
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In this interdisciplinary project, by mimicking the overall structure of natural glycolipids we 
wish to beneficiate of their well known membrane specificity in order to produce new tools 
dedicated to two promising emerging nonlinear membrane imaging experiments (TPM: two-
photon excited fluorescence microscopy and SHIM: second-harmonic imaging microscopy).1,2 
By taking advantage of straightforward methods for modifying and then grafting highly diverse 
carbohydrate backbones3,4 onto especially designed push-pull chromophores, a first series of 
probes was obtained.5 They were the first neutral synthetic dyes to show a long living SHG si-
gnal in cell culture and thus validated our initial postulate by showing the improved properties 
attained with the use of a carbohydrate hydrophilic moiety. In order to better fulfill the standard 
requirements of membrane imaging dyes, two new series of probes were designed. Their synthe-
sis as well as their enhanced behavior will also be discussed (optical characterization, membrane 
insertion evaluation, biological and imaging properties).
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Eukaryotic cell surfaces are covered by a thick layer of complex carbohydrates called glycocalyx. 
This glycocalyx is very important in many biological processes such as cell-cell communication, 
cell signaling and cell adhesion.[1] Molecular recognition of glycocalyx saccharides, such as in 
carbohydrate-protein interactions is accompanied by conformational changes within the ligand 
and its receptor as well as within the supramolecular environment of the cell surfaces. Con-
formational changes of cell surface carbohydrates, however, have received only little attention 
until to date.[2] To address the issue of conformational control of carbohydrate recognition, we 
have designed photo-switchable glycosides that can form carbohydrate-decorated monolayers 
on gold surfaces in the form of self-assembled monolayers, so-called glyco-SAMs.[3]
We report on the fabrication of glyco-SAMs from azobenzene glycosides, which can be “switched” 
between the E- and the Z-state of the azobenzene moiety (Fig. 1). The photostationary equilibria 
of the prepared azobenzene glycosides were determined by 1H NMR and UV-Vis spectroscopy. 
The photochromic properties of the respective glycol-SAMs has been investigated by IRRAS 
(Infrared reflection-absorption spectroscopy) employing a series of systematically varied SAMs.
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Figure 1: Schematic representation of photoswitchable glyco-SAMs on Au (111) surface. 
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Hexoses exist under two main different forms i.e. pyranose and furanose ring. In free sugars, 
these forms are in equilibrium with each other and with the linear form. In contrast with pen-
toses, the primary hydroxyl group is rarely involved in a cycle except in 1,6 anhydro derivatives. 
Due to their growing importance as carbohydrate mimics,1 septanose and septanosides have 
attracted interest and have been introduced in biologically significant structures. Thus, new ele-
gant routes to heptoses in their septanose form have been open by ring expansion of pyranoses2 
mainly using cyclopropanation of glycals3 or furanolactone 4 or by de novo construction of the 
oxepane ring by ring closing metathesis.5 Additional to their interest as carbohydrate mimics, 
septanoses offer the unique possibility of 5-OH group manipulation, a much difficult operation 
in pyranose ring systems. In this context, we have explored new accesses to septanose and sep-
tanoside derivatives of D-glucose starting from 5,6-exo-glycals.6 
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For example, dihydroxylation of exo-glycal 1 gave 1,6 anhydro derivative 2 which was elabo-
rated to a stable 5-ulo septanosyl chloride 3 or to an anomeric septanoside xanthate 4 easily 
reduced under radical conditions to the 3-oxepanone 5
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Formation of carbon-carbon bond at the anomeric centre is a long standing interest of car-
bohydrate chemists and many methods have been developed. Creating C-C double bonds at 
the anomeric centre should offer more possibilities for further manipulation of the anomeric 
carbon in particular for the synthesis of C-glycosyl compounds. Such olefin formation is also 
challenging and only a few solutions are available to date to prepare the so-called exo-glycals.1 

We have established some time ago, one of the first direct method of exo-glycal synthesis star-
ting from lactones via Wittig reactions.2 However, there are some limitations in the choice of the 
phosphorane reagents useful in this particular olefination reaction. To overcome this problem, 
it would be of interest to achieve further functionalization of easily accessible exo-glycals. 
Thus, starting from easily available exo-glycal esters 1, we have explored their electrophilic ha-
logenation3 as a way to activate the double bond. Brominated compounds 2 were obtained were 
obtained in fair to good yields as variable Z/E mixtures by simple treatment with bromine and 
a base. From these vinylic bromides, palladium-catalyzed cross coupling reactions were investi-
gated. 
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Compounds 3 or 5 were obtained stereoselectively. Ester reduction and catalytic hydrogenation 
of the double bond afforded the corresponding C-glycosyl derivatives with high stereoselectivity.
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Azorhizobium caulinodans is a microsymbiont of the tropical legume Sesbania rostrata. These 
bacteria can induce nitrogen-fixing nodules on both stems and roots of their host plants. The 
cell envelope of Azorhizobium, a Gram-negative bacterium, consists of two membranes: an in-
ner (cytoplasmic) membrane (IM or CM) composed of phospholipids and an outer membra-
ne (OM), which is asymmetrical and contains primarily phospholipids in the inner leaflet and 
lipopolysaccharide (LPS) in the outer leaflet. The LPS is anchored in the OM by its lipophilic 
part called lipid A. The chemical structure of lipid A, isolated by mild acid hydrolysis from li-
popolysaccharide of Azorhizobium caulinodans, was investigated. To determine the structural 
details of the lipid A sugar backbone, chemical composition analyses and 1D and 2D NMR 
spectroscopy were applied. Data obtained from analyses performed on a matrix-assisted laser 
desorption/ionization time of flight mass spectrometer (MALDI-TOF, Voyager-Elite, PE Biosy-
stems) as well as on an electrospray ionization (ESI) mass spectrometer (4000 QTrap triple qua-
drupole/linear ion trap mass spectrometer, Applied Biosystems) were used to determine fatty 
acid distribution. The location of amide-linked fatty acids in the lipid A backbone was establi-
shed by identifying diagnostic ions derived from native and O-deacylated lipid A preparations. 
Additional diagnostic ions were derived during fragmentation of the selected precursor ions 
using MS\MS mode of the 4000 QTrap spectrometer. 
The backbone structure of A. caulinodans lipid A was identified as a β-(1→6) linked 2,3-dia-
mino-2,3-dideoxy-d-glucosamine (GlcN3N) disaccharide substituted with a-d-glucurono-3,6-
lactone at position C-1 of the reducing end of the disaccharide. The lipid A preparation contai-
ned mainly a heptaacyl component in which 3-hydroxytetradecanoyl [14:0-(3-OH)] was linked 
at C-3 and C-3’ positions, whereas 3-hydroxyoctadecanoyl [18:0-(3-OH)] and 3-hydroxyeico-
senoyl [20:1-(3-OH)] were linked at C-2 and C2’ positions in the GlcN3N-disaccharide, respec-
tively. The distribution of secondary fatty acid substituents [16:0, 18:0, and 18:0-(3-OH)] is still 
under investigation.



16th European Carbohydrate Symposium

275

POSTER

PO 61

SYNTHESIS OF C-9 FUNCTIONALISED n-ACETYLNEURAMINIC 
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Sialic acids [e.g. N-acetylneuraminic acid (1)] are 9-carbon acidic sugars that constitute the 
terminal residue on many glycoproteins and glycolipids.1 They are involved in various biologi-
cally important processes and human diseases.2  As such, study of sialic acid metabolising and 
recognising proteins, as well as of modified sialic acids3 is an area of great interest. As part of our 
ongoing interest in the development of novel sialic acids as biological probes,4  we have devel-
oped an efficient synthesis of C-9 oxidised sialic acid derivatives (2).5 The carboxylate group is 
useful for further elaboration, for example through amidation, to provide valuable probes for a 
range of sialic acid recognizing proteins. 
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Th is study is aimed at the preparation of divalent LacdiNAc ligands for the natural killer (NK) cell 
activation. Th e bivalent structures were subjected to binding and precipitation studies with two 
model activation receptors of NK cells, namely NKR-P1 (rat) and CD69 (human). Th e prepared 
compounds proved to be very good precipitation agents, especially for the CD69 receptor, where 
the additionally introduced GalNAc units greatly improved the precipitation eff ect. Since NK 
cells are a unique population of lymphocytes able to eliminate malignant, virally infected, or 
damaged cells,1 this class of compounds could show a new way in experimental tumour therapy.2

Scheme 1: Yield: 4a: 51%, 4: quantitative yield, 5a: 56%, 5: quantitative yield. 6: 28%, 7: 47%,

References
1. Vivier, E., Tomasello, E., Baratin, M., Walter, T., Ugolini, S. Nat. Immunol., 2008, 9, 503-551. 

Di Santo, J. P. Nat. Immunol., 2008, 9, 473-475.
2. Bezouška, K., Sklenář, J., Dvořáková, J., Havlíček, V., Pospíšil, M., Th iem, J., Křen, V. Bio-

chem. Biophys. Res. Commun., 1997, 238, 149-153. Pospíšil, M., Vannucci, L., Fišerová, A., 
Krausová, K.., Horváth, O., Křen, V., Mosca, F., Sadalapure, K., Lindhorst, T.K., Bezouška, K. 
Adv. Exp. Biol. Med., 2001, 495, 343-348. 

	  



16th European Carbohydrate Symposium

277

POSTER

PO 63
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Monosaccharides containing more than 10 carbon atoms in the chain, very rare in nature, have 
interesting properties. They can be used as non-metabolized analogues of di- and oligosaccha-
rides, are interesting targets for developing new synthetic methodologies and studying confor-
mational features. In the past several years we have elaborated a convenient methodology for 
the preparation of higher dialdoses by coupling of two suitably activated simple sugar subunits.  

Especially useful was the reaction of phosphonates with sugar aldehydes providing a higher eno-
ne, finally converted into the desired dialdose.[1] The route we propose now involves synthesis of 
compound 1 which can be selectively deprotected at either end. 
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Alternatively, we have applied the methodology proposed by Enders and Barbas III for the prep-
aration of other useful synthons.[2] The (S)-proline catalyzed reaction of various sugar aldehydes 
with protected dihydroxyacetone opens a convenient route to such complex molecules. 
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The valorisation of cellulose, which is a main component of plants and the most abundant 
polysaccharide, is a great concern nowadays since the interest in biomass-derived products is 
increasing. Intense research is being focused on total depolymerisation of cellulose into fermen-
table sugars for the production of bio-fuel. Controlled hydrolysis into cellodextrins is however 
little investigated although these oligosaccharides can meet diverse applications including as 
substrates in cellulase assays.1,2 Thus there is an existing need to improve methods to produce 
cellodextrins. Cellulose has the particularity to be insoluble in most of the commonly used sol-
vents, and this is challenging for its modification and its valorisation. Chemical hydrolysis by 
mineral acids has been already widely described but this method is characterised by harsh con-
ditions, low yields and poor selectivity in the degree of polymerisation of the oligosaccharides 
produced.3 Ionic liquids are capable of dissolving cellulose4 and they represent the possibility 
to achieve its depolymerisation5 as well as its functionalisation by other means than the already 
existing ones. In this communication, controlled chemo-enzymatic depolymerisation of cellu-
lose in ionic liquid media to produce cellodextrins will be reported. Influence of the reaction 
conditions on the size of the resulting oligosaccharides will be discussed. 
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Glycosynthases are mutated glycosidases devoid of hydrolase activity but able to catalyze effi-
ciently the formation of glycosidic bonds when using activated glycosyl fluoride donors. Since 
the development of the glycosynthase methodology in 19981,2, these engineered enzymes beca-
me an efficient tool for the synthesis of oligosaccharides. Recently, this technology opened a new 
window to the enzyme catalyzed preparation of artificial polysaccharides3.
Using this technology developed in our group2,3,we are currently exploring the introduction 
of functional groups in the building blocks acting as glycosyl donors for the glycosynthase-ca-
talyzed polymerization. The functionalities introduced in the glycosyl donors will be inherited 
in the resulting polymer and should confer new properties while retaining the biodegradability 
given by its unaltered sugar backbone. We have developed two approaches for the synthesis of a 
disaccharide donor modified in the 6’ position with an azido group whose polymerization will 
give an (A-B)n heteropolymer. 
The first ‘Polymer approach’ takes advantage of a natural raw material to easily access to a di-
saccharide. The position C-6’ of this disaccharide can be selectively modified. Alternatively, the 
‘Total synthesis’ approach starts from individual monosaccharides where the different positions 
are easily differenciated before its chemical coupling to obtain an A-B building block. By pro-
perly choosing orthogonal protecting groups, the functionality is either introduced first in the 
donor before glycosylation (total synthesis II) or in the disaccharide product after glycosylation 
(total synthesis I).
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APPLICATION OF NITRILE OxIDE CYCLOADDITION “CLICk-CHEMISTRY” 
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The Huisgen 1,3-dipolar cycloaddition reaction of organic azides and alkynes has gained con-
siderable attention in recent years due to the introduction of Cu(I) catalysis, leading to a major 
improvement in both rate and regioselectivity of the reaction. The great success of the Cu(I) 
catalyzed reaction is rooted in the fact that it is a virtually quantitative, very robust, insensitive, 
general, and orthogonal ligation reaction, suitable for even biomolecular ligation and in vivo 
tagging.1 Despite the successes of these reactions a number of concerns persist. Apprehension 
exists over the handling of potentially toxic and explosive organic azides and whilst in situ di-
pole generation begins to address this problem, the requirement for a Cu(I) catalyst brings its 
own technical difficulties. In the search for new strategies for the covalent assembly of the dif-
ferent components of such multivalent structures, we2 and others3 have recently introduced the 
1,3-dipolar cycloadditions of alkene and alkyne carbohydrate with nitrile oxides as an efficient, 
metal-free tool that allows the preparation of a variety of carbohydrate derivatives. The aim of 
the present work is to examine the scope and limitations of nitrile oxide cycloadditions to alkene 
and alkyne O- and C-glycosides. Nitrile oxides were obtained from aldoximes in an one-step 
operation using sodium hypochlorite (in the presence of triethylamine) in a biphasic system, 
or employing chloramine-T as halogenating reagent and base. This methodology allowed us 
to obtain the new glycoconjugates in 78-86 % yields and with excellent regioselectivity. As ex-
pected, alkene carbohydrates led mostly to very low diastereoselectivity. 4 The influence of oxime 
substituent on the cycloadditions will also be discussed.
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Carbohydrates in the form of capsular polysaccharides are the major components on the sur-
face of bacteria, and are important virulence factors of invading bacteria. Immunity against 
these components confers protection against the infectious disease. However, there are several 
problems associated to the development of vaccines based on saccharidic antigens. Bacterial 
polysaccharides are poorly immunogenic T-independent antigens, and they are able to induce 
only the release of low affinity antibody from B lymphocytes, but not their differentiation.1 The 
T-lymphocyte independent nature of a polysaccharide may be overcome by conjugating the 
native or depolymerized polysaccharide to a carrier protein. In a similar way, the conjugation to 
an immunoadjuvant could lead to a construct able to stimulate a sustainable antibody response. 
Recently, lipoproteins, i.e. Pam3Cys, have been shown as potent activators of B-lymphocytes and 
macrophages,2 and thus represent a promising tool for the development of conjugated vaccines.
Herein, the synthesis of a glycoconjugate where the repeating unit of Streptococcus pneumoniae 
(SP) type 19F capsular polysaccharide is linked to a Pam3CysSer residue through an amino 
propyl linker will be presented as a case study. The final aim is to evaluate the influence of the li-
popeptide on the immune response towards SP, and if antigen specific antibodies can be elicited 
with low molecular weight conjugates of Pam3CysSer with a saccharide-based hapten.
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The Marasmius oreades mushroom lectin (MOA) is known since the 1950s for its blood group 
type B binding specificity.1, 2 The three-dimensional structure of the lectin, recently determined 
by X-ray crystallography,3,4 elucidated the details of its carbohydrate binding characteristics, and 
in particular how this lectin discriminates between blood group A and B structures. MOA’s C-
terminal domain adopts an a/b fold. This domain primarily serves as the dimerization interface 
for MOA protomers, although its structural similarity to hydrolytic enzymes suggests that it 
may exhibit additional functions. Here, we show that MOA indeed has a previously unknown 
proteolytic activity linked to its C-terminal domain, involving Cys215 as the catalytically active 
residue and a strict dependence on the calcium ion fulfilling a fundamental structural role. 
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(+)-Lentiginosine [(+)-1], an indolizidine alkaloid isolated 
for the fi rst time by Elbein et al. from the leaves of Astragalus 
lentiginosus in 1990,1 is the less oxygenated iminosugar 
able to mimic glucosidase natural substrates and it is a 
selective inhibitor of amyloglucosidases.2 Th e non-natural 
enantiomer (–)-1 is a weaker inhibitor than (+)-1, and was 
recently shown to be a caspase-dependent apoptosis inducer on tumor cells of diff erent origin.3 

Th e important activity of these compounds suggested the collection of several diff erently 
functionalised derivatives to study their interaction with bioreceptors. Taking advantage of 
the highly reliable and selective nitrone 1,3-dipolar cycloaddition, various 7-substituted- and 
e-benzocondensed lentiginosine derivatives were synthesized starting from enantiopure 
pyrroline N-oxides derived from l- and d-tartaric acid (Scheme 1).4 Moreover, a docking study 
into the active site of glucoamylase from Aspergillus awamori was carried out to set up the basis 
of a virtual screening of these lentiginosine derivatives as glucosidase inhibitors.

In this communication, some aspects of the stereoselective synthesis of lentiginosine derivatives 
and some results of the computational study will be presented.
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N-Acetylneuraminic acid is bound to the exo-terminal β-galactosyl residues of cell-surface 
glycoproteins or glycolipids, and plays an important role in the carbohydrate–protein recogni-
tion events leading to cell adhesion, extravasation of leukocytes and bacterial or viral infections. 
Mimetics that are able to inhibit sialic acid binding proteins (such as sialoadhesins, selectins, 
and infl uenza hemagglutinins), may show potent anti-infl ammatory, antiviral or antibacterial 
eff ects. 
Th e thio-click reaction1,2 proved to be an eff ective, successful, and simple method for the synthe-
sis of totally new-type analogues of sialic acid-containing galactosides. 
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Mastitis, namely infection and inflammation of the udder in cattle, is of prime economic impor-
tance in dairy industry. About 200 different bacterial species belonging to different groups have 
been reported to cause mastitis. One of the most important pathogen is Streptococcus uberis. It 
is a Gram-positive, non haemolitic coccus which elicits 20-30% of all mastitis cases in UK [1]. A 
typical S. uberis infection is often sudden in onset and causes a hard swollen quarter of the udder 
with big, white clots in the milk along with elevated body temperature. In addition to the acute 
form of mastitis there are also S. uberis strains resulting in chronic, recurrent and subclinical 
mastitis with pathogens surviving inside the host cells [2,3]. A specific set of virulence factors of  
S. uberis isolated from cows suffering from mastitis have been proposed: capsule, neutrophil 
toxin, M-like protein, R-like protein, hyaluronidase and uberis factor [4]. Since many reports 
suggested lipoteichoic acid (LTA) to be protective for bacteria, it was interesting to examine 
the S. uberis LTA structure. LTA was isolated from disrupted S. uberis 233 cells using n-butanol 
extraction, and purified by hydrophobic-interaction chromatography (HIC) on octyl sepharose 
column. Compositional analysis of LTA identified glucose and rhamnose (in an approx. mo-
lecular ratio of 1:4), phosphate, alanine, and glycerol, and the fatty acids 16:0, 18:1, 18:0, 16:1, 
18:2, 12:0, and 14:0 (in an approx. molecular ratio of 17,5:12:8:6:5:1:1). We began our work with 
the structural determination of the linker moiety which connects the polyalditol chain and the 
acylated glycerol. For this purpose, LTA was treated with 48% hydrofluoric acid, and the sample 
was neutralized and extracted with chloroform from which the linker was recovered. Fatty acids 
were removed by treatment with abs. hydrazine, and the structure of the backbone was deter-
mined by compositional analyses and 1D and 2D NMR spectroscopy as  
a-d-Glcp-(1→2)-a-d-Glcp(1→1)-Gro.
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 SYNTHETIC GLYCOPORPHYRINS FOR USE AS 
PHOTODYNAMIC THERAPY AGENTS
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Photodynamic therapy (PDT) agents1 are a class of molecules which induce light activated toxi-
city. Th ese agents have signifi cant potential for use in chemotherapy, anti-bacterial and anti-vi-
ral treatments. Th e benefi ts of these compounds include the selective activation through singlet 
oxygen formation of an otherwise non toxic drug. Singlet oxygen induces apoptosis in the cells 
where it is formed, thus providing it’s therapeutic activity. Major drawbacks of these compounds 
have historically been poor site specifi city, low solubility, post treatment photosensitization and 
low light absorption at activating wavelengths.
Th is project focuses on the conjugation of biologically relevant carbohydrates to a PDT scaff old2. 
Certain tumor3 and bacterial4 cell lines over express carbohydrate recognizing proteins called 
lectins. Th ese lectins could be used as a method of selectively targeting glycoporphyrins to the 
relevant cells, thereby increasing site specifi city. Th e carbohydrates being highly hydrophilic 
molecules result in vastly improved water solubility. Th e increased polarity of these compounds 
may allow faster clearance from the body hence lowering post treatment photosensitization. 
Presented is a summary of the work to date on the synthesis and biological evaluation of this 
novel class of compounds.
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Over the past 40 years interest in azasugars has increased as their potential in the treatment of 
disease is realised.1 In particular, their ability to inhibit glycosidase enzymes makes them an 
interesting and valuable pharmacophore to study.2 However, due to the limited number of aza-
sugars isolated from nature, only a few have been widely investigated for their therapeutic po-
tential. The ability to rapidly and efficiently synthesise azasugars represents enormous potential 
for full assessment of their biological profiles.3 
In this work we report methodology for the protecting group free total synthesis of 3,4-cis-di-
substituted azasugars, 1 to 4,4-6 and 4,5-cis-azasugars 5 and 6, from readily available carbohydra-
te precursors. In the course of this work two novel reaction methodologies were developed: one 
for the stereoselective formation of cyclic carbamates from olefinic amines4 and the other for the 
formation of primary amines from aldehydes without the need for protecting groups.7
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FLUORESCENCE LABELING OF GLYCOSPHINGOLIPIDS
IN LIVING CELLS
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Lipid microdomains play important roles in many cellular processes, but fundamental issues of 
their nature remain poorly understood.1 To gain more insight into their composition and beha-
vior, novel tools are required that allow for authentic visualization of these entities in biological 
membranes. Glycosphingolipids as an integral component of lipid raft s play important roles in 
many cellular recognition processes and, therefore, were chosen as a tool to visualize membrane 
lipids in cells.

 

Our work concentrates on the synthesis of alkyne- or azide-labeled glycosphingolipids, which 
are applied to cells and subsequently can be labeled with fl uorescent dyes in a Cu(I)-catalyzed or 
copper-free [3+2] azide-alkyne cycloaddition. Th e resulting fl uorescent conjugates are studied 
by fl uorescence microscopy.
In our work, we compare diff erent glycolipids and fl uorescence dyes. Our studies include analo-
gues of glucosyl and lactosyl ceramide which result in selective labeling of the cell membrane. It 
is of particular interest whether diff erential lateral organization of these lipids can be observed 
by varying the length of the N-acyl chain, as long-chained asymmetric sphingolipids are suppo-
sed to play an essential role in lipid microdomains.2
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SYNTHESIS AND EVALUATION OF SUCCINYL-D-GALACTOPYRANOSIDES 
TOWARDS tryPanosoma Cruzi trans-SIALIDASE
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Chagas’ disease, also known as American trypanosomiasis, is one of the most devastating tropi-
cal disease and it is caused by the protozoan Trypanosoma cruzi.1 Th e parasite expresses a cell 
surface trans-sialidase enzyme (TcTS) responsible for the transference of sialic acids from host 
cells to terminal β-galactose molecules present on its glycoprotein surface. As a result, TcTS 
plays a key role in the recognition and invasion of host cells.2 Moreover, the lack of trans-siali-
dase in humans makes TcTS a potential drug target to be explored, however no strong inhibitors 
(at nanomolar range) of this enzyme are known to date.3

Considering the importance of galactose unit and the carboxyl function in sialic acid for in-
teractions in the active site of TcTS, we have envisaged the synthesis of galactose derivatives 
containing succinic acid in diff erent positions of the sugar ring aiming inhibition of TcTS. Th us, 
the developed work allowed the synthesis of compounds 1, 2, 3 in few steps and good yields. 
Furthermore, these compounds are being tested towards TcTS by fl uorimetric assay4.
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Uronic acids are found in many polysaccharides and are involved in several biological processes.1 
Oligosaccharides containing uronic acids are mostly synthesized using a post-glycosylation 
oxidation approach, since uronic acids are assumed to be less reactive than the corresponding 
non-oxidized glycosides.2 In this study, the relative reactivities of a series of thio-glucosides and 
thio-glucuronic acid esters have been explored (Scheme 1). We will demonstrate that glucuronic 
acid donors can be more reactive than oft en presumed.

Scheme 1. Th e donor thio-glucosides and thio-glucuronic acid esters used in the competition 
experiments (left ) and the design of the competition experiments (right).

Th e relative reactivities obtained have been used in the design of a convenient synthesis of 
bacterial capsular oligosaccharides containing glucuronic acid residues.
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NOVEL SUPRAMOLECULAR EDIFICES 
FROM CYCLODExTRIN-NUCLEOBASE CONjUGATES
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Recognition processes due to base pairing have been widely studied, especially in order to 
obtain well-defi ned assemblies by organization of small molecules.1-2 Our group is interested in 
supramolecular chemistry, particularly in the synthesis of novel self-assembled systems invol-
ving cyclodextrins (CDs) and nucleobases. CDs, a family of cyclic oligosaccharides composed 
of a-(1-4)-linked D-glucopyranose units, feature a conical cavity, and enable to form inclusion 
with a large variety of organic molecules. To enhance inclusion properties, various structural 
architectures of CD dimers3 have been prepared, but one challenge is to obtain supramolecular 
CD dimers linked by non-covalent interactions. We reported the synthesis of CD monomers 
bearing a nucleobase and showed the formation of supramolecular CD dimers.4 Unfortunatly 
the association constant between the CD-Adenine and CD-Th ymine derivatives determined by 
NMR in CDCl3 is low.

Figure: Supramolecular cyclodextrin-nucleobase dimer CD-A and CD-T

As guanine is well known to self-assemble into hydrogen-bonded cyclic tetramers, the so-called 
G-quartet,5 and in order to improve the associations between CD-nucleobase conjugates, the 
synthesis of cyclodextrin derivatives fonctionalized with guanine was achieved. 
Th e synthesis of nucleobases (A, T, G)-cyclodextrin conjugates,6 and the NMR studies of the 
formation of new supramolecular assemblies will be described.
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Iminosugars, in which the ring oxygen has been replaced by nitrogen, constitute the most prom-
ising class of sugar analogues because their glycosidase and/or glycosyltransferase inhibition 
profi le make them promising therapeutics.1 As a consequence, some iminosugar derivatives are 
already on the market to treat diabetes or Gaucher disease while others are currently involved 
in clinical trials to treat cancer, viral infections or genetic diseases such as cystic fi brosis. While 
fi ve- and six-membered iminosugars have been largely investigated, the unusual seven-mem-
bered analogues have been rather unexplored,2 despite an expected potential related to their 
conformational fl exibility.

Figure 1: Structure of fi ve-, six- and seven-membered iminosugars

We have launched a program to explore the synthetic access, the biological and the synthetic 
potential of these polyhydroxylated azepanes.3

We will present herein recent results regarding these fl exible iminosugars.
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Carbasugars are carbocyclic analogues of carbohydrates that play a crucial role within the broad 
fi eld of carbohydrate mimetics.1 Whitin the synthetic strategies adopted to obtain carbapyra-
noses, the ones that use carbohydrates as starting materials2 provide important advantages over 
other methods, mostly because the enantiomeric purity of the target carbasugars is guaranteed. 
Recently, in our group we developed a new uncatalyzed and substrate-dependent, stereospecifi c 
glycosylation process, using the diastereoisomeric d-allal and d-galactal-derived vinyl epoxides 
1a and 1β, as unprecedented glycosyl donors.3

We herein report the enantioselective synthesis of carba analogues of glycosyl donors 1a and 
1β, the diastereoisomeric chiral vinyl epoxides (-)-2a and (-)-2β, to check their suitability as 
glycosyl donors, with the aim to realize a new approach to the stereoselective synthesis of car-
basugars.
Th e most signifi cant features of our synthetic strategy are: i) construction of the carbocyclic 
system (-)-4 by way of a new application of the Claisen rearrangment4 to glycal substrate (+)-3 
ii) synthesis of an effi  cient carba type precursor, diol (+)-5, which can be easily transformed into 
the chiral diastereoisomeric vinyl epoxides (-)-2a and (-)-2β 
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Burkholderia cenocepacia is a Gram-negative opportunistic pathogen that affects immune-com-
promised patients such as those with cystic fibrosis and chronic granulomatous disease. Infected 
cystic fibrosis patients commonly develop chronic lung infections that are very difficult to treat 
because these bacteria are intrinsically resistant to virtually all clinically useful antibiotics inclu-
ding antimicrobial peptides. Lipopolysaccharide (LPS) is a key bacterial surface molecule that 
plays a critical role as a major determinant of intrinsic antibiotic and antimicrobial peptide resi-
stance (1, 2). LPS consists of lipid A, core oligosaccharide (OS), and in some bacteria O-specific 
polysaccharide or O-chain. The O-chain acts as a protective barrier against desiccation, pha-
gocytosis, and serum complement-mediated killing, particularly this polysaccharide portion 
elicits a robust immune response. We have previously characterized the structure of the lipid 
A-core OS of the model B. cenocepacia strain K56-2 (1). This work also helped elucidating the 
structure of the linkage between the core OS and the O antigen. Here, we combine mutagenesis 
experiments and phenotypic analyses of LPS electrophoretic profiles with structural elucida-
tion of LPS glycans that allowed us to assign function to the genes involved in biosynthesis of 
B. cenocepacia O-antigen polysaccharide, which map into a complex gene cluster (3) encoding 
functions for the biosynthesis of nucleotide sugar precursors, glycosyltransferases, and an ABC 
transporter for the export of O antigen precursors across the bacterial inner membrane prior to 
their ligation to the lipid A core OS. 
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Lipopolysaccharide (LPS) is the major component of the outer membrane of Gram-negative 
bacteria, greatly contributing to the structural integrity and protection of the bacterial cell en-
velope. LPSs are amphiphilic macromolecules consisting of a hydrophilic hetero-polysaccharide 
(formed by the Core oligosaccharide and the O-specific polysaccharide or O-chain) covalen-
tly linked to a lipophilic domain called Lipid A. Besides their general architectural principle, 
a number of structural changes and chemical variations are at the basis of the dynamic en-
vironmental adaptation as in case of extremophilic bacteria. In this work we have elucidated 
the structure of the LPS isolated from Thermomonas hydrothermalis, a new slightly thermo-
philic g-proteobacterium isolated from a Hot Spring at São Gemil in Central Portugal (1). It is 
accepted that this bacterium is closely related to Thermomonas haemolytica, but has a higher 
growth temperature range than this species (1). It is very interesting to determinate the com-
plete structure of the LPS from this new isolated extremophile. LPS was extracted with phe-
nol/chlorophorm/light petroleum, purified via gel permeation chromatography and underwent 
compositional analyses that showed the presence of hexoses, hexuronic acids, hexosamines and 
Kdo residues. The fatty acid component showed the presence of: C11:3OH, C15:0, C16:0, C17:0 
and C18:0. The complete elucidation of LPS has been carried out by a combination of chemical 
analysis, NMR spectroscopy and Mass spectrometry (MALDI).
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Th e mucin MUC1 is a high molecular weight membrane glycoprotein found on the surface of 
many epithelial cell types such as those from the breast, prostate, intestinal tract, liver, pancreas and 
kidney.1,2 It consist of a hydrophobic transmembrane domain, a short cytoplasmic tail and a relatively 
large, heavily O-glycosylated extracellular domain rich in serine, threonine and proline amino acid 
residues. Most O-glycosylations occur at the serine and threonine residues within the 20 amino acid 
tandem repeat domain of MUC1 (GSTAPPAHGVTSAPDTRPAP). Th is number can vary from 20 
to 120. Th e primary function of MUC1 is protection of the epithelial cells from insult, from chemical 
or microbial sources, resulting in the induction of infl ammatory and repair or healing processes,3 
and has also been implicated in important cell-cell adhesion events. Th e MUC1 glycoprotein is an 
important biological target for the immunotherapy of cancer due to its altered level of expression on 
the surface of tumour cells. Th ese changes manifest in an over-expression of the glycoprotein, altered 
levels of glycosylation and a loss of polarisation at the cell surface.4 Signifi cantly, the changes in the 
glycosylation profi le result in the presentation of specifi c tumour-associated carbohydrate antigens, 
as well as exposure of important peptide epitopes. In its tumour-associated form, the mucin exhibits 
altered levels of glycosylation resulting in short, prematurely sialylated glycan chains including 
the TN, sialyl-TN (STN), a-2,6-sialyl-T (a-2,6-ST) and a-2,3-sialyl-T antigens and exposure of the 
immunodominant PDTRP epitope.5 Although the type, number and glycosylation position of the 
tumour-associated carbohydrate antigens is tissue-dependent, there has been some conjecture as 
to whether glycosylation within the immunodominant motif increases the binding affi  nity of the 
peptide. Th e aim of the cancer immunotherapy is to override the multiple suppressive mechanisms 
and to potentiate existing immune responses against cancer cells. Th erefore, we synthesized 1 in 
which the built-in immunoadjuvant (VQGEESNDK) corresponds to a peptide sequence derived 
from the interleukin 1 (IL-1) cytokine.6 In addition, we conjugate diff erent core MUC1 structures to 
synthetic adjuvans  like Pam3Cys and Lipid A as an immunostimulant to get glycopeptide vaccine 2.
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The correct expression of glycoproteins is fundamental for a variety of important biological 
events. For instance, alterations in cell surface carbohydrate structures affect normal cellular 
interactions and contribute to pathogenesis and progression of neoplasia.1 Most carcinoma ex-
press abnormal forms of the transmembrane glycoprotein mucin-1 (MUC1) characterized by 
the exposure of immunogenic peptide epitopes and truncated glycan chains. Several studies 
have shown that these tumor-associated MUC1-glycoforms are of particular interest for diag-
nostic tools and represent attractive targets for the development of anticancer vaccines.2 In addi-
tion to conjugate vaccines using carrier proteins, antigenic glycopeptides have also been coupled 
to lipids.3 To limit undesired biological side effects, self-assembled liposomal systems based on 
fluorinated surfactants were recently developed.4 Besides, temporary attachment of fluorocar-
bon linkers and fluorous tags is an attractive strategy to specifically immobilize glycans within 
fluorous microarray formats.5 
Herein, we describe modular syntheses of amphiphilic fluorous-tagged MUC1 glycopeptides 
with varied glycosylation patterns and their use as diagnostic tools in cancer immunotherapy.6 
The hydrophilic part of the amphiphiles consists of complete tandem repeat domains of MUC1 
glycosylated at Thr6 and/or Thr18 with TN antigen residues, while the hydrophobic part is built 
of tris(hydroxymethyl)aminomethane (TRIS) onto which perfluoroundecyl chains were crafted.
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As a C-type lectin expressed in dendritic cells, DC-SIGN is known to be involved in many infec-
tion processes. Pathogens like HIV make use of DC-SIGN to invade the host immune system. 
DC-SIGN is a mannose- and fucose-specific lectin and selectively recognizes Lewis-type fu-
cosylated oligosaccharides.1 Our group has reported on the synthesis of a Lewis-x mimic, 2, with 
inhibiting properties for this lectin.2 The mimic is built on a β-aminoacid scaffold connecting 
via amide bonds an a-fucosyl amide and a galactose mimic. 
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Influenced by suggestions from computational studies, we developed a library of general for-
mula 3, using different cyclic and acyclic β-aminoacid scaffolds as well as different R groups, 
in an effort to improve the affinity of these ligands for DC-SIGN. The activity of these products 
was tested by means of SPR-studies. Out of the tested compounds the most active and the most 
economic ones have been chosen for a further functionalisation with the goal of creating mul-
tivalent structures. 

References
1. Y. van Kooyk, T. H. B. Geijtenbeek, Nat. Rev. Immunol. 2003, 3, 697 – 709.
2. G. Timpano, G. Tabarani, M. Anderluh, D. Invernizzi, F. Vasile, D. Potenza, P. M. Nieto, J. 

Rojo, F. Fieschi, A.Bernardi, ChemBioChem 2008, 9¸1921-1930.



16th European Carbohydrate Symposium

299

POSTER

PO 85

CELL-WALL POLYSACCHARIDES OF BIOTECHNOLOGICALLY PROMISING 
BACTERIA FROM THE BELARUS COLLECTION OF MICROORGANISMS 

Galina Novik1, Evelina Zdorovenko3, Vyacheslav Melnikov2, Yuriy Knirel3

1Institute of Microbiology, National Academy of Sciences of Belarus, 220141, Minsk, Belarus;  

2International Science and Technology Center, 127473 Moscow, Russia;
3N.D. Zelinsky Institute of Organic Chemistry, 

Russian Academy of Sciences, 119991 Moscow, Russia
zdorovenkoe@mail.ru

Valuable industrial microbial strains deposited at the Belarus collection of microorganisms could 
be used in manufacturing enzyme preparations, ferments ensiling plant substrates; producing 
preventive-therapeutic compositions enhancing immune potential in humans and animals; de-
velopment of biological agents to control plant pathogens; bacterial preparations for degradation 
of toxic organic substances and bioremediation of natural and industrial media. Currently, over 
1200 microbial strains are maintained at the Belarus collection of non-pathogenic microorgan-
isms. Basic guidelines for the activities of the collection are isolation of new microbial strains from 
natural sources which are potential objects for industrial, agricultural and environmental bio-
technologies, compiling data bank characterizing properties of bacteria, filamentous fungi, yeasts 
and bacteriophages, elaboration of theoretical and practical recommendations for application of 
industrial strains from the collection stock. A promising trend in functioning of the collection is 
introduction of chemical and biochemical methods for detection of polysaccharides, phospholip-
ids and glycolipids as chemotaxonomic markers of microorganisms. Composition and structure 
of cell-wall polysaccharides of biotechnologically promising probiotic bacteria Bifidobacterium 
bifidum BIM B-465D and Bifidobacterium longum BIM B-476D were characterized. The major 
polysaccharide specific for strain B. bifidum BIM B-465D was found to be a branched glucoga-
lactan with a heptasaccharide repeating unit. The second, minor polysaccharide is a branched 
glucan having a main chain of 1,6-linked a-glucopyranose residues and side chains of single 
a-glucopyranose residues attached at position 2 of ~60% glucose residues in the main chain. 
A similar glucan has been reported as an exopolysaccharide of a ropy strain of Lactobacillus 
spp. G-77. B. longum BIM B-476D produced several polysaccharides, including a glucosylated 
ribitol teichoic acid and a polymer with a branched pentasaccharide 1-phosphate repeating unit. 
In prospect the probiotic glycoconjugates, including cell-wall polysaccharides, may be used in 
technologies aimed at manufacturing of highly effective therapeutic products.
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Gram-negative bacteria Pseudomonas fluorescens are typical representatives of fluorescent 
bacteria from the genus Pseudomonas. Strains of P. fluorescens are divided into five biovars ha-
ving undefined taxonomical rank. They are heterogenous in terms of genotypic and phenot-
ypic characters, including the lipopolysaccharide structure. In this work, the structure of the 
O-specific polysaccharide chain (O-antigen) of the lipopolysaccharide of P. fluorescens BIM 
B-582 was studied by sugar analysis, Smith degradation, and two-dimensional 1H and 13C NMR 
spectrocsopy. The polysaccharide was found to contain l-rhamnose, 2-acetamido-2-deoxy-d-
glucose, and 4-deoxy-d-xylo-hexose (d-4dxylHex). The last monosaccharide was isolated by 
paper chromatography after mild acid hydrolysis of the polysaccharide and characterized by 
NMR spectroscopy and specific optical rotation. To our knowledge, d-4dxylHex is found for the 
first time in bacterial polysaccharides. The O-antigen of P. fluorescens BIM B-582 is composed of 
d-GlcNAc→l-Rha disaccharide repeating units, ~40% of which are substituted with a branch-
ing d-4dxylHexp residue. 

  
Structures of 4-deoxy-a-d-xylo-hexopyranose and the O-antigen of P. fluorescens BIM B-582 

This work was supported by the Russian Foundation for Basic Research (Project 
No. 10-04-90047-Bel_a) and Belarusian Foundation for Basic Research (Project No. X10P-130).

    ~40 %  α-D-4dxylHexp-(1→2)⎤ 

→4)-β-D-GlcpNAc-(1→3)-β-L-Rhap-(1→ 
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Heparin (HP) is a complex sulfated Glycosaminoglycan (GAG) involved in various essential 
biological processes from blood coagulation to cell-cell communication, growth and differentia-
tion. It also plays a critical role in several pathological conditions such as cancer, angiogenesis, 
some neurodegenerative diseases like Alzheimer’s, atherosclerosis and microorganisms infec-
tivity [1]. HP, as well as its structurally related Heparan sulfate (HS), contains highly negative 
charges coming from sulfate and carboxylate groups that greatly impact its abilities to interact 
with biological factors, therefore resulting in specific properties. For example, the sulfation pat-
tern of HS has an impact on the complex formation efficiency with Fibroblast Growth Factors 
(FGFs) and their receptors. The result of this interaction leads to intracellular signal transduc-
tion and may improve recovery through angiogenesis and arteriogenesis after heart ischemia 
as well as in treatment of peripheral nerve injury or peripheral arteries occlusion disease. The 
communication will focus on the recent advances of our group in finding potent and selective 
compounds that may promote this process. 
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Dengue disease affects more than 230 millions people every year in inter-tropical areas, causing 
approximately 25 000 deaths, mostly children. Dengue viruses (DENV) are enveloped Flavivirus 
that are transmitted via the bite of Aedes mosquitoes. The DENV particle is made up of three 
structural proteins; among these, the envelope protein (E) is the major surface glycoprotein, 
responsible for virus attachment and fusion1. Human dendritic cells (DCs) are targets of DENV, 
and infection is mediated in part by the binding of DENV to DC-specific ICAM3-grabbing non 
integrin. Recent work has shown that N-glycosylation can influence the virus growth cycle, and 
terminal mannosylation of E protein is essential for infecting DCs2. In addition, these mem-
brane protein N-linked oligosaccharides are differentially processed by enzymes in insect and 
mammalian cells. The sanofi pasteur tetravalent dengue vaccine is composed of four chimeric 
viruses based on the backbone of the attenuated yellow fever 17D vaccine (YFV 17D), and ex-
pressing structural antigens of each of the four dengue virus serotypes (E and prM). In this study 
we characterized the N-linked glycans from the envelope protein of chimeric vaccine serotype 
2 produced in Vero cells. Due to the low level of N-glycosylation (~5%) and the difficulty to 
purify large amounts of E protein, we used mass spectrometry approaches: MALDI-TOF and 
nanoLC-ESI-MS/MS. Evidence for mannosylation of E protein were obtained for serotype 2, see 
table below. 

N-glycans composition N-glycans 
deduced from mass measurements type CYD2

N2H6 Oligomannose 6 +
N2H7 Oligomannose 7 +
N2H8 Oligomannose 8 +
N4H5 Complex/hybride +
N5H4 Complex/hybride +

N4H5F Complex/hybride +
N5H5 Complex/hybride +

N5H5F Complex/hybride +
N corresponds to N-Acetyl Glucosamine, H to Hexose and F to Fucose
CYD2 serotype derived from DENV2

Chimerivax Serotype
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Mastitis, the inflammation of the mammary gland, affects humans and dairy cattle. In case of the 
latter, this often leads to culling of the infected animals, thus provoking high economic impor-
tance of mastitis1. Gram-negative coliform bacteria cause mainly the acute form of the disease. 
Nevertheless, no set of specific virulence factors was found in mastitis-inducing Escherichia coli 
strains, suggesting that severity of E. coli mastitis is determined by cow factors2. The O-polysac-
charide (OPS) is a highly variable part of the lipopolysaccharide (LPS), the major constituent of 
the outer membrane of Gram-negative bacteria, which is used as the basis for bacterial serot-
yping and is essential for the full function and virulence of bacteria3.
Mammopathogenic E. coli P4 strain was cultivated in Luria Bertani medium, and LPS was iso-
lated utilizing hot phenol/water extraction4. The OPS fraction was obtained after LPS hydrolysis 
with 1% acetic acid for 2 h at 100°C following by the removal of precipitated lipid A, and fractio-
nation of the polysaccharide by Sephadex G-50 size exclusion chromatography. Compositional 
analysis of OPS revealed the presence of 2-acetamido-2,6-dideoxy-galactose (FucNAc), 2-ace-
tamido-2-deoxy-glucose (GlcNAc) and galactose. The structure of the OPS was analyzed by 1D 
and 2D spectroscopical methods and was determined to be unbranched polymer of a repeating 
trisaccharide unit having the following structure: →2)-β-Galp(1→3)-a-FucpNAc(1→3)-β-
GlcpNAc(1→.
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The homopteran M. persicae is one of the most polyphagous insects worldwide, as it suc-
cessfully develops on hundreds of plant species. We have shown that a sulfated disaccharide 
(1) induced differential aphicidal effects on M. persicae.1 In our fi rst synthetic strategy, com-
pound 1 was isolated from a mixture of a/β disaccharides. In order to develop a stereoselective 
approach to 1 and its non-sulfated and/or deacetylated analogues 2, 3, and 4, different glycosy-
lation donors 6 to 13 were prepared and reacted with acceptor 5.  The infl uence of different 
experimental conditions and protecting groups on donor reactivity and stereoselectivity will 
be discussed. 2-Azido compounds led to a/β mixtures. Oxazolidinone 11 gave exclusively the 
β-(1→4) disaccharide in 30% yield. 2-Trichloroacetyl trichloroacetimidates 12 and 13 afforded 
stereoselectively the target compounds 14 and 15 in high yields.

Specifi c deprotection sequences (desilylation, TCA reduction, deacetylation and hydrogena-
tion) allowed to obtained the fi nal compounds 1 to 4, which were used for biological tests.   

Aphids fed with diff erent concentrations of sulfated disaccharides showed an increase of lar-
val mortality and a reduction of fecundity. Inhibition tests on bacterial, fungal and M. persicae 
endo- and exochitinases showed selectivity towards insect’s chitinases. 
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Th e various biological roles of small hyaluronan fragments are highly dependent on their size.1 
For detailed studies organic synthesis can provide hyaluronan fragments of defi ned length and 
constitution and easily allows specifi c functionalisation or derivatisation.
Diff erent routes for the synthesis of hyaluronan fragments have been reported.2-6 Besides requi-
ring stereoselective and high-yielding coupling reactions in chain elongation, easy and effi  cient 
access to large quantities of building blocks is essential. Th erefore we envisioned a strategy with 
a dimeric donor containing the glucuronic acid at the reducing end and activated as a trichloro-
acetimidate as previously reported by Blatter and Jacquinet.2

Known6 compound 1 was synthesised on 50 g scale, further activated as the trichloroacetimi-
date on 10 g scale and coupled with known2 acceptor 3. Resulting compound 4 was elaborated 

to key donor 5 on multigram scale and acceptor 6 
was easily prepared, too. Th e effi  cient glycosyla-
tion of 5 and 6 demonstrates the usefulness of our 
approach. Dry column vacuum chromatography 
allowed for rapid purifi cation of intermediates on 
multigram scale.7

We believe that these results will allow for the syn-
thesis of longer hyaluronan fragments and an easy 
access to specifi cally functionalised fragments for 
in-depth studies of their biological properties.
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Cystic fibrosis is an autosomal recessive disorder, characterized by chronic bacterial airway in-
fection, which leads to progressive lung deterioration, with fatal outcome. Pulmonary infection 
in CF is polymicrobial and it is possible that anaerobic bacteria reside within infected anaero-
bic airway mucus.1 Patients affected by Cystic Fibrosis (CF) with Pseudomonas aeruginosa lung 
infections produce endobronchial mucus plugs, giving rise to the growth of obligate anaerobes 
including Prevotella intermedia.
Prevotella intermedia is an anaerobic, rod-shaped, black-pigmented, Gram negative bacterium. 
The major components of its outer membrane are lipopolysaccharides, which exhibit powerful 
immunostimulatory and inflammatory activities.2 Bacterial Lipopolysaccharides (LPS) typically 
consists of a hydrophobic domain known as lipid A (or endotoxin), a core oligosaccharide, and 
an O-specific polysaccharide region (O-chain).
The structure characterisation  of the LPS endotoxins isolated from CF opportunistic pathogens 
is of pivotal importance, therefore in this work the LPS from a clinical isolate of Prevotella inter-
media has been extracted and characterized by using biochemical approaches and state-of-art 
techniques such as Nuclear Magnetic Resonance Spectroscopy (NMR) and Mass Spectrometry 
(MALDI).
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Peptidoglycan, also known as murein, is a polymer consisting of sugars and amino acids that 
forms a mesh-like layer outside the plasma membrane of bacteria, shaping the cell wall. The 
sugar component consists of linear chains of two alternating amino sugars, namely N-acetylglu-
cosamine (GlcNAc or NAG) and N-acetylmuramic acid (MurNAc or NAM), connected by a 
β-(1,4)-glycosidic bond. A peptide chain of three to five amino acids is linked to the N-acetyl-
muramic acid to complete the structure.
The importance of studying the structure of Peptidoglycan is due to the fact that it belongs to 
the family of PAMPs (Pathogen-Associeted Molecular Patterns), a set of molecular structures, 
highly conserved, essential for life and survival of the bacterium. These molecules are recogni-
zed by the host through specific receptors known as PRRs (Patterns Recognition Receptors) that 
are able to activate an inflammatory response by the immune system. The receptors responsible 
for recognition of PGN are known as Nod1 and Nod2.1 Cystic fibrosis lung disease is characte-
rized by transient airway infections and excessive neutrophil-dominated inflammation early in 
life, followed by permanent chronic infection that causes persistent respiratory symptoms and 
decline in lung functions.2

In this work, in order to check possible changes in the immune response, PGN has been ex-
tracted and purified from three clonal strains of Pseudomonas aeruginosa, isolated from CF 
patients at different times of colonization and the proinflammatory activity analyzed in vivo and 
in vitro:
AA / 2, isolated after 6 months of colonization;
AA / 43, isolated after 7.5 years of colonization (mucoid strain);
AA / 44, isolated after 7.5 years of colonization (non-mucoid strain).
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To investigate flexibility and dynamics of oligosaccharides in solution description of the preferred 
conformations at the glycosidic torsion angles is essential. Several NMR observables are usually 
measured, in particular, 1H,1H cross-relaxation rates from which effective interproton distances 
can be obtained and transglycosidic 3

C,HJ  and 3
C,CJ  that can be interpreted via Karplus-

type relationships.1-3  If homo- and heteronuclear coupling constants can be determined for 
oligosaccharides for which the conformation or conformational distribution at the glycosidic 
torsion angles is known, further refinement of Karplus-type relationships can be obtained. 
We have therefore initiated the synthesis of tethered model compounds to this end. The 
disaccharides are related to methyl a-cellobioside (1) in which the length of the tether is varied 
(2 – 4). In addition, two monosaccharides related to a-d-Glcp (5) and β-d-Glcp (6) will also be 
synthesized. The 3

C,HJ and 3
C,CJ  coupling constants will be compared to existing Karplus-type 

relationships.
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Figure 1. Methyl a-cellobioside (1), tethered methyl a-cellobiosides (2 - 4), 
tethered a-d-Glcp (5) and β-d-Glcp (6).
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Members of the subspecies Pseudomonas chlororaphis aureofaciens can be employed as biological 
control agents against several important phytopathogenic fungi. Recently, P. chlororaphis 
subsp. aureofaciens strain M711 has shown interesting properties exploitable for the control 
of Seiridium cardinale, the causative agent of cypress (Cupressus sempervirens L.) bark canker 
disease.2 Production of the antibiotic compound (phenazine-1-carboxylic acid) by strain M71 is 
involved in the control of this plant pathogen fungus.1

At the moment, application of strain M71 and its antibiotic compound represents the first 
biological control method for the prevention of bark canker disease incited by S. cardinale; 
therefore a full characterization of this biocontrol agent needs to be accomplished.
Although LPS from several Pseudomonas have been described so far, little is known about the 
structure of LPS in members of the subspecies P. chlororaphis aureofaciens. The structure of 
LPS from strain M71 and their antimicrobial activity as a whole and as single components 
(Lipid A, Core and/or O-chain) will be described. The LPS was extracted from dried cells3 and 
preliminary analysis (SDS-PAGE) showed its smooth nature. In addition the sugar analysis 
showed the presence of rhamnose (Rha), 2,6-dideoxy-2-amino-glucose (QuiN), 2,6-dideoxy-
2-amino-galactose (FucN), 2-deoxy-2-amino-glucose (GlcN), glucose (Glc), heptose (Hep) and 
Kdo.
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Metabolic engineering is a useful strategy to achieve target molecules using microorganisms. 
Different glycoconjugates have been successfully obtained by this methodology (1,2). Our 
group studies the Mycoplasma genitalium glycosyltransferase responsible of glycolipid 
synthesis as novel therapeutic target against mycoplasma infections (3). The enzyme encoded 
by the mg517 gene catalyzes the condensation between a glycosyl donor (Glc-UDP) and 
diacylglycerol (DAG) to form two glycolipids: the monoglucosyldiacylglycerol (MGDAG) and 
the diglucosyldiacylglycerol (DGDAG) with β-1,6 linkage. Due to the amphiphilic structure 
of these compounds they are of interest as biosurfactants and also as drug delivery systems. 
Enzymatic synthesis of glycoglycerolipids offers a significant advantage over chemical synthesis 
in their ability to form specific glycosidic linkages with high regio- and stereoselectivity. But the 
use of glycosyltransferases are still limited due to the cost of the sugar nucleotide donor and the 
difficulty of enzyme purification. Metabolic engineeering is an alternative that overcomes these 
limitations. 
For this purpose, mg517 gene is overexpressed in E. coli strain together with galU and plsC genes 
involved in the biosynthesis of the precursors Glc-UDP and DAG. Co-expression of galU, plsC 
and mg517 genes are analyzed in terms of metabolic effects and glycolipids production.

References
1. A.M, Ruffing, R.R. Chen, Microb. Cell. Fact., 2010, 12, 9:1.
2. E. Yavuz, S. Drouillard, E. Samain, I. Roberts, B. Priem, Glycobiology, 2008, 18(2),152-7. 
3. N. Martínez, E. Andrés, A. Planas, paper submitted.



16th European Carbohydrate Symposium

311

POSTER

PO 97
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Th is work deals with a novel approach of cellulose reticulation using the Huisgen 1,3-dipolar 
cycloaddition, also known as “click chemistry”, catalyzed by copper and developed by Sharpless.1 
Th is reaction is carried out by the condensation of a true alkyne and an azide to form a triazole 
ring connecting the two polysaccharide chains. Th e condensation of two diff erent functions will 
allow us to control the crosslinking reaction, to avoid intra-chain reactions and thus to promote 
the creation of an enhanced three-dimensional network.
We initially used microcrystalline cellulose as a model substrate for reactions development be-
fore proceeding on with wood pulp fi bres. Azidodeoxycellulose2 was obtained with a DS of 1.3 
from tosylcellulose3. Th e propargylation reaction was conducted with cellulose dissolved in a 
5 % sodium hydroxide aqueous solution4 with propargyl bromide leading to propargylcellulose 
with a DS of 1.3. CuAAC reaction was performed between azidodeoxycellulose and propargyl-
cellulose in a DMSO/H2O system using CuSO4, 5 H2O/sodium ascorbate as catalytic system. 
SEM pictures of the product show a morphological modifi cation, compared to reactants. We are 
now working to adapt these reactions to wood pulp fi bres (Kraft  pulp and thermomechanical 
pulp). Preliminary trials led to encouraging results.
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β-Amylase catalyzes the liberation of maltose from the nonreducing ends of starch having a strict 
specificity to produce beta-anomeric maltose. It has been classified as a typical inverting enzyme. 
The enzyme is distributed in higher plants such as soybean, sweet potato and barley, and in some 
microorganisms. On the basis of sequence alignment β-amylase has been classified as belonging 
to the glycoside hydrolase family 14. Subsite maps of alpha-amylases from different origin were 
calculated earlier,1-3 but detailed knowledge about subsite architecture of beta-amylases is scarce. 
β-Amylase from sweet potato was chosen as model enzyme for subsite mapping of β-amylases. 
Hydrolysis of chromophore-substituted maltooligosaccharides4,5 of degree of polymerization 
3-8 was studied.
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Sweet potato β-amylase cleaves maltose unit from the non-reducing end of oligomer substrates 
and the concentration of CNP-glycoside reducing end products was measured by HPLC as a 
function of time. Initial reaction rates and kinetic constants were calculated for substrates with 
different chain length. Hydrolysis of long substrates containing even and odd number glucose 
units (DP 7 and 8) were followed until formation of CNP-maltotrioside and CNP-maltoside as 
final products, respectively. The concentration-time relationships were evaluated numerically 
using a “single chain mechanism” reaction model. Reaction scheme was suggested to describe 
the total hydrolysis of the oligomer substrate catalysed by sweet potato beta-amylase.
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Since the discovery of carbohydrate-carbohydrate interactions (CCIs),1 several studies exam-
ining this phenomenon have been reported. CCIs are intrinsically weak, which makes their 
study, detection and quantifi cation at a monovalent level highly challenging. Previous work has 
generally relied on macroscopic and multivalent systems focusing on the biologically important 
LewisX-LewisX (LeX-LeX) interaction.2

We have explored a conformationally dynamic system to report on a weak, attractive CCI. A 
peptide random-coil:a-helix equilibria, designed to be more helical in the presence of favour-
able side chain interaction, has been used in the current study to qualitatively detect a weak CCI 
(Figure 1). Th e peptide scaff old used has been designed to be approximately 50 % helical. Devia-
tion from this value by incorporating modifi cations at specifi c sites has been measured using 
circular dichroism (CD) spectroscopy.

Th e glycopeptide with LeX in an i, i+4 relationships shows the highest helical content compared 
to the other peptides. Th is suggests that the LeX-LeX interaction has a helix stabilising eff ect 
within these peptides and implies detection of a monovalent CCI is possible within this system.
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Figure 1 Schematic of random-coil:α-helix for detection of CCI. 
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n-ALkOxYAMINE-MEDIATED GLYCODIVERSIFICATION 
OF DOPAMINE AND TAURINE
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Glycodiversification allows the development of carbohydrate libraries that can provide a mo-
lecular picture of biological processes involving carbohydrates. A recent and powerful approach 
to afford neoglycoconjugates is glycorandomization, an approach based on a one-step sugar 
ligation reaction that does not require any prior sugar protection or activation.1,2

Dopamine is a neurotransmitter involved in numerous functions in the brain, including roles 
in mood, attention, working memory, and learning.3 Taurine is an inhibitory neurotransmitter, 
neuromodulator, and neuroprotector,4 it can be used in the treatment of cardiovascular dis-
eases,5 and hypertension.6 It has also been described that taurine delays diabetic complications.7 
Herein, we describe the synthesis of N-methoxydopamine 2 and N-benzyloxytaurine 5 from 
dopamine 1 and taurine 4, respectively, and the coupling with reducing sugars to give stable N-
glycosyl dopamine and N-glycosyl taurine derivatives such as 3 and 6, using a chemoselective 
neoglycosidation methodology.2 
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Growing up on a traditional farm and exposure to components derived from microbes, fungi 
and plants minimizes the risk to come down with allergic asthma later in life.[1] Gram-positive 
L. lactis G121 was isolated from Bavarian cowshed dust. It was found out to impair allergic re-
sponses in the lung of mice. Ovalbumin-sensitized mice showed a decrease in eosinophils and 
goblet cells aft er treatment with L. lactis G121 per inhalation.[2] Lipoteichoic acid (LTA), as one 
main cell wall constituent, was prepared to elucidate its structure and role in immuno-modula-
tion. Extraction with n-butanol at 20-22°C provided crude LTA, which was purifi ed by hydro-
phobic interaction chromatography on a HiPrep octyl-sepharose column performing a gradient 
of 15% -60% n-propanol in 0.1 m ammonium acetate. Analytical chemistry, ESI FT-ICR-mass 
spectrometry as well as NMR spectroscopy were applied. Glycerol, phosphate, d-galactose (Gal), 
d-glucose (Glc), and d-alanine (Ala) were identifi ed. Also fatty acids 14:0, 16:1, 16:0, 18:1, and 
Δ-19:0 were detected. Based on this and the masses found in the ESI-MS spectrum, 5 LTA spe-
cies varying in the fatty acid composition are proposed. Two dimensional homonuclear as well 
as heteronuclear NMR experiments identifi ed a 1,3-poly(glycerol phosphate) backbone with d-
Ala and a-d-Galp substituents at C-2 of glycerol. Mass spectrometry indicated a linking moiety 
comprising the fatty acids, glycerol 
and two hexoses. Aft er HF cleavage 
(48%, 4°C, 48h) and hydrazinoly-
sis (37°C, 1h), assignment of NMR 
spectra revealed the linker to be a-d-
Glcp-(1→2)-a-d-Glcp-(1→3)-Gro. 
Th e entire LTA structure can be sum-
marized as
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All gram-negative enteric bacteria express on their cell surface an antigenic polysaccharide 
known as the Enterobacterial Common Antigen (ECA).1,2 It is a heteropolysaccharide made 
up of a trisaccharide repeating unit: 3)-a-D-FucNAc-(1→4)-β-D-ManNAcA-(1→4)-a-D-
GlcNAc-(1→. The major and ubiquitous form is the glycolipid ECAPG where the ECA polysac-
charide chains are anchored to the outer membrane through a diacylglycerolphophate aglycon. 
Two related forms are the ECALPS

3
 and the cyclic soluble ECACYC that contains only the trisaccha-

ride repeating units with different O-acetylation degree.4
 Their occurrence is quite restricted and 

in particular ECACYC was characterized in Yersinia pestis (from 3 to 5 repeating units),5 Shigella 
sonnei (from 4 to 6 repeating units),6,7 and Plesiomonas shigelloides (4 repeating units).6 To date 
ECACYC is considered a molecular determinant associated to pathogenic enterobacterial spe-
cies, with Escherichia coli K12 as the only exception known, where it is present in its tetrameric 
form.8,9Investigations on the pathogenic Escherichia coli O157: H- led to the identification and 
characterization of two cyclic forms (tetrameric and pentameric) of the ECA. Polysaccharide 
material was extensively purified by gel permeation chromatography and the identification of 
the two forms of the cyclic ECA was performed through the use of NMR spectroscopy and 
MALDI spectrometry. Further studies will be focused on the study of biological functions of 
these molecules and eventually on their role in the virulence of the bacterium.
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β-mannosides are a class of carbohydrates found e.g. in N-bound glycoproteins. Th e chemical 
synthesis of β-mannosides has until recently been giving poor yields (mainly the a-anomer is 
formed) or required methods. Th e discovery by Crich that benzylidene protected mannosides 
favored the desired β-mannosides have greatly improved β-mannoside synthesis.1 According to 
Crich the benzylidene locks the molecule in a less reactive conformation leading to increased 
stereoselectivity. Subsequently Bols and coworkers have found that the diminished reactivity of 
the benzylidene is due to an electronic eff ect.2 

To address this problem and expand the explanation a derivative of the benzylidene protected 
mannoside containing a methylene group at the 6-position was synthesized. Herein the syn-
thesis over 14 steps will be presented. Aft erwards the compound was subjected to glycosylation 
with diff erent acceptors to determine the a/β-ratio. Th e results were compared with the benzyli-
dene protected mannoside.
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Th e lipopolysaccharide (LPS), a major component of the outer membrane of Gram-negative bacteria, plays 
critical roles in bacterial cell physiology and in disease. Th e structure of LPS is complex and consists at a 
minimum of lipid A and core oligosaccharide (OS). Many Gram-negative bacteria also have an O-specifi c 
antigen polysaccharide (or O antigen) attached to one of the terminal residues of the core OS. Th e O 
antigen is the most variable portion of the LPS molecule and arises from the polymerization of discrete 
oligosaccharide units1. LPS contributes to the formidable permeability barrier of the outer membrane to 
antibiotics and it is also a potent stimulant of inante immune responses that can lead to septic shock. Th e 
O antigen confers resistance to lysis by serum complement2 and can also infl uence entry to host cells3, as 
well as intracellular survival4.Th e core OS contains a highly conserved 3-deoxy-D-manno-oct-2-ulosonic 
acid (Kdo)1. Targeting the biosynthesis of this monosaccharide allows the development of new potential 
antibacterials. In particular we have targeted the Kdo biosyntheric enzyme KsD, which is an arabinose 
phosphate isomerase (API)5. Preventing the biosynthesis of O antigen will facilitate bacterial clearance 
from infected organs and tissues. Th erefore, we also have targeted in our studies the O antigen ligase WaaL, 
which despite diff erent specifi cities has a common mechanism of recognition of the lipid-PP-linked O 
antigen precursors. 
Two diff erent classes of analogues were been designed and synthesized: linear and cyclic arabinose 5-phos-
phate analogues, modifying mainly positions 3, 4, 5 (Fig.A) and potential inhibitors for WaaL, modifi ng 
mainly the anomeric position of  galacto-diphospho-undecaprenil (Fig.B).

                          
                              Fig.A                                                                        Fig.B
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Agrimonia eupatoria L. is a very popular in Europe, minor Asia and North Africa medicinal 
plant1. The macromolecular water-soluble polyphenolic-polysaccharide conjugates isolated 
from flowering parts of A. eupatoria with multi-step process2 have anticoagulant activity, in vitro 
on human blood plasma as well as in vivo on Wistar rats. Ultrasonic degradation of such kinds of 
water-soluble polymers, especially polysaccharides from different sources, has been extensively 
investigated by many workers and reviewed 3,4,5. Their results indicate that degradation or scission 
of polymers in organic solvents is mainly caused by shear force generated by the relative motion 
between solvent and polymer chains during bubble collapse, i.e. mechanical or physical effects 
3. The preparation of A. eupatoria, containing the mixture of the polyphenolic glycoconjugates 
was depolymerized by ultrasonication. Sonolysis was carried out using a 20 kHz ultrasound 
generator, on 1.0% glycoconjugate solution, at a few irradiation times: 15, 30, 60, 90 120 and 
240 min by varying ultrasonic power from 20 to 70 W at 25 °C. Changes in molecular weight 
and molecular weight distribution were observed by size exclusion chromatography. The effects 
of time and ultrasonic power on fragmentation process were followed by viscometry and size 
exclusion chromatography. The experimental results showed that the rate of fragmentation 
increased with an increase in power of ultrasound and time. It was concluded that ultrasonic 
irradiation is a suitable method to perform partial depolymerization and to obtain moderate 
macromolecules from large ones and it may give structures with better anticoagulant activity. 
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SYNTHESIS OF CARBA-ANALOGUES OF 
CAPSULAR POLYSACCHARIDE FRAGMENTS 

FROM neisseria meningitidis SEROTYPE A
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Neisseria meningitidis type A (MenA) is a Gram-negative encapsulated bacterium that cause 
recurrent epidemics of meningitisin the sub-Saharan region of Africa.1 Th e development and 
manufacture of an effi  cient glycoconjugate vaccine against MenA has to consider the poor 
hydrolytic stability of its capsular polysaccharide (CPS), which is made up of (1→6)-linked 
2-acetamido-2-deoxy-a-D-mannopyranosyl phosphate repeating units.2

Since the chemical lability of MenA CPS is a product of the inherent instability of the 
phosphodiester bridge, a possible solution could be the replacement of the pyranose oxygen 
atom with a methylene group to give carbocyclic analogues. In this way, the acetal character of 
the phosphodiester is lost, and the new molecules are expected to be of comparable stability to 

that of oligonucleotides. Previous conformational studies 
indicated that the carba analogues of MenA CPS could 
be eff ective structural mimics of MenA CPS fragments.3

We describe herein the design, synthesis and preliminary 
immunochemical evaluation of carba-oligomers of MenA 
CPS (monomer, dimer and trimer, Figure 1). All the 
synthetic molecules are equipped with a phosphodiester-
linked aminopropyl spacer at the reducing end to 
facilitate the conjugation to a carrier protein or to a 
multivalent support. 
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POLYCATIONIC AMPHIPHILIC CYCLODExTRINS AS THERAPEUTIC 
GENE VECTORS
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Conchita Tros de Ilarduya2 and José M. García Fernández3
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A set of polycationic amphiphilic cyclodextrins (paCDs)1,2 has been evaluated as therapeutic 
gene vectors for in vivo purposes. Th e paCDs effi  ciently complexed and protected pDNA by 
spontaneously forming monodisperse (<100 nm) and stable nanoparticles (CDplexes), which 
exhibited positive z-potential. A tetradecacationic structure incorporating 14 primary amino 
groups and 7 thioureido groups in the primary face of the cyclooligosaccharide core and 14 
hexanoyl chains in the secondary face was judged to be optimal. Th is compound effi  ciently 
mediated serum-resistant transfection in human cancer HeLa and HepG2 cell lines, comparing 
favorably with branched poly(ethyleneimine) (bPEI) and exhibiting a low associated toxicity. 
Further transfection experiments using an encoding therapeutic gene plasmid (pCMVIL-12) 
were eff ected to report expression levels of interleukin-12. In vivo gene delivery experiments by 
systemic injection in mice indicated relatively high transfection levels in the liver, overcoming 
trapping of the nanoparticles in lung cells (see Figure). Th e measured levels of luciferase in the 
liver are comparable to those reported for receptor-targeted liposomes,3 thus suggesting that 
paCDs may be well oriented to cytokine-based hepatocellular carcinoma treatment as indicated 
by the signifi cant transfection levels of IL-12 in HepG2.
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SYNTHESIS OF A CHEMICAL LIBRARY BASED ON MUCIN-1 
FOR RAPID EPITOPE DISCOVERY
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Certain interested cancer antigens are mucin derived glycopeptides, being mucin-1 (MUC-1) 
the most known and characterized mucin. Tumoral cells present diff erent glycosylation and 
expose novel tumor specifi c peptide epitopes compared to normal cells. Th erefore, it is of great 
interest to get specifi c cancer-related MUC-1 glycopeptides and anti MUC-1 antibodies for the 
application on immunotherapy and diagnosis. 
Our interest is exploring a high number of diff erent possible combinations in order to develop 
high specifi c and strong MUC-1 epitopes. Th us, one bead one compound (OBOC) method was 
chosen as it is a potent way to accelerate drug discovery by getting high number of compounds 
on bead in a shorter time. Further, screening analysis can be performed on bead. 
In the fi rst library, the glycan structure attached to the MUC-1 peptide sequence was varied in 
order to explore the specifi city and strength of the binding with anti-MUC-1 antibody. During 
the glycopeptides elongation, a tag corresponding to the glycosyl moieties and position is also 
achieved to recognize the glycan groups on positive beads. Th e synthetic strategy to construct 
the family of analogues was based on using PEG-based resins topologically segregated. Th e li-
brary of glycopeptides was synthesized on the exterior of the resin by using Fmoc chemistry, 
while the tag was elongated on the interior of the bead by Alloc chemistry. 
Aft er synthesis of the MUC-1 glycopeptides and corresponded tags, the beads were screening 
by two diff erent tech-
niques based on fl uo-
rescence and magnetic 
beads. Th is method 
permits to create a high 
number of glycopep-
tides and elucidate the 
specifi c and high affi  ni-
ty MUC-1 epitopes.
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WITH PHARMACOLOGICAL CHAPERONE ACTIVITY FOR 
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Lysosomal storage disorders (LSDs) are a clinically heterogeneous group of genetically inherited 
disorders caused by the defi ciency in the activity of a particular lysosomal enzyme. In several 
LSDs, the mutant enzyme is a glycosidase that retain catalytic activity but has folding defects and 
undergo endoplasmic reticulum-associated degradation. Some iminosugars with glycosidase 
inhibitory activity are able to promote the correct folding in mutant forms of the enzymes and 
their subsequent traffi  cking to the lysosome, being currently under study as pharmacological 
chaperones (PCs) for the treatment of some of these pathologies.1 However, most of the im-
inosugar-type glycomimetics can inhibit simultaneously various glycosidases, which represents 
a serious limitation for clinical applications. In order to tackle this problem, we developed a 
new family of glycomimetics in which the amine-type N-atom typical of iminosugars has been 
transformed into a pseudoamide-type nitrogen, namely sp2-iminosugars. Th e concept was fi rst 
demonstrated for Gaucher disease, a LSD associated to mutant b-glucocerebrosidase.2 Molecu-
lar diversity-oriented strategies have now led to promising and very selective PCs candidates for 
LSDs associated to b-galactosidase (GM1-gangliosidosis) and a-galactosidase (Fabry diasease). 
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NEW D-arabino-CONFIGURED CARBOHYDRATE-BASED HETEROCYCLES AS 
POTENTIAL GLYCOSIDASE INHIBITORS
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The preparation of carbohydrate-based heterocycles is a challenging task in Organic and Medi-
cinal Chemistry, due to the important biological activities exhibited by many of such derivatives, 
considered to be potential therapeutic agents mainly as antiviral and anticancer drugs.1 Among 
the plethora of derivatives reported in the literature, spironucleosides2 constituted a relatively 
novel family of this type of compounds.  Glycopyranosylidene-spiro derivatives bearing hydan-
toin, thiohydantoin or oxathiazole scaffolds were found to be among the most potent inhibitors 
of glycogen phosphorylase3, and some other spiranic derivatives of sugars turned out to be po-
tent salivary a-amylase,4 or adenylosuccinate synthetase inhibitors.5 In this context, we have 
recently reported a series of spiranic pseudonucleosides bearing oxazolidine-, imidazolidine-
2-thione (selone), thiohydantoin-, perhydrooxazine- and azetidine heterocycles.6 
On the other hand, interest of triazolic compounds in Medicinal Chemistry has increased due 
to their capacity to form hydrogen bonds and their high stability to hydrolysis and oxidative/
reductive conditions.  Recently the synthesis of novel 1H-1,2,3-triazoles attached to carbohydra-
tes and their evaluation as a-glucosidases inhibitors has been reported.7 In this communica-
tion we describe the synthesis of new carbohydrate-based heterocycles via the a-azido ester 1: 
a-triazolyl lactones (2) and spiroselenohydantoins (3) and spirothiohydantoins (4).
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HIGHLY CONVERGENT SYNTHESIS OF THREE MONO- AND DI-o-ACETYLATED 
DECASACCHARIDES AS MIMICS OF THE shigeLLa fLexneri SEROTYPE 

2A O-ANTIGEN
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Shigella flexneri serotype 2a (SF2a) is an enteroinvasive bacteria causing bacillary dysentery in 
developing countries.1 The O-antigen (O-Ag) part of the SF2a lipopolysaccharide represents an 
important target for the development of carbohydrate-based vaccines.2 The SF2a Ag-O consists 
of a repeating pentasaccharide unit [AB(E)CD], which is non-stoechiometrically acetylated at 
both the 6D and 3A positions.3 This contribution describes the highly convergent synthesis of 
three mono- and di-O-acetylated decasaccharides (1-3) corresponding to two repeating units of 
SF2a O-Ag, by use of a common decasaccharide scaffold. The synthesis of novel rhamnose and 
glucosamine donors (4-7) featuring different neighboring participating groups, and that of a 
new glucosamine acceptor (8) will be presented. Next, the various routes, which were evaluated 
for elaboration of key tetra- and pentasaccharide building blocks, and their combination into 
a fully protected decasaccharide intermediate, will be discussed. Last, the optimization of the 
regioselective deprotection and O-acetylation steps leading to the targets (1-3) will be described.
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Oligo- and polysialic acid (oligo- and polySia) chains can be synthesized by many prokaryotic 
as well as eukaryotic organisms and are involved in a number of distinct biological processes 
depending on their chain lengths, the type of sialic acids present and their glycosidic linkages. For 
the determination of the length of the oligomer/polymer chains and the sialic acid constituents 
a wide panel of highly sensitive techniques is available, but no microscale method exists for 
linkage analysis. Here, we describe a highly sensitive procedure for the analysis of the glycosidic 
linkages present within oligo- and polySia chains by permethylation after preceding fluorescence 
labeling of the reducing end. Using a2,8- and a2,9-linked sialic acid polymers the type of 
linkage could be determined employing less than 10 ng of each polymer. Moreover, a mixture 
of different oligo- and polySia species can be separated by anion-exchange chromatography 
after fluorescence labeling and peaks of interest can be collected individually for methylation 
analysis. The described strategy offers a very sensitive and efficient detection of internal sialic 
acid residues and their glycosidic linkages.
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REDUCING-END FUNCTIONALISATION OF (1→4)-β-D-MANNURONAN 
AND (1→4)-a-L-GULURONAN OLIGOMERS IN AqUEOUS SOLUTION: 

TOO BIG A CHALLENGE?

Ali Ghadban, Luca Albertin, Alain Heyraud

Centre de Recherches sur les Macromolécules Végétales (CERMAV-CNRS), 
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Oligomers of (1→4)-β-D-mannuronan and (1→4)-a-L-guluronan can be prepared on a multi-
gram scale by acid hydrolysis of alginate samples followed by selective precipitation.1, 2 Besides 
possessing interesting physical properties, this type of oligosaccharides are potent immune-
stimulating agents and induce cytokine production by monocytes. 3, 4 Also, they appear to elicit 
the growth of plants 5, 6 and Bifidobacteria. 7 In order to incorporate oligo(uronic acid)s into 
glycoconjugates, it would be advantageous to selectively functionalise their reducing end without 
resorting to protective groups’ chemistry. In our group, we have explored two strategies for 
introducing a primary amino group at the hemiacetal end of oligo(alginate)s directly in aqueous 
solution: reductive amination and transformation into the corresponding glycosylamine. Both 
strategies proved to be a challenge, and the respective advantages and disadvantages will be 
discussed in this communication.
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Lipophilic iminosugars are widely employed to inhibit different carbohydrate processing 
enzymes.1 It is believed that iminosugars act as mimic of the oxacarbenium-ion transision state, 
resulting in potent inhibition of these enzymes. 

Scheme 1: Biosynthesis of glucosylceramide mediated by glucosylceramide synthase.

Several classes of N-alkylated iminosugars were synthesized to evaluate their effects on the 
enzymes involved in the glucosylceramide metabolism. These iminosugars were designed to 
incorporate several features of the oxacarbenium-ion TS as well as the product. 

Figure 1: Lead structure MZ-212  and four different classes of hydrophobic iminosugars.
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A. punctata AMG272 is a Gram-negative bacterium that has been isolated from agricultural 
soil and studied for their plant growth-promoting activities such as production of indole acetic 
acid and siderophores.1-2 Th e outer membrane of almost Gram-negative bacteria is composed 
of phospholipids, lipopolysaccharide (LPS), proteins and capsular (CPS) or loosely adherent 
polysaccharides that mediate cellular interactions with diverse environments. Lipopolysaccharide 
is composed of three distinct regions: lipid A, core oligosaccharide and O-antigen polysaccharide 
which can be separated by mild acid hydrolysis. Th e aim of this work is to isolate and elucidate 
the structure of the O-specifi c polysaccharide chain of A. punctata AMG272 lipopolysaccharide 
and its capsular polysaccharide. LPS and CPS were separated by size exclusion chromatography 
on Sephacryl S-500 from aqueous-phenolic extract3 of freeze-dried bacterial A. punctata 
AMG272 cells. Th eir structures were elucidated using NMR spectroscopy and GC-MS (Figure 
1 y 2). Remarkable is the presence of a peculiar aminosugar rarely occurring component of 
bacterial polysaccharide, Fucp3NAc that is almost exclusively found in phytopathogenic 
O-antigens. 
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→4)-a-L-Rhap-(1→3)-β-D-GlcpNAc-(1→

Figure 1. Structures of the repeating unit of the 
O-antigen isolated from A. Punctata AMG272.

→6)[β-D-Fucp3NAc4Ac-(1→3)]-a-D-GlcpNAc-(1→
→4)-a-D-Galp-(1→3)-a-D-GalpNAc-(1→4)-a-D-Galp-(1→

Figure 2. Structure of the repeating unit of the capsular 
polysaccharide isolated from A. Punctata AMG272.
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Graphite nanofibers (GNFs) are novel nanoscale materials that can be prepared inexpensively, 
in gram quantities, via the catalytic decomposition of carbon monoxide or hydrocarbons over 
mono- or bi-metallic catalysts.    GNFs have potential for applications across a diverse spectrum 
of research areas in chemistry, biology, medicine, and energy storage. Surface functionalization 
and characterization are both critical to the further development of GNFs. Recently, we were able 
to identify and quantify surface aldehyde/ketone, carboxyl, and hydroxyl groups on oxidized 
herringbone GNFs using a technique known as FLOSS (Fluorescent Labeling of Surface Species).1  
Information that was obtained about the surface chemistry of GNFs is now being using to guide 
the covalent functionalization of the fiber surface with amino sugars aminoglycoside antibiotics, 
and other carbohydrates.
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SYNTHESIS AND COUPLING REACTIONS OF CYCLOPROPYL GLYCOSIDES
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Our laboratory has been investigating the synthesis of cyclopropyl glycosides and their use as 
glycosyl donors. Cyclopropyl glycosides containing different substituents were prepared by 
cyclopropanation of the corresponding vinyl glycosides,1 or by glycosidation of cyclopropyl 
alcohols, which are synthesized by the Kulinkovich reaction.   
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Cyclopropyl glycoside
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Methyl-substituted cyclopropyl glycosides (R=CH3) undergo coupling to Fmoc-protected serine 
and threonine in the presence of TMS triflate to give glycosidated amino acids. Cyclopropyl-
based glycosidations of other acceptors were carried out to determine the scope and limitations 
of this reaction in glycoside synthesis. 
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CHEMICAL STRUCTURE OF THE POLYSACCHARIDES FROM ENDEMIC 
MONGOLIAN DESERT PLANTS AND THEIR EFFECT 

ON THE INTESTINAL PERMEABILITY 
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Using successive extraction with water, aqueous hydrochloric acid (pH 4.0), and 0.5 % aqueous 
ammonium oxalate, pectic polysaccharides were isolated from the plants growing in the arid 
climate of Mongolia (Gobi) as follows: Dontostemon dentatus (Bunge) Ledeb., Halogeton 
glomeratus (M. Bieb.) C.A. Mey., Nitraria sibirica Pall., Peganum garmala L., Rheum nanum 
Sievers, Haloxylon ammodendron Maxim, Zygophyllum gobicum Maxim., Amygdalus mongolica 
Maxim. The data obtained demonstrate that the cell wall pectic polysaccharides appeared to be 
synthesized mainly by plants growing in the dry climatic zone. Yield of the pectins was shown 
to reach 4%.Water soluble pectins were identified only in Rheum and Haloxylon, their contents 
were shown to be 2.6% and 0.4% of dried raw materials. Structural carbohydrate chemistry 
in combination with NMR spectroscopy demonstrated that that pectic polysaccharides were 
composed of the backbone comprised regions of linear 1,4-a-D-galacturonan and ramified 
regions RG-I. Galacturonan was determined to be a substantial part of the macromolecule of 
pectins from Dontostemon, Halogeton, Rheum, Haloxylon, Zygophyllum. A higher degree of 
methyl esterification was observed in the pectic polysaccharides of Bassia (51%), Rheum (in 
fraction extracted with water – 33%, with ammonium oxalate – 48%), Haloxylon (in fraction 
extracted with water – 30%, with ammonium oxalate – 31%), Amygdalus (25%), Zygophyllum and 
Nitraria (18%). The pectic polysaccharides from Peganum, Nitraria and Amygdalus included the 
regions of RG-I, that contained the rhamnose residues substituted in 4-positio with the terminal 
residues of L-arabinose and the residues of this sugar substituted in 5-, and 3,5-positions as well 
as the galactose residues substituted in 4-, 4,6-, and 3,4-positions. The pectic polysaccharides 
from endemic Mongolian desert plants were shown to decrease the intestinal permeability to 
ovalbumin. The decrease in the penetration of immunogenic OVA into the serum was shown to 
accompany with the protein sorption by the pectic macromolecule.
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HYDROGELS BASED ON CHITOSAN FOR BIOMEDICAL APPLICATIONS
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Hydrogels, due to their biocompatibility, flexible methods of synthesis, range of constituents, 
and desirable physical characteristics, have been the material of choice for many applications in 
regenerative medicine.1 Polysaccharide-based hydrogels are very close to natural ECM, which 
contains HA as a component and, in particular, chitosan-based hydrogels are widely used in 
tissue engineering for its high biocompatibility and antimicrobial properties. Nevertheless, 
their hydrophilic nature is able to discourage protein absorption and, in turn, cell anchorage. 
As a consequence, chemical modification by insertion of hydrophobic segments, as synthetic 
biocompatible polymers, is usually performed for such applications.2 Traditional hydrogel 
synthesis relies upon uncontrolled crosslinking methods, such as radical chemistry. This results 
in poorly defined materials and increases the difficulty in relating the network structure to the 
final physical properties of the gel. In the present work, we will report on new hydrogels based 
on chitosan  characterized by controlled crosslinking  segment length and three-dimensional 
structure. A well-defined hydrogel network structure is highly desirable for tissue constructs 
as well as for drug delivery. The synthesis is based on new methods of crosslinking that utilize 
“click” reactions, recently proposed in the case of polyethylenglycole (PEG) hydrogels.3 “Click” 
chemistry provides mild reaction conditions with high chemical selectivity. Chitosan has been 
first functionalized by insertion of azido groups, which are able to react with alkyne groups via 
the “click”-Cu(I) catalyzed cycloaddition. Mono-alkyl or di-alkyl terminated polymers, as PEG 
or polycaprolactone (PCL), will be used either to reduce hydrophylicity or to form crosslinks 
between chitosan chains. The amino groups on chitosan have been previously protected by a 
selective reaction with isophtaloyl anhydride, in order to increase its solubility in organic solvents, 
then deprotected in the final copolymer. The intermediates and the products of synthesis have 
been chemically characterized through elemental analysis, NMR and FTIR spectroscopies, 
while the structure of hydrogels (homogeneity and dimension of pores) will be evaluated by 
Environmental Scanning Electron Microscopy (ESEM).
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BIOPOLYMER PRODUCTION BY AN ExTREMOPHILIC BACTERIA, 
halomonas STRAIN Crss dsm 15686 : INSIGHTS FROM GENOME 

SCALE METABOLIC MODEL
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Department of Bioengineering, Marmara University, Goztepe 34722, Istanbul, Turkey

Exopolysaccharides (EPSs) make up a substantial component of the extracellular polymers 
surrounding most microbial cells in extreme environments like Antarctic ecosystems, saline 
lakes, geothermal springs or deep sea hydrothermal vents. The extremophiles have developed 
various adaptation mechanisms, enabling them to compensate for the deleterious effects of 
extreme conditions, e.g. high temperatures, salt, low pH or temperature, high radiation. Among 
these adaptation strategies, EPS biosynthesis is one of the most common protective mechanisms. 
The unusual metabolic pathways revealed in some extremophiles raised interest in extremophilic 
microorganisms as potential producers of EPSs with novel and unusual characteristics and 
functional activities under extreme conditions. 
A haloalkalophilic strain CRSS, isolated from salt sediments in Antarctica, produces exocellular 
polysaccharides. The composition of media strongly affects the nature of the polymers. Acetate 
was the most efficient carbon source for EPS production and in presence of this substrate; a 
novel fructo-glucan polysaccharide is produced, which is composed of glucose, fructose, and 
glucosamine in relative proportions of 1:0.7:0.3. Glucosamine, a molecule derived from the sugar 
glucose by the addition of an amino (NH2) group, is a component of a number of structures 
including the blood group substances and cartilage and glucosamine has been marketed as a 
“cartilage rebuilder” in rebuilding cartilage that is damaged by osteoarthritis. Therefore, the 
glucosamine content of the EPS has gained industrial importance. 
Besides production, systemic in silico analyses of metabolic and biotechnological capacities 
of the haloalkalophilic strain CRSS should be researched under systems biology perspective. 
The metabolic and regulatory mechanisms should be represented by informative mathematical 
models in genome-scale. These models should be able not only to represent the potential of 
the network in terms of phenotypic characterization but also to predict metabolic fluxes and 
active regulation mechanisms during osmoadaptation, both of which were consistent with 
the experimental data from phenome, fluxome, metabolome and transcriptome levels. The 
reconstructed model will accelerate the research on extremophilic bacteria towards application of 
systems biology approaches and design of metabolic engineering strategies for EPS production.
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PRELIMINARY STUDIES OF MYCOLIC ACID STRUCTURE DIVERSITY 
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Mycolic acids are complex hydroxylated branched-chain fatty acids with increased carbon num-
bers (20-90). They may also contain diverse functional groups such as methoxy, keto, epoxy 
ester group   and cyclopropane ring1 or form complexes with glycolipids.2 They are localized 
in the inner leaflet of the bacterial cell wall either covalently bound or loosly associated with 
arabinogalactan polymers. Mycolic acids are found in the mycolata taxon, a group of bacteria 
that included Mycobacterium, Rhodococcus, Nocardia, Corynobacterium. They are involved in 
maintaining a rigid cell shape but also they contribute to resistance to chemical injury and to 
protection of cells against hydrophobic antibiotics e.g. the presence of mycolic acids gives M. 
tuberculosis many characteristics that defy medical treatment.
In our studies we focused on nocardiomycolic acids characteristics which could be useful in 
chemiotaxonomic purposes. Nocardiosis, an opportunistic infection mostly of lungs is caused 
by bacteria belonging to Nocardia asteroides complex that includs three actinobacterial species: 
N. asteroides, N. farcinica, N. nova. Clinical evidences indicate that N.cyriacigeorgica is also iso-
lated with increasing frequency from clinical specimes, and especially from immunocompro-
mised patients.3 Proper identification and classification of these bacteria is still not very well 
elaborated.
Mycolic esters were prepared by alkaline and acid methanolysis of bacterial cells after removal 
of free lipids by extraction with chloroform:methanol. The mycolate methyl esters of the four 
strains (N. asteroides, N. farcinica, N. nova, N. cyriacigeorgica) were determined by analytical 
thin layer chromatography. We developed new method of mycolic acid esters separation by 
column chromatography. Pure mycolic acids were analyzed by MALDI-ToF mass spectrometry. 
Results indicate that carbon chain lengths of mycolic acid are specific for particular Nocardia 
species.
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SqUARIC ACID MONOAMIDE MANNOSIDES AS LIGANDS FOR 
THE BACTERIAL LECTIN FimH: COVALENT INHIBITION OR NOT?
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Bacterial infections are a global health problem is effected by bacterial infections, especially 
threatening the health of young children.1 The most common serious neonatal infections in-
volve bacteraemia, meningitis, and respiratory tract infections.2 Key pathogens in these infec-
tions are Escherichia coli, Klebsiella spp., Staphylococcus aureus and Streptococcus pyogenes. For 
the colonization of cell surfaces they express adhesive organells, so-called fimbriae or pilli on 
their surface. Type 1 fimbriae possess a mannose-specific lectin at their tips, called FimH. The 
FimH structure has been elucidated in X-ray studies, however, the in vivo-process of bacterial 
adhesion is not fully understood as yet.3 
Therefore, carbohydrate recognition by FimH is still under investigation in in vivo as well as 
in vitro studies. Previous work from our laboratory has revealed that mannosidic squaric acid 

monoamides serve especially well as inhibitors 
of type 1 fimbriae-mediated bacterial adhesion.4 
This effect is either due to specific inhibition of 
the bacterial lectin FimH or owed to unspecific 
bioconjugation between the lectin’s carbohydrate 
binding site and a squaric acid monoamide (Fig-
ure 1). The possibility of covalent cross-linking of 
squaric acid monoamides with the lectin to form 
the respective squaric acid diamide, was investi-
gated by two different adhesion assays5,6 in a sys-
tematic study employing tailor-made mannosides 
and other control compounds and has been sup-
plemented by molecular docking.
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Figure 1: Cartoon of the adhesion of E. coli 
to glycosylated surfaces and its inhibition 
by addition of appropriate mannosides.
[5,6] Copyright: Mirja Hartmann.
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Natural Killer (NK) cells are key component of innate immunity playing an early protection 
against viruses, parasites and microbial pathogens. Interestingly, d-deoxynojirimicyn (DNJ) 
and its glycosylated derivatives 1a and 1b have been recognized as agonists of the NK cell re-
ceptors NKR-P1 and CD69.1a On the basis of these results, we have planned the synthesis of 
two new azadisaccharides 1c and 1d and of PAMAM-based glycodendrimers loaded with DNJ, 
β-d-ManpNAc-(1à4)-d-DNJ (1b) and the control disaccharide β-d-ManpNAc-(1à4)-d-Glc.
 

Th e preparation of building blocks 4 and 6 to be loaded on dendritic matrices was achieved 
starting from the known derivative 2.1b Key intermediate for the synthesis of azadisaccharide 4 
was the 1,5-dicarbonyl disaccharide 3, that was submitted to a double reductive aminocycliza-
tion with mono-N-Boc protected ethanolamine hydrochloride and sodium cyanoborohydride. 
Disaccharide 6, oxygenated analogue of 4, was in turn obtained by glycosidation of N-Boc-
propanolamine with disaccharide glycosyl donors 5. 

Th e loading of 4 and 6 on PAMAM dendrons following the thioureidic bridge approach, was 
fi nally performed in satisfactory yield.
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GLYCOSYL-DISULFIDE-BASED OLIGOSACCHARIDE SYNTHESIS 
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Thioglycosides are widely used as glycosyl donors in oligosaccharide synthesis 1. We have found 
that glycosyl disulfides exhibit reactivity similar to that of thioglycosides in glycosylation re-
actions2. However, they have the advantage that the disulfide linkage can be readily cleaved to 
allow the aglycon to be adjusted for reactivity tuning. We have exploited this in the synthesis of 
a glucose-based trisaccharide and a rhamnose-based pentasaccharide3. We are now extending 
the methodology by testing the viability of using a galactosyl disulfide 2a and a glucosyl me-
thanethiosulfonate 2b as glycosyl acceptors to give disaccharides 3a and 3b. Aglycon alteration 
gives the active donors 4a and 4b, which can then undergo glycosylations with diacetone galac-
tose 5 to give model trisaccharides 6a and 6b.
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2a X = H, Y = Bn, Z1 = S-p-nitropyridyl
2b X = Bn, Y = H, Z1 = SO2Me

aglycon
alteration
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3a X = H, Y = Bn, Z1 = S-p-nitropyridyl
3b X = Bn, Y = H, Z1 = SO2Me
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n-RIBOSYLTRANSFERASE TRANSITION STATE ANALOGUES
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N-Ribosyltransferase inhibition represents a target of broad pharmacological relevance, given 
the crucial role of such enzymes in a number of disease-related events.1 This is exemplified by the 
case of Immucillin-H (1, ForodesineTM), which picomolar activity has been exploited for diverse 
therapeutic purposes, e.g. treatment of leukemia, parasite-mediated diseases and autoimmune 
disorders.1b In all cases, enzymatic inhibition is due to the resemblance of pyrrolidine moiety (in 
its protonated form) with the upcoming oxocarbenium ion 2 in the transition state of enzymatic 
ribonucleoside phosphorolysis.1a Over the years, interest in the excellent activity of 1 has been 
witnessed by the development of several derivatives/analogues, some of them endowed with 
even more intriguing properties.1b Our approach at the synthesis of novel analogues of 1 is 
based on the finding that structurally preorganized nucleosides, owing to the reduction of all 
conformational states to those required for binding, usually show dramatic improvement of 
enzymatic recognition.2 Accordingly, we have devised preparation of iminosugar nucleosides 
3, which piperidine scaffold, restricted in a 4C1 conformation, closely mimics the bioactive C3’-
endo sugar pucker adopted by natural ribonucleosides. Our strategy relies on the use of the 
synthetically available heterocycle 4 as starting material, while a multistep “domino” reaction3 
enables expeditious assembly of piperidine ring. Nucleobases insertion at C2’ position by ring 
opening of oxirane 6 will provide desired nucleosides to be preliminarily tested as anti-leukemic 
agents.
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Cryptococcus neoformans is a fungal pathogen which causes meningitis and death especially 
in immuno-compromised persons, e.g. AIDS-patients and in patients going through organ 
transplantation, and recognized as an emerging health risk.1 There are also reports that 
cryptococci infections during childhood might be a cause of later development of asthma.2 C. 
neoformans is surrounded by capsular polysaccharides (CPS), of which the major one is the 
GXM-polysaccharide containing glucuronic acid, xylose and mannose residues and acetyl 
substituents.
The development of a glycoconjugate vaccine against this pathogen based on synthetic 
oligosaccharide structures is an open challenge and is under investigation in our laboratory.3,4,5

Owing to the suggested repetitiveness of the structure of the Cryptococcus CPS both in mono- 
trisaccharide blocks as well as triads of these, a block synthesis approach seems the most 
advantageous one and we here report our efforts toward the synthesis of structures related to 
Serotype D which is one of the most prevalent in human infections.
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Study of Pseudomonas aeruginosa-II lectin (PA-IIL) complexes with Man derivatives as a 
recognition factor has been neglected since its monomer is a very weak ligand. In this study, the 
roles of Man oligomers and complexes in PA-IIL carbohydrate-recognition were studied by both 
enzyme-linked lectinosorbent and inhibition assays. From the results obtained, it is proposed 
that high density weak -OH conformation as seen in yeast mannan is also an important PA-IIL 
recognition factor. This finding provides a peculiar concept of the duality of PA-IIL recognition 
system for LFucα1→ and related complexes and for high density Manα1→ complexes present in 
polymannosylated target macromolecules.
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Cystic Fibrosis (CF) is a genetic disease caused by mutations of the gene coding for the Cystic 
Fibrosis Transmembrane Regulator, the protein involved in the chloride ion transport across 
cell membranes. The disease causes alterations in the functions of exocrine glands and in the 
composition of the fluid present on the lung epithelium. Most of these alterations may be 
effectively controlled by specific therapies, but the clogging of the airways due to mucus build-up 
and the decreased mucociliary clearance lead to bacterial infection. Recently, Stenotrophomonas 
maltophilia has emerged as an opportunistic pathogen for CF and immuno-compromised 
patients causing lung infection associated with function deterioration. S. maltophilia was 
grown on solid medium, cells were collected, and the exopolysaccharide (EPS) was isolated 
and purified. The EPS showed to be very resistant to acid hydrolysis and in general to chemical 
modifications, therefore determination of the primary structure was achieved mainly resorting 
to 1D and 2D NMR spectroscopy and ESI-MS. All the data collected are in agreement with the 
following oligosaccharide repeating unit:

This primary structure is uncommon, being constituted of 3 uronic acid residues, one substituted 
with a lactate group, thus generating a polysaccharide with a charge density similar to alginate. 
Lactate itself is also a rare component of bacterial polysaccharides. Two acetyl groups are present 
per repeating unit. Two different isolates of S. maltophilia, one from a CF patient in France and 
the other from a CF patient in Rome, were used for EPS production. Both of them synthesised 
the polymer depicted above, thus suggesting that this EPS may be typical of this species, as 
alginate is for P. aeruginosa.
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STRUCTURAL AND DYNAMIC PROPERTIES OF HUMAN-LIkE (a2-6 SIALYLATED) 
AND AVIAN-LIkE (a2-3 SIALYLATED) GLYCAN RECEPTORS GOVERNING THEIR 
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One of the key steps in the infection and human host adaptation of influenza A viruses is the 
interaction between the viral surface protein, hemaglutinin (HA), and sialylated glycans on 
the epithelial cell surface of the human upper respiratory tract1. The cross-over of influenza A 
viruses from birds to humans is believed to be associated with the ability of an avian-adapted HA 
to acquire mutations that change its binding preference from a2→3 to a2→6 sialylated glycans, 
the latter structures being predominantly expressed in human upper respiratory epithelia2,3. The 
conformational properties of the sialylated glycan receptors have been investigated previously 
using X-ray crystal structures of HA-glycan complexes3 and ab-initio MD simulations4. Building 
on these studies, it was apparent that a complete study of the conformational properties in 
solution of model glycans is essential to improve our understanding of HA-glycan interactions.  
In the work presented here, the structural properties of both a2→3 (Neu5Ac-a2→3-Gal-β1→3-
GlcNAc-β1→3-Gal-β1→4-Glc) and a2→6 (Neu5Ac-a2→6-Gal-β1→4-GlcNAc-β1→3-Gal-
β1→4-Glc) sialylated glycans were studied by solution NMR and molecular modelling.  Through 
NOE measurements and molecular dynamic calculations it is possible to elucidate  different 
glycosidic torsion angles for the trisaccharide motifs Neu5Ac-a2→3-Gal-β1→3-GlcNAc and 
Neu5Ac-a2→6-Gal-β1→4-GlcNAc. Moreover, T1 and T2 13C-NMR relaxation measurements 
indicated different dynamic properties for the two pentasaccharides.
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Probiotics are live micro-organisms, which upon administration in adequate amounts can confer 
a health benefit to the host. An important mechanism of probiotic action is the exclusion or 
inhibition of pathogens by the production of antimicrobial compounds and/or competition for 
adhesion sites. Various pathogens (bacteria and viruses) infect host cells via binding to specific 
glycans at the host surface through carbohydrate-binding proteins on their cell surface which 
are named lectins. Probiotic bacteria also have lectins at their cell surface that could play a role 
in pathogen exclusion by (1) competitively binding to the same glycans on the host surface, 
thereby blocking pathogen adhesion or (2) by binding glycans on the pathogenic surfaces, 
thereby blocking virulence mechanisms such as invasion. In this project, the mannose-binding 
lectin (MBL) activity of lactobacilli is explored for its potential to exclude mannose-binding 
or mannose-containing gastro-intestinal and vaginal pathogens such as various pathogenic 
Escherichia coli strains, Candida albicans and viruses such as HIV. Hereto, a total of 70 selected 
Lactobacillus strains isolated from various sources were screened for the presence of MBLs based 
on the yeast agglutination assay. Seven Lactobacillus strains were found to coaggregate with 
Saccharomyces cerevisiae in a calcium-independent manner that could be inhibited by methyl-
alpha-D-mannopyranoside. The strain with the highest activity for yeast agglutination exhibited 
also a strong auto-aggregating phenotype. Its aggregation is inhibited upon treatment with 
mannose-specific inhibitors and is abolished by proteinase K treatment. The strain is capable of 
forming biofilms on abiotic surfaces and adheres well to human intestinal and vaginal epithelial 
cell lines. Coaggregation studies of the MBL positive strains with pathogens are the next step to 
further evaluate the potential of these Lactobacillus strains. Ultimately we aim to biochemically 
characterize the putative lectins involved in pathogen exclusion.
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DC-SIGN (Dendritic Cell-Specific ICAM-3 Grabbing Non-integrin) is a C-type lectin presenting 
a Carbohydrate Recognition Domain (CRD) at the C-terminus that specifically recognizes 
highly glycosylated structures present at the surface of several pathogens such as viruses (HIV, 
SIV, Hepatitis C), bacteria, yeasts, and parasites. This lectin plays a key role in the infection 
processes of some of these pathogens, which are recognized by interactions of the lectin with 
carbohydrate structures from pathogens glycoproteins (gp120, GP1, etc.). 
We have performed a structural study of the interaction between DC-SIGN (extracellular 
domain) and glycomimetic ligands by NMR and computational techniques. Ligand binding was 
analyzed mainly by Saturation Transfer Difference (STD) NMR spectroscopy, one of the most 
widespread NMR methods to characterize weak binding interactions between small ligands and 
macromolecular receptors1. Using the CORCEMA-ST protocol, based on the general Complete 
Relaxation and Conformational Exchange Matrix (CORCEMA) theory2, we have investigated 
the existence of multiple modes of binding3, and the effects of multivalent interactions.

Acknowledgments: We would like to thanks the EU for funding (PITN-GA-2008-213592, 
CARMUSYS)
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SUBSITE STRUCTURE OF DISPERSIN B; A BIOFILM DEGRADING ENZYME
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Biofilms formed on different medical devices are one of the most serious problems of present 
day clinical practice. A major component of the biofilm matrix is a poly-β-D-(1-6)-N-acetyl-
glucosamine (PNAG) that mediates intercellular adhesion. Dispersin B (DspB, EC 3.2.1.52) 
a soluble β-N-acetylglucosaminidase originated from periodontal pathogen Aggregatibacter 
actinomycetemcomitans1 is able to disperse and detach biofilms produced by S. epidermidis. 
On the basis of biofilm-releasing activity of DspB this enzyme can be used as an antibiofilm 
agent to remove S. epidermidis biofilms from medical devices. DspB, according to our earlier 
ligand docking and hydrolysis experiments, appears to be specific to a linear polymer of β-(1-6)-
linked N-acetyl-D-glucosamine (GlcNAc) and removes the terminal GlcNAc moiety from the 
non-reducing end2. A series of β-(1-6)-linked N-acetyl-D-glucosamine thiophenyl glycosides 
with degree of polymerisation (DP) of 2, 3, 4 and 5 were synthesized3, and substrate specificity 
of DspB was studied on these oligosaccharides. Concentration of substrate and reducing end 
hydrolysis products was determined by HPLC using reverse phase separation and detection at 
254 nm. The concentration-time relationships were evaluated numerically using a consequtive 
reaction model. On the basis of kinetic rate constants substrate binding site of Dspb consists of 
at least four subsites. The following scheme was suggested to describe the total hydrolysis of the 
pentamer substrate catalysed by DspB.
 k5

DP5  →  DP4 + GlcNAc
 k4

DP4  →  DP3 + GlcNAc
 k3

DP3  →  DP2 + GlcNAc
 k2

DP2  →  monomer + GlcNAc
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Glycosaminoglycans (GAGs) are linear polysaccharides found on most animal cell surfaces 
and in extracellular matrices.  Their key biological roles include cell signalling and cell-to-cell 
recognition, bacterial and viral adhesion, and antibody production.1  They are composed of a 
disaccharide repeating unit, containing uronic acid and amino sugar residues, and are highly 
heterogeneously sulfated.  Protein-GAG complexes are thought to play an important role in 
a number of aspects of cancer development, but are an under-studied area due to a lack of 
chemical tools to facilitate their analysis.2

Structure analysis of protein-GAG complexes is hampered by the heterogeneous character of 
GAGs and the nature of their interactions.  To allow for high resolution NMR studies of protein-
GAG complexes to be carried out, the aim of this work is to develop synthetic procedures for the 
incorporation of paramagnetic centres into GAG oligosaccharides.  

Scheme 1: Synthesis of a Spin Label and Incorporation into GAG Oligosaccharides

A procedure for the synthesis of the spin label 2,2,5,5-tetramethylpyrrolinoxyl hydrazide has 
been developed and optimised (Scheme 1) and future plans include the optimisation of a site-
specific coupling procedure to incorporate this spin label into selected GAG oligosaccharides.  
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Cel7A is a cellobiohydrolase produced by the cellulose degrading fungus Trichoderma Reesei. 
The enzyme releases cellobiose from crystalline cellulose chain ends as well as from cello-
oligosaccharides. It also binds enantioselectively to the chiral β-blocker propranolol and analogues 
thereof 1. Prior to this study, such analogues have been synthesized1 and their interactions with 
Cel7A have been analyzed with a number of techniques including X-ray crystallography2 and 
affinity capillary electrophoresis (CE)1.
Ligand-based NMR techniques have been carried out on Cel7A in complex with propranolol 
and its dihydroxy analogue in solution; specifically saturation transfer difference (STD) NMR 
spectroscopy, T1r spin-lock filtered experiments and transferred NOE experiments. Group 
epitope mapping from STD NMR indicates differential binding modes of the enantiomers. 
These epitope models were validated with relaxation matrix calculations. Further knowledge was 
obtained through molecular docking simulations. NMR titration experiments revealed binding 
affinities for the propranolol enantiomers similar to those previously deduced by affinity CE. 
This study shows that NMR together with computer simulations deliver structural and affinity 
information of propranolol-Cel7A binding in solution as a complement and as an extended 
view to that of X-ray crystallography. 
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Alterations of the glycoprotein profile differentiate cancer from normal cells.1 The extracellular 
part of the epithelial transmembrane protein mucin MUC1 has been found to be overexpressed 
on tumor cells. The MUC1 tandem repeat sequenz consists 20 aminoacids with five potential 
O-glycosylation sites.2 The saccharide side chains of tumor associated MUC1 are much shorter 
and less complex. As a consequence, a number of possible tumor selective antigen epitopes 
within the peptide backbone become accessible to the immune system. Past studies showed 
that the tumor associated MUC1 antigenes are auspicious targets for the development of 
new anticancer vaccines.3 However, single haptenes are not sufficiently immunogenic and a 
multivalent presentation is usually necessary to induce strong humoral immune responses. 
Beside the possibility to couple the glycoproteins to suitable carrier proteins such as BSA or 
TTOX, alternative conjugation strategies to dendrimers and nanoparticles have been reported.4 
Herein we describe the modular synthesis of functionalized gold nanoparticles carrying 
complete tandem repeat units of the MUC1 including TN antigen units. These tumor-associated 
glycopeptide antigens were coupled to nanoparticles of different sizes, by two different strategies.
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Substitution of interglycosidic or intraring oxygen in carbohydrates with other elements such 
as carbon, nitrogen, and sulfur has been addressed to establish glycosidase-resistant biosimilars 
to their equivalent O-glycoisdes with the aim of developing carbohydrate-based therapeutics 
and vaccines.  Over the last two decades, thioglycosides in particular become popular as such 
biosimilars.  On the contrary, the potentials of other chalcogeno-glycosides, such as seleno- and 
tellulo-glycosides, have not intensively been explored.  Recently, we have developed a facile 
synthetic method for a and β-selenoglycosides of normal hexoses, in which glycosyl selenolate 
anion generated in situ swiftly reacted with various electrophiles while retaining its anomeric 
confi guration.1,2  Herein, we report the synthesis of a-selenoglycoside of sialic acid and the 
susceptibility to hydrolysis by sialidases.
a-Toluoyl selenoglycoside 1 as a sialyl selenolate anion equivalent was synthesized by the 
reaction of β-sialyl chloride and bis-toluoylselenide in the presence of piperidine and Cs2CO3.    
Upon action of piperazine and Cs2CO3 in DMF, the acyl selenoside was converted into a-sialyl 
selenolate anion 2 in situ, which was subsequently reacted with various electrophiles to yield 
the corresponding selenoglycosides 3 in high yields.  Similarly, the alkylation of the sialyl se-
lenolate with 6-iodo galactoside successfully afforded Se-a(2,6)sialyl galactoside in good yield 
(83%).  Finally, subsequent cleavage of acyl groups and saponifi cation of methyl ester group 
provided unprotected a-selenosialosides.  We have obtained preliminary results that benzyl se-
lenosialoside showed potent resistance to hydrolysis by sialidase from Clostridium perfringens.
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Phosphatidylinositol Mannosides (PIMs) are immunomodulatory entities unique to mycobacterial 
cell walls. Exposure to mycobacteria has been shown to correlate with reduced susceptibility to 
atopic disorders later in life.1 Also the observed biological activity of PIMs including their ability 
to upregulate IL-6 production, negatively regulate TLR-4 and suppress LPS-induced cytokine 
production in primary macrophages2,3 have elevated these phosphoglycolipids to serve as leads 
in a drug discovery programme focussing on discrete synthetic materials. 

Improvements to synthetic approaches has allowed ready access to useful amounts of high-
purity PIMs, including the more highly glycosylated variants such as PIM6, and a variety of 
analogues. An overview of synthetic efforts and key biological data will be presented.3
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Carrageenan is the generic name for a family of natural, water-soluble sulfated galactans 
extracted from numerous species of red seaweeds. They are composed of alternating 3-linked 
β-D-galactopyranose (G-units) and 4-linked a-D-galactopyranose (D-units) or 4-linked 
3,6-anhydrogalactose (DA-units) disaccharide repetition units—called carrabiose units—
that form the neutral backbone of carrageenans. Carrageenans are classified according to the 
occurrence of the 3,6-anhydrogalactose on the 4-linked residue and the position and number of 
sulfate (S) groups. The variability of carrageenan composition, which depends on algal source, 
life stage and extraction procedure, offers a wide range of physico-chemical properties for 
various food industry applications. The properties of carrageenans are directly correlated to 
their degree of sulphation. In fact, higher levels of ester sulphate produce lower strength gels. 
Sulfatases, enzymes that catalyse the hydrolysis of sulphate esters bonds, have been detected 
ubiquitously, from mammals to bacteria (such as Klebsiella, Enterobacter, Pseudomonas and 
Salmonella). They are involved in various metabolism processes. Studies on carbohydrate 
sulfatases have been focussed mainly on enzymes involved in several inherited human diseases 
(i.e. glycosaminoglycan sulphatase, cerebroside sulphatase). In contrast, there are very few data 
on carbohydrate sulphatases from other origins.
Aiming at controlling the rheological properties of carrageenans, we focused our research 
on sulfatases that act specifically on carrageenans. For the first time, we have isolated and 
purified sulfatases from marine bacteria Pseudoalteromonas atlantica and Pseudoalteromonas 
carrageenovora. Although they have the same specificity, both enzymes are biochemically and 
structurally different. P. atlantica sulphatase belongs to the well known formyl glycine dependent 
sulphatase family whereas P. carrageenovora sulphatase does not share any sequence homology 
with any known enzymes and belongs therefore to a new class of sulfatases.  These results allow 
envisioning introducing biotechnology in carrageenan industry and highlight the unexplored 
diversity of carbohydrate sulfatase.
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SYNTHESIS OF SULFONIC ACID ANALOGUES 
OF THE ANTITHROMBIN-BINDING DOMAIN OF HEPARIN
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Sándor Antus1,3
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Heparin is a well-known member of the glycosaminoglycans and plays a crucial role in 
maintaining the haemostatic state of blood through interaction with antithrombin III (AT-
III), a serine protease inhibitor that blocks thrombin and factor Xa in the coagulation cascade. 
Aft er isolation and structural elucidation of the antithrombin-binding pentasaccharide domain 
of heparin a concerted drug development program to the development of Arixtra® (1), wich 
become the fi rst synthetic antithrombotic drug.1

We envisaged that isosteric sulfonate analogues of the AT-III binding pentasaccharide of heparin 
may aff ord bioactive derivatives. Th erefore, we decided to prepare sulfonatomethyl-containing 
analogues of the heparin pentasaccharide by systematic replacement of the sulfate esters with a 
sodium sulfonatomethyl moiety.2,3 Th e non-glycosaminoglycan-type synthetic pentasaccharide 
idraparinux (2) was chosen as a reference compound, since it has increased anticoagulant 
activity and it is much easier to synthesize compared to Arixtra. 
Here, synthesis and anticoagulant activity of pentasaccharide sulfonic acids (3 and 4) will be 
presented.
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SYNTHESIS OF PHOSPHONATE ANALOGUES OF LIPID II 
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The bacterial cell wall is a resistant exoskeleton based on a polymeric network of a peptidoglycan 
consisting of N-acetyl-d-glucosaminyl-N-acetylmuramyl peptide as the repeating unit. This 
building block is synthesized within the bacterial cell in activated form as an undecaprenyl 
diphosphate derivative, which is known as lipid II. It is anchored through the lipophilic side 
chain in the membrane. Lipid II, once synthesized within the cell, is transported to the external 
surface of the cell membrane where it reacts with the reducing end of the growing peptidoglycan 
chain. This reaction is catalyzed by transglycosylase enzymes. Since these molecules are 
building up outside of the bacterial membrane, possible inhibitors, antibiotics, targeting this 
process do not have to cross the membrane to reach their target, therefore, such inhibitors can 
be of therapeutic importance. Inhibitors of bacterial transglycosylases can be classified in two 
types: the substrate binders and the enzyme binders.1 Glycopeptide-type antibiotics, such as 
vancomycin and teicoplanin belong to the first class,2 and the only known natural product that 
binds to transglycosylases is moenomycin A. The latter antibiotic contains a characteristic side 
chain attached to an oligosaccharide through a phosphate ester, mimicking the substrate of a 
transglycosylase. 
Here, we report the synthesis of simple, glycosylthio analogues of lipid II carrying a lipophilic 
chain and a phosphonate moiety. The synthesis involved conjugate addition of a 1-thio-N-acetyl-
d-glucosamine derivative onto ethylidene bisphosphonate and subsequent Wadsworth-Horner-
Emmons reaction with long chain aliphatic aldehydes. 
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PERFLUOROALkANESULFONYL FLUORIDES 
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Because of their interesting properties and their special chemical reactivity fl uorinated 
carbohydrates have attracted considerable attention in biochemical investigations, e.g. in the 
study of enzyme-carbohydrate interactions and of antibody-carbohydrate binding.1 Moreover, 
fl uorinated carbohydrates are useful compounds for medical applications, in particular for 
metabolic studies and disease diagnosis. A prominent example is 2-deoxy-2-[18F]-fl uoro-D-
glucose, which is used as a radiopharmaceutical in oncology and cardiology.2 
Fluorinated carbohydrates are oft en synthesized by nucleophilic substitution of hydroxyl 
groups.3 Diff erent fl uorination reagents are commercially available; however, these reagents 
are oft en toxic, expensive, diffi  cult to handle, not stable or need harsh reaction conditions. In 
the past decades, it has been demonstrated that perfl uoroalkanesulfonyl fl uorides are attractive 
fl uorinating agents that can be employed under mild reaction conditions.4 Th ey have already 
been applied to the fl uorination of diff erent alcohols in good yields, but until now they have 
rarely been used to convert carbohydrates into their corresponding fl uorinated analogues.4a-d 
In this project a protocol for the fl uorination of diff erent orthogonally protected carbohydrates 
using these reagents is established. Th e scope and limitations of this method are discussed.
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A NOVEL ROUTE TO IDOPYRANOSIDES AND ITS APPLICATION IN THE 
SYNTHESIS OF 6-DEOxY-β-D-HEPTOPYRANOSIDES FROM CamPyLobaCter 
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C. jejuni infection is the leading cause of gastroenteritis in developed countries which places a 
large financial burden on health systems.1 These bacteria express both capsular polysaccharides 
(CPs) and lipopolysaccharides (LPs) on their cell membrane, the latter of which has been 
associated with the development of Guillain-Barré Syndrome (GBS). GBS results from an 
immune response to C. jejuni LPs which have structural elements resembling human gangliosides 
expressed on nervous tissue; the host produces antibodies that can cross-react with human 
gangliosides, resulting in a self-destructive auto-immune response.2 It has been hypothesized 
that re-directing the immune response towards CPs could decrease the risk of generating this 
disease.
In an effort to study this hypothesis, a disaccharide repeating unit identified as a CP component 
of C. jejuni strain CG8486 was selected as a synthetic target for a glycoconjugate vaccine design. 
The disaccharide contains an unusual 6-deoxy-D-ido-heptopyranose unit that is β-linked to 
the O-4 position of N-acetyl-D-glucosamine (1).3 We designed an efficient route to obtain 
β-idopyranosides from D-galactose, which relies on a key double inversion of the C-2 and 
C-3 positions of β-galactopyranoside (2) to give (3) with the desired ido-configuration. This 
approach affords orthogonally protected intermediates thus allowing a selective deprotection at 
O-3 for future development of glycosylations. This orthogonal protection strategy could also be 
applied in the synthesis of heparin, heparan, and dermatan glycosaminoglycans.
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Mycothiol (1, Fig. 1) is a pseudodisaccharide which is the putative defence of the gram-positive 
Actinomycetales bacteria against xenobiotics and oxidative stress.  Th is group of bacteria includes 
the pathogen, Mycobacterium tuberculosis which causes tuberculosis.1  It has been suggested that 
due to the increased sensitivity of mycothiol-defi cient mutants to electrophiles, free radicals and 
antibiotics, the enzymes involved in the biosynthesis of mycothiol are potential drug targets.2  
Mycothiol and analogues will shed light on the important interactions between the enzymes and 
their specifi c substrates thus aiding the development of anti-tubercular drugs.  
Th e aim of this project is to synthesise stable carbohydrate based analogues of mycothiol as S- 
and C- glycosides that vary in the inositol moiety and at the thiol functional group.  Synthesis 
of thio-analogue 23 as well as methods for the regioselective protection of the myo-inositol 
moiety and its conversion to the thio-acceptor is described.  Methodologies for the synthesis 
of C-glycoside analogues of mycothiol that are currently being pursued will be outlined in this 
presentation.
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GLYCOMIMETICS OF THE INHIBITORS 
OF GLYCOSYLTRANSFERASES – DESIGN AND SYNTHESIS
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Glycosyltransferases (GT’s) represent an important group of enzymes involved in the biosynthesis 
of N- and O-linked complex oligosaccharides of glycoproteins providing the formation of a 
new glycosidic linkage. They cause significant structural variations in biological systems and 
thereby modulate intermolecular interactions by steric influence and lectin bindings. On the 
other hand, the part of these structural variations, raised by catalytic effect of GT’s, contribute to 
various mammalian diseases that can span from early childhood to adult life [1,2].
This contribution based on the rational design of the transition state analog inhibitors of the 
GT’s, representing donor UDP-GlcNAc [3], introduces the synthesis of four precursors, namely 
benzyl 2-thio-a-D-fructofuranoside 1-diethylphosphate (1), its β-anomer (2), and their ethyl 
2-thio analogues (a-anomer 3 and β-anomer 4).
Starting from benzyl or ethyl 2-thio-a- or β-D-fructofuranosides, respectively [4], sequential 
protection at position C-6 with tert-butyldimethylsilyl group, at C-1 with dimethoxytrityl 
group, at C-3 and C-4 with acetyl groups, followed by detritylation afforded nucleophiles having 
a free OH-group at C-1 [5]. These were coupled with diethyl chlorophosphate to give blocked 
D-fructofuranoside 1-diethylphosphates. The desired precursors 1-4 were finally obtained by 
usual detritylation and deacetylation.
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Pectins are widely used as gelling and thickening agents in food industry and are known as valuable 
dietary fiber components [1]. Pectins can be structurally modified to alter their physicochemical 
properties so that their functional properties can be improved as well as novel ones achieved. In 
this way, they have gained a large impact in pharmacy and medicine [2,3]. Besides the types of 
substitution, the degree of substitution (DS) affects properties of the derivatives. DS is normally 
determined by wet chemistry methods which are destructive to the samples, time-consuming 
and may involve the use of harmful chemical reagents. As alternatives, vibrational and NMR 
spectroscopy are becoming more and more reliable and affordable candidates.  
In this study, Fourier transform infrared (FTIR) and 1H- and 13C-NMR spectroscopy techniques 
were used to analyze a set of chemically modified derivatives prepared from citrus pectin by 
the controlled de-esterification of commercial methyl esterified pectin, acetylation, amidation 
and alkylamidation. Distinct vibrations and corresponding chemical shifts of functional groups 
in FTIR spectra and NMR spectra, respectively, were used to determine the structural changes 
introduced by the different modifications. For comparison, the DS of the derivatives was 
determined by chemical methods (alkalimetry, elemental analysis). The functional properties 
of the pectin derivatives were studied in view of the emulsifying capability and thermal and 
thermooxidative stability, which both are important for characterizing pectin additives in food, 
cosmetics and pharmacy. The results will also aid their future applications in the characterization 
of pectic polysaccharides from novel plant sources and/or identification of various pectin 
additives in food products.

Acknowledgements: This work was supported by the Slovak Grant Agency VEGA, grant No. 
2/0062/09. 

References 
1. Willats, W. G. T., Knox, P., Mikkelsen, J. D. Trends Food Sci. Technol., 2006, 17, 97–104. 
2. Yang, S., Cheng, K., Lin, Y., Liu, Y., Hou, W.  J. Agric. Food Chem., 2004, 52, 4270-4273.    
3. Sørensen, I., Pedersen, H. L., Willats, W. G. T. Carbohydr. Res., 2009, 344, 1872-1878.



16th European Carbohydrate Symposium

360

POSTER

PO 146

FLUORESCENT AND a-HYDROxYLATED GLYCOSPHINGOLIPIDS 
TO INVESTIGATE DOMAIN FORMATION

Annika Holkenbrink, Lukas J. Patalag, Dirk N. H. Meineke and Daniel B. Werz  

Institute of Organic and Biomolecular Chemistry, Georg August University of Göttingen,
Tammannstr. 2, D-37077 Göttingen, Germany

aholken@gwdg.de

Glycosphingolipids can be found in all eucaryotic cell membranes, but mainly in the plasma 
membrane. They are known to form clusters, so called membrane domains, which can move 
within the fluid bilayer. Such lipid rafts seem to play an important role in the regulation of 
different cellular processes like signal transduction. From a retrosynthetic point of view, 
glycosphingolipids consist of three major building blocks; a carbohydrate component, a fatty 
acid and a sphingoid base.[1]

Due to great structural variety of glycosphingolipids it would be interesting to investigate 
the influence of different structural motifs on domain formation and in addition to find new 
fluorescent tags close to the native structure of glycosphingolipids. Till now fluorescence 
spectroscopy in order to study domain formation needs bulky fluorescent tags like NBD and 
BODIPY, which change the chemical and physical properties of glycosphingolipids dramatically 
and makes the observation of lipid rafts quite difficult. Conjugated polyene lipids show a 
strong similarity to natural lipids and were already used as tags by Kuerschner et al.[2] studying 
membrane phase partitioning. Such fatty acid precursors would be a good possibility to install a 
fluorophore in the glycosphingolipid backbone.
Our attempt is to build up different sets of glycosphingolipids, where either the carbohydrate part 
or the fatty acid part differs. Different chain lengths, the grade of saturation and a-hydroxylation 
of the fatty acids are considered. As d-erythro-(2S,3R)-sphingosine[3] is the main sphingoid base 
in mammalian tissue, no structural change in this building block is envisaged. 
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Chitin catabolic systems of Vibrionaceae have been elucidated by microarray expression 
profiling studies [1]. The chitin catabolic operon is conserved in the genomic sequences of 
Photobacterium profundum SS9 [2]. In the chitin catabolic system, the gene cluster contains 
various glycoside hydrolases (GHs), such as a β-N-acetylglucosaminidase (GH20), a N,N’-
diacetylchitobiose phosphorylase (GH94), a glucosamine kinase and an exo-β-1,4-glucosidase 
(GH9), respectively. 
Here, the enzymatic properties of the GH9 protein from P. profundum SS9 are discussed 
by comparison with the substrate specificities of other GHs belonging to GH9 family. The 
protein had no signal peptide sequence, indicating that it was intracellular protein. The 
enzyme hydrolyzed β-1,4 glycosidic bonds of cellooligisaccharides and chitooligosaccharides. 
The enzyme also released 4-nitro phenol from 4-nitrophenyl β-glucoside and 4-nitrophenyl 
β-glucosaminide, suggesting that the enzyme released sugar unit from non reducing end of 
oligosaccharides. Time-dependent 1H-NMR analysis of the enzymatic reaction suggest that the 
hydrolytic reaction occurred by anomeric inversion. Kinetic analysis of the hydrolytic activities 
toward cellooligosaccharides and chitooligosaccharides indicated the enzyme is an exo-β-D-
glucosaminidase (EC 3.2.1.165) but not an exo-β-1,4-glucosidase. 
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Aspergillus fumigatus is well known allergen and opportunistic pathogen as well. The infection 
occurs seldom in immunocompetent person, but can be a life-threatening complication in 
people with altered immunity, such as the patients on immunosuppresive treatment after organ 
transplantations or the AIDS patients. Although the invasive aspergillosis can be caused by 
several Aspergillus species, A. fumigatus is the most frequently detected pathogen.
We have identified ten lectin-like proteins in the recently sequenced genome of A. fumigatus, 
including AFL1 that displays 32 % sequence identity with the fucose-binding lectin AAL from 
Aleuria aurantia1. Surface plasmon resonance (SPR) experiments and other functional studies 
of AFL revealed its high specificity for fucose and fucosylated derivatives, which are bound with 
micromolar affinity. The structure of AFL has been solved using X-ray diffraction in complex 
with histo-blood group A and Lewis X oligosaccharides and fucosylated disaccharides. The data 
revealed not only presence of sixth binding site that is missing in the AAL homologue, but 
proved also the specificity differences among the sites within one monomer. Although fucose is 
the recognized part of the ligand, individual sites prefer different linkages between fucose and 
an adjacent saccharide. The consequences and comparison to related lectins will be discussed. 
Thanks to the combination of protein X-ray crystallography and functional studies of lectin-
ligand interactions we shed a light on lectin-carbohydrate binding and in the next step could 
contribute to new antiadhesive drugs development or mutant lectins design for specific use in 
biotechnology.
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A NEW APPROACH TO AMADORI kETOSES VIA MOVI - CATALYZED STEREOSPE-
CIFIC ISOMERIZATION OF 2-C-BRANCHED 
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One of the useful applications of catalyzed chemical transformations is the synthesis of 
biologically active carbohydrates. This work gives an example of the use of transition metal-
catalyzed transformation in the synthesis of saccharide derivatives bearing amino group. 
Amino sugars are an important class of compounds having broad spectrum of applications in 
biochemical, medicinal and pharmaceutical fields.1 The substitution of a hydroxyl function by an 
amino group may alter properties of the sugar significantly, for example, its solubility, hydrogen 
bonding properties and charge. Consequently, amino sugars play important physiological roles in 
many glycoconjugates and are of interest for the development of new drugs.2 The transformation 
studies involve formation of molybdate complexes of reducing saccharides bearing azido 
function.3 Molybdate ions can form highly reactive, catalytically active complexes that promote 
the unique stereospecific rearrangement of the saccharide carbon skeleton.4-5 The branched-
chain aldose bearing azido group at position C-2 provides access to the corresponding 1-deoxy-
1-azido- and 1-deoxy-1-amino ketoses in a single step through a stereospecific isomerisation. 
The isomerisation exploited the catalytic effect of molybdate ions and microwave irradiation.
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SYNTHESIS OF GLYCOSYL PHOSPHATE CONjUGATES USING 
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Glycosyl phosphate units are found in several bioconjugates serving diff erent biological 
functions. Attached to nucleotides – so-called sugar  nucleotides – they act as substrates for 
glycosyltransferases which catalyze the in  vivo  synthesis of oligo- and polysaccharides.1 
Repeating units of glycosyl phosphates are found in capsular polysaccharides of bacteria as 
well as in glycocalix lipophosphoglycans and secreted proteophosphoglycans of parasites.2,3 
With regard to their versatile biological functions glycosyl phosphate conjugates are important 
subjects of research. Our group developed a method for the effi  cient synthesis of phosphorylated 
bioconjugates such as NDP/ NMP pyranoses, nucleoside di- and triphosphates as well as 
dinucleoside oligophosphates.4,5 Recently, we were able to apply this method to the synthesis 
of NDP disaccharides. As shown in scheme 1, the coupling of the sugar phosphate with the 
acceptor substituted cycloSal-nucleotide as activated phosphate yields the anomerically pure 
NDP disaccharide.

Scheme 1: synthesis of UDP-β-Lactose

Th ese very promising results open an access of chemically synthesizing not only more complicated 
NDP sugars than the well known NDP monosaccharides but also di-/ oligosaccharides bearing 
a phosphatediester linkage.
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SYNTHESIS OF THIOGLYCOSYLATED INDOLES AS PRECURSORS 
OF SOLUBLE EUMELANIN POLYMERS
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Eumelanins are the components of human skin and hair. Th ese bio-polymers are mainly 
composed of 5,6-dihydroxy indole units interconnected via 2-4′ and 2-7′ C-C bonds. A long-
standing issue related to eumelanins lies in their the poor solubility which renders very diffi  cult 
their structural determination and consequently the clarifi cation of the origin of their black 
colour, a rather unusual feature for an organic derivative. Very recently we have synthesized a new 
class of water-soluble eumelanins whose spectroscopic analysis provided some indications on 
the interactions likely involved in determining the peculiar absorption properties of eumelanins. 
Th ese polymers were accessed through the overall sequence shown below entailing in the fi nal 
stage the sequential de-O-acetylation and oxidative polymerization of a stable precursor as 
3-thiogalactosylated 5,6-dihydroxy indole 1 (scheme).1 

In view of the potential of 
glycosylated eumelanins either 
in glycobiology as a multivalent 
array of saccharidic units or in 
science of materials due to the 
interesting optical properties, we 
have been spurred to reconsider 
the overall synthetic procedure in 
order to get the thioglycosylated 
indole monomer 1 with improved 
yields. In this communication we 

will report a new strategy in which both the synthesis of the thioglycosylation agent and the 
subsequent coupling with indole 3 (to yield 1) are occurring at a sensibly higher yield than in 
the previous approach.
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SYNTHESIS OF FLUORINATED OLIGOSACCHARIDES FOR INTERACTION STUDIES 
WITH LECTINS
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Lectins are carbohydrate-binding proteins without enzymatic activity and non immune origin. 
Although they were fi rst discovered and characterized in plants, lectins are also expressed by 
animals and microorganisms. Apart from being popular analytical tool owing to their selective 
binding to glycans, lectins are also involved in a wide number of biological events: microbial 
adhesion, lymphocyte homing, intracellular protein traffi  cking, cell-cell recognition, cancer 
metastasis etc.1 Understanding the biochemistry of lectins and the physical nature of the protein-
carbohydrate interaction will provide important insights into biological information transfer.
To investigate the scope of using 19F-detected heteronuclear 1H→19F-STD NMR spectroscopy2,3   
in lectin glycan interaction studies this project focus on synthesis of a library of 2-fl uorinated 
mannose oligosaccharides (disaccharides and trisaccharides) and screening their binding 
activity to Concavalin A using the mentioned STD NMR method as well as other methods (e.g. 
ITC).
Th e synthesis is based on the combined use of common mannose building block derivatives as 
donors or acceptors.
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SYNTHESIS OF NOVEL ISOSTERIC FLUOROPHOSPHONATE DERIVATIVES OF 
GLUCOSE 1-PHOSPHATE AND THEIR EVALUATION IN PHOSPHORYL TRANSFER 
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Enzyme-catalysed phosphoryl transfer reactions play integral roles in metabolism, regulation 
and cell signaling and are associated with some of the largest enzymatic rate enhancements yet 
known. β-phosphoglucomutase (βPGM) catalyses the isomerisation of β-glucose 1-phosphate 
(βG1P) to β-glucose 6-phosphate (βG6P). Allen and Dunaway-Mariano claimed to observe 
a high energy pentacoordinate phosphorane intermediate in the enzyme active site by X-ray 
crystallography at low temperature,1 a chemical entity previously postulated to exist only 
transiently. Trifl uoromagnesate (MgF3

-) has recently been identifi ed as a trigonal planar mimic 
for the phosphate (PO3

2-) group in transition states for βPGM.2 In this work, we have prepared 
novel stable probes for the phosphoryl transfer process catalyzed by βPGM and examined them 
in complex with βPGM. 
Synthetic routes to novel β-glucose 1-phosphate derivatives (1, 2, and 3) were devised and 
executed. Th e existence of complexes between 1, 2, 3 and βPGM-MgF3

- were investigated in the 
phosphoryl transfer reaction using a variety of techniques including 19F NMR spectroscopy to 
gain insight into the phosphoryl transfer process and the ability to mimic the substrates with 
isosteric and isoelectronic analogues. Th e coordination of the MgF3

- moiety clearly questions 
the previous observation of the elusive high energy pentacoordinate phosphorane.
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SYNTHESIS OF A STABLE HEMI-AMINAL GLUCURONIDASE INHIBITOR
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We have recently shown1 that a hybrid (Noeurostegine) of natural compound Calystegine B2 
and inherently unstable glucosidase inhibitor Noeuromycin2 provides a potent and selective 
inhibitor of β-glucosidase. We here report on the synthesis and inhibitory data for an analogous 
compound (1) designed to inhibit glucuronidase.
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SYNTHESIS OF A VERSATILE BUILDING BLOCk FOR THE
PREPARATION OF 6-n-DERIVATIZED a-GALACTOSYL

CERAMIDES: RAPID ACCESS TO BIOLOGICALLY ACTIVE
GLYCOLIPIDS
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A concise route to the 6-azido-6-deoxy-a-galactosyl-phytosphingosine derivative 1 is 
reported.  Orthogonal protection of the two amino groups allows elaboration of 1 into a range 
of 6-N-derivatized a-galactosyl ceramides by late-stage introduction of the acyl chain of the 
ceramide and the 6-N-group in the sugar head-group. Some biologically active glycolipids have 
been synthesized to illustrate the applicability of the approach.
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EFFICIENT METHODOLOGIES TOWARDS THE SYNTHESIS OF
C-GLYCOSYL ISOFLAVONES 
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C-Glycosyl phenols and -polyphenols occur widely in nature and present a variety of biological 
properties, namely antitumor, antibacterial and antidiabetic activities. Synthetic access to such 
structures relies mainly on effi  cient methodologies for phenols C-glycosylation.1 In t he past 
few years major advances have been described addressing the use of Fries rearrangement to 
obtain a diversity of C-glycosyl compounds1 such as orientin, parkinsonin A, isoswertiajaponin, 
parkinsonin B, orobol and genistein 8-C-β-D-glucopyranosides.2,3

We present now an effi  cient method for the synthesis of the C-glucosyl isofl avone, 8-C-β-D- 
glucosylgenistein using scandium(III) trifl ate as activator for the C-glycosylation of partially 
protected acetophloroglucinol with glycosyl acetate as donor. Th e construction of the fl avonoid 
moiety was easily carried out using new conditions and leading to better yields.

Scheme 1. Synthetic pathway for the synthesis of 8-C-β-D-glucosylgenistein
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STRUCTURE-ACTIVITY RELATIONSHIP STUDIES ON POLYCATIONIC 
AMPHIPHILIC CYCLODExTRINS AS GENE DELIVERY SYSTEMS
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Cationic polymers with cyclodextrin (CD) moieties in the backbone have shown significant 
promise towards the design of efficient nonviral gene carriers.1 However, the intrinsic polydisperse 
nature of these materials represents a drawback for structure-activity relationship (SAR) studies. 
Recently, a new generation of well-defined polycationic CDs (paCDs) with gene delivery 
capabilities has been reported.2 The existence of two well-differentiated faces in combination 
with selective functionalization methodologies allows endowing these systems with facial 
amphiphilicity properties, which results in improved plasmid DNA (pDNA) complexing and 
transfection abilities.3,4 In order to evaluate the influence of structural features on transfection 
efficiency, a novel collection of paCDs having variable ring size, number of positive charges, 
lipophilic chains and anchoring segments have been prepared. Preliminary results on transfection 
efficiency and cell viability towards different cell lines will also be presented. 
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ONE-POT, REGIOSELECTIVE GLYCOSYLATION OF FREE SUGARS BY MEANS OF 
MASkING THROUGH BISBORONATE INTERMEDIATES 
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A facile, regioselective glycosylation has been developed for fully unprotected aldohexoses and 
ketohexoses through masking of hydroxy groups with double molar aryl boronic acids.  In a 
general hexose unit, only one unmasked hydroxy group should be regioselectively glycosylated 
with various glycosyl donors as phenylthio glycosides to give disaccharides depending on the 
bisboronate structures of hexose acceptors.  
Among aldohexoses employed as acceptors, D-glucose and D-galactose were glycosylated to 
6-OH of the acceptors with phenyl tetra-O-benzoyl-1-thio-β-D-glucopyranoside to afford β-D-
Glcp-(1→6)-D-Glcp/D-Galp in good yields.  
Glycosylation of D-mannose acceptor with various glycosyl donors resulted in unique products 
through a furanose-type bisboronate intermediate to give β-D-glycopyranosyl-(1→1)-a-D-
mannofuranosides in good yields. Application of this method to other glycosyl acceptors is also 
discussed.  
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Oligosaccharides linked to protein play important roles in several biological events such as 
protein folding, protein-lifetime in blood, transportation and immune response. In order to 
study the function of oligosaccharides, homogeneous glycoproteins are essential. Recently, 
chemical synthesis of glycoproteins as well as glycopeptides has developed. We have also 
demonstrated the syntheses of several bioactive glycoproteins, i.e. monocyte chemotactic 
protein-3, and erythropoietin analogues.[1-2]  In order to synthesize glycoproteins by use of native 
chemical ligation, development of efficient synthetic methods of glycopeptides-athioester is still 
essential[1-4]  Therefore we have examined to establish efficient and practical synthetic method of 
glycopeptide- athioester and recently we found two efficient methods.
Thioesterification toward unprotected glycopeptide was demonstrated by the activation of 
cysteinen-thiol at the C-terminal of glycopeptide. This condition affords xanthate derivative and 
then generates thioester of the terminal amino acidn-1 cleaving the amide bond between amino 
acidn-1 and terminal xanthate-cysteinen.  This method successfully afforded peptide-athioester as 
well as glycopeptide-athioester in good yield. 
In addition to this method, we successfully developed the synthesis of acid labile sialylglycopeptide-
athioesters under Boc-solid phase peptide synthesis (SPPS) conditions. It is known that Boc-SPPS 
is the best method for the synthesis of peptide-athioester.  However, strong acid condition under 
Boc-SPPS, especially final deprotection step, easily cleaves acid-labile sialyl linkages (sialoside). 
Therefore sialylglycopeptide could not be synthesized by Boc-SPPS using strong acid conditions. 
We thought that carboxylic acid of sialic acid work as intramolecular acid catalyst to accelerate 
acid hydrolysis of sialoside.[5]  Recently we demonstrated that suitable protecting group of this 
carboxylic acid such as phenacyl group enabled us to perform synthesis of sialylglycopeptide-
athioester under Boc-SPPS.  This method accelerates to obtain sialylglycopeptide-athioester 
comparing conventional Fmoc methodology.  
In this presentation, we would like to discuss new methodology combined with sialoside 
chemistry and peptide chemistry to develop the synthesis of sialylglycoproteins in detail.
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Glycosidases catalyse the synthesis of anomerically pure alkyl glycosides in one step. In contrast, 
chemical synthesis of anomerically pure glycosides is circuitous and expensive. Glycosidases 
exhibit absolute selectivity with regard to the stereochemistry at the anomeric centre and show 
a high degree of chemoselectivity for different hydroxyl groups of primary, secondary alcohols 
and phenols.1 β-Glycosidase from different sources has been used for an efficient synthesis of 
2-deoxy-β-glycosides and for stereochemical studies of the reactions of glycals with acceptors 
which was alkyl alcohols and derivatives of carbohydrate.2,3 The synthesis of 2-deoxyglycosides 
is very important niche in the field of carbohydrate chemistry. 2-Deoxy-β-glycosyl moieties 
are present in biologically active natural products such as compactin, olivimycin, mithramycin, 
daunomycin, calicheamicin. The anomerically selective enzymatic synthesis of 2-deoxy-β-
glycosides is a very interesting approach in contrast to multi-stage chemical synthesis requiring 
the use of temporary groups equatorially disposed at C(2) which must be removed in later steps, 
often lowering reaction yields.4 
In this communication we report the novel method of synthesis 2-deoxy-β-D-galactosides using 
D-galactal with the β-galactosidase from Aspergillus oryzae with derivatives of benzyl alcohols 
as acceptors. These reactions, conducted with 5-9 molar excesses of acceptor, gave good yields 
ranged from 30 up to 50% after  24-48h of reaction.
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Chitin, a β-1,4 linked polymer of N-acetyl-D-glucosamine (GlcNAc), is the second abundant bio-
polymer found in nature next to cellulose. For efficient utilization of chitin, the polysaccharides 
degradation by chitinases, has been regarded as one of the most useful and environment-friend-
ly strategies. Recently, we have cloned a novel chitinase gene from thermophilic bacterium 
Ralstonia sp. A-471 (Ra-ChiC) and the recombinant enzyme was characterized1.Amino acid 
sequence of the catalytic domain of Ra-ChiC is homologous to those of goose-type lysozymes, 
that belong glycoside hydrolase family 23 (Family GH-23). However, Ra-ChiC has hydrolytic 
activities toward soluble chitin substrates, but not the activity toward the cell wall of Micrococcus 
lysodeikiticus. In this study, mutation study was conducted for this novel chitinase, Ra-ChiC, to 
understand the catalytic mechanism.
The Ra-ChiC expression plasmid constructed from pCold1 vector was transformed into E.coli 
JM109. The recombinant Ra-ChiC was expressed, and purified by a Ni affinity column, a 
hydrophobicity column, and a gel filtration column chromatographies. We analyzed the enzy-
matic products from the Ra-ChiC reaction toward chitin oligosaccharide [(GlcNAc)n] by HPLC. 
From the substrate (GlcNAc)6, the wild type enzyme produced predominantly (GlcNAc)2 and 
(GlcNAc). The newly produced reducing end was largely a-form, indicating that the enzyme is 
an inverting mechanism. Then, we mutated the putative catalytic residues, Glu141 and Glu162, 
to alanine (E141A and E162A) by site-direct mutagenesis to get insight into the catalytic 
mechanism. When the chitinase activity was determined using ethylene glycol chitin, the activ-
ity was almost completely eliminated in E141A and E162A, indicating that Glu141 and Glu162 
are important for reaction. However, when Glu162 was mutated to glutamine (E162Q), the ac-
tivity surprisingly increased two-fold when compared with that of the wild type. The binding 
mode of the oligosaccharide substrates was found to shift toward non-reducing end side in 
E162Q. Glu162 is  likely involved in substrate binding as well as in catalytic reaction as a base.
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MUTAGENESIS OF SUBSTRATE INTERACTING RESIDUES IN THE ACTIVE SITE 
OF tnBglA FOR IMPROVED DEGLUCOSYLATION OF ANTIOxIDANTS 
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Waste from yellow onions is a good source of polyphenolic antioxidants from the flavonoid-
group and the major forms are quercetin-glucosides, glucosylated at the 3 and 4´-position. 
Deglucosylation to the aglycone form (quercetin) creates a uniform product with stronger 
antioxidative power. In this project we aim to develop a thermostable b-glucosidase from 
Thermotoga neapolitana (TnBgl1A of Glycoside hydrolase family 1 [GH1]) for this purpose. 
TnBgl1A is a promising biocatalyst in deglucosylation of quercetin-glucosides using an 
environmental friendly process with subcritical water. The sub-critical water extraction 
procedure requires high temperatures, so use of a thermostable enzyme is necessary.
The selectivity of TnBgl1A was studied and the enzyme was shown to favour hydrolysis of 
glucosyl-groups attached to the 4´-position of the flavonoid (quercetin-4´-glucoside, Q-4) while 
the quercetin-3-glucoside (Q-3) was more difficult to hydrolyse. To improve the selectivity 
for the quercetin-3-glucoside and related substrates e.g. kaempferol-3 glucoside (K-3) and 
isorhamnetin-3-glucoside (Iso-3), different mutants of TnBgl1A were designed. Residues for 
mutation were selected based on alignment of enzymes within GH1, of different specificities, 
including the primary sequence of TnBgl1A and combined with inspection of a modelled 
3D-structure of the enzyme. All mutants were expressed in E. coli and purified with immobilized 
metal ion affinity chromatography, utilizing the C-terminal His-tag included in the cloning 
design. 
Kinetic parameters of all the mutants were determined using the model substrate para-
nitrophenyl-b-D-glucopyranoside (pNPGlc). Based on these results the mutants were further 
screened on glucosylated flavonoid substrates to determine their potential in deglucosylation 
reactions. Enzymes mutated at position N221S or N220S showed increased catalytic efficiency 
towards Q-3, K-3, Iso-3, genestein-7-glucoside, daidzein-7-glucoside and Q-4´ compared to the 
wild type.
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TDM ANALOGUES AS MODULATORS OF THE IMMUNE SYSTEM 
AND IMPROVED FRATER’S ALkYLATION METHODOLOGY
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Trehalose dimycolates (TDMs) (Figure 
1A) are glycolipids that are a major con-
stituent of the cell wall of Mycobacterium 
tuberculosis (M. tb). TDMs have been 
shown to have important immunological 
properties such as anti-tumour activity, 
adjuvant activity in TB vaccines, and are 
also involved in angiogenesis and granu-
loma formation during challenge with 
M. tb.1 The signalling pathway of TDMs 
was recently deduced and it was seen 
that TDMs and its more simple analo-
gue trehalose dibehenate (TDB - Figure 
1B) bind to the macrophage inducible C-
type lectin (MINCLE).2 
In this work, we present the synthesis of a variety of TDB analogues and the determination of 
their immunomodulatory profile. This will provide insight into the effects of lipid length on the 
activity of TDMs, which may lead to the generation of novel immunostimulatory agents with 
application in a variety of diseases. 
Key step in the preparation of the more complex TDM (Figure 1A) and trehalose dicorynomyco-
late (TDCM) analogues (Figure 1C) is the efficient synthesis of a-alkyl-β-hydroxy fatty acids via 
a Frater’s alkylation.3 This methodology is commonly used for a-alkylation of β-hydroxy esters 
using alkyl halides, although the yields from the reaction can vary dramatically (depending on 
the alkyl chain). We have found that the use of allylic halides significantly increases the yields of 
this reaction.The allylic halides in turn could be synthesised readily from commercially availa-
ble aldehydes in two steps. The synthesis of TDM analogues using this methodology and their 
immunological properties will be presented. 
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THE EFFECT OF THE POLYSACCHARIDES FROM BULB ONION 
ON THE in vitro PEPTIC DIGESTION OF OVALBUMIN
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Food allergens are mostly proteins that invoke IgE-mediated immune reactions. Egg represents, 
together with cow’s milk, the most common cause of allergic reactions to food that affect 
approximately 6% of children and 3-4% of adults, and ovalbumin (OVA), the major protein in 
egg white (58% w/w), is considered as a dominant allergen [1]. Among the physicochemical 
properties usually examined for the food allergens the stability to digestion in the human 
gastrointestinal tract is common [2]. Low methylesterified pectin, gum arabic and xylan failed 
to affect the peptic digestibility of the proteins [3]. The objective of the present study was to 
assess the effect of the polysaccharides from bulb onion (Allium cepa L.) on the in vitro peptic 
digestibility of OVA. The pectic polysaccharide AC-1 was extracted with an aqueous ammonium 
oxalate at 70°C for 6 h and AC-2 - using a simulated gastric media (saline solution containing 
HCl (pH 1.5)) at 37°C for 4 h. Polysaccharides were shown to consist of D-galacturonic acid 
(55 and 40% for AC-1 and AC-2 respectively), galactose (30% for both AC-1 and AC-2) 
residues and protein (10 and 25% for AC-1 and AC-2 respectively). These polysaccharides were 
digestible with 1,4-a-D-galacturonase to yield D-galacturonic acid, thus confirming AC-1 and 
AC-2 as a pectic polysaccharides. Partial acid hydrolysis of pectins revealed galacturonan to be 
the core of the macromolecules. Pectin AC-2 was precipitated by trichloroacetic acid to yield 
two polysaccharide fractions five-fold differed in protein content. SDS-PAGE electrophoresis 
indicates that OVA was highly hydrolyzed by pepsin. Intact OVA was detectable even after 120 
min of the incubation. The protein fragments with molecular weights of 22, 16, 18 and 10 kDa 
were determined in the digested OVA samples. The absence of the fragments with molecular 
weights of 18 and 10 kDa in the OVA samples digested in the polysaccharides presence indicates 
the inhibitory effect of pectins on the in vitro peptic digestibility of OVA. The inhibitory effect 
of pectins was detected for all examined polysaccharide fractions. The amount of protein in the 
polysaccharide fractions appeared not to affect the pectins activity.
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The gene (Ta0298) encoding a putative a-glucosidase from hyperthermophilic archaeon 
Thermoplasma acidophilum (AglA) was cloned and expressed in Escherichia coli. The 
recombinant AglA was purified by heat treatment and Ni-affinity chromatography. Gel filtration 
chromatography of the purified enzyme indicated that the native form consists of four to five 
identical subunits with strong maltose (a-1,4 linkage)-hydrolyzing activity. AglA was optimally 
active at pH 5-6 and 80oC and had a half-life of 8 h and 30 min at 85 and 90oC, respectively. The 
enzyme also hydrolyzes kojibiose (a-1,2), nigerose (a-1,3), and isomaltose (a-1,6) to a lesser 
extent. Analyses of the reaction with maltooligosaccharides and panose as substrates show 
that AglA specifically liberates glucose from the non-reducing end indicating that it is typical 
of a GH31 a-glucosidase. Kinetic analyses revealed that the hydrolytic activity of AglA was 
greatly affected by the chain length of the substrate and the regiospecificity of the glucosidic 
linkages. The enzyme showed highest specificity for maltose and decreasing values (kcat/Km) 
towards higher maltooligosaccahrides, although these are still substrates. Inhibition profile of 
AglA revealed that aesculin was a mixed type of noncompetitive inhibition with Ki value of 4.30 
mM and Ki’ of 12.5 mM while acarbose showed competitive inhibition pattern with Ki of 2.99 
mM. When the enzyme incubated with maltose and arbutin, two major arbutin derivatives were 
detected by thin-layer chromatography. Structural analyses using NMR indicated that glucose 
unit of maltose was transferred to the C-3 and C-6 position in the glucose moiety of arbutin, 
respectively.
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FLUOROUS-TAG ASSISTED SYNTHESIS OF  
PHENOLIC GLYCOLIPID DERIVATIVES  
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In recent years, the fluorous-tag assisted assembly of carbohydrates has gained considerable 
attention as an interesting alternative to solid-phase oligosaccharide syntheses.1 This approach 
offers several advantages over solid-phase approaches, e.g. favourable solution-phase kinetics, 
reaction monitoring by conventional analytical methods, and no need for a large excess of 
reagents. The products can be easily purified by fluorous solid-phase or fluorous liquid-liquid 
extraction, which increases the efficacy and practicability of oligosaccharide synthesis.
This work focuses on the application of this technique to the synthesis of fluorinated derivatives 
of phenolic glycolipid I (PGL-I), a specific glycolipid found on the cell surface of Mycobacterium 
leprae, the causative agent of leprosy.2 Recent studies 
have revealed that PGL-I plays a crucial role in the 
pathogenesis of this disease, particularly in the damage 
of the peripheral nerves.3,4 However, many details 
about the mechanism and the involved receptors on 
the Schwann cell still remain unknown.
Fluorinated analogues of PGL-I represent a possible 
approach to address these questions. Thus, the scope 
of this work is the development of a flexible, fluorous-
tag assisted strategy to synthesize the trisaccharide 
moieties of naturally occurring PGL-I (1) and of 
mono-fluorinated derivatives such as 2.
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Figure 1: Structures of the characteristic 
trisaccharide moieties of PGL-I (1) and a 

fluorinated analogue (2).
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PETASIS OLEFINATION IN A CONTINUOUS FLOW MICROWAVE REACTOR: 
exo-GLYCALS FROM SUGAR-LACTONES
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Owing to their distinct nucleophilic reactivity, enol ethers and, in particular, exo-glycals are 
considered interesting synthons for further conversion, as for example, to spiroketals1 or C-
glycosides2.
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For the synthesis of these valuable compounds, an efficient Petasis olefination3 of sugar lactones 
under continuous flow microwave conditions was developed. The conversion of these lactones 
to exo-glycals can be steered by adjusting the residence time and the concentration of the solu-
tion within the reactor as monitored by NMR-spectroscopy.
Applying this continuous flow procedure, the reaction time can be shortened to less than 3 
minutes, several hundred times shorter compared to values given in the literature for batch 
procedures. This setup is utilizable for a gram-scale synthesis of enol ethers and exo-glycals, in 
particular, such containing sensitive structures and protecting groups.
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COMPARATIVE ANALYSIS OF LIPIDS A OF bradyrhizobium STRAINS
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Lipid A preparations were isolated by mild acid hydrolysis of LPS from seven strains of 
Bradyrhizobium: B. elkanii USDA 76, B. yuanmingense CCBAU 10071, B. liaoningense USDA 
3622, B. canariense BC-P5 and BC-C2, Bradyrhizobium sp. (Lupinus) USDA 3045 and 
Bradyrhizobium sp. ORS 278. The chemical structures of these lipids A were determined using 
compositional analysis and mass spectrometry (MALDI-TOF, ESI-MS). 
All examined lipids A contained a disaccharide backbone exclusively composed of 2,3-diamino-
2,3-dideoxy-d-glucopyranose (GlcpN3N), the distal residue of which was decorated with a 
d-Manp-(1→6)-d-Manp disaccharide, whereas the reducing hydroxyl of the proximal GlcpN3N 
was replaced either by a d-Manp residue or d-GalA or/and galacturonolactone. It has been 
proved that lipids A from all Bradyrhizobium strains were a mixture of glycolipids bearing the 
same set of amide-linked 3-hydroxy fatty acids, i.e. two of 12:0(3-OH) and two of 14:0(3-OH). 
These primary fatty acids were esterified with secondary (ω-1)-fatty acid residues having very 
long acyl chains (VLCFA, containing from 26 to 34 carbon atoms in aliphatic chains), forming 
acyloxyacyl residues. Bradyrhizobium lipids A differed by the type of the predominant VLCFA, 
e.g. the shortest fatty acid (i.e.: 25OH-26:0) was the major one in B. canariense BC-C5 and 
Bradyrhizobium sp. ORS 278, whereas the B. canariense BC-C2 lipid A preparation contained 
the same amounts of two main fatty acids [26:0(25-OH) and 32:0(31-OH)]. The lipid A from 
Bradyrhizobium sp. (Lupinus) USDA 3045 was acylated mainly with 31:0(30-OH) and 33:0(32-
OH). The 28:0(27-OH) was the most abundant acyl residue in the lipids A from B. elkanii 
USDA 761 and B. liaoningense USDA 3622. Some species of Bradyrhizobium contained lipids A 
with two acyloxyacyl residues (e.g. B. elkanii USDA 76)1 whereas others (e.g. B. yuanmingense) 
synthesized lipids A containing three or even four acyloxyacyl residues. Usually, one of these 
long-chain fatty acids was further acylated by 3-hydroxybutyric linked to the (ω-1)-hydroxy 
group as tertiary residue. 
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4-(2-CHLOROETHOxY)PHENYL GROUP – 
NOVEL ANOMERIC PROTECTION WITH DUAL FUNCTION
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A choice of anomeric protective group (APG) is oft en of decisive importance for the successful 
assembly of an oligosaccharide and, more importantly, for its transformation to a derivative 
with a functional group in aglycon, and further to the corresponding neoglycoconjugates 
(NGCs).1 Here, we introduce 4-(2-chloroethoxy)phenyl (CEP) aglycon as a novel APG with 
dual function. CEP group is useful both for block synthesis of complex oligosaccharides (CEP 
acts as an anomeric blocking group similar to the well-known 4-methoxyphenyl group) and for 
the preparation of NGCs of the target oligosaccharide and any intermediate CEP glycoside (aft er 
replacement of chlorine with azide, CEP acts as a pre-spacer obviating the need for an additional 
glycosylation). CEP glycosides of Glc, Gal, Man, Rha, Fuc, Ara, GlcN and Lac were synthesized 
and were demonstrated to readily cleave the aglycon off  under the action of cerium-ammonium 
nitrate or to convert CEP group to the corresponding azido derivative by treatment with NaN3. 
Th e results of the CEP-mediated synthesis of PGL-I trisaccharide2 and the corresponding NGCs 
will be presented (see Scheme). Th is work was supported by RFBR (project No. 10-03-01019).
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THE FIRST TOTAL SYNTHESIS OF GANGLIOSIDE GALNAC–GM1B USING 
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Guillain-Barré Syndrome (GBS) is autoimmune peripheral neuropathy in which limb muscle 
weakness and absent deep tendon refl ex develop as main symptom. Molecules mistargeted by 
the immune response are thought to be gangliosides such as GM1, GQ1b, and GalNAc-GD1a. 
Recently, it has been revealed that serum antibody in some GBS patients recognize ganglioside 
GalNAc-GM1b as well.1 A homogeneous sugar antigen synthesized by chemical approach is 
useful to elucidate the pathogenic mechanism of GBS with GalNAc-GM1b. However, there has 
been no report on its synthesis. We here report the fi rst total synthesis of GalNAc-GM1b, which 
was achieved effi  ciently by disconnecting the glucosyl ceramide part from the target molecule.
Non-reducing end sugar part was effi  ciently synthesized by the coupling of GM2 core 
trisaccharide donor and GalNAc-Gal disaccharide acceptor. Th e obtained pentasaccharide 
was converted into the trichloroacetimidate donor, via reductive removal of benzyl groups, 
followed by O-benzylation, then the removal of the 4-methoxyphenyl group and treatment 
with trichloroacetonitrile. Th e subsequent coupling with a cyclic Glc-Cer acceptor developed 
by our group,2 which was obtained by intramolecular glycosylation, aff orded the fully protected 
GalNAc-GM1b. Finally, the protected GalNAc-GM1b was transformed, via O-deacylation and 
followed by saponifi cation, into ganglioside GalNAc-GM1b in good yield.
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n- AND C-GLYCOPYRANOSYL-HETEROCYCLES AS GLYCOGEN PHOSPHORYLASE 
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Glycogen phosphorylase (GP), catalyzing the rate limiting step in the degradation of glycogene 
in animals, plays an important role in controlling blood glucose levels. Inhibitors of GP can be 
potential antihyperglycaemic drugs, and may lead to a new therapy for the treatment of type 2 
diabetes. N-Acyl-N’-b-D-glucopyranosyl ureas 1 are effective glucose analogue inhibitors of GP.1 
The syntheses of sugar derivatives where the first (2) or both amide units (3, 4) of compound 1 are 
replaced with heterocycles (e.g. 1,2,3-triazole, 1,3,4-oxadiazole, isoxazole) has now been carried 
out. Molecules with a methylene group beetween the two heterocycles were also synthesized. In 
the presentation details of the syntheses and preliminary enzyme kinetic results will be shown.
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Glycan arrays of short Heparin/Heparin sulfate (HS) fragments with systematic variations of 
sequence and sulfation pattern have been proposed to accelerate the analysis of the functions 
and the molecular basis of protein–HS interactions.[1] Solid-phase synthesis of oligosaccharides 
is a promising approach for the preparation of ligand libraries needed for glycan arrays,[2] 
only a few examples, however, have been reported for glycosaminoglycans.[3] Here we present 
a new solid phase approach using a novel linker based on a 4-hydroxymethylbenzyl N-(5-
hydroxypentyl)-N-benzyl carbamate moiety, which provides a stable handle under Lewis acidic, 

mild basic and nucleophilic 
conditions. In addition, 
monosaccharide building 
blocks were applied in the 
stereospecifi c solid-phase 
supported construction of 
Heparin/HS precursors.[4] A 
diverse set of glycosyl donors 
with diff erent properties 
regarding steric and 
electronic eff ects were tested, 
especially, idose derivatives 
which have advantage over 
iduronic acid and can be 
subsequently oxidized.  Th e 
results lead to an optimized 
glycosylation protocol in 
solid-phase synthesis of 
Heparin/HS. 
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SYNTHESIS OF MULTIVALENT β-1-THIOGALACTOSIDES THROUGH 
AZIDE-SYMMETRIC ALkYNE RU(II)-CATALYZED CYCLOADDITION
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As part of our ongoing project on the synthesis of multivalent glycoclusters designed to be 
hydrolytically stable in biological media,1 we describe here the synthesis of multi-thiogalactosides 
using as key step the Ruthenium(II)-catalysed cycloaddition of azidosugars and a disubstituted 
(internal) alkyne chain carrying two thiogalactoside residues.2 
A symmetric divalent 1-β-thiogalactoside precursor (1) has been synthesized from an 
diethyleneglycol-type linker functionalized with an internal triple bond. On the other hand, 
azide-containing scaff olds as 2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl azide and the per-O-
acetyl-6,6’-diazidotrehalose 2 were prepared by previously reported methods.1 Coupling of 
1 to the selected scaff olds was achieved by Ru(II) catalyzed cycloaddition, using chloro(pen
tamethylcyclopentadienyl) (cyclooctadiene)ruthenium(II) complex as catalyst, in dioxane as 
solvent. Glycoclusters containing two or four residues of 1-β-thiogalactose have been obtained 
in good yields. Deacetylation with Et3N/MeOH/H2O led to the fi nal products. Aft er complete 
characterization by NMR spectroscopy and HR-MS techniques, these new multivalent ligands 
have been evaluated as inhibitors of E. coli β-galactosidase. Th ese compounds are interesting as 
potential modulators of lectin-mediated processes.
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CHEMICAL SYNTHESIS OF ARABINOGALACTAN-PROTEIN 
BACkBONE MOTIFS 
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Gum Arabic is natural plant exudates in response to mechanical wounding of Acacia trees in 
Africa and is widely used as an emulsifi er in the food industry. Gum Arabic is an arabinogalactan-
protein (AGP) and is composed of a linear β-(1→3) galactan backbone carrying short β-(1→6) 
galactan side chains.1 Th is backbone is considered to be essential to emulsifying eff ect of the 
AGPs. Motifs of this galactan backbone with side chains have been synthesised. Using a new 
strategy we have synthesised Methyl β-Gal- β-(1→3) Gal, Methyl β-Gal- β-(1→6) Gal, Methyl β 
– [Gal- β-(1→6)]- Gal –β- (1→3)-Gal, Methyl β –Gal – β-(1→3)-[Gal- β-(1→6)]- Gal, Methyl 
β –Gal – β-(1→3)-[Gal- β-(1→3)]- Gal. Th ese motifs can be used to study the biosynthetic 
pathway of Gum Arabic arabinogalactan-protein.

Scheme 1. Synthesis of AGP motifs
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CHEMICAL SYNTHESIS OF β-GLUCANS FOR HYDRATION AND MOLECULAR 
MODELLING STUDIES
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Glucose polymers linked β-(1→3) and β-(1→4) have diff erent roles in biological systems. An 
example of this is cellulose, which gives the land plants their structural rigidity and the lami-
naran can be as energy reserves in certain brown algeas.1 Th ese structures which polymers with 
β-(1→3) and β-(1→4) linkages gives rise to are respectively a triple helical structure,2 and a fl at 
fi brous structure.3 Th ese polymers are insoluble, but a mixed linkage of β-(1→3) and β-(1→4) 
in glucose polymers are excellent gelling agents. Th ese mixed linked polymers are found in high 
concentrations in the cell wall of barley and oat. We want to elucidate the structural basis by 
focusing on motifs of the β-(1→3),β-(1→4)-β-D-glucans, which can be done by hydration and 
molecular modelling studies.4 We have synthesised fragments which represent the fundamental 
structure of the β-(1→3),β-(1→4)-β-D-glucans, to investigate all the possibilities of which the 
β-(1→3),β-(1→4)-β-D-glucans are composed.
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COMPARATIVE GENOMICS ANALYSIS OF COMPLETELY SEqUENCED 
MICROBIAL GENOMES REVEALS THE UBIqUITY OF N-LINkED 

GLYCOSYLATION IN PROkARYOTES
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Glycosylation of proteins in prokaryotes is known since the last few decades. Glycosylated pro-
teins are diverse in their function which is evident by examples like chaperonin, some enzymes, 
pilin, flagellin, and the S-layer glycoprotein. Even in terms of localization diversity is reflected 
as these proteins are not confined at one place in cell rather they can be found inside the cell, 
on cell surface as well as in the periplasm. Glycosylation has been shown to be associated with 
a wide range of biological phenomena. Characterization of the various types of glycans and the 
glycosylation machinery are critical to understand such processes. However, glycan structures 
and/or the glycosylation pathways have been experimentally characterized in only a small num-
ber of prokaryotes. Even this has become possible only during the last decade or so, primarily 
due to technological and methodological developments. In view of this, the experimentally cha-
racterized pgl system of Campylobacter jejuni, responsible for N-linked glycosylation, has been 
used in this comparative genomics study to identify their homologs in 865 prokaryotes whose 
genomes have been completely sequenced. This study shows that only a small number of orga-
nisms have homologs for all the pgl enzymes, and a few others have homologs for none of the 
pgl enzymes. Most of the organisms have homologs for only a subset of the pgl enzymes. There 
is no specific pattern for the presence / absence of pgl homolog vis-à-vis 16S rRNA sequence-
based phylogenetic tree. This may be due to differences in the glycan structures, high sequence 
divergence among the members of different pgl enzyme families, phenomena of horizontal gene 
transfer and non-orthologous gene displacement. Homologs of pgl enzymes are found in orga-
nisms belonging to all the groups considered in the study i.e., archaea, firmicutes, proteobacteria 
(alpha, beta, gamma, delta and epsilon), etc. The presence of homologs for pgl enzymes is not 
correlated with either their habitat, pathogenicity, energy generation mechanism, etc. This hints 
towards the ubiquity of N-linked glycosylation in prokaryotes. This study facilitates the expe-
rimental characterization of these genes and in the identification of novel targets for designing 
drugs, diagnostics, and engineering of therapeutic proteins.
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SYNTHESIS OF C-GLUCOPYRANOSYL PYRROLES FOR THE INHIBITION 
OF GLYCOGEN PHOSPHORYLASE
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A widely investigated therapeutic possibility to regulate blood glucose levels in type 2 diabetes 
is the inhibition of glycogen phosphorylase (GP) which is the rate limiting enzyme of glycogen 
degradation.1 C-β-D-glucopyranosyl heterocycles, like benzimidazole2 1 and 1,2,4-oxadiazoles3 
2a,b showed micromolar activity against GP. Strong binding at the active site is the result of di-
rect and water mediated H-bonds between the protein and the heterocycle, and van der Waals 
interactions of the large aromatic group in the β-channel of the enzyme. Pursuing structure-
activity relationships among C-glucosyl heterocycles, β-D-glucopyranosyl pyrrole derivatives 
were designed and synthesized for further studies. Details of the synthesis and inhibition pro-
perties of the new compounds will be shown in the presentation.
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DEVELOPMENT OF  HYALURONIC ACID SCAFFOLDS FOR TISSUE 
ENGINEERING APPLICATIONS
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Hyaluronic acid (HA) ([D-glucuronic acid (1-β-3) N-acetyl-D-glucosamine (1-β-4)]n) is widely 
distributed throughout the ECM of all mammalian connective tissues playing important roles in 
many fundamental biological processes such as cell migration, adhesion and proliferation. For 
these reasons, HA has been recognized as an ideal material for scaffolds in Tissue Engineering 
(TE) applications. When proposed for this purpose, linear, naturally occurring HA is submitted 
to crosslinking or derivatization processes in order to overcome the high rate of its in vivo turn 
over and contemporary improve its mechanical properties. A great part of the scientific research 
in polymeric biomaterials is currently focused on the development of novel scaffolds including 
HA as a key component [1-3].
In this work, the development of novel HA based scaffolds is presented. In particular, linear HA 
solutions were processed by lyophilization in order to obtain a micrometric porous structure. 
Such structure was submitted to a crosslinking process involving the formation of amide bonds 
using a biocompatible di-amine as the crosslinking agent. Different crosslinker amounts were 
tested. The 3D architecture during the crosslinking process was retained as proved by Scan-
ning Electron Microscopic analyses. The resulting scaffolds were characterized in vitro for their 
swelling properties in water and in saline solutions; their stability in cells culture medium and 
biocompatibility were studied. They proved stable and biocompatible revealing the feasibility to 
propose them for biomedical applications. 
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DESIGN OF BIS-TERMINAL TRI-GALACTOSYL AND TRI-CARBORANE 
COMPOUND FOR BORON NEUTRON CAPTURE THERAPY APPLICATION
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Carbohydrates are one of the most reliable candidates as ligands modified on a drug for specific 
targeting. In particular, galactose or N-acetyl-galactosamines residues preferably interact with 
asialoglycoprotein receptors (ASGP-Rs), which are found on the hepatocyte cell surface with a 
large amount (about 1–5 ́  105 ASGP-R/cell, as found for HepG2). Previously, we took advantage 
of the high affinity and specificity of typical trivalent ASGP-R ligands binding to HepG2, and 
incorporated it into a multifunctional nanoparticle. 
Boron neutron capture therapy (BNCT) of cancer is a binary radiation therapy that involves the 
irradiation of non-radioactive 10B-rich tumors with low energy thermal neutrons to yield high 
linear energy transfer (LET) particles. Our research in this field led to the design and synthesis 
of a potent Boron neutron capture therapy (BNCT) agent in the class of galactosyl derivatives 
with trivalent carboranes, which would contain 30 boron atoms in one molecular. The challenge 
of BNCT agent is the site-specific delivery of a sufficient boron load without peripheral toxicity. 
Because galactose is a natural ligand for ASGP-R, we speculate that our BNCT agent would at-
tach to ASGP-R expressed on the HepG2 surface via tri-galactosyl moiety. Furthermore, owing 
to our BNCT agent being rich in boron atoms, our compound can achieve therapeutic activ-
ity in low concentrations, which also means low cytotoxicity. The novel our compound finally 
combined with neutron irradiation to prove its suitability for cancer therapy by neutron capture.
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IMMUNOCHEMILUMINESCENT LIVE IMAGE DETECTION 
OF DESIALYLATED BLOOD SERUM PATIENT GLYCOCONjUGATES 

AS POTENTIAL DISEASE MARkERS
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Introduction: Human complement components C4B and C4A are known as covalent acceptors 
of carbohydrates or proteins. They characterize some pathological states. In addition, they are 
used as reference desialylated glycoproteins in electrophoresis. The aim was to develop live ima-
ge chemiluminescent IEF-PAG-blot-peroxidase method for serum C4 isotype glycoconjugate 
surrounding on the blot upon diseases. Reagents and methods: Sera of patients having autoim-
mune or other chronic diseases were desialylated with Clostridium perfringens sialidase (Grade 
V or VI, Sigma, USA) in optimal for human C4A and C4B conditions, separated by IEF(pH 3-5 
and/or pH 4-6) in PAG(horizontal plate), electroblotted, identified with a panel of antibody-
peroxidase in direct or sandwich type immunoassay. Additional acidic transfer of peroxidase 
conjugate from blot to blot was used to control results. Live image chemiluminescence was 
monitored using BioChemi System (UVP, Calif.). Results: C4A and C4B isotypes were varied 
among patients in expected manner. In cases of systemic lupus erythematosus earlier additional 
characteristic distribution of IgM-containing bands between C4A and anode were identified. 
C4B region was closed to the carbohydrate rich glycoconjugates (C1-inhibitor, IgM, IgA, pro-
tein-A-binding targets). IgG bands were preferentially located in positions which were closed to 
C4A region. Pictures were changed upon treatments and rehabilitation of patient. Conclusions: 
ImmunoChemiluminescent methodology developed can be used for any serum glycoconjuga-
tes as disease markers especially in the C4B surrounding regions. C4B can serve as additional 
sensitive indicator of semipreparative polyacrylamide miniblocks as sources of pathologically 
altered human glycome. 
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HUMAN PROBIOTIC BACTERIAL LECTINS IN STUDY 
OF CANDIDA-NON-ALBICANS CLINICAL STRAINS 

M. Lakhtin, А. Bayrakova, V. Lakhtin, S. Аfanasyev, V. Pospelova, V. Аlyoshkin 

G.N.Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russia
lakhtinv@yandex.ru 

Introduction: Anti-C.albicans actions of human probiotic bacterial lectins (PBL) were estab-
lished [1]. The aim was to study anti-C.non-albicans action of PBL and antibiotics. Reagents and 
methods: Freshly isolated urogenital 71 C.tropicalis, 23 C.krusei, 4 C.glabrata, and 32 C.albicans 
clinical strains were studied. Candida growth in suspension cultures in microplate or on Sab-
ouraud agar was monitored in the presence of free or disc-applied forms of PBL, respectively. 
Standardized preparations of L of lactobacilli (acidic and cationic L: aLL, cLL) - ingredients of 
the probiotic Acilact and L of bifidobacteria  (aLB, cLB) - ingredients of the probiotic Bifidin and 
others were used in subhemagglutinating dilutions. The panel of PBL was used to discriminate 
alpha-(phospho)mannan and/or desialylated mucin surface alpha-GalNAc-containing antigen-
like structures. Standard disc-antibiotics were amphotericin-В[А], fluconazol[F], itraconazol[I], 
ketoconazol[Ke], klotrimazol[Kl], nystatin[N]. Results: Candida growth inhibition depended 
on type of PBL, antibiotic, and/or nature of strain. The ranged sets of antibiotic relative effective-
ness against C.krusei (Kl>I≥[Ke>F]>A≥N), С.tropicalis (Kl>[Ke>F]>I>A=N), and C.albicans 
([Ke≥F]≥Kl>I>A≥N) were differed in position of azole block [Ke,F] (as indicator of Candida 
species relative antibiotic resistance). Among PBL tested, aPBL were usually more anti-C.non-
albicans effective than cPBL. The growth of C.albicans or С.tropicalis was preferentially inhibited 
as aLB>aLL. In case of C.krusei aLL revealed higher inhibition effectiveness depending on time 
of (PBL plus strain suspension) incubation. There were other interspecies and strain differences 
revealed with a panel of PBL. PBL were able to inhibit antibiotic-resistant C.non-albicans strains. 
PBL in combinations with antibiotics revealed synergistic anti-C.non-albicans action. Clinical 
strains were typed with a PBL-panel as varying combinations LB(-,+,2+,3+)LL(-,+,2+). Con-
clusions: Results indicate potential usefulness of a panel of PBL in additional C.non-albicans 
clinical strain typing and early diagnostics using Candida surface screening (upon candidiasis, 
mixed fungal infection, immune compromise pathology, etc.). Synergistic anti-C.non-albicans 
combinations of PBL and azoles are perspective. 
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 Glycosylation of proteins is a ubiquitous type of post-translational modifi cation in living sy-
stems. Variations in oligosaccharide structures are associated with many normal and patholo-
gical events in cells and targeted glycosylation research has become important in the area of 
developing novel therapeutic approaches [1]. Current cancer therapy uses several approaches 
including drugs based on monoclonal antibodies. However, cancers very oft en develop resistance 
to drugs. Th e investigation on cellular and molecular level might provide more understanding in 
the mechanism of cancer cell resistance, so that therapies could be optimized more individually. 
In this regard, our work has been aimed at the investigation of posttranslational modifi cations in 
terms of glycosylation in cancer cells aft er treatment under diff erent conditions. 
Cancer cells were treated with colchicines, tocopherols, anti-Her-2 and Herceptine. Whole cell 
lysates aft er each treatment were digested with trypsin and oligosaccharides were released from 
total cell digests enzymatically (PNGaseF). Aft er fractionation, each fraction was analyzed by 
MALDI-MS. Trypsin digests only were subsequently examined under LC-MS conditions.
Th e HPLC profi les of trypsin digested samples and examination of glycans pools indicated dif-
ferences between original and treated cells. However these variations depended on the type of 
treatment. A major population of N-glycans detected in both types of cells before treatment cor-
responded to high-mannose structures accompanied by less abundant of fucosylated tri- and 
tetrantennary higher sialylated glycans [2]:

Aft er treatment high-mannose structures as dominant oligosaccharides were detected only in 
cells treated with anti-Her-2 antibody, where as Herceptin treatment resulted in biantenary fu-
cosylated glycans originated from antibody. Th e growth of additional new oligosaccharides de-
pended on the absence/presence of lipofectamine. Colchicine derivatives were clearly associated 
with the eradication of glycoprotein bearing high-mannose glycans in original cancer cells. A ful-
ly sialylated triantennary glycan was the dominant oligosaccharide detected in the pool analyzed. 
Th e detailed examination of glycopeptides confi rmed changes on the peptide level as well, sugge-
sting that more multipart changes in glycocojugates are associated with treatment. 
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Herpes simplex virus type 2 (HSV-2) causes genital herpes, and its infection has also been 
linked to three times higher risk of sexually acquired human immunodeficiency virus (HIV).  
Therefore, treatment and prophylaxis of HSV-2 infection should reduce the likelihood of HIV 
infection.  Chikuyo-Sekko-To (CST), which consists of Lophatheri Folium (Lophatherum grac-
ile), Ginseng Radix (Panax ginseng), Glycyrrhizae Radix (Glycyrrhiza glabra or G. uralensis), 
Ophiopogonis Tuber (Ophiopogon japonicus), Pinelliae Tuber (Pinellia ternata), Oryzae Semen 
(Oryza sativa) and Gypsum Fibrosum (gypsum), is a traditional Japanese herbal (Kampo) medi-
cine used for infectious diseases.  Here, we characterized a fructan from CST and evaluated its 
biological activities including antiviral potencies against HSV-2 in vitro and in vivo and stimula-
tory effect on macrophages.
The fructan was isolated by combination of column chromatographies including anion-exchange 
and gel filtration from hot water extract of CST.  Chemical and spectroscopic analyses revealed 
that the polysaccharide was a highly branched one consisted of terminal (19.0%), 2,1- (61.9%), 
2,6- (4.9%) and 1,2,6-linked b-D-Fruf residues.  The fructan showed anti-HSV-2 effect in vitro.  
In the animal model, topical application of the polysaccharide significantly reduced virus titers 
as compared with that of untreated mice. As predicted from viral shedding, the fructan could 
elongate the survival period at a dose of 1 mg/day when compared with that of control group.  
In addition, the fructan showed stimulatory effects against murine macrophage-like cell line, 
RAW264.7 cells.
From these results, the fructan from CST was suggested to be a candidate as an anti-HSV-2 
agent.
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ENZYMATIC TOOLS FOR THE DEPOLYMERIZATION OF MARINE BACTERIAL
ExOPOLYSACCHARIDES: INVESTIGATION OF GLYCOSYDE 

HYDROLASES OR LYASES 

Florian Lelchat*1, Christophe Brandily1, Joëlle Cozien1, Andréa Leroy1 and Claire Boisset1 

Biotechnology and Marine Molecules Laboratory, Ifremer, BP 70, 29280, FRANCE.
florian.lelchat@ifremer.fr

Some marine bacteria are able to synthetise and to excrete natural macromolecules such as 
Exopolysaccharides (EPS). These biopolymers having specific physico-chemical and biological 
properties, demonstrate potent biotechnological applications (food-processing industry, medi-
cal care, cosmetic, environmental engineering…). In return, their major ecological roles during 
the establishment of potentially pathogenic strains biofilms can make their eradication compli-
cated.
The depolymerization of exopolysaccharides can occur using chemical or physical methods. 
The hydrolysis of the glycosidic linkage is made at random and finally a mixture of molecu-
les is obtained. A more specific way is the use of enzymes for producing calibrated low mole-
cular weight polysaccharides or oligosaccharides. There is a large number of polysaccharide-
degrading enzymes: glycoside hydrolases cleave glycosidic bonds and generate reducing ends 
while polysaccharide lyases proceed by ß-elimination by generating insaturated non reducing 
ends. The large diversity and the complex structures of EPS make it difficult to find the proper 
enzymes to cleave these polysaccharides.
Here we focus on the depolymerization of complex marine bacterial EPS by enzymes produced 
by marine bacteria as well as by marine virus (bacteriophages). Depolymerases have been al-
ready highlighted from an EPS-producing bacterial strain. 
The development of enzymatic tools will have multiple applications such as the fine structural 
elucidation of complex EPS or the production of bioactive calibrated polysaccharidic fractions 
for example.
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EFFICIENT SYNTHESIS OF MYCOBACTERIUM SULFOLIPIDS USING A ONE-POT 
REGIOSELECTIVE PROTECTION OF TREHALOSE BY AN IRON(III) 

CHLORIDE-TANDEM CATALYSIS

Lemétais Aurélie,1 Bourdreux Yann,1 Beau Jean-Marie*,1

1Université Paris-Sud 11, Institut de Chimie Moléculaire et des Matériaux d’Orsay, 
Laboratoire de Synthèse de Biomolécules, UMR CNRS 8182

Bât. 430, 91405 Orsay cedex, France
aurelie.lemetais@u-psud.fr

Sulfolipids-I, -II and their analogues (acylated a,a-trehaloses containing a sulfate moiety) are 
abundant metabolites found in the cell wall of Mycobacterium tuberculosis.1 Th ey were identifi ed 
as new mycobacterium antigens able to control mycobacterial infection.2 Th erefore, they appear 
to be promising candidates for the development of a new tuberculosis vaccine. In order to test 
their in vivo activity, we focused on the synthesis of sulfolipids-I and -II and their analogues 
starting from trehalose, which is a C2-symmetric disaccharide. 

Th e syntheses of di- and tetra-acylated sulfolipids were achieved from a one-pot regioselective 
protection of trehalose by an iron(III) chloride hexahydrate tandem catalysis which is a conve-
nient methodology for the construction of biologically active oligosaccharides.3 Th en, desym-
metrization of the trehalose derivative and regioselective O-debenzylation led to an effi  cient 
synthesis of model sulfolipids. Our strategy will be presented.
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SYNTHESIS OF REGIOSPECIFIC FLUORINATED SEVEN CARBON SUGARS 
AS TUMORSPECIFIC CONTRAST AGENTS

Yevgeniy Leshch, Joachim Thiem 

University of Hamburg, Faculty of Sciences, Department of Chemistry
Martin-Luther-King-Platz 6, D-20146 Hamburg, Germany 

leshch@chemie.uni-hamburg.de

To date cancer is one of most common and often fatal diseases which in 2004 caused 7.4 million 
death worldwide, and it is estimated that by 2030 this figure will rise to 12 million.[1] 
Cancer is effectively found in every organ and tissue posing a complex diagnostic challenge for 
specific targeting. Non-invasive imaging techniques such as PET and MRI can be used. The 
structural resemblance of seven carbon sugars such as gluco- and manno-hept-2-uloses could 
allow for their application as organ or tissue specific contrast agents. Since FDG [18F]-2-deoxy-
2-fluoro-D-glucose[2] is used as a common contrast agent for detection of higher glucose-levels 
in malignant tissues the formation of corresponding heptose derivatives was of interest.
To date only few syntheses of heptose derivatives were reported. A versatile route to a number 
of rare heptoses and their fluoro derivatives will be presented. Starting from monosaccharides 1, 
a C-1 extension via heptenitols 2 as key intermediates allows for subsequent regiospecific tran-
sformations into the target compounds 3.
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GLC-MS ANALYSIS OF GLYCOCONjUGATES WITH ANTICOAGULANT 
ACTIVITY FROM agrimonia euPatoria L. FRACTIONATED 

WITH ANION-ExCHANGE CHROMATOGRAPHY 

Marta Lewik-Tsirigotis1, Izabela Pawlaczyk1,2, Roman Gancarz1,2

1Division of Medicinal Chemistry and Microbiology, Wrocław University of Technology, 
ul. Łukasiewicza 2, 50-371 Wrocław, Poland

2 Regional Specialist Hospital in Wrocław, Research and Development Centre, 
ul. Kamieńskiego 73a, 51-124 Wrocław, Poland

marta.tsirigotis@pwr.wroc.pl

Agrimonia eupatoria L. (Rosaceae family) is a medicinal plant, native to mainland Europe, and 
occurring across the North Africa and Minor Asia1. A. eupatoria is used in folk medicine as 
haemostatic, tonic for asthenia, astringent in diarrhoea, and diuretic agent. Besides, this plant 
has been used to treat blood, cardiovascular, gastrointestinal, genitourinary, inflammatory, liver, 
respiratory track, skin and some other2.
The macromolecular (Mw ≥ 12.500), pectin-like polyphenolic-polysaccharide conjugate prepa-
ration has been isolated from the flowering parts of A. eupatoria by multi-step process3, with 6.5 
% (w/w) yield of the starting material. The plant preparation was analysed with ion-exchange 
chromatography, DEAE type, by step-wise elution, with NaCl solutions in different concentra-
tions (0.05-1.2 M). The anticoagulant activity of separated fractions of A. eupatoria conjugate, 
were tested in vitro on human blood plasma with aPTT test, TT test and PT test. The neutral 
monosaccharides in serparated fractions were estimated as borohydrate-reduced alditol aceta-
tes4 by GLC-MS (Focus ITQ 700 chromatograph coupled with ion trap MS detector), using Rtx-
225 column (0.25 mm × 30 m). Separation conditions: helium as carrier gas at flow rate of 3 ml 
min−1, oven temperature from 180°C after 1 min hold time was increased at a rate of 2°C min−1 
to 205°C and held for 30 min at final temperature. The results of analyses suggest the pectin-like 
and polyanionic heparin-like character of the separated fractions of polyphenolic-polysacchari-
de conjugate from A. eupatoria.  

Acknowledgments: Studies are a part of the project supported by Narodowego Centrum Nauki 
(grant: 
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AZIRIDINE-FUSED-CYCLITOL AS GLUCOSIDASE ACTIVITY-BASED PROBE

K.-Y. Li,1 M.D.Witte,1 W.W. Kallemeijn,2 W. Donker-Koopman,2 A. Strijland,2

G.A. van der Marel,1 J.M. Aerts2 and H.S. Overkleeft 1

1Dept. of Bio-organic Synthesis, Leiden Institute of Chemistry, Einsteinweg 55, 
2333 CC Leiden, Th e Netherlands

2Dept. of Medical Biochemistry, Academic Medical Center, Meibergdreef 15, 
1105 AZ Amsterdam, Th e Netherlands

E-mail: likj@chem.leidenuniv.nl or h.s.overkleeft @chem.leidenuniv.nl

Retaining glucosidases catalyze the hydrolytic cleavage of glucosidic bonds. Th is class of enzymes 
plays important roles in fundamental biochemical processes (e.g. lysosomal catabolism of glyco-
conjugates and control of protein folding).1 To gain more insight into these biochemical proces-
ses activity-based protein profi ling (ABPP) can be applied. 
Recently, our group has published two potent, sensitive and cell permeable activity-based probes 
(ABPs) for glucocerebrosidase (GBA).2 In addition, these cyclophellitol-based ABPs (MDW933 
and MDW934) specifi cally label GBA. Th is can be explained by the constrained active sites of 
other exo-glucosidases excluding the incorporation of bulky (reporter) groups at the C6 posi-
tion of inhibitors. Th erefore, we envisioned that installation of bulky modifi cations (e.g. biotin 
or fl uorophores) in a potential inhibitor at the aglycone site can result in a new class of broad-
spectrum glucosidase ABPs. To this end, an aziridine-fused cyclitol functionalized with a fl uo-
rescent reporter group (MDW1044) was designed and synthesized by a novel straightforward 
method using iodolactonization as the key step. In a substrate-based assay, it was demonstrated 
that MDW1044 is a potent inhibitor of GBA and almond β-glucosidase. In vitro labeling by 
MDW1044 was superior to the cyclophellitol-based ABPs MDW933 and MDW934 for GBA as 
well as for β-almond glucosidases. 

a)  

                 b)

 
  

Figure 1. a) Cyclitol-based ABPs and b) In vitro labeling of recombinant 
GBA and β-almond glucosidase  
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SYNTHESIS OF s-LINkED a(2→8) AND a(2→8)/a(2→9) HExASIALIC ACIDS VIA 
s-ALkYLATION

Chien-Fu Liang,1 Ting-Chun Kuan,1 Tsung-Che Chang,1 Chun-Cheng Lin1 

1 Department of Chemistry, National Tsing Hua University, Hsinchu, Taiwan
liangchienfu@gmail.com

We developed a route for the synthesis of S-linked a(2→8) hexasialic acid and alternating S-
linked a(2→8) and a(2→9) hexasialic acid. The method involves chemo- and stereo-selective 
alkylation of a C2-thiosialoside as the nucleophilic donor and a C8-iodosialoside as the elec-
trophilic acceptor. For the synthesis of C8-iodosialoside, we developed an efficient method to 
intramolecularly transfer the C7-acetyl group of a sialoside to the C9 position under mildly 
basic conditions. The C9-acetylsialoside was then used for the synthesis of the C8-iodosialoside. 
Using these procedures, S-linked a(2→8) and a(2→8)/a(2→9) hexasialic acids were synthesi-
zed.
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SYNTHESIS OF ZANAMIVIR-BASED DERIVATIVES 
AS ANTI-INFLUENZA INHIBITIORS

Chien-Hung Lin,1 Tsung-Che Chang,1 Jo-Chun Chen,1 Chun-Cheng Lin1, Tsu-An Hsu,2

1Department of Chemistry, National Tsing Hua University, 101, Section 2, Kuang-Fu Road, 
Hsinchu 30013, Taiwan. 

2National Institute of Cancer Research and ¶Division of Biotechnology 
and Pharmaceutical Research, National Health Research Institutes, 35, Keyan Road, 

Zhunan 35053, Taiwan
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Infl uenza is a serious world-wide health care problem. In this work, we describe the structure-
based strategy for inhibition of neuraminidase (NA) for the discovery of novel anti-infl uen-
za agents. Novel inhibitors based on zanamivir were generated to target the 150-loop binding 
pocket that is in close proximity to the neuraminic acid binding site1,2. We synthesized a com-
pound library consisting of ~ 50 analogues by linking various acidic moieties to the guanidine 
group of zanamivir through an amide bond. Th rough such a linkage, fi ft y diff erent kinds of acids 
were incoporated into zanamivir ethyl ester. Th e results showed that thirty compounds present 
better activity than the parent compound. Compound 13r has the best inhibitory activity against 
H1N1 with an IC50 of 0.53 nM. Th e inhibitory activity of compound 13r is slightly better than 
zanamivir against H1N1 virus. On the other hand, some synthesized inhibitors show better in-
hibition potency against H1N1 virus than H3N2 virus; indicating that all the substituent groups 
of the compounds are likely to be positioned in the 150-cavity. Overall, results from this study 
showed that both N1 and N2 subtypes of NA can be inhibited by zanamivir derivatives gener-
ated by modifi cations at the C-4 position.
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CARBOHYDRATE-MODIFIED NON-LIPID POLYDIACETYLENE-BASED 
BIOSENSOR FOR DETECTION OF LECTIN AND BACTERIA
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Bacterial identifi cation is of interest due to the numerous species associated with infectious disease 
and of relevance in food, water control, environmental protection and biological  warfare[1-3]. 
In this study, three non-lipid based diacetylene monomers which are functionalized by glucose 
(M1), galactose(M2) and mannose(M3) were designed and used to prepare their corresponding 
conjugated  polydiacetylenes (Scheme 1) by UV light of 254nm. Polymer 1, 2 and 3 were obtained 
MW of 7402, 6264 and 6328, respectively, which correspond to 19-22 repeating units. Fluorescence 
spectroscopy has shown that the intensities of the polymer spectra are much higher than the 
intensities of monomer spectra due to the conjugation system. Binding tests were performed 
to evaluate the potential of polymers and monomers as a biosensor. Binding test with lectin 
(Concanavalin A) has shown that binding ability of the polymer 3 with quenching constant of 
8092 is the best when compared with polymer 1 with quenching constant of 2314, and polymer 
2 and mannose-containing monomer 3 without signifi cant quenching eff ect. Detection linear 
range of polymer 3 was found to be 0-1X10-4M. Hysteresis studies were performed and the results 
have shown again the polymer 3 has the strongest binding ability with the lectin. Percentage of 
recovery of pure ConA, polymer 1, polymer 2, polymer 3 and monomer 3 are 51%, 44%, 53%, 
33% and 59%, respectively. Similar results were obtained when binding tests were performed using 
E.coli. Polymer 3 has the strongest binding ability with E. coli with a slope of 5.38X10-8 and linear 
range of 0-1X107 Ctu/m3. However, no colour change could be observed when binding tests were 
performed. Polymer 3 with mannose is the best among polymers and monomers systems. Lastly, 
specifi city test was performed using human cell and the results have shown that the human cell has 
negligible eff ect compared to the binding using bacteria, with linear range of only 0-5X104 cells/mL 
(1000X lower than E. coli).

                                                                                                                 

Scheme 1: Th e general structures of three novel carbohydrate-containing monomers and polymers
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ISOFAGOMIDINE: A GLYCOSIDASE INHIBITOR WITH AN AMIDINE GROUP 
AT THE PSEUDOANOMERIC POSITION 
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Glycosidases are enzymes that catalyze the hydrolysis and formation of exocyclic C-O bonds in 
glycosides, and therefore they undergo pivotal biological roles in living beings.1 Moreover , they 
are related to a high number of diseases such as diabetes, lisosomal storage disorders, viral and 
bacterial infections or cancer, among others.2 Th e design of potent and selective glycosidase 
inhibitors resembling the transition state of the hydrolytic reactions of glycosides in terms of 
geometry and charge3 is an in tense research area in the Bioorganic and Medicinal Chemistry 
fi elds, as this kind of compounds are postulated as potential therapeutical agents. Among the 
numerous compounds exhibiting inhibition properties, iminosugars, azasugars and related com-
pounds comprise the more numerous families; azasugars such as noeuromycin 1, isofagomine 2 
and isofagomine lactam 3 are remarkable.4  In this communication we report the preparation of 
isofagomidine 4, an isofagomine analogue bearing an amidino moiety in the pseudoanomeric 
position. Inhibition studies and computational calculations on 4 are also covered.
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Andalucía (FQM 134), Lundbeck foundation, FNU and DCSC for fi nancial support.
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FROM POLYMER TO SIZE-DEFINED OLIGOMERS: 
AN EFFICIENT AND STEREOCONTROLLED CONSTRUCTION OF BIOTINYLATED 

CHONDROITIN OLIGOSACCHARIDES

Chrystel Lopin-Bon,[1] Jean-Claude Jacquinet,[1] Aude Vibert[2]

[1] ICOA-CNRS UMR 6005, UFR Sciences, University of Orléans, BP 6759, 
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Chondroitin Sulfate (CS) belongs to the family of complex, polyanionic, linear polymer called 
glycosaminoglycanes (GAGs). CS polymer is one of the major components of cartilage matrix 
and a defect in the biosynthesis of chondroitin sulfate has been observed in several diseases 
such as osteoarthritis. Within a program devoted to the study of the biosynthesis of CS chain, 
a collection of biotinylated oligosaccharide (sulfated (in position 4 or 6) or not) derivatives has 
been prepared in order to study the substrate specificity of chondroitin synthase, the glycosyl-
transferase responsible for the polymerization of the chondroitin chain.
Controlled acid hydrolysis of heterogeneous polymeric chondroitin sulfate of bovine origin af-
forded a basic disaccharide I1 that was used as starting material for the preparation of tailor-
made building block II. From this key intermediate, several imidates compounds (III) has been 
synthesised and allowed the stereocontrolled construction of a collection of size-defined bio-
tinylated chondroitin oligosaccharides sulfated or not (V).2,3
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Scheme 1. Synthesis of biotinylated chondroitin oligosaccharides

References 
1. Lopin, C., Jacquinet, J.-C., Angew. Chem. Int. Ed., 2006, 45, 2574-2578.
2. Vibert, A., Lopin-Bon, C., Jacquinet, J.-C., Chem. Eur. J., 2009, 15, 9561-9578.
3. Jacquinet, J.-C., Vibert, A., Lopin-Bon, C., Chem. Eur. J., 2009, 15, 9579-9595.



16th European Carbohydrate Symposium

408

POSTER

PO 194

SYNTHESIS OF MEMBRANE-PERMEABLE RIBOSE-PRODRUGS
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Th ymidine phosphorylase (TP) is overexpressed in a variety of malignant solid tumors. It pro-
motes tumor growth and metastasis progression by preventing apoptosis and inducing angioge-
nesis, the formation of new blood vessels.1 Th us, TP turned out to be a promising target for an 
antiangiogenic treatment of cancer. Th e angiogenic eff ect of TP is related to its enzymatic acti-
vity: it catalyzes the reversible decomposition of thymidine to thymine and 2-deoxy-D-ribose-
1-phosphate (dR-1-P), which can be further converted to deoxyribose (dR).2

dR-1-P could serve as a mediator for the angiogenic activity of TP and would consequently be 
involved in the stimulation of tumor growth. In order to prove if dR-1-P is actually responsible 
for the angiogenic stimulation, it is necessary to deliver it into cells. Due to the high polarity of 
sugar-phosphates at physiological pH, these compounds are unable to penetrate the hydropho-
bic cell membrane. Diff erent prodrug systems have been developed to achieve the intracellular 
release of such biologically active monophosphates. Th e cycloSal-concept is a well established 
system for the delivery of nucleoside monophosphates which was also successfully applied for 
mannose-1-monophosphates.3, 4 

Scheme 1: cycloSal-(d)R-1-P and the chemical release of (d)R-1-P.

We have synthesized diff erent lipophilic cycloSal-(d)R-1-Ps in order to study their potential for 
a selective delivery of the corresponding (d)R-1-P. 
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  STUDY OF CARBOHYDRATE-PROTEIN INTERACTIONS USING 
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Heparin is a highly sulfated, linear polymer that participates in a plethora of biological processes 
by interaction with many proteins. Th e synthesis of pure heparin oligosaccharides is required 
in order to establish specifi c structure-activity relationships for heparin sequences and elucidate 
the role of these complex sugars in nature. 
Here, we present the study of heparin-protein interactions on microtiter plates using synthetic 
amine-functionalized oligosaccharides.  Th ese compounds contain the GlcN-IdoA repeating unit 
of the major sequence of heparin and were obtained using a convergent n + 2 modular strategy 
from key disaccharide structures. 1 Th e use of microwave irradiation was key for the effi  cient and 
fast O- and N-sulfation of the oligosaccharide intermediates. 2

Th e amino group at the reducing end of the chain was employed for the covalent attachment 
of the oligosaccharides to appropriately functionalized microtiter plates. We demonstrated the 
utility of our approach by probing the carbohydrate affi  nity of a model heparin-binding protein, 
FGF2. Our results are in agreement with those obtained using microarrays. 3 
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ASYMMETRIC SYNTHESIS OF 1,7-DIOxA SPIRO[5,5]UNDECANE 
(“SPIRO SUGAR”) VIA HIGHER-CARBON SUGAR FROM 

PROLINAMIDE-CATALYZED TANDEM ALDOL REACTION 

Tomoya Machinami,* Daisuke Miura, Ryou Kano, Yousuke Usui, and Takashi Fujimoto

Department of Chemistry, Meisei University, 2-1-1 Hodokubo, Hino, Tokyo 191-8506, Japan
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During the search of an efficient organocatalyst for the asymmetric aldol reaction in aqueous 
media, methyl 2-deoxy-2-proliamido-D-glucopyranosides [1], prolinamido-glycosides, have 
been found to have substrate selectivity for water-soluble aldehyde acceptor, such as aldoses. 
For the reaction with aldoses as chiral aldehyde acceptor, the efficiency to lead to high stere-
oselectivitis were depended on the co-relation between the both configuration of aldose and 
plolyl moiety of the prolinamido-glycoside catalyst. Thus, 1,3-dideoxy-D-erythro-hexulose was 
obtained by the reaction of acetone with D-glyceraldehyde using D-prolinamido-glycoside as a 
catalyst in 88 % yield with 93 % ee. 

O OH

O
O

O
H

O

O
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In the reaction, the prolinamido-glycoside catalyst was observed to promote the tandem aldol 
reaction and provided 5-nonulose when excess aldehyde acceptor was used. Removal of the 
protective group on 5-nonulose was followed by a simultaneous bis-acetalation and afforded 
1,7-dioxaspiro[5,5]undecane as a sole product, whose absolute configuration was determined 
by X-ray crystallographic analysis. 
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As a result, acetone with excess D-glyceraldehydes undergo a four-step cascade reaction to give 
1,7-dioxaspiro[5,5]undecane.

References
1. A. Tsutsui, H. Takeda, M. Kimura, T. Fujimoto, and T. Machinami, Tetrahedron Lett., 2007, 

48, 5213-5217. 



16th European Carbohydrate Symposium

411

POSTER

PO 197

STEREOSELECTIVE SYNTHESIS OF HIGHLY OxIGENATED 
BICYCLIC COMPOUND FROM SUGAR ALLYLTIN DERIVATIVES

Marta Magdycz, Sławomir Jarosz

Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 
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marta.magdycz@icho.edu.pl

Application of sugar as starting material for the preparation of complex optically pure products 
is a well established method in synthetic organic chemistry.1 This method is successfully applied 
in the synthesis of polyhydroxylated carbocyclic compounds which are known to display potent 
biological activity. 
Our methodology,2 shown in Figure 1, allows us to obtain enantiomerically pure bicyclo[4.3.0]
nonenes and bicyclo[4.4.0]decenes from sugar allyltins. 
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Functionalization of the ring A in compounds 3 provide highly oxygenated optically pure deriva-
tives of bicyclo[4.3.0]nonanes (in Figure 2 functionalization one of diastereoisomers is shown). 
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SYNTHETIC METHODOLOGIES TOWARDS THE SYNTHESIS 
OF GLUCOSIDASE INHIBITORS
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Sugars with heteroatoms other than oxygen in the ring (e.g. azasugars, thiosugars) are known 
to exhibit interesting biological activities and possess considerable therapeutic potential. Th eir 
biological activity can be principally attributed to their inhibitory eff ect on glycosyltransferases 
and glucosidases. Inhibition of these enzymes render thiosugars and azasugars therapeutically 
useful against a range of diseases including diabetes, HIV, hepatitis and cancer1,2. 
Th is work aims to access glucosidase inhibitors with therapeutic potential. Two distinct 
cyclisation routes to the sugar core have been investigated: route (A) using a free radical mediated 
ring closure process and route (B) via heterolytic cyclisation. 

Th e use of a radical mediated cyclisation in carbohydrate synthesis off ers several advantages over 
other methods. Cyclisation reactions can be carried out under mild reaction conditions and in 
the presence of a wide range of functional groups. Using this methodology a reliable, rapid 
synthetic route to highly functionalised glycoconjugates can be achieved. Several examples of 
glucosidase inhibitors have been synthesised and cyclisations have been observed with yields in 
excess of 90%. Biological evaluation of novel heterosugars is currently ongoing.
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SYNTHETIC STRATEGIES FOR THE PREPARATION 
OF BIOACTIVE GLYCOGLYCEROLIPIDS 
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Glycolipids, carbohydrate-attached lipids, are membrane components and are present in all the 
living organisms kingdoms, i.e. bacteria, plants and animals. In all these organisms, they have 
important roles as energy source and markers for the cellular recognition and communication. 
Structurally they can be divided in different families like glycoglycerolipids, with acylated glyce-
rol attached to the carbohydrate part, glycosphingolipids with an acylated sphingosine (cera-
mide) and isoprenoid glycosides, with a terpene alcohol as aglycon. All this kind of molecules 
are characterized by very important biological activities.1,2 In particular there is a big interest in 
both intracellular and extracellular glycolipids, especially galactosyl glycolipids as antitumour 
promoters in cancer chemoprevention.3 The possibility to get from nature these active molecu-
les is limited by the difficulty of their isolation and purification and by their very small amounts. 
For this reason the chemical synthesis could represent a good choise to overcome their scarse 
natural availability. In this frame, the chemoenzymatic synthetic strategies could give an impor-
tant help for this purpose, by glycosidases enzymes useful for the stereoselective synthesis of a 
or β glycosidic linkages.
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Dipartimento di Chimica Organica e Biochimica, Università di Napoli “Federico II”, 
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The glycans have fundamental roles in the development and function of all living organism. 
In vivo, glycoconjugates cover cell surfaces often providing the first point of contact for host 
pathogen interactions. Carbohydrate-binding proteins on the pathogen surface target specific 
host glycans facilitating infection by both viruses and bacteria. On another front, polysaccharide 
chains present on the surface of many bacteria are among the first antigens presented to the host 
immune system; therefore, glycans and carbohydrate-binding proteins present numerous op-
portunities for therapeutic development and bacterial surface polysaccharides can be employed 
in anti-bacterial vaccines.
Computational methods and, in particular, molecular dynamics simulation provide comple-
mentary tools to argument NMR (Nuclear Magnetic Resonance) data in order to character-
ize the structure and dynamics of glycans and protein-carbohydrate interactions [1]. By this ap-
proach, we analyzed the binding between a LPS-specific monoclonal antibody, designated 5D8, 
and the O-polisaccharide chain isolated from the LPS (lipopolysaccharide) of a Gram negative 
bacterium, Burkolderia anthina, that is an uncommon pathogen of cystic fibrosis patients [2]. It 
is known that the LPS are endotoxins intercalated into the outer membrane of Gram negative 
organisms, essential for bacterial survival and defined as one of the most important virulence 
factor of the infections affecting cystic fibrosis patients. In order to fully describe, at molecu-
lar level, this system of interaction, at first we extracted LPS from a clinical isolate strain of 
Burkolderia anthina and performed a structural and conformational analysis of its polysaccha-
ride region. Then we performed specific NMR experiments; first of all the STD NMR (Satura-
tion Transfer Difference 3), to deeply characterize the binding and perform an epitope mapping 
defining which region of the ligand contributes more to the binding to the antibody.
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The interactions between proteins and glycans (oligo- and polysaccharides) are involved in im-
portant biological processes such as recognition of antigenic carbohydrates on the bacterial cell 
surface by antibodies or initiation of inflammatory response. Understanding of molecular rec-
ognition events in protein-carbohydrate systems is pivotal for the elucidation, at molecular level, 
of the events involved at the heart of biological phenomena and drug discovery process.
Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful method for studying protein-
ligand interactions in solution. Two techniques[1], Saturation Transfer Difference (STD) NMR 
and Transferred NOE, together provide a picture of ligand binding to a receptor.
By this approach we analyzed the interaction between peptidoglycan (PGN) fragments of bacte-
rial cell wall, named muropeptides, and an eukaryotic-like Ser/Thr membrane kinase, charac-
teristic of Gram positive bacteria. This protein contains an extracellular domain, named PASTA, 
capable of binding the muropeptides of PGN DAP(meso-diaminopimelic acid)-type released 
into extracellular milieu during bacterial growth [2]. The recognition PASTA-peptidoglycan is 
the trigger of the germination of dormant bacterial spores because it represents a signal of favor-
able environmental conditions.
In order to fully describe, at molecular level, this system of interaction we performed NMR 
experiments on the extracellular domain of kinases from two different Gram positive bacteria, 
Bacillus subtilis and Staphilococcus aureus, using as ligands monomeric and dimeric muropep-
tides deriving from the PGN DAP-type.
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Carbohydrates continue to be a focus of research both in chemistry and biology because they 
play a critical role in a variety of biochemical processes [1]. Glycals are employed in the assem-
bly of oligosaccharides and other glycoconjugates. By the pioneering research of Lemieux [2] 
and Th iem [3], glycals are known to act as glycosyl donors, being activated by a variety of elec-
trophylic reagents (for instance through epoxidation, azidonitration, sulfonamidoglycosylation 
or Ferrier rearrangement) [4].
Epoxidation provides valuable capabilities for the conversion of glycals 1 to common glycosides 
3 used in the synthesis of glycoconjugates (Scheme 1). Danishefsky [4a] developed a convenient 
method for the direct preparation of 1,2-anhydrosugars 2 from glycals using 3,3-dimethyldiox-
irane (DMDO) as an eff ective epoxidation reagent. Th erefore, its replacement by safer and more 
stable oxidants, particularly for large-scale preparations, is a valuable task. 

Scheme 1

In this context, we present the study of new epoxidation-alcoholysis methods for the synthesis 
of a- and β- epoxides through catalytic molybdenum systems and/or stoichiometric oxidant 
reagents as m-chloroperbenzoic acid (MCPBA). Moreover we show the usefulness of the direct-
ed tandem epoxidation-glycosylation procedure developed by the straightforward synthesis of 
the ortogonally protected manno glycosyl donors (useful synthons in the synthesis of complex 
oligosaccharides).
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SYNTHESIS AND INVESTIGATION OF GLYCOPEPTIDE COATED 
CARBON NANOTUBES FOR TUMOUR SPECIFIC DRUG DELIVERY
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It has been demonstrated that a-helical peptides self assemble on the surface of carbon nanotu-
bes to form a ‘biolayer’ that signifi cantly alter the properties of the nanotubes1. Functionalised 
nanomaterials off er signifi cant potential for the development of a wide range of biological appli-
cations including drug delivery and biosensors. A novel, convergent strategy for the synthesis of 
glycopeptides has been developed and a number of synthetic glycopeptides have been prepared. 
Th is strategy uses an iterative approach to functionalised peptides combining Native Chemical 
Ligation with Th iolene Click chemistry2 (NCL-TEC). By carrying out a number of NCL-TEC 
cycles, glycopeptides of suitable length for self assembly on nanomaterials can be obtained. Th e 
functionalisation of nanomaterials with glycopeptides using both covalent and noncovalent in-
teractions is currently under investigation. 
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Human antibody 2G12 neutralises a broad range of HIV-1 isolates and its epitope is a cluster 
of high mannose glycans on the viral envelope glycoprotein gp120. [1] These glycans have been 
thus envisaged as a target to develop an HIV vaccine capable to elicit 2G12-like antibodies. [2] 
Gold nanoparticles coated with self-assembled monolayers of synthetic oligomannosides which 
are present on gp120 (manno-GNPs) [3] are able to bind 2G12 with high affinity and to interfere 
with the 2G12/gp120 binding as determined by surface plasmon resonance (SPR) and satura-
tion transfer difference NMR spectroscopy (STD-NMR). Cellular neutralization assays demon-
strates that GNPs coated with a linear tetramannoside block the 2G12-mediated neutralization 
of HIV-1 infection of target cells. The opportunity of inserting onto the same nanoparticle more 
than one component makes manno-GNPs versatile, polyvalent and multifunctional chemical 
tools which may help to develop new strategies against HIV.
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COMPUTATIONAL STUDY OF THE ACTIVITY AND MECHANISM 
OF GLICOSYLTRANSFERASES
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Glycosiltransferases (GTs) are responsible for the biosynthesis of glycans, a large group of 
molecules involved in a variety of biological processes and functions. As a result, GTs are studied 
in many chemical, biomedical and biotechnological applications.
In the last years there has been an important increase in the knowledge of GTs, but the molecular 
basis of their specificity and their reaction mechanism are still not completely understood. All 
together make the study of GTs a vey attractive (and challenging) research topic for a (“young”) 
computational scientist.   
We are now starting a research line on the molecular modelling of GTs activity. The group has 
a good expertise in the computational study of chemical and biochemical reactions, and we are 
now combining a range of computational techniques (including hybrid quantum mechanical 
molecular mechanics methods, molecular dynamics simulations, and free energy calculations) 
to study GTs mechanism. The aim is to help defining their reaction mechanism, analyse the main 
factors contributing to catalysis and understand at the atomic level the basis of their specificity. 
The mid-term goal will be to provide valuable information for both, the design of inhibitors and 
protein/substrate engineering. In this poster we will present and overview of the work carried 
out so far. 
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Carbohydrates are very versatile chiral molecules that can be employed as auxiliaries such as 
glycosylamines in the stereoselective synthesis of organic compounds.1 Th e only lack of this me-
thod is that equimolar amounts of the auxiliary are needed. For this reason it appears attractive 
to use carbohydrates with their well defi ned chiral surrounding as catalysts. 
Inspired by the vanadium catalyst of Belokon et al.2 which catalyzes the addition of trimethyl-
silyl cyanide to aldehydes the trans-1,2-diamino-cyclohexane structure of the catalyst has been 
replaced by carbohydrate derivatives (fi gure 1). 

Figure 1: Pseudo-enantiomeric vanadium(IV)-complexes 
for enatioselective synthesis of cyanohydrines

As starting material for the synthesis of the 1,2-diimido-glycoside D-glucosamine was used and 
converted into the glycosyl azide. Aft er a few conversions the vanadium complex can be achie-
ved by refl uxing the salen like diimine with vanadium oxysulfate in THF/EtOH.2

To ensure the synthesis of both cyanohydrine enantiomeres the L-1,2-diimido-xylose deriva-
tive as the pseudoenantiomere of the D-1,2-diimido-glucose structure was also synthesized. 
Th erefore, D-1-azido-arabinose was converted into the 2,3-epoxy derivative which gives the 
D-1,2-diazido-arabinose unit aft er an optimized ring opening.3 Aft er further steps the desired 
vanadium complex including the L-1,2-diimidoxylose unit was obtained.
Both vanadium complexes show high activity in the enantioselective addition of trimethylsilyl 
cyanide to aldehydes which will be presented besides the detailed synthesis of the carbohydrate 
catalysts.
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Glycoprotein glycans serve as key recognition determinants in many biological processes and 
are also known to infl uence protein folding.1 Th e linkage region constituents, 2-acetamino-2-
deoxy-β-D-glucopyranose (GlcNAc) and L-asparagine (Asn), are conserved in all eukaryotic 
N-glycoproteins. Since dynamics of the GlcNAc-Asn linkage can oft en infl uence the 
presentation of the glycan chain on the membrane surface of cells, elucidation of the structure 
and conformation of glycoprotein linkage region is of fundamental importance. 

A major program of our laboratory is aimed at understanding the structural signifi cance of 
the conserved N-glycoprotein linkage region. X-ray crystallographic study of several β-1-N-
alkanamido derivatives of monosaccharides has shown that the N-glycosidic torsion, fN, is 
infl uenced to a greater extent by the structural variation of the sugar part than that of the aglycon 
moiety.2 Th e variation in fN among these models and analogs is possibly due to the diff erences in 
the molecular assembly, infl uenced by intra- and intermolecular interactions involving regular 
hydrogen bonds and weak C-H…O contacts.2,3,4

In continuation of the above mentioned program, the present work was undertaken to explore 
the eff ect of distal sugar structure on fN. To accomplish this objective, several disaccharide 
alkanamides, derived from chitobiose, cellobiose and maltose, have been synthesized by selective 
N-acylation of β-D-glycosylamine. Comparative analysis of their crystal structures with those 
reported for GlcNAcβAsn has shed new light on the factors governing their conformation 
and molecular packing. Details of their synthesis and detailed structural investigation will be 
presented.
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Amphiphilic molecule possesses antagonistic hydrophilic and hydrophobic moieties in the 
same molecule.  Th ese molecules are formed capsule-like aggregates, such as micell, vesicle, 
cylindrical micell, and so on.  Recently, amphiphilic glycosides are oft en used glyco-cluster tool 
for carbohydrate-protein interaction analyses [1,2].  Th e synthesis of self-assembled mannoside 
derivatives and the interaction analysis of between these mannosides and Con A were reported.  
However, aglycon of these mannosides were composed of unusual functions such as, tetra(p-
phenylene) and oligo(ethylene oxide) groups.
In this study, we designed and synthesized self-assembled artifi cial C-glycosides having simple 
structures, and evaluated their self-assembled behavior.  C-Glycosides not only are of interest 
as stable mimics of natural O-glycosides, but also receive much attention from biological and 
synthetic standpoints.
We synthesized octyl, dodecyl, benzyl β-C-glucopyranosides, and benzyl β-C-mannopyra-
noside from glucono-1,5-lactone or manno-1,5-lactone derivatives. Next, we investigated 
self-assembled behaviors of alkyl β-C-glycopyranosides using dynamic light scattaring (DLS) 
studies, atomic force spectroscopy (AFM) experiments, and transmission electron spectroscopy 
(TEM) experiments.  Th e aggregate size of a solution of octyl β-C-glucopyranoside (1, 400 mM) 
was observed approximately 10-30 nm by the DLS in 2-propanol/H2O (1:3).  A solution of 1 
(400 mM) in 2-propanol/H2O (1:3) was deposited on a micro cover glass.  Th e image by AFM 
tapping mode is shown in Fig. 1B.  Some aggregates, which had diameter of 30-50 nm, were 
observed.  Th e same C-glycoside solution described above was placed on carbon grids and stai-
ned with an aqueos solution of 1 wt % of RuO4 at room temperature for 10 min.  Fig. 1C shows 
the high resolution TEM image.  We observed some circular aggregates, which had diameter of 
30-50 nm, as similar to those seen in the AFM image.  From these results, we speculated that the 
nanostructure of these glycosides might be vesicle as shown in Fig. 1A.

              
Fig. 1  AFM and TEM images of self-assembled formation of octyl β-C-glucopyranoside
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ORIENTED MUC1 GLYCOPEPTIDE MICROARRAY TOWARD ExPLORING 
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MUC1 is a highly glycosylated membrane-bound glycoprotein distributing on the apical surface 
of normal epithelial cells. In tumor cells, aberrantly O-glycosylated MUC1 is overexpressed on 
the whole-cell surface, which is due to MUC1 shedding or cell surface release to bloodstream. 
Therefore, MUC1 is considered an attractive target as serum tumor biomarker. Development 
of disease-specific biomarkers and monoclonal antibodies for early detection and diagnosis of 
cancers requires new strategies for characterization of epitopes based on carbohydrate moiety 
of glycoprotein. Recently, we have revealed the MUC1 heptapeptide PDTRPAP having a2,3-
sialylated T antigen at Thr residue as an essential epitope of anti-KL-6 monoclonal antibody, 
which is a beneficial tool for diagnosis and monitoring patients with interstitial pneumonia, by 
focused MUC1 glycopeptide library and common ELISA protocol. [1]
Here we present a novel MUC1 glycopeptide microarray based on our polymer blotting method 
[2] for facile and oriented immobilization of MUC1 glycopeptides toward high-throughput 
exploring of disease-specific epitopes recognized by antibodies against abnormal glycoproteins. 
Our fabricated microarray plastic slides have the surface coated by aminooxy-functionalized 
polymer. Aminooxy groups allow glycopeptide library introduced 5-oxohexanoic acid at 
N-terminus in the end of solid-phase synthesis to display via oxime bond formation in mild 
acidic aqueous condition. In addition, the surface is effectively designed to limit non-specific 
binding for reduction of background noise in detection of antibody binding. The results of epitope 
identification by utilizing our developing microarray displayed overlapping MUC1 tandem 
repeat peptides and glycopeptide library focused on the site and structure in O-glycosylation 
will be discussed.
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 MULTIVALENT NEOGLYCOCONjUGATES BASED ON ALkOxYAMINES 
AND CLiCk CHEMISTRY
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Carbohydrates are implicated in biological processes involving cell-cell recognition, cell-protein 
interactions, and are the targets of hormones, antibodies, and toxins.1 In these processes, multi-
valent interactions are involved,2 and a variety of neoglycoconjugates  have been synthesized to 
understand the multivalent lectin-carbohydrate interactions.3 
Multivalent neoglycoconjugates usually comprise a core molecule that serve as an scaffold for 
the linking of sugar molecules giving rise to chemically well-defined molecules such as glycoclu-
sters,4 glycodendrimers,5 glycocyclodextrins,6  glycocalixarenes.7 
 We describe the synthesis of new neoglycoconjugated using glycosylated alkoxyamines8 with 
mono and disaccharides linked to the sugar core through a 1,2,3-triazole moiety and different 
spacers. 
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PROTEIN DEGLYCOSYLATION MIx FOR REMOVING n-LINkED 
AND o-LINkED GLYCANS FROM GLYCOPROTEINS
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Both chemical and enzymatic methods exist for removing oligosaccharides from glycoproteins. 
However, chemical methods such as β-elimination with mild alkali or mild hydrazinolysis can 
be harsh and may result in incomplete sugar removal and degradation of the protein, whereas 
enzymatic methods are much gentler and can provide complete sugar removal with no protein 
degradation.
PNGase F is the most effective enzymatic method for removing almost all N-linked oligosac-
charides from glycoproteins. PNGase F digestion deaminates the aspargine residue to aspartic 
acid, and leaves the oligosaccharide intact and suitable for further analysis. Oligosaccharides 
containing a fucose a(1-3)-linked to the glycan core, a modification found on plant and insect 
glycoproteins, are resistant to PNGase F. Steric hindrance can sometimes slow or inhibit the 
action of PNGase F on certain residues of glycoproteins, therefore denaturation by heating with 
SDS and DTT can greatly increase the rate of deglycosylation. 
To remove O-linked glycans, monosaccharides must be removed by a series of exoglycosidases 
until only the Galβ1-3GalNAc (core 1) and/or the GlcNAcβ1-3GalNAc (core 3) cores remain at-
tached to the serine or threonine. The Enterococcus faecalis Endo-a-N-Acetylgalactosaminidase, 
also called O-Glycosidase, can then remove these core structures if there are no further modi-
fications of the serine or threonine residues. Any modification of the core structures, including 
sialyation, will block the action of the O-Glycosidase. Sialic acid residues are easily removed by 
a general a2-3,6,8 Neuraminidase. In addition, exoglycosidases such as β(1-4)Galactosidase 
and β-N-Acetylglucosaminidase can be included in deglycosylation reactions to remove other 
complex modifications often known to be present on the core structures. 
Here we describe a method that facilitates removal of O and N-linked glycans by combining 
PNGase F, O-Glycosidase, Neuraminidase, β-N -Acetylglucosaminidase and β(1-4)Galactosi-
dase in a single mix. We have used this method to remove glycans from both bovine fetuin and 
human chorionic gonadatropin (hCG). The treatment of these particular glycoproteins affects 
their elecrophoretic mobility allowing us to analyze the efficiency of the reactions by SDS-PAGE.
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Schistosomiasis, caused by the human blood flukes (schistosomes), has a serious health impact 
in the developing world, with over 200 million people infected. The only available treatment, 
praziquantel, has a short efficacy period and requires repeated treatment, making this control 
method impractical. An anti-schistosome vaccine would contribute significantly to the effective 
control of this parasite, however, despite numerous attempts no vaccine is currently available. 
During schistosomiasis, the majority of the antibody response is directed towards carbohydrate 
epitopes which decorate the surface and secreted components of the parasite; therefore these 
antigenic glycans are considered to be potential vaccine targets1, particularly in light of recent 
advances in carbohydrate vaccine development2. While significant steps have been taken to 
elucidate the structures of schistosome glycans, it is likely that novel and promising glycans 
remain undiscovered. Additionally, the larval stage which migrates through the lung is a prime 
target of immunity in schistosomiasis, and knowledge of antigenic carbohydrates specific to this 
developmental stage is scarce. To identify novel larval glycan epitopes, we have probed the glycan 
array from the Consortium for Functional Glycomics (CA, USA) using antibodies generated 
against migrating S. japonicum larvae. These antibodies were obtained using a method which 
isolates the local antibody response from different tissue compartments3. Antibodies obtained 
from the lung revealed several carbohydrate motifs which are recognised specifically, including a 
terminal O-glycan core 3 motif, among others. The specificity of multiple lung antibody samples 
against this structure was confirmed by ELISA. We plan to further characterise this motif to 
determine its expression in schistosome development, in order to assess its potential as a vaccine 
candidate.
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Toluene-p-sulfonic acid-catalyzed methanolysis of t-butyl 1,2:3,4-di-O-isopropylidene-a-D-
galactopyranuronate (1) prepared from 1,2:3,4-di-O-isopropylidine-a-D-galactopyranose 
was re-investigated. In contrast to previous results,1 besides the β-form of methyl (methyl 
D-galactofuranosid)uronate (2) also the a-anomer was formed in an anomeric ratio of a:β = 
28:72. 
Further reactions including acetolysis followed by treatment with ethanethiol gave the thio 
furanoside (3) in an anomeric mixture of a:β = 15:85, which is an important building block 
for oligosaccharide synthesis. Full structure elucidation was done using 1D and 2D NMR 
techniques.2
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Conventional protocols have been developed to synthesize maltooligosaccharides. Th us, 
disaccharide derivative 1 constitutes a fl exible intermediate from which disaccharide acceptor 2 
or disaccharide donor 3 can be prepared. 

  

Th e 2+2 glycosylation of 2 with 3 aff ords a tetrasaccharide derivative which can in turn be 
converted into a glycosyl acceptor at the nonreducing and/or into a glycosyl donor at the 
reducing end. By introduction of modifi ed glucose units into maltose, artifi cial substrates for 
enzyme-catalyzed oligomerizations are being produced with the goal of producing artifi cial 
maltodextrins and cyclodextrins.
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A major challenge for the synthesis of natural products, especially oligosaccharides is the selec-
tion of a reliable protecting group strategy. Over the years a lot of diff erent types of protecting 
groups were introduced and applied in syntheses of many complex compounds. Orthogonality 
and highly selective deprotection conditions are key issues in this fi eld of research. Furthermore 
semiorthogonal sets of related protecting groups like p-halobenzyl ethers (Seeberger et al.1) were 
investigated. Th ese substituted benzyl ethers can be converted to aryl amines via palladium ca-
talyzed amination and fi nally deprotected under mild Lewis acid conditions. Diff erent rates of 
reaction in the fi rst step allow for iterative deprotection and make this method also interesting 
for automated oligosaccharide synthesis. 
Inspired by this work we decided to develop a new set of semiorthogonal protecting groups 
based on an approach by Crich et al., who used propargyl and (1-naphthyl)propargyl ethers for 
diastereoselective β-mannosyl donors2,3. 
Diff erent silylated propargyl ethers were therefore prepared and converted to (1-naphthyl)-
propargyl ethers using optimized sila-Sonogashira conditions (1-naphthyl iodide, Pd(Ph3P)4, 
AgCl). By using diff erent bases during this cross coupling reaction iterative deprotection de-
pending on the silyl substituent (TMS, TBDMS, 
TIPS) was achieved aft er cleavage of the resulting 
(1-naphthyl)propargyl ether using DDQ. Com-
bined with a classic Sonogashira coupling for 
the conversion of propargyl to (1-naphthyl)pro-
pargyl ethers, which is also an alternative to the 
known deprotection procedure for propargyl 
groups (treatment with base followed by catalytic 
osmylation), a set of four semiorthogonal protec-
ting groups (silylated propargyl ethers, SiProps, 
fi g. 1) was developed and already applied in an 
exemplary oligosaccharide synthesis.
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Figure 1: 
Semiorthogonal SiProp-protected D-glucose
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A large number of essential biological processes rely on carbohydrate-mediated recognition 
events at the cell surface,1 many of which involve multivalent carbohydrate species. Synthetic 
multivalent carbohydrate architectures thus provide useful tools for studying cluster-glycoside-
mediated biological recognition processes.2 Th ere is particular importance in synthetic access 
to diverse multivalent carbohydrates with useful functional tethers, providing reagents for con-
jugation to labelling agents, immobilization and array applications.3 C-Glycosidic multivalent 
saccharides provide the potential to generate libraries of stereochemically-defi ned multivalent 
mimetics which are hydrolytically and enzymatically stable.4 A modular approach to the synthe-
sis of a range of trivalent C-glycosidic carbohydrates is described. Th e multivalent core scaff old, 
and the C-glycoside subunits bear diff erent length linker units to address a matrix of potential 
multivalent geometries (Figure 1). Th e core is functionalized via a succinamide-based, conjugat-
able linker unit employed for conjugation to diff erent fl uorophores and extended thiol-termi-
nated inker units, illustrated by mannosyl examples of the types shown in Scheme 1.

        Figure 1
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MARINE BACTERIAL SIALYLTRANSFERASE: A POWERFUL TOOL FOR 
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Sialyltransferases transfer N-acetylneuraminic acid (Neu5Ac) from the common donor substrate 
of these enzymes, cytidine 5’-monophospho-N-acetylneuraminic acid (CMP-Neu5Ac), to 
acceptor substrates. The enzymatic reaction products including sialyl-glycoproteins, sialyl-
glycolipids and sialyl-oligosaccharides are important molecules in various biological and 
physiological processes. Thus, sialyltransferases are thought to be important enzymes in the field 
of glycobiology. To date, we have demonstrated that marine bacterial sialyltransferases show 
broad acceptor substrate specificities. Among them, a2,3-sialyltransferase from Photobacterium 
sp. JT-ISH-224 can produce quite unique reaction products from various acceptor substrates. 
We have demonstrated that this enzyme transferred Neu5Ac to both the O-3’ and the O-2 
hydroxyl groups of lactose simultaneously, and gave 2,3’-disialyllactose as the reaction product 
[1]. Furthermore, we have also demonstrated that the sialyltransferase transferred Neu5Ac to 
the β-anomeric position of mannose, and gave the corresponding reaction product [2]. In the 
former case, the stereochemistry of C-1 to C-3 of the a-glucopyranoside moiety is identical to 
that of the C-4 to C-2 of a galactopyranoside moiety, which is common acceptor toward the 
sialyltransferases. For the later, the stereochemistry of C-2 to C-1 of the β-mannopyranoside 
moiety is superimposable on that of the C-4 to C-3 of the galactopyranoside moiety. Recently, 
we have confirmed that the a2,3-sialyltransferase also recognized inositols, having a structure 
corresponding to the C-3 to C-4 of a galactopyranoside moiety, as acceptor substrates, 
and transferred Neu5Ac to them [3]. From these results, it was clearly shown that the a2,3-
sialyltransferase from Photobacterium sp. JT-ISH-224 recognizes acceptor substrates through 
the cis-diol structure corresponding to the 3- and 4-positon of the galactopyranoside moiety.
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Meningococcal lipoolysaccharides (LOS) have been classified into 12 immunotypes based 
on monocolonal antibody recognition. Each LOS immunotype is related to a specific 
oligosaccharide structure which was established for most of them by a combination of analyses 
such as wet chemistry, immunoblots, 2D-NMR and mass spectrometry techniques. None of 
these techniques, which requires for some of them large amounts of purified starting material, 
can provide complete and unambiguous structural information for these molecules with very 
high heterogeneity.
High-performance anion-exchange chromatography with pulsed amperometric detection 
(HPAEC-PAD) has been proven to be a rapid and sensitive method for carbohydrates analysis. 
Position of glycosidic linkages and the overall conformational structures of oligosaccharides are 
important factors for their separation by HPAEC-PAD. Moreover, the nature, the number and 
the positions of charged chemical groups, such as phosphoethanolamine (PEtn) are critical (1).
To obtain quick and efficient structural information of meningococcal LOS, we have developed 
an HPAEC-PAD method for structure characterization of oligosaccharides released from 
meningococcal LOS by mild acid hydrolysis. Identify of LOS immunotype by this method is also 
possible starting directly from inactivated meningococcal whole cells without any purification 
step.
This method can determine the number of PEtn residues and provide quantitative information 
and nearly complete structures rapidly.
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Glycopolymers have received much attention as the biomimetic counterparts of natural 
polysaccharides notably to study enhanced carbohydrate-protein interactions benefi tting 
from multivalency.1 Original carbohydrate-based acrylamide monomers, 2-[(a-D-
glucopyranosyloxy)- ethanamido]-ethyl acrylamide I and its analogs bearing one azide group 
in C-2 (II) or C-6 (III) have been synthesized. Whereas the reversible addition fragmentation 
chain transfer (RAFT) process ensured the preparation of well-defi ned glycopolymers from I, 
the polymerization of monomers II and III proved to be challenging at temperatures compatible 
with a thermally initiated radical process and the infl uence, on the controlled/”living” status 
of the process, of the azide group’s position could be observed. In contrast to III, for which no 
polymer could be obtained under any conditions, performing the RAFT polymerization of II 
at 30°C clearly favoured the radical polymerization and conferred a controlled character to the 
process, aff ording well-defi ned azide-functionalized glycopolymers. Block copolymerization as 
well as incorporation of a carbohydrate-based alkyne on the “clickable” polymer backbone were 
also investigated. 2
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Sugar nucleotides 1 (nucleoside monophosphate sugars or nucleoside diphosphate sugars) are 
an enormously important class in biological chemistry. NDP-sugars act as glycosyl donors in the 
biosynthesis of oligosaccharides. Moreover, glycosyltransferases that incorporate non-natural 
monosaccharides or accept non-natural substrates for glycosylation may become a powerful 
tool for the synthesis of non-naturally occurring bioconjugates.[1] As an example for NMP-
sugars, the most interesting and highly important one is CMP-Neu5Ac as activated form of 
neuraminic acid. In general, sialic acids play an essential role in glycoproteins and glycolipids 
and are key factors in cell-cell recognition.[2]

For this reason an effi  cient and generally applicable synthesis of sugar nucleotides 1 is of great 
importance. A number of methods have been developed but oft en these protocols involve long 
reaction times and   tedious purifi cations. Furthermore, the yields are low and sometimes the 
stereochemistry at the anomeric center can not be controlled. 

A new access for the synthesis of sugar nucleotides 1 -in solution and solid-support assisted- 
has been developed based on the cycloSal-concept.[3] Using this approach, excellent chemical 
yields were obtained within short reaction times. In comparison to other methods the cycloSal-
concept allows a fast and effi  cient preparation of monophosphate and diphosphate linked sugar 
nucleotides 1. On top of this, our method is applicable to a wide variety of nucleosides and 
pyranoses. Such a broadly applicable chemical synthesis off ers an effi  cient access not only to the 
naturally occurring sugar nucleotides 1 but also to structural analogues of these compounds.[4,5]
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Glycosylation is one of the most prevalent post-translational modifications of proteins that 
expand the diversity of the proteome by the addition of different glycan moieties. Long believed 
a prerogative of eukaryotes, it is now clear that both N-glycosylation and O-glycosylation also 
transpire in Bacteria and Archaea. In recent years, substantial progresses are being made in 
understanding bacterial glycosylation while much less is known of this post-translational 
modification in Archaea, despite the fact that the first prokaryotic N-glycosylated protein was 
discovered over three decades ago in the haloarchaeon Halobacterium salinarum1 and that 
N-glycosylated proteins are more prevalent in Archaea than in Bacteria. Archaeal glycosylation 
displays bacterial- and eukaryal-like traits, such as monomeric oligosyltransferases and dolichol 
phosphate carrier respectively, in addition to unique features2.
Insights into the biosynthesis and the nature of N-linked glycans decorating archaeal 
glycoproteins arise from euryarchaeal model species3. In Crenarchaea, a phylum evolutionarily 
distant from Euryarchaea, the study of the steps and the components of the machinery involved 
in glycosylation and of the nature of the glycosylated proteins is still in its infancy. However, 
preliminary results indicate that glycosylation in these organisms is indispensable for cell 
survival4 and even more widespread than in Euryarchaea5. Here, we report our recent studies on 
the enzymes from the hyperthermophilic crenarchaeon Sulfolobus solfataricus involved in the 
synthesis and in the maturation of the glycan component of the glycoproteins6. Moreover, sugar 
composition and structure of the sulfolobales glycoproteins are explored by glycoproteomic 
analysis. A better understanding of crenarchaeal glycosylation will provide new insights into 
this post-translational modification across evolution as well as protein processing under extreme 
conditions.
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The galacto-oligosaccharides (GOSs) belong, for their indigestible nature, to the group of 
prebiotics, which beneficially affect the host by stimulating the growth and/or activity of colon 
bacteria, as resulted by several studies on both infants and adults showing that their consumption 
led to a significant increase in Bifidobacteria1. GOSs naturally occur in human milk, and 
commercially available products are broadly used in infant formula, biscuits, food for critical 
illnesses2. For these reasons, the large demand for these important nutraceuticals requires the 
development of new efficient and economically sustainable methods for their synthesis.
Synthesis of GOSs is commonly performed by β-galactosidases via transglycosylation reactions 
starting from lactose. The drawback of this approach is the limited final yield, because the 
products are still substrates of this enzyme. Moreover the subsequent formation of free glucose 
shows an inhibitory effect for the synthesis of products3. To expand the chemo-enzymatic tools 
for the GOSs synthesis we have characterized, in detail, two mutants of the GH42 β-galactosidase 
(Aaβ-Gal) from the moderately thermophilic bacterium A. acidocaldarius, namely Glu313Gly 
(the mutant of the nucleophile residue4) and Glu361Gly. We show here that they are better that 
the wild type in the synthesis/hydrolysis activity ratio for the production of GOSs. In particular, 
the mutant Aaβ-Gal Glu361Gly catalyzes transgalactosylation reactions with high efficiency on 
different acceptors.
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N. meningitidis type X (Men X), fi rst described in the 1960s1, has been found to cause a few cases 
of invasive disease2,3 and in 2006 WHO started to consider Men X as a substantial threat. Since 
capsular polysaccharides (CPSs) are the key virulence factors for encapsulated bacteria, the 
development of more comprehensive glycoconjugate vaccines including Men X CPS fragments 
become an urgent issue in the near future.4 Th e CPS of N. meningiditis X is a linear homopolymer 
of (1®4)-linked 2-acetamido-2-deoxy-a-D-glucopyranosyl phosphate residues (Figure 1), with 
an average chain length of 50 units.5 Th e present research project is 
focused on the synthesis of phosphodiester-linked oligomers of the 
native Men X CPS (Scheme 1). In order to improve the immune response 
of the synthesized oligomers they will be employed in the synthesis of 
neo-glycoconjugates by exploiting the amino group of the spacer arm at 
the reducing end of each fragment. Th e phosphodiester linkages will be 
installed via the well-established H-phosphonate strategy.

Scheme 1
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The synthesis of carbohydrates and analogues from 7-oxabicyclo[2.2.1]hept-2-enes as starting 
materials (easily obtained from furan) was pioneered by Just1 and developed extensively by Vo-
gel’s group (naked sugar methodology).2 We now intend to extend this methodology to the 
synthesis of further products of interest such as proline analogues and dideoxyiminoalditols 
and derivatives starting from N-Boc protected 7-azabicylo[2.2.1]heptane derivatives such as 1 
(easily obtained from pyrrole). Part of this new methodology has been recently reported for the 
preparation of hydroxylated prolines,3 rigid swainsonine analogues4 and iminosugar derived 
hemiaminals.5 In this communication we present the recent synthetic studies for the transfor-
mation of the azabicyclic derivative 1 into 2,5-disubstituted-3-pyrrolines, that could be used as 
versatile synthetic intermediates into the preparation of new iminosugars, hydroxylated indoli-
zidines and pyrrolizidines, and hydroxylated prolines of biological interest.

Boc
NOHC

Ts

Boc
N

Br

Ts
pyrrole

1,4-iminoalditols

hydroxylated indolizidines and pyrrolizidines

hydroxylated prolines
1
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Th e key reaction for oligosaccharides synthesis is the formation of the glycosidic bond from 
monosaccharide precursors. Most carbohydrate coupling strategies have concentrated on the 
derivatization of the anomeric position as a latent leaving group, and the intermediate glycosyl 
donor is usually isolated. In a second step the leaving group is then activated in the presence of 
a nucleophilic glycosyl acceptor to form the glycosidic bond.
A far less developed strategy for glycosidic bond formation is a dehydrative coupling strategy, 
in which a 1-hydroxy carbohydrate can be employed directly as the glycosyl donor. Over the 
past years, many direct dehydrative glycosylation methods have been developed to address 
these diffi  culties via the in situ generation of a variety of reactive glycosyl donors. Interesting 
examples have been studied by Gin exploiting diphenylsulfonium reagents1 and by Kobayashi, 
who developed the activation of 1-OH sugars by their conversion to bromides in dehydrative 
conditions using the Appel reagent.2

Among them, however only few attempts to activate the anomeric hydroxyl group by its 
conversion into an oxyphosphonium specie have been described using Mitsunobu conditions, 
but only with phenols or acids as nucleophiles. Glycosyl phosphonium salts, generated either 
by treatment of glycosyldiphenylphosphinites with electrophiles or glycosyl halides with 
phosphine oxides have been postulated as intermediates in glycosylation reactions developed 
by Mukaiyama.3

In light of previous observations, we planned to study the possibility to use the Hendrickson 
reagent (POP) 1, obtained from triphenyl phosphine oxide and trifl ic anhydride, known for its 
strongly dehydrative properties.4 Th e results obtained with this new approach and some insight 
into the reaction mechanism will be reported.
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Porphyrins have been investigated as highly eff ective therapeutics for the treatment of cancers 
by Photodynamic Th erapy (PDT) leading to clinically approved treatments1. Th e cytotoxic 
activity of these compounds is induced by the photochemical production of highly reactive 
oxygen species. Amphiphilic porphyrins have been shown to have a high selectivity towards 
neoplastic tissue and there is strong biological evidence that amphiphilic porphyrins interact 
strongly with lipoproteins during cellular uptake2. Modifi cation of the porphyrin scaff old with a 
combination of carbohydrates and lipids allows control over the amphiphilicity and subsequent 
biological activity of PDT therapeutics.  

Th e aim of this project is the synthesis and biological evaluation of glycosylated lipid porphyrin 
derivatives with improved tumour selectivity and uptake for PDT. Th e carbohydrate modality 
is hydrophilic and increases solubility in aqueous media, complex carbohydrates may be used 
to target tumour specifi c lectins. Th e introduction of lipid functionalities to the molecule can 
cause aggregation of these molecules into vesicle structures. Careful selection of carbohydrates 
and lipids allows for fi ne tuning of the amphiphilicity of these important therapeutuics and both 
solution phase and in vitro behaviour will be studied. 
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The azido cellobiose analogs, 6-azido-6-deoxycellobiose, 6’-azido-6’deoxycellobiose, and 
2-azido-2-deoxycellobiose have been studied as substrates of cellobiose oxidase. Azido cellobiose 
analogs have been synthesized from known, protected cellobiose precursors by conventional 
chemistry or by combined chemoenzymatic methods employing cellobiose phosphorylase from 
Clostridium thermocellum.1 Under catalysis by cellobiose oxidase,2 azido cellobiose analogs are 
converted into the corresponding azido lactones/azido cellobionic acids. Following reduction of 
the azido group, such lactones may be polymerized into perlon-type polymers. By analogy with 
cellobiose, azido cellobiose analogs may form azido cellooligomers 3 under catalysis by cellulase 
from Trichoderma reesei.
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2-Azido-2-deoxyhexose derivatives have been prepared by azidonitration of glycals, as fi rst 
described by Lemieux and Ratcliff e.1  While azidonitration of peracetylated D-galactal proceeds 
with high galacto over talo stereoselectivity,1 azidonitration of peracetylated D-glucal aff ords the 
manno and gluco products in ratios ranging from 3:1 to 1:5, as reviewed by Seeberger.2 In our 
hands, azidonitration of the crystalline cellobial peracetate 1 aff ords mainly the gluco azidonitrate 
2 which was converted into the crystalline 2-azido-2-deoxy-cellobiose derivative 3 in high 
yield. Th e 2-azido-2-deoxycellobiose 4 obtained by sodium methoxide catalyzed methanolysis 
is cleaved under catalysis by cellobiose phosphorylase from Clostridium thermocellum to aff ord 
a-D-glucose 1-phosphate 5  and 2-azido-2-deoxy-D-glucose 6.
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a-S-Galactosylceramide (1), a thioglycosidic analogue of the powerful immunostimulant           
a-GalCer (2),[1] was recently first synthesised in our group.[2] a-Galactosylceramides activate 
Natural Killer T cells to produce proinflammatory T helper 1 (Th1) cytokines and immunomo-
dulatory T helper 2 (Th2) cytokines. Antitumour, antiviral and antibacterial  effects of a-GalCer 
are thought to correlate with Th1 production and therefore a-GalCer analogues with Th1/Th2 
biased response are of significant interest.
a-S-GalCer has shown promising biological results and we have synthesised compounds (3) 
and (4) with a view to improving the Th1 bias, based on results of similar a-GalCer analogues.[3] 

It is thought that introduction of terminal aromatic groups on the fatty acyl chain can increase 
stability of the glycolipid/CD1d complex resulting from additional lipophilic interactions.[4]

Currently we are developing a more convergent synthesis of a-S-Galactosylceramide analogues.
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N-SUBSTITUTED ANALOGUES OF DIOSGENYL
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Diosgenyl glycosides are steroid glycosides widely distributed in plants and in some marines 
organisms. The carbohydrate residue, usually mono-, di-, tri- or tetra saccharide, is covalently 
attached to the diosgenin backbone. The carbohydrate chain constitutes a hydrophilic part 
while appropriate sapogenin is a hydrophobic fragment in this kind of glycosides. Usually, in 
na tural diosgenyl glycosides β-D-glu co py ranose is the first sugar attached to diosgenin. Some 
of the dios genyl glyco sides exhibit a wide spectrum of bio logical ac tivities including antifungal, 
antibacterial and anticancer properties. 
We have synthesized a diosgenyl glycosides containing D-glucosamine derivatives as a 
carbohydrate residue. This glycosides have not been found in natural sources so far. 

The synthetic strategy is based on the pre  paration of glycosyl donor (bromide with tetra-
chlorophtalimido group at C-2) and coupling of the se donor with diosgenin. The coupling 
reaction provided to the 1,2-trans-glyco sidic bond in good yield. The protecting groups were 
easily and clearly cleaved leading to diosgenyl 2-amino-2-deoxy-β-D-gluco py ranoside. The 
structure of our products were confirmed by 1H and 13C NMR spectroscopy. 
In biological set of experiments we have investigated the bactericidal and fungicidal effect some 
of this saponins.

This research was part-financed by the European Union within the European Regional  
Development Fund - grant UDA-POIG.01.01.02-14-102/09-01.
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Despite of their ubiquity in biological structures, furanosides have received much less attention 
than pyranosides as regards the conformational analysis. This is because different conformations 
of five-membered rings have quite similar energies, whereas six-membered rings are normally 
present in a single low-energy chair conformation. Therefore, conformations of pyrano si des 
in solution are easily identified by NMR techniques, which is not the case with furanosides. 
These are equilibrating rapidly on the NMR scale and averaging of coupling constants occurs. 
However, when a tetrahydrofuran ring is conformationally restricted by a rigid second skeleton, 
it is possible to predict its conformation.1

Previously, we found that methyl 2,5-di-O-acetyl-β-D-glucofuranosidurono-6,3-lactone and 
1,2,5-tri-O- acetyl-β- D-glucofuranurono-6,3-lactone adopt a 1T2-like conformation, both in the 
crystal structure and in solution.2  It seems to us that the characteristic 1H NMR spectra of 
these β-D-glucofuranosidurono-6,3-lactones may be indicative of a 1T2-like conformation. To 
verified this thesis we synthesized a series of D-glucofuranosidurono-6,3-lactones with different 
aglycones. The NMR studies of obtained β-D-glucofuranosidurono-6,3-lactones confirm our 
assumptions. Additionally, we obtained the NMR data, indicative for a-D-glucofuranosidurono-
6,3-lactones in a 1T2-like conformation. 
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MEMBRANE-BOUND STABLE GLYCOSYLTRANSFERASES: 
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Human gastric pathogenic bacteria Helicobacter pylori expresses Lewis blood group antigens 
of lipopolysaccharides to mask the pathogen from host immune surveillance by mimicking 
host cell surface carbohydrate structures. Fucosyltransferases (FucTs) of H. pylori are 
membrane-associated key enzymes responsible for the synthesis of Lewis antigens of H. pylori 
lipopolysaccharides. Although molecular cloning and expression of the H. pylori a1,3/a1,4-
FucTs gene have been reported, production of full-length FucTs from H. pylori has not been 
achieved because of the insolubility caused by the C-terminal sequence that has heptad repeats 
followed by a highly conserved region rich in cationic and hydrophobic residues.
Here we present a novel method for the full-length expression of soluble and highly active 
H. pylori a1,3-FucT by regulating specifi c secondary structural basis of C-terminal cationic 
amphipathic domain. Chemical approach revealed that putative a-helical conformation of 
C-terminus of this enzyme is induced only through the interaction with phospholipid micelles.1 
Unique mechanism in structural alteration of C-terminal amphipathic peptide during the 
formation of native quaternary structure of membrane-bound H. pylori a1,3-FucT encouraged 
us to expand this mechanism for creating high performance immobilized glycosyltransferases1-2 
that provide membrane-associated biocatalysts with widespread utility for the construction of a 
variety of cancer-related antigenic glycoconjugates in vitro.
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Cancer is the second leading cause of death in developed countries. In order to face this disease 
several therapeutic strategies have been investigated, among them tumor drug targeting, the 
selective delivery of cytotoxic drugs to tumor cells. Its concept was popularized by Paul Ehrlich 
more than a hundred years ago, whom used the expression “magic bullets”. Th e gastrin-releasing 
peptide (GRP) receptor is clearly overexpressed in a wide range of tumors, thus successful 
targeting of the GRP receptor can enable the selective delivery of cytotoxic drugs to tumor cells. 
Designing GRP mimetics is a challenging task because of the absent information on the 3D 
structure of the GRP receptor. Th erefore, our design of ligands for this receptor was based on 
the 3D structure of its natural ligand, GRP. In this work we report the design and synthesis 
of non-peptide GRP analogs with potential affi  nity for the GRP receptor. We studied the 
three dimensional structure of GRP and a peptide analog (agonist of GRP) by computational 
methods. Using a technique known as “scaff old hopping”, we designed potential GRP analogs 
by replacing the peptide backbone with a more rigid bicyclic scaff old, which maintained the 
same orientation of the most important side chains of both peptides (Fig. 1). Th e synthesis was 
carried out by fi rst generating the galactose-based bicyclic scaff old and then by insertion of the 
desired pharmacophores. Preliminary biological evaluation of the compounds revealed that the 
presence of three pharmacophores results in an antagonist behavior in comparison with the 
natural ligand of the GRP receptor.

Figure 1: design of a galactose-based GRP mimetic by scaff old hopping
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GLYCOFUSED TRICYCLIC BETA-AMYLOID LIGANDS FOR THE DIAGNOSIS 
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Alzheimer Disease (AD) is a neuropathology characterized by neurofibrillary tangles, an 
intracellular cytoskeletal alteration, and deposits of β-amyloid peptides (Aβ) in the brain 
parenchyma and on the wall of cerebral blood vessels.
Compounds able to link Aβ-peptides can find application in AD diagnosis and therapy. Among 
them, tetracyclines display anti-amyloidogenic activity both in vivo and in vitro1, but suffers from 
chemical instability, low water solubility and posses, in this contest, undesired anti-bacterial 
activity. 
We studied the topology of the tetracycline-Aβ binding and generated a glycofused tricyclic 
scaffold2 possessing the structural requirements essential the binding. This tricyclic compound 
has improved chemical stability and water solubility with respect to tetracycline, and the ductile 
structure allow easy lead optimisation.  
The ability of these compounds to bind Aβ oligomers was verified by STD-NMR and trNOESY 
experiments. All these compounds were able to bind Aβ peptides but their affinities were 
modulated by the functional groups present at the aromatic ring. We demonstrated  with molecular 
dynamic studies that all these molecules have the same 3D-structure and conformation, so the 
diverse affinity may be only due to the different polarity determined by the aromatic substituents. 
No influence on the binding was observed for the sugar moiety, which in fact displays only a 
minor involvement in the interaction with amyloid peptides.

Acknowledgments: This work was supported by the European Community’s FP7 programme 
under contract CP-IP 212043-2 NAD, and by  Fundação para a Ciência e Tecnologia (FCT, 
Portugal) for the PhD grant (SFRH/44888/2008), which we gratefully thank. 
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Fibroblast growth factors (FGFs) are involved in a variety of key biological processes, including 
cell replication, angiogenesis, differentiation, cell adhesion, migration and wound healing. 
FGFs exert their diverse biological actions by binding to a series of membrane tyrosine kinase 
receptors (FGFRs), being the interaction of FGF with heparin or heparan sulfate proteoglycans 
(HSPGs) required for receptor activation and initiation of biological responses. 
Based on crystal structures of the ternary complex FGF-heparin-FGFR complex, two competing 
models have been proposed, with symmetric1 and an asymmetric2 topologies, with different 
stoichiometries, and HSPG-receptor interactions. Since the contacts detected by X-ray 
crystallography may be due to crystal packing forces, it is important to validate the presence of 
these interactions in solution.
In this context, we have investigated the interaction of two biologically active heparin-like 
oligosaccharides, with the Ig2 domain of human FGFR2 and FGF1, by using multidimensional 
NMR spectroscopy and computational methods.
The present study aims to increase the understanding of the interactions between FGFR, FGF 
and heparin at the molecular level, and gain insight into the role of heparin oligosaccharides in 
the architecture of the ternary complex in solution.
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GUT ANTI-INFLAMMATORY ACTIVITY OF LENTINAN: INFLUENCE ON IL-8 
AND TNFR1 ExPRESSION IN INTESTINAL EPITHELIAL-LIkE CACO-2 CELLS
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Glucans have been known to exert immunomodulating activities. However, it is unknown 
whether glucans can modulate gut immune system. Here, we study the anti-inflammatory 
activity of lentinan (Lentinula edodes-derived β-1,3-1,6-glucan) by using an in vivo and an in 
vitro gut inflammation model. In dextran sulfate sodium (DSS)-induced colitis mouse model, 
administration of lentinan (100 mg/mouse/day) significantly improved body weight loss (P<0.05), 
shortening of colon length (P<0.05), and histological score of the colon (P<0.01). In addition, the 
treatment of lentinan improved the aberrant mRNA expression of pro-inflammatory cytokines 
such as IFN-g (P<0.01) and IL-1β (P<0.05) in inflamed tissue. To investigate the mechanism 
of anti-inflammatory activity of lentinan in vivo, the co-culture system, consisting Caco-2 cells 
(apical side) and RAW264.7 cells stimulated by LPS (basolateral side), was used. Lentinan exerted 
an inhibitory effect on the IL-8 mRNA expression in Caco-2 cells (P<0.01) without reduction 
of the TNF-a production from RAW264.7 cells. In this system, no lentinan was detected in 
the basolateral supernatant. Lentinan also suppressed the translocation of NF-κB, which is 
known to be a transcription factor for the IL-8 gene expression, into the nucleus of Caco-2 cells 
(P<0.05). Immunofluorescent analysis showed that TNFR1 on the basolateral side of the cells 
was remarkably decreased by lentinan treatment while it was uniformly distributed from apical 
to basolateral side without lentinan. The alteration of TNFR1 distribution by lentinan treatment 
was inhibited by incubation on ice. In summary, these results suggest that lentinan exhibites 
gut anti-inflammatory activity through inhibition of IL-8 mRNA expression associated with 
the inhibition of NF-κB nuclear translocation which is triggered by TNFR1 internaization in 
inestinal epithelial cells.
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THE ZEBRAFISH (danio rerio) GALECTIN REPERTOIRE: 
MULTIPLE TANDEM-REPEAT TYPE GALECTINS WITH DISTINCT 
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Galectins, a family of ß-galactoside-binding proteins, participate in a variety of biological 
processes, such as early development, immune regulation, and tumor evasion. However, the 
detailed mechanisms of their biological roles are not yet fully understood. In recent years, the 
use of zebrafish (Danio rerio) for the elucidation of biological roles of galectins in embryogenesis 
and innate immunity has expanded dramatically. All three major galectin types described in 
mammals, “proto”, “chimera”, and “tandem-repeat”, are present in zebrafish, and phylogenetic 
topologies confirm the expected clustering with their mammalian orthologues. In mammals, 
tandem-repeat galectins are defined as those in which two CRDs are joined by a functional linker 
peptide, and include galectin-4, -6, -8, -9, and -12. We previously characterized three proto-
type, one chimera, and one tandem-repeat (galectin-9-like; Drgal9-L1) galectins in zebrafish. 
In this study we identified additional galectin-9-like proteins of distinct domain organization. 
Interestingly, these newly identified zebrafish galectins and the previously described Drgal9-L1 
are clustered in chromosome 15, which is syntenic with the human chromosome 17. The 
authenticity, chromosomal location, and expression of the galectin-9-like genes were verified by 
various molecular procedures [Supported by grants 1R01GM070589-01 and 5R01GM070589-06 
from the National Institutes of Health to G.R.V.].
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Dendritic cell (DC)-specific intercellular adhesion molecule-3-grabbing nonintegrin (DC-
SIGN) is one of the major C-type lectins expressed on myeloid DCs in lymphoid tissues, such 
as lymph nodes, tonsils and spleen, and IL-4/GM-CSF-treated monocyte-derived immature 
DCs (MoDCs). DC-SIGN functions as an adhesion receptor and mediates the binding and 
internalization of pathogens such as viruses (HIV and HCV), bacteria (Mycobacterium), fungi, 
and parasites. DC-SIGN specifically recognizes glycoconjugates containing mannose and fucose 
on many pathogens  and shows high affinity with nonsialylated Lewis epitope (Lea/Leb/Lex/Ley) 
structures in a Ca2+-dependent manner. 
Recently, we and the other group have reported that DC-SIGN recognizes human colorectal 
carcinoma cells through carcinoembryonic antigen (CEA). However, DC-SIGN ligands on 
colorectal carcinoma cells have not been fully characterized yet. In this study, we demonstrated 
that immature MoDCs adhere to COLO205 cells, a human colorectal carcinoma cells, although 
MoDCs and COLO205 cells did not aggulutinate by themselves, respectively. These cell-cell 
adhesions between MoDCs and COLO205 were blocked by anti-DC-SIGN antibody, indicating 
that DC-SIGN is involved in the interactions. We then identified Mac-2 binding protein (Mac-
2BP) expressed on COLO205 cells as a novel ligand for DC-SIGN. We showed that Lewis glycans 
were expressed on colon carcinoma-derived Mac-2BP and that a1-3, 4-fucose moieties of the 
Lewis glycans were important for the interaction with DC-SIGN. 
Furthermore, we revealed that DC-SIGN-dependent cellular interactions between immature 
MoDCs and colorectal carcinoma cells significantly inhibited MoDC functional maturation. 
Our results suggest that Mac-2BP may provide a tolerogenic microenvironment for colorectal 
carcinoma cells through DC-SIGN-dependent recognition.
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a-Glycosyl phosphate derivatives are widely known as constituents of biomolecules. They have 
repeating units of phosphoglycans, many of which are considered to be important factors in 
several biophenomena. Therefore, in order to clarify biomechanisms of them and apply to the 
drug development, an efficient method to obtain such biomolecules is required. In this study, 
we aim to a stereoselective synthesis of a-glycosyl phosphate derivatives. Furthermore, we 
represent a new approach to the stereoselective modification of the intersugar phosphorus 
atom, intended the creation of new a-glycosyl phosphate analogs with properties differing from 
natural biomolecules. 
Oxazaphospholidine derivatives are known as an efficient chiral auxiliary to synthesize 
stereoregulated P-modified biomolecules.1 We examined three strategies (Route A,2 B,2 and C1 
in Figure 1) to synthesize several a-glycosyl 1-O-oxazaphospholidine derivatives as monomer 
units. Among them, the reaction of sugar derivatives bearing a free anomeric hydroxy group 
with 2-chloro-1,3,2-oxazaphospholidine derivatives gave the monomer units exclusively in high 
stereoselectivity. Using these oxazaphospholidine monomers, we achieved highly-stereoselective 
synthesis of a-(Rp)- and a-(Sp)-glycosyl phosphorothioate derivatives. 
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Figure 1  Strategies of synthesis via the oxazaphospholidine approach.
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Due to their modified expression- and glycosylation profile, malignant cells show a 
characteristically altered glycosylation pattern. For example, the Thomsen-Friedenreich (TF) 
saccharide is a human tumor-associated carbohydrate antigen that is rarely found in normal 
tissue.1 Over the years, many approaches to direct a specific and effective immune response 
towards this antigen by virtue of anticancer vaccines have been reported and the TF antigen has 
been used as a diagnostic marker for preclinical tumor detection.2 A major obstacle associated 
with the development of carbohydrate-based cancer vaccines is the rapid in vivo degradation 
of the glycosidic bonds which will affect antigen presentation and specificity by loss of essential 
saccharide recognition elements. An interesting approach to circumvent hydrolytic degradation 
relies inter alia on the use of deoxyfluoro antigen mimetics.3 Therefore, improved syntheses 
towards the preparation of fluorinated analogs of the TF antigen as well as its precursor TN 
antigen (aGalNAc-O-Thr) will be presented. The corresponding fluorinated glycosyl amino 
acids are interesting building blocks for the solid phase peptide synthesis of structurally modified 
MUC1 glycopeptide vaccines.
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Bis(oxazoline) ligands are one of the most successful classes of chiral inductors for metal-
catalysed asymmetric reactions.1 We have introduced carbohydrate-based bis(oxazolines) 12 and 
found a strong impact of steric demand as well as electronic properties of the 3-O-substituents 
and the pyranose conformation on the enantioselectivity of asymmetric cyclopropanation 
reactions.3 In addition, we have prepared 3-O-R alloBox derivates 2 to investigate the infl uence 
of the confi guration at pyranose position 3.4 As a result of these studies we obtained optimised 
ligand 3-O-formyl glucoBox (1, R = formyl) leading to selectivities up to 95%ee.4

Aft er the successful application of ligand 3-O-formyl glucoBox in the stereoselective synthesis of 
the natural product grenadamide,4b we are currently studying carbohydrate-based bis(oxazolines) 
1 and 2 in the asymmetric cyclopropanation of N-protected indoles 3, where we have achieved 
fi rst promising results. Even though there is literature precedence for racemic cyclopropanations 
of these substrates5 as yet there are surprisingly no reports on an asymmetric version of this 
reaction.
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sp2-IMINOSUGAR-TYPE o-, s- AND n-DISACCARIDE MIMICS: 
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Th e orbital (negative hyperconjugation) contribution to the generalized anomeric eff ect is highly 
increased in bicyclic glycomimetics with a pseudoamide-type endocyclic nitrogen atom (sp2-
iminosugars),1 which has been exploited for the stereoselective synthesis of confi gurationally 
stable a-linked O, S- and N-glycoside mimics. Interestingly, these type of derivatives behave as 
aglycon-sensitive glycosidase inhibitors. Th e concept has been applied to the design of selective 
inhibitors of the neutral a-glycosidases of the endoplasmic reticulum that exhibited remarkable 
antiproliferative activity in breast cancer MCF-7 cells.2 We have now synthesized O, S- and N- 
disaccharide heteroanalogues of the natural disaccharides maltose and isomaltose and evaluated 
their glycosidase inhibitory activity against a series of glycosidases.3 Striking diff erences were 
observed as a function of the nature of the glycosidic heteroatom. An NMR and computational 
analysis reveals signifi cant diff erences in the conformational behaviour within each series that 
are probably at the origin of the observed results.
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CONCISE SYNTHESIS OF PROTECTED MONOSACCHARIDE UNITS USING 
FLUOROUS METHOD
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osumi@noguchi.or.jp

Since fluorous chemistry was first reported by Horváth and Rábai,1 who used a fluorous biphasic 
system, it has been applied in various fields. For example, Curran and co-workers described a 
fluorous synthesis that is suitable as a strategic alternative to solid-phase synthesis.2 This strategy 
is very efficient because, alike the case for the solid-phase method, it does not inevitably resort 
to chromatography. Recently, we have also achieved the efficient synthesis of oligosaccharides 
through the use of various fluorous tags.3 However, this improvement in efficiency is limited to 
the glycosylation steps. Monosaccharide units are still prepared by classical organic synthesis, 
requiring many steps and much labor. In this study, we describe the efficient synthesis of protected 
monosaccharide units by the use of fluorous methods.4 Further, we describe the synthesis of 
a monosaccharide unit using the combination of fluorous chemistry and a microreactor as a 
single system.5
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THE USE OF SIALYLGLYCOPEPTIDE FROM HEN’S EGG YOLk 
IN A LECTIN-BINDING ASSAY
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Sialylglycopeptide (SGP) is a naturally abundant N-glycan isolated from hen’s egg yolk.1 
The Neu5Ac(a2-6)Gal residue of SGP is known to bind with type-A human influenza virus 
hemagglutinin.2 To develop a convenient tool for monitoring oligosaccharide-lectin interactions, 
we studied the use of SGP as a ligand in a lectin-binding assay. SGP was immobilized on microtiter 
plates (ImmobilizerTM Amino, Nalge Nunc Int., NY) through lysine amino groups of SGP. The 
physical condition of SGP on the microtiter plates was estimated by performing binding studies 
both with Sambucus sieboldiana (SSA) and Maackia amurensis (MAM) lectins. The immobilized 
SGP was selectively recognized by SSA lectin with specificity for the Neu5Ac(a2-6)Gal/GalNAc 
sequence, but not by MAM lectin with specificity for the Neu5Ac(a2-3)Gal(β1-4)GlcNAc 
sequence. The association constant (Ka) between SGP and SSA lectin of 1.1×106 M-1 was obtained 
by using this binding assay. The value is similar to the Ka value of 2.5±0.4×107 M-1 obtained 
for SSA lectin binding to the Neu5Ac(a2-6)Gal sequence in an oligosaccharide derived from 
SGP by using a quartz-crystal microbalance assay.3 The immobilized SGP also interacted with 
recombinant human influenza A virus hemagglutinin H1N5 protein. This interaction showed 
a significant difference compared with the results of control experiments performed using the 
same procedure but without the protein.
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SYNTHESIS OF A TRISACCHARIDE PROBE AS A PUTATIVE VIRUS RECEPTOR 

Gyorgyi Osztrovszky1,2, Mark von Itzstein2
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Dengue fever is caused by Dengue virus (DENV), an old mosquito-borne flavivirus. Mammalian 
host cell infection by DENV is mediated by the envelope glycoprotein (EGP) which covers all the 
exposed surface of the mature virus particle and is comprised of three exposed protein domains 
(DI, DII and DIII) as well as a transmembrane anchor. A previous study has reported that the 
tetrasaccharide Galβ1-4GlcNAcβ1-3Galβ1-4Glcβ (Lacto-N-neotetraose, nLc4) shows effective 
inhibition of the mammalian cell infection of DENV.
We have had a growing interest in the identification of putative receptors for DENV and required 
the synthesis of a range of nLc4-related glycan structures that we felt would be of interest in 
further biological studies.
To this end we have investigated several approaches towards the synthesis of such trisaccharides 
that involved various protecting group manipulations. We found suitable conditions that led to 
the coupling of 1 glycosyl donor and 2 glycosyl acceptor affording the protected trisaccharide 
(3) efficiently, from which the desired final compound (4) can be synthesized. The prepared 
trisaccharide is now under biological investigation.
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MECHANISM OF MACROPHAGE STIMULATION BY FUCOIDAN 
FROM SPOROPHYLLS OF undaria Pinnatifida
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Recently, virus infectious diseases have increasingly become serious problems. We have reported 
that fucoidan from sporophylls of Undaria pinnatidida possesses antiviral effects in vitro and 
in vivo.1,2)  Those mechanisms were suggested to be direct antiviral effects and host-mediated 
mechanism such as stimulation of host immune function. In particular, macrophages are key 
participants of pathogen recognition and induction of innate immune responses. Thus, we 
examined the mechanisms of macrophage stimulation by the fucoidan.
  The polysaccharides induced NO production by RAW264.7 cells in a dose-dependent manner.  
In addition, the fucoidan also induced the expression of cytokine mRNAs including TNF-a, 
IL-1β, IL-6, and INF- a. The stimulatory effects of the fucoidan on NO production were 
inhibited in the presence of various signal transduction inhibitors including SP600125 (JNK/
SAPK inhibitor), AG490 (JAK inhibitor), MG132 (inhibitor of IκB degradation), budenoside 
(NF-κB inhibitor) and geldanamycin (HSP90 inhibitor). Therefore, it was suggested that NF-kB 
was concerned with the activation of macrophages by fucoidan. On the other hands, scavenger 
receptor A was also suggested to involve the activation of the cells since the geldanamycin 
suppressed NO production.
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SYNTHESIS AND ANTICANCER ACTIVITY OF LUPANE-TYPE SAPONINS
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Saponins are a large family of steroid or triterpenoid glycosides, widely distributed in plants 
and in some marine organisms, in which hydrophilic mono- or oligosaccharides are attached 
to a hydrophobic sapogenin backbone.1 They posses promising biological and pharmaceutical 
properties, including antitumor, antiviral, antifungal and antiinflamatory activities.2 Lupeol (1), 
betulin (2) and betulinic acid (3) are found in many plant species, especially they are highly 
abundant components of outer birch bark. Some derivatives of compounds 1-3 showed high 
anti-HIV activity, as well as significant cytotoxicity and anti-tumor properties. Although betulin 
and lupeol themselves are usually inactive, betulinic acid was found to be selectively cytotoxic 
against several cancer cell lines.3 In this communication, we will present our results on the 
synthesis and anticancer activity of mono- and trisaccharide derivatives of lupeol, betulin and 
betulinic acid.4
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Glycosaminoglycans (GAGs) are a group of structurally related polysaccharides found as the 
carbohydrate moieties of proteoglycans and sometimes as free polysaccharides. They are widely 
distributed throughout the animal kingdom1. GAGs are usually isolated from animal tissues, 
e.g. pharmaceutical grade heparin is derived from mucosal tissues of slaughtered meat animals, 
porcine intestines or bovine lungs2. During the past decade there has been an increased interest 
in analysing sulfated polysaccharides from marine organisms, such as fucosylated chondroitin 
sulphates from Echinoderms 3, due to their unique structures and properties. 
Here we report a structure of an oversulfated dermatan sulfate, I, isolated from a sea squirt, as 
determined by a combination of 2D HSQC, 2D HSQC-TOCSY, 2D HMBC and 2D HSQC-
NOESY. This polysaccharide has significant anti-inflammatory, but not anticoagulant properties 
and is resistant to enzymatic depolymerisation. In order to prepare low molecular fragments 
of I, free radical depolymerisation was used. Such fragments are of interest as potential active 
compounds but can also help during the structure elucidation process. However, radical 
depolymerisation generates heterogeneous samples. In order to better understand this procedure 
we have analyzed, using NMR, the products of the free radical depolymerisation of porcine 
dermatan sulfate.

References  
1. Cássaro CM, Dietrich CP. Distribution of sulfated mucopolysaccharides in invertebrates. J 

Biol Chem. Apr 1977;252(7):2254-2261.
2. Linhardt RJ, Gunay NS. Production and chemical processing of low molecular weight 

heparins. Semin Thromb Hemost. 1999;25 Suppl 3:5-16.
3. Mourão PA, Pereira MS, Pavão MS, et al. Structure and anticoagulant activity of a fucosylated 

chondroitin sulfate from echinoderm. Sulfated fucose branches on the polysaccharide 
account for its high anticoagulant action. J Biol Chem. Sep 1996;271(39):23973-23984.



16th European Carbohydrate Symposium

463

POSTER

PO 249
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Yonsei University, Seoul 120-749, Korea
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Glycan microarrays have received great attention as high-throughput analytic tools in studies of 
carbohydrate-mediated biological processes. Most of the methods employed to fabricate glycan 
microarrays rely on the immobilization of modified glycans on the properly derivatized surfa-
ces. This immobilization strategy requires the availability of modified glycans whose syntheses 
in many cases are time-consuming and difficult. We have developed a simple and direct im-
mobilization technique that involves a one-step, site-specific attachment of diverse unmodified 
glycans to the hydrazide-derivatized glass surface. To demonstrate the generality of this direct 
immobilization method, we examined its use for the construction of carbohydrate microarrays 
containing a variety of glycans. The results of protein and cell-binding experiments indicate 
that the glycan microarrays, prepared by using this methodology, are applicable to the rapid 
evaluation of glycan-mediated biomolecular interactions and the determination of quantitative 
binding affinities between carbohydrates and proteins.
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Microarray technologies have received considerable attention owing to the fact that they 
serve as powerful tools for the high-throughput analysis of biomolecular interactions and the 
identification of bioactive substances that bind to biomolecules. Most of the current methods 
used to construct microarrays rely on the immobilization of substances on properly derivatized 
surfaces. Among various functional groups used for this purpose, the N-hydroxysuccinimide 
(NHS) ester group has been largely employed because it can be readily reacted with amine or 
hydrazide functionalities in substances of interest. However, the NHS ester group is usually 
introduced onto the surface of a glass slide by employing inconvenient and time-consuming 
multistep processes. In recent studies, we have developed an efficient, single step method for 
derivatization of glass surfaces with NHS ester groups that takes advantage of an acid-mediated 
reaction of NHS ester functionalized dimethallylsilanes with silanols on the glass surface. 
Conditions for the surface modification procedure that utilize TfOH rather than Sc(OTf)3 were 
found to be superior. Protein and RNA-binding experiments show that glass surfaces modified 
by employing this method are suitable for efficient immobilization of various substances that are 
appended by amine, hydrazide, and alcohol functionalities. The microarrays, generated in this 
way, are applicable to procedures for rapid analysis of protein−protein, protein−glycan, protein−
small molecule, and peptide−RNA interactions, as well as for profiling enzyme activities. 
The newly developed acid-mediated, glass surface modification method should be generally 
applicable to the preparation of various functional group-modified surfaces.
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SYNTHESIS OF A TRISACCHARIDE FRAGMENT OF THE 
OUTER CORE REGION OF THE 

burkholderia cepacia pv. vietnamiensis LIPOOLIGOSACCHARIDE
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Burkholderia cepacia complex (Bcc) comprehends diverse Burkholderia species, each characterized 
from being an opportunistic pathogen in patients with cystic fibrosis. Since Bcc is inherently 
resistant to antibiotic treatment, the development of convenient vaccines represents a desirable 
resource for the therapeutic approach. The preparation of synthetic glycoconjugate vaccines, 
where an oligosaccharide hapten is linked to an immunogenic protein, attracts more and more 
efforts for the treatment of several human pathologies.1 Due to the high number of pathogenic Bcc 
bacterial strains, usually exposing different saccharide structures on their cell surface, the choice 
of the oligosaccharide hapten is rather large. On the basis of recent literature data,2 an epitope 
possessing the general structure Sug-(1→3)-a-D-GalNAc(1→3)-β-D-GalNAc was identified to 
be exposed on the cell surface of several Bcc species, as outer core region of lipooligosaccharides 
(LOSs) or repeating unit of O-chain of lipopolysaccharides (LPSs). Therefore, this epitope could 
be identified as a good hapten candidate for the development of a glycoconjugate to be tested as 
a vaccine against a broad range of Bcc pathogens. In this communication the focus is on the first 
synthesis of the trisaccharide fragment of the outer core region of the Burkholderia cepacia pv. 
vietnamiensis LOS. The trisaccharide was designed with a β-allyl aglycone, that could be further 
manipulated for conjugation with an immunogenic protein. The optimization of the conditions 
for the key glycosylation steps in terms of yield and stereoselectivity will be discussed.
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A particular area of interest in glycomimetics is that of pseudosaccharides, which are 
oligosaccharides whose acid-labile glycosidic bonds have been substituted with non-acetal 
linkages. Among these, urea-linked oligomers emerged because of the high chemical and 
biological potential of urea moieties, as well as their capability to self-assemble into highly ordered 
supramolecular architectures. Several methods have been documented to obtain urea-linked 
pseudosaccharides.1 In this communication, we report a novel procedure aff ording symmetrical 
urea-linked aminosugar 2,2’-dimers through a modifi cation of the known2 oxazolidinone ring 
closure reaction from a 2,3-aminoalcohol. A detailed study of the parameters infl uencing the 
dimerization process was conducted. Th e obtained dimers were demonstrated to be versatile 
building blocks for the synthesis of higher linear and cyclic pseudosaccharides3 as well as to 
design a family of self-assembling derivatives with potential properties as low molecular weight 
organogelators.
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Plants glycoproteins are essential components of growth, development, pathogen interactions, 
stress responses and cell wall integrity. However, the variety and importance of roles carried out 
by glycosylated proteins are relatively poorly understood compared to yeast and mammalian 
systems. Manipulation of biosynthetic pathways in plants is likely to be important in the 
development of future engineered crops, and will require detailed knowledge of processes such 
as feedback signalling and trafficking, in which glycosylation will no doubt prove to be essential. 
The plant Golgi apparatus is enriched in glycoproteins in transit to their final, functionally 
active destinations. Recently we have a developed a method for the preparation of high-purity 
Arabidopsis thaliana Golgi vesicles and proteomic characterisation by mass spectrometry. 
However, peptides carrying large side chains are less easily detected by mass spectrometry 
than non-glycosylated peptides, so identification of glycosylation sites are excluded from these 
analyses. Consequently, we are developing a strategy by which we compare proteomic analysis 
of purified plant Golgi vesicles before and after chemical degylcosylation using TFMS, in an 
effort to identify modified peptides and sites of glycosylation. 
Complementary to the mass spectrometric analysis, we are developing software tools 
(ModHunter) that allow the mapping of potential post-translational modifications in Arabidopsis 
thaliana proteins. Employing the array of existing mass spectrometric data, single nucleotide 
polymorphisms (SNPs) from natural variants of Arabidopsis in combination with other 
bioinformatics techniques we hope to predict protein regions that are likely sites of modification, 
and validate potential carbohydrate laden peptides from the experiments outlined above.
High-throughput, systems biology approaches to plant protein glycosylation such as this will 
play a vital role in expanding this area of knowledge. 
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The Eastern Oyster (Crassostrea virginica) is a resident mollusc off the shores of the eastern 
coast of the United States and was formerly of great commercial value – however, a number 
of factors such as over-harvesting, pollution and disease have devastated stocks. One of these 
diseases is Dermo disease caused by the protozoan Perkinsus marinus, which degrades a major 
plasma defence protein in the oyster (so-called dominin) and is taken up by the major immune 
cells (haemocytes) in the haemolymph via a galectin-dependent system. In order to examine 
the glycomic potential of the host organism, the N-glycans were released from glycopeptides 
prepared from both the plasma and haemocytes. Normal-phase HPLC analysis in combination 
with MALDI-TOF MS suggested the presence of two major subsets of glycans with those of 
earlier retention time showing mass differences, as compared to those of later retention time, 
of m/z 80 or 102. Selected fractions were subject to exoglycosidase digestions and MS/MS – the 
data were compatible with ‘blocking’ of antennal galactose residues by sulphation of the earlier-
eluting glycans. Furthermore, some of the galactose residues were modified by methylated and 
non-methylated a-N-acetylgalactosamine. Some of core and peripheral N-acetylglucosamine 
residues were fucosylated; in the haemocytes, there is also evidence of core difucosylation of 
a subset of N-glycans as well as some oligomannosidic forms. In summary, the Eastern Oyster 
expresses a range of apparently novel N-glycans, with sulphate, GalNAc and fucose residues, on 
its plasma and haemocyte proteins.
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Nocardiosis is a localized or disseminated infection caused by actinomycete Nocardia spp. 
that affects both normal and immunocompromised patients. Nocardiosis is considered as 
not frequent diseases in humans, where a classical pathology is sporadically described. The 
true incidence of Nocardia infections is always poorly documented because of difficulties in 
identifying the bacteria. It was estimated that 150 to 250 new cases of nocardiosis occur each 
year in France, and 90-140 cases in Italy every year 1,2.
Nocardia cyriacigeorgica taxon was described in 20013 and up to now, the number of the case 
reports has been increasing 4,5. These microorganisms cause opportunistic infections relatively 
often, but their proper classification is difficult and they may be mistaken with other similar 
taxa.
Lipid compounds of the nocardial cell envelope are useful taxonomic markers: mycolic acids 
and polar lipids, mainly glycolipids and phospholipids. This work is dedicated for structural 
investigation of glycolipids from N. cyriacigeorgica.
Polar lipids were isolated by chloroform-methanol extraction and subsequently purified using 
chromatographic methods. Structural studies were carried out utilizing chemical analysis, GLC-
MS and MALDI-TOF. 
In N. cyriacigeorgica cells two major glycophospholipids were found, these compounds are 
also present in other representatives of Nocardia genus studied. Major glycolipids were found 
to be a phosphatidylinositolmannosides, which differed in number of mannose residues. The 
distribution of the fatty acids was similar in both glycolipids, they contained hexadecanoic acids, 
octadecanoic acids and tuberculostearic acids. 
In ELISA tests weak cross-reactivity of both glycolipids with rabbit sera against different Nocardia 
species was observed. 
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Non-sugar substituents are frequently localized in the natural bacterial structures e.g. in 
peptidoglycans, lipoteichoic acids and particularly in lipopolysaccharides (LPS).1-2 Their 
biological importance has not been explained sufficiently. Structural and functional studies 
under them are complicated because of their lability. The glycine epitope presented in these 
structures could play an important role in the immunological response after bacterial infections 
occurred during sepsis or septic shock. Modified thioglycosides conjugated with glycine residue 
could be used for broadly reactive antibodies production which would be able to neutralize 
endotoxin biological activity. The biological properties of this antigen would be helpful in 
vaccines construction against bacterial sepsis induced by different bacterial strains which are the 
most frequently isolated organisms responsible for severe sepsis. Sepsis leads to multiple organs 
dysfunction syndrome (MODS), acute respiratory distress syndrome (ARDS) and mostly to 
death.
We prepared 5-amino-2-pyridyl 1-thioglycosides derivatives of monosugars such as D-glucose 
and D-galactose as well as disaccharides: melibiose, lactose and maltose according earlier 
published procedure.3-4 These 1-thioglycosides were acylated with N-acetylglycine. Obtained 
compounds containing glycine epitope should be introduced to therapeutics as potential 
vaccines  against pathological bacterial strains contributed to sepsis propagation. 
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Glycoconjugates play a fundamental role in many important biological processes.1 Enzymes 
responsible for creating the glycosidic bonds in nature belong to the family of glycosyltransferases 
(GTs). Studies of control of glycosyltransferases activity are interesting and evolving course of 
action. Inhibition of these enzyme leads to the modulation of oligosaccharide biosynthesis and 
enables us to study their biological functions. Some of such inhibitors might be of therapeutic 
interest. Glycosyltransferases inhibitors designing is generally based on analogies between the 
three different moieties composing GTs natural substrates in which the diphosphate linkage 
plays a key role in most GTs activities.2
We prepared a wide range of GTs natural substrates analogues using aryl and heteroaryl 
1-thioglycosides as glycosyl units connected to uridine by amide bond with or without a 
spacer. We also synthesized compounds in which various protected 5’-uridine derivatives were 
connected to 1-thiosugars with thiophosphoesters fragment. We believe that the presence of 
sulfur atom instead of glycosidic oxygen atom increases the stability of sugar-aglycon linkage 
against enzymatic cleavage.3 In this way we obtained several uridine derivatives containing 
different types of diphosphate mimic linkers. Studies of biological properties of these compounds 
revealed that some of them exhibited antiviral activity against classical swine fever virus 
(CSFV).4 We also tested biological activity of presented glycoconjugates paying special attention 
to possibility of 1,4-β-galactosyltransferase inhibition. 
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Glycosyltransferases are enzymes involved in the biosynthesis of glycoconjugates and modulation 
of their activity by efficient inhibitors is of great importance [1].
The majority of glycosyltransferases utilise donors containing uridine diphosphate leaving 
group (UDP). UDP-sugars are known to bind to the active site of the enzyme by coordination to 
divalent metal ion through pyrophosphate group. The aim of our study was the synthesis of C-5 
substituted uridine derivatives with potential ability for coordination to M2+. These compounds 
could be recognized by glycosyltransferases and act as inhibitors.
In order to construct target compounds: 1 and 2 selectively protected uridine derivatives 
were coupled with appropriate aromatic systems. Compounds in series 1 were synthesised 
using protected salicyl chlorides while compound 2 was synthesised from 2-bromo-2’-
hydroxyacetophenone. Synthetic details will be presented.
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Many biological effects of the wild strawberry (Fragaria vesca L., Rosaceae family) fruits 
consumption have been documented, mostly attributed to the phenolic compounds, such as 
an increase of the serum antioxidant capacity in humans 1, anti-carcinogenic activity 2,3, anti-
thrombotic effects 4, etc. However, strawberry leaves, as a source of bioactive compounds with 
potentially beneficial biological effects, have been largely overlooked by researchers. Apart 
from reports on the use of wild strawberry leaves in traditional medicine as an aqueous extract 
for the treatment of several diseases 5, scientific reports of its effects on biological systems are 
lacking. 
The aim of presented researches was to isolate polysaccharide-polyphenolic complexes from 
dried leaves of Fragaria vesca, suspected to have an anticoagulant activity on human blood plasma 
in vitro. The research was focused on modification of the method of isolation 6, with a view to 
optimizing the process of obtaining the most optimal anticoagulant active compounds from the 
plant material. To determine in the polysaccharide part the carbohydrates, uronic acids also, and 
the amount of phenolic rests in the polyphenolic part of this conjugate, the colorimetric methods 
were used. The amounts of neutral monosaccharides as borohydrate-reduced alditol acetates 
were estimated by GLC-MS method. The anticoagulant activity of separated glucoconjugates, 
were tested in vitro on human blood plasma with aPTT test, PT test and TT test.
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Glycosylation chemistry is dependent on the reactivity of the glycosyl donor, which has been 
well studied over the last decades.1 Th e reactivity of the acceptor, however, has gained much 
less attention, but can be decisive for a successful glycosylation. In order to investigate this 
aminosugars containing the amino functionality in each of the four possible non-anomeric 
positions with a and β gluco, a-galacto or a-manno stereo chemistry, were synthesized and 
their pKa values determined by titration. Th e model compounds were chosen aft er being the 
amino-derivatives of the most common glycosyl acceptors. Th rough this systematic study it was 
possible to get a picture of the electron density at each of the given positions by comparing them 
in between by their pKa values. 

By looking at 32 diff erent amino-sugars and sugars2 some general statements arose: the order of 
basicity and hence nucleophilicity of the corresponding hydroxyl group is 6>3>2>4 (referring 
to the position). Th e basicity is general increasing when one or more substituents on the sugar 
ring are axial. Th e acidity is increasing when the amine is anti-periplanar to an oxygen. Th ese 
fi ndings are in agreement with the observations obtained from glycosylation chemistry and 
regioselective protection of sugars. 
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Escherichia coli is the predominant species in the human intestinal microflora but can cause 
diarrhoeal diseases and includes several pathogenic forms. E. coli strains are classified by a 
combination of the O-, H-, and sometimes K-antigens. Currently, E. coli typing scheme contains 
171 O-antigen forms, their differences being almost entirely due to variations in the O-antigen 
gene cluster. Expression of only one O-antigen form and the variation may offer to various 
clones a selective advantage in the niche occupied. Structures of about one third of the E. coli 
O-antigens remain unknown. In this work, we established the O-antigen structures of three E. 
coli O-serogroups:

A new unique structure was established for the E. coli O180 antigen containing rarely occurring 
2,3-diacetamido-2,3-dideoxy-d-mannuronic acid (d-ManNAc3NAcA). The O-antigen 
structures of E. coli O69 and O158 have been reported earlier (see http://www.casper.organ.
su.se/ECODAB/) but their O-antigen gene clusters sequenced by us did not correspond with 
the published structures. A reinvestigation revealed new structures of both O-antigens, which 
were in agreement with the gene clusters. They differed from the reported structures in the 
presence of an additional residue of 2-acetamido-4-O-[(R)-1-carboxyethyl]-2-deoxy-d-glucose 
(d-GlcNAc4lac) in the O69 repeating unit and in composition and structure of the O158 
repeating unit. 
This work was supported by the Russian Foundation for Basic Research (Projects No. 11-04-
01020 and 11-04-91173-NNSF).
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Salmonella serovars are one of the leading causes of food-borne illness outbreaks. Except for 
S. bongori, they are classified into a single species, S. enterica. The O-antigen (OAg) on the 
outer membrane of Gram-negative bacteria appears to be the major target of the host immune 
system and bacteriophages and is important for bacterial virulence and niche adaptation. The 
OAg diversity is mainly due to variations in the OAg gene cluster and is the basis for bacterial 
O-serotyping. Currently, S. enterica strains are classified into 46 O-serogroups. 
From S. enterica OAg’s whose structures have been elucidated earlier, five OAg’s (serogroups 
O6,14, O30, O35, O48, and O50) are closely related to various Escherichia coli O-serogroups, 
whereas others possess unique structures. We established new unique OAg structures in seven 
S. enterica O-serogroups (O21, O41, O44, O53, O56, O59, and O60) and found that in 14 
more O-serogroups (O13, O16, O17, O28, O38, O42, O47, O51, O52, O55, O57, O58, O65, 
and O66), the OAg’s are identical or similar to those of E. coli O-serogroups. In addition to 
unusual OAg components already reported in S. enterica, we identified 3-formamido-3,6-
dideoxy-d-galactose (serogroup O60), N-acetyl-l-seryl (O56) and N-[(S)-3-hydroxybutanoyl]-
d-alanyl (O58) derivatives of 4-amino-4,6-dideoxy-d-glucose, and d-ribitol 5-phosphate (O47). 
Some OAg’s are modified by non-stoichiometric O-acetylation (O16, O17, O53, and O66) and 
glucosylation (O16). 
The OAg gene clusters of all S. enterica O-serogroups were sequenced, and functions of the 
genes were tentatively assigned by search in available gene databases and taking into account 
the OAg structures established. The structural relatedness in the newly discovered pairs of 
S. enterica and E. coli OAg’s was found to be due to the identity or close similarity of their OAg 
gene clusters. These findings are useful for understanding serological relationships between the 
OAg’s in the family Enterobacteriaceae and for elucidation of the evolution of their structural 
variations. 
This work was supported by the Russian Foundation for Basic Research (Projects No. 11-04-
01020 and 11-04-91173-NNSF).
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2-Alkyl glycooxazolines are widely known as highly stereoselective reagents for 1,2-trans 
glycosaminide bond formation. However, they are stable and weakly reactive and therefore are 
practically not utilized as glycosylating agents [1, 2]. Glycosyl donors with electronwithdrawing 
substituents in the second position of the pyranose cycle, e.g. with urethane ones are more reactive 
and are widely used in the present time [2]. It is likely that the intermediate, highly reactive 2-alkoxy 
glycooxazolines can form at activation of such glycosyl donors in the conditions of glycoside 
synthesis. We have synthesized some 2-alkoxy glycooxasolines by treatment of O-acetylated 
2-(alkoxycarbonylamino)-2-deoxy-D-glucopyranosyl halides with silver perchlorate in the 
presence of a base. The 1H-NMR spectra of these compounds are analogous to the spectra of 
2-alkyl glycooxasolines. 1H-NMR data corroborate of 0S2 conformation of pyranoid ring, which 
is also characteristic for 2-alkyl glycooxasolines [3].  As it turned out, the synthesized 2-alkoxy 
oxazolines 3 and 4 were reacting actively with alcohols in very mild conditions in the presence 
of catalytic quantities of symm-collidine perchlorate in DCM at r.t. But only 2-(trichloroethoxy) 
oxazoline 4 was able to react with weakly nucleophilic 2,2,2-trichloroethanol, suggesting that 
this oxazoline possesses higher reactivity. 2-(Trichloroethoxy) oxazoline 4 also reacts with 
low reactive 4-OH group of otherwise protected N-acetyl-D-glucosamine derivatives to form 
disaccharides 7 and 8 stereoselectively. 
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Akt is a proto-oncogenic serine/threonine kinase that plays a critical role in the PI3k/Akt signaling pathway. Th e 
activation and overexpression of this kinase have been verifi ed in many types of human cancers.1 Many studies 
showed how Akt plays a critical role in the development, growth and in the therapeutic resistance of various forms of 
cancer2. Th e activation of Akt occurs aft er the binding between the PH domain (pleckstrin homology) and a molecule 
of phosphatidylinositol, phosphorilated at positions 3 and 4. Current studies on Akt have been limited by the absence 
of PH domain-specifi c inhibitors, therefore their development not only would facilitate biochemical studies but 
also allow the identifi cation of lead compounds for the development of potential antitumor drugs. Recently many 
analogues of phosphatidylinositol with favorable inhibitory activity for Akt have been synthesized,2,3 among them 
compound 24 (fi g.1), which has been currently used as the selective inhibitor of reference. Biological results suggest 
that the use of a carbonate group in C1 as a surrogate of the phosphate group does not compromise the activity and 
enhances the stability of the compound. In addition, modeling studies showed that the axial hydroxymethyl group at 
position 3 provides strong hydrogen bonding interaction with the Arg25 residue in the PH domain of Akt, resulting 
in enhanced selectivity. In this work we performed the design and synthesis of analogues of phosphatidylinositol ether 
lipid in which the inositol ring is substituted by an iminosugar ring, and the phosphate group at C1 is substituted by 
a carboxymethyl group (3-13).

Based on this rational, metabolic and chemical stability of the 
compounds can be enhanced by the presence of the carboxymethyl 
group at C1. Moreover, the nitrogen atom located in the 
iminosugar ring provided a convenient site for derivatization 
with hydrophobic substituents that could be responsible for new 
interactions between our compounds and the PH domain of Akt, 
increasing the inhibitory activity. Th e axial hydroxymethyl group 
was maintained, considered critical for selectivity. Interestingly, 
oxidation of this group provided compound 9 with an axial 
carboxyl group, that displayed the best inhibitory activity against 
Akt.
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Sepsis describes a complex clinical syndrome, that results from a systemic infl ammatory response, caused 
by a microbial infection[1]. In sepsis, Lipopolisaccharides (LPS) of Gram negative bacteria, play a central role 
triggering the infl ammatory response, characterized by an overproduction of pro-infl ammatory cytokines 
and chemokines by cells of the immune system. Bacterial LPS acts interacting with Toll-like receptors (TLRs), 
in particular with TLR4, located on the surface of immunity system cells, as dendritic cells, macrophages 
and monocytes, as well as on the membrane of enterocytes (intestinal epithelial cells). Indeed, the intestinal 
epithelium not only absorbs nutrients, but also plays a central role in host defence. Moreover, enterocytes 
are able to respond to LPS present in the intestinal lumen, producing pro-infl ammatory chemokines. 
Recent works have demonstrated that hyperactivation of immunity system is inhibited by oral ingestion 
of high dose of glucose (2.5 g/kg)[2] and much lower dose of synthetic C-glycoside 1 (25 μg/kg)[3] (Fig. 1), 
protecting 100% of mice from lethal endotoxic shock induced by intraperitoneal LPS administration. Th is 
protection was found to be mediated by sodium-dependent glucose transporter 1 (SGLT-1). Despite its 
great activity, compound 1 suff ers from a low solubility due to the formation of inactive aggregated species. 
In order to overcome this drawback our goal was to search for derivatives of compound 1 with reduced 
aggregation ability and improved water solubility.  In this contest we designed compounds 2, 3 and 4. 
Compound 2, a diastereoisomeric mixture of bicyclic derivatives of 1, thanks to the increased rigidity of the 
saccaridic scaff old, showed an improved water solubility while maintaining an anti-infl ammatory activity 
of compound 1. In order to determine the activity of each diastereoisomer, the two compounds were also 
obtained as pure compounds. Compounds 3 and 4 have been designed as pro-drug analogues of compound 
1, in which the solubility is increased through the introduction of a polyethylene glycol chain. In compound 
3 this chain is connected to the pyranose ring of the molecule through an acetal, while in compound 4 via 
an ester bond.  Both the acetal and the ester are acid labile bonds, that should release compound 1 in vivo, 
in a non-aggregated form, due to the breaking of these bonds in the gastrointestinal tract.
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Eumelanins1 are a class of natural pigments composed mainly of 5,6-dihydroxyindole units 
linked thorough 2-4′ and 2-7′ C-C bonds and responsible for the dark colorations of human 
skin and hair. Th e unique status of eumelanins among natural pigments is due to their socio-
economic and biomedical relevance, encompassing racial pigmentation, skin photoprotection, 
sun tanning and pigmentary disorders such as albinism, vitiligo, and melanoma. 1 Moreover, 
they display a quite unusual set of physicochemical properties such as broadband monotonic 
absorption in the UV-visible range and insolubility in all solvents. Th is latter issue has made 
their structural determination, and consequently the clarifi cation of the origin of their black 
colour, a rather challenging task. Very recently we have synthesized a new class of water-soluble 
eumelanins2 whose spectroscopic analysis provided some indications on the interactions 
purportedly involved in eumelanin buildup and peculiar absorption properties. Th ese polymers 
were accessed through the overall sequence shown below involving in the fi nal stage the sequential 
de-O-acetylation and oxidative polymerization of a stable precursor as 3-thiogalactosylated 
5,6-dihydroxyindole 1 (scheme). 2 

Th is eumelanin model proved to 
be a valuable tool for addressing 
the optical properties of natural 
eumelanins. Here we also extend 
the scope of this model to address 
pigment–metal ions interaction. 
Preliminary results would confi rm 
the valuable use of the water-soluble 
pigment and its variants to as a tool to 
address the sites and mode of binding 
of metal ions of biological relevance.
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IL-8 is a chemotactic cytokine that is able to trigger inflammation by recruiting and activation of 
neutrophils [1]. Strong interactions of IL-8 with negatively charged glycosaminoglycans (GAGs) 
of the extracellular matrix have been reported before [2, 3]. Here, we have studied binding of 
IL-8 to GAGs that bind IL-8 less strongly. Such weak binding is required for the development 
of artificial matrices for regenerative medicine that increase the bioavailability of endogenous 
cytokines and growth factors. Structural studies and binding measurements between IL-8 and 
the respective GAGs were done by solution NMR experiments. To this end, large amounts of 
15N-labelled IL-8 (1-77) were produced in a prokaryotic expression system. After isolation and 
purification of the protein, a 1H-15N HSQC spectrum of IL-8 was recorded, representing one 
signal for each amide in the peptide backbone. With the help of further two dimensional 1H-1H 
TOCSY and NOESY NMR experiments, full resonance assignment was achieved. To analyse 
the binding between IL-8 and the GAGs hyaluronic acid (HA), chondroitin-4-sulphate (C4S) 
and chondroitin-6-sulphate (C6S) as hexasaccharides, titration studies were done by recording 
HSQC spectra in the presence of varying GAG concentrations. Changes in the chemical shifts 
induced by ligand binding could be used to identify the interacting amino acids. The NMR 
results as well as molecular modelling have shown that rather weak interactions are found be-
tween the HA hexasaccharide and IL-8. In contrast, in the presence of C4S and C6S clear shifts 
of certain peaks could be observed. 
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The genus Halomonas belongs to the family Halomonadaceae and accommodates moderately 
halophilic/halotolerant microorganisms that generally thrive in high salt environments.1 
These bacteria have not previously been reported to be a cause of human infections. Very 
recently, 14 bacterial strains have been isolated from the blood of two patients and from the 
dialysis machines in a Renal Care Center and classified as three novel Halomonas species.2,3 
Among these, two patient isolates, strains S18214 and T49407, belonged to H. stevensii.3 The 
patients developed a bacteraemia, which, in addition to those developed in patients infected 
by Halomonas venusta4 and Halomonas phocaeensis,5 highlighted the pathogenic potential of 
the genus Halomonas. Since Gram-negative bacterial infections are closely associated with the 
presence of the lipopolysaccharides (LPSs) on their outer membrane,6 we started to investigate 
the structure of the LPS from H. stevensii.7 In this communication we report the structure of the 
core oligosaccharide. The products obtained by both mild acid and strong alkaline hydrolysis 
were purified and analysed by ESI FT-ICR MS and NMR spectroscopy. 
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Mesophilic Aeromonas are ubiquitous water-borne bacteria and pathogen of reptiles, 
amphibians and fish.1 In humans, Aeromonas hydrophila belonging to hybridization group 1 
and 3 (HG1 and HG3) and others Aeromonas strains have been associated with gastrointestinal 
and extraintestinal infection and less commonly with septicaemia in immunocompromised 
patients.2 The pathogenicity of mesophilic Aeromonas has been linked to different determinants, 
such as toxins, LPS, outer membrane proteins and flagella.3,4 The flagella structure can be 
divided in three regions: the basal body, the hook and the filament. The latter is constituted 
by multiple copies of proteins, called flagellins, that are responsible for bacteria adherence and 
colonization of the host cells. Very little is known about Aereomonas hydrophila AH1 flagellins, 
but previous results indicated the presence of two types of flagellins (FlaA and FlaB) with post 
translational modifications.5 In particular the presence of pseudaminic acid derivatives glycans 
O-linked to the flagellin of Aeromonas caviae, Campilobacter jejuni and Helicobacter pylori has 
been reported.5, 6, 7 
The flagellins from A. hydrophila AH1 was digested with trypsin and successively with 
chimotrypsin and the mixture of peptides and glycopeptides obtained were analysed by nanoLC 
Q-TOF. The characterized peptides allowed the identification of both FlaA and FlaB. The putative 
glycopeptides were analysed by LC MS-MS. These experiments allowed the identification of a 
pseudaminic acid derivative on the A. hydrophila AH1 flagellins.
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To eff ectively activate the immune system with weak immunogens (e.g., tumor-associated 
carbohydrate antigens), a multivalent arrangement of binding epitopes is of fundamental 
importance.1 A simple and robust strategy to obtain distinct functional microdomains within 
artifi cial membranes is fl uorocarbon-directed self-assembly of lipid analogs.2 Fluorocarbons 
show a high tendency to phase separation when mixing with alkyl lipids, and this allows 
compartmentalization within colloidal systems by changing the ratio between the alkylated 
and perfl uoroalkylated lipids. Recently, we initiated a study in which novel neoglycoconjugates 
with perfl uorinated and semifl uorinated amphiphilic anchors based on lysine and glutamic acid 
cores were prepared. Th e double-tailed fl uorinated amphiphiles were condensed with tumor-
associated glycopeptide fragments ranging from glycosyl dipeptides to complete 20mer tandem 
repeat sequences of MUC1. With the resulting glyco(lipo)conjugates we hope to mimic the 
natural multimeric antigen presentation on the surface of stabilized F-liposomes that could 
be used as antigen-delivery systems. In this regard, the segregation behaviour of the fl uorous 
amphiphiles was studied by Langmuir-Blodgett through and Atomic Force Microscopy (AFM).4 
Moreover, such hydrophobized antigen conjugates might prove to be valuable tools for diagnostic 
microarrays mapping the specifi city of anti-MUC1 antibodies.5
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Glyconanoparticles have gained much interest in recent years due to their high potential for 
use in glycoscience and biomedical applications.1 Herein we describe the chemical synthesis of 
α-Gal epitopes 1 and 2 and the subsequent conjugation of these epitopes to silica microparticles. 
Compounds 1 and 2 were synthesized using trichloroacetimidate donors. A UV catalyzed 
thiolene reaction of the linker to cysteamine, followed by amide coupling to di-p-nitrophenyl 
adipate produced the desired α-Gal ligands containing an activated p-nitrophenyl ester. 
Silica particles containing a fl uoroscent dye were fi rst functionalized using 3-(aminopropyl)
trimethoxysilane (APTMS) to introduce an amine residue. Th e particles were then treated 
with Fmoc-NH-PEG-NHS, deprotected and reacted with the activated ligand to give the α-Gal 
glyconanoparticles.  These particles will be used to study the ability of α-Gal carrying particles 
to induce antigen specifi c B-cell tolerance during immunological immaturity in a mouse model 
of α-Gal incompatible heart transplantation.
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β-glucans are glucose polymers linked together by a 1,3 linear β-glycosidic chain core, differing 
from each other by their length and branching configuration. The branches derived from the 
glycosidic chain core are either 1,4 or 1,6 glycosidic chains and appear to be dependent on the 
source. 
Dectin-1 [1] is a unique C-type lectin that recognizes β-glucan carbohydrates present on the 
surface of various fungi, including C. albicans. Its activation promotes microbial uptake and 
phagocytosis, but also mediates, in synergy with TLRs, the production of cytokines such as IL-
12 and TNF alfa, leading ultimately to the initiation of the adaptive immune response. For this 
reason, β-glucans – or their fragments – can be referred to as a possible class of adjuvants to 
increase the immune response to pathogens. In addition, the administration of β-glucan-derived 
compounds can help in gaining new insights on the mechanism of action of dectin-1 receptor.
Dectin-1 binds β-glucan polymers with affinities ranging from very low (3x10-3 M) to very high 
(2x10-12 M). The wide range of affinities appears to be due to the differing sizes and numbers of 
branches in β-glucans from various sources [2].
Although the interaction between Dectin-1 and β-glucans has been supposed to involve a 
conformational epitope as a high order local helix, little is known about the binding mode and 
the degree of (1-6)-branching of the glucan chain in the binding epitope. For this reason, a series 
of fragments of β-glucans, differing in the 6-O branching degree, has been synthesised. Their 
ability to bind to dectin-1 and of activating the inflammatory response will be subsequently 
tested.
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Exopolysaccharides (EPS) are high molecular weight polymers that make up a substantial 
component of the extracellular matrix surrounding most microbial cells in extreme 
environments. Due to their many interesting physicochemical and rheological properties 
with novel functionality, the microbial EPSs act as new biomaterials and find wide range of 
applications in many industrial sectors. Unlike mesophilic producers of EPSs, extremophilic 
microorganisms provide non-pathogenic products appropriate for environmental and human 
compatibility1. The Joint Project between C.N.R. and TUBITAK, “Extremophiles as Sources of 
Polysaccharides”, has provided an EPS producer bacterium, a halophilic Halomonas sp. strain 
AAD6 able to produce high levels of levan at pre-stationary phase of growth, in the presence of 
sucrose in chemical medium with yield of 1.844 g L-1 in bioreactor cultures2. Levan has many 
outstanding properties like high solubility in oil and water, good biocompatibility and film 
forming ability but its industrial use has long been hampered by costly production processes 
which usually rely on mesophilic bacteria and plants. Experiments conducted using pretreated 
sugar beet molasses and starch molasses have demonstrated that these inexpensive waste 
substrates are feasible substitutes for sucrose in media compositions. Using 30 g L-1 of pretreated 
beet molasses, a levan concentration of 12.4 g L-1 was reached3. In order to elucidate the potential 
market of this EPS, its physicochemical properties were explored: levan by Halomonas sp. 
presented a good flocculation activity comparable to commercial synthetic ones4. Moreover, its 
pseudoplastic behavior and high biocompatibility were also established.
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Most of solid waste produced by agro-alimentary industries are rich in polysaccharides which can be 
easily recovered to produce a low-cost adsorbent useful for wastewater treatment. Use of residues as 
non conventional adsorbents is economically convenient as traditional adsorbents are characterized by 
high costs which tends to limit their applications despite good performances oft en related to adsorption 
processes. Many polysaccharide-rich residues have been tested as low-cost adsorbents. Among others 
cellulose waste, sugar waste and rice ad wheat residues play primary roles for dyes and heavy metals re-
moval, and have been proved effi  cient also for cyanide and ammonia nitrogen adsorption1,2,3,4,5,6. Start-
ing from the encouraging results obtained in the past it has been carried out an experimental research 
aimed at investigating the possibility of re-using wastes coming from fi shery industry in chromium 
removal from tannery wastewater 7. Tanneries use large amount of chromium to stabilize animal hides, 
so it is not rare to fi nd, in spent tanning baths, Cr(III) concentrations reaching several thousands mil-
ligrams per liter. It follows that chromium removal from tannery wastewater represents a big priority 
for environment conservation.  For this purpose chitosan is already known to be useful due to his high 
natural abundance, low cost and high effi  ciency, as it can can be obtained by de-acetylation of chitin 
which is the main component of seafood shells, and can be easily recovered from residues of fi shery in-
dustry. Moreover fi shery waste disposal represent a big deal for many countries in the world. Th e most 
important characteristic of the present study 
is the use of the residues simply washed and 
grinded without recourse to any other pro-
cessing, and the comparison made with per-
formances obtained using more traditional 
adsorbent materials or commercial polysac-
charides. As an example of the performan-
ces obtained using simply grinded shrimp 
shell, in Figure 1 is indicated the amount of 
recovered chromium as function of time, 
using a dosage of 30 mg∙L-1. 

Figure 1: Chromium removal and pH variation as function of time 
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Flavonoids are secondary metabolites existing in plants, vegetables and fruits. They are 
molecules giving colour, having favourable health effects, and they are previously reported to 
have antioxidizing as well as antimicrobial properties. However, flavonoids have low stability 
and variable solubility in water, physico-chemistry properties that affect their use in different 
applications1.  
Extreme environments are great sources for biocatalyst discovery with potential application in 
biotechnological processes and new sustainable technologies2. In this project, two recombinantly 
expressed thermostable β-glucosidases from Thermotoga neapolitana, TnBgl1A (GH1) and 
TnBgl3B (GH3) and one glycosyl transferase AFCGT (GH57) from Archaeoglobus fulgidus 
7324 are used as biocatalysts in the biotransformation of flavonoids. These biocatalysts were 
produced and expressed in soluble form in E. coli. Protein purification was carried out using 
affinity chromatography. Based on structural studies and flavonoid docking, new rationally 
designed mutants were created. 
A novel direct 96-well screening method was used to assess mutants with increased efficiency 
in enzymatic synthesis3. Enzymatic reactions were further optimized based on water activity 
and different acceptor and donor glycosides in the case of the best mutants. The results of these 
studies will be presented, along with data on glycosidic bond formation, antioxidant stability 
and capacity at different temperatures and pHs.
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The grape stalks is a massive by-product of the wine sector and composed essentially by 
cellulose (30.3%), hemicelluloses (21.0%), tannins (15.9%), proteins (6.1%) and lignin (17.4%). 
Among hemicelluloses xylan is the most abundant contributing to 12% wt., the second been 
β-glucan (6-7%) of unknown structure [1]. The grape stalks need to be utilized according to 
environmental regulations and the present study on polysaccharide structure was a part of 
strategy towards exploitation of this underused resource. Cellulose was isolated by Kürscher and 
Höffer method and characterized by wide angle X-ray scattering (WAXS). The xylan was isolated 
from corresponding peracetic holocellulose by DMSO extraction followed by precipitation in 
ethanol [2]. The molecular weight of xylan was assessed by SEC and the structure was inferred 
by wet chemistry (methanolysis and methylation analysis) and spectroscopic (1H NMR, 1H-1H 
(TOCSY) and 1H -13C (HSQC)) techniques. X-ray analysis revealed the parameters of cellulose 
unitary cell (8.0 x 7.9 x 10.3 Ǻ), average diameter of nanofibrils (4.2 nm) and the degree of 
crystallinity (75.4%). The xylan was partially acetylated (DS=0.49) glucuronoxylan possessing of 
average molecular weight of (Mw) of ca 20 kDa and which backbone composed by (1→4)-linked 
β-D-xylopyranosyl units ramified with (1→2)-linked 4-O-methyl-a-D-glucuronosyl residues 
(MeGlcpA) at a molar ratio 1:25. The ratio of O-3:O-2 linked acetyl groups was 0.29:0.20. The 
isolated heteroxylan contained concomitant β-glucan (ca 12%), which structure was elucidated 
by methylation linkage analysis and by ESI-MSn after enzymatic hydrolysis with xylanase. The 
results obtained revealed β-glucan from grape stalks as mixed (1,3;1,4)-β-D-glucan with a molar 
ratio of (1→3)- and (1→4)-linked β-D-glucose building blocks 1:2. 
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The selection of a protective group and protection strategy are important components of synthetic 
methodology always where the chemical reaction must be carried out selectively at one reaction 
side in a multifunctional compound, than other side requires to be temporarily blocked. In 
the case of natural compound like carbohydrates, nucleosides or steroids, functional groups 
are hydroxyls and amines, which necessities regioselective protection strategies. Etherification 
is one of the most fundamental and most frequently used important reaction in synthetic 
carbohydrates chemistry1. Protection of a hydroxyl functionality as the methoxybenzyl ethers is 
preferred as a temporary protective group when neutral condition of deprotection are required. 
Additionally this type of protective group in contrast to ester, acetal and silyl protective groups, 
do not undergo unwanted migration between neighboring functional groups. The metoxybenzyl 
protection of carbohydrates was already reported in literature with application of different 
strategies and conditions. Despite that, the search for new efficient etherification method is still 
a matter of general interest2,3.
In this communication we report the novel method protection of hydroxyl and amine 
functionality with p-methoxybenzyl, 2,4-dimethoxybenzyl and 3,4-dimethoxybenzyl groups 
using methoxybenzyl N-allyl thiocarbamates as donors protective groups. These compounds 
are readily obtained from methoxybenzyl alcohols by reaction with commercially available 
N-allyl isothiocyanate4.
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The avian influenza H5N1 virus has emerged as an important pathogen, causing severe disease 
in humans and posing a pandemic threat. Substrate specificity is crucial for the virus to obtain 
the ability to spread from avian to human. Therefore, an investigation of the binding properties 
of ligands at the molecular level is important for understanding the catalytic mechanism of the 
avian influenza virus neuraminidase and for designing novel and specific inhibitors of H5N1 
neuraminidase. We have performed extended molecular dynamics studies to clarify the role 
of the loops surrounding the active site of the H5N1 neuraminidase in the binding of the two 
natural substrates, namely the 3’sialyllactoside and 6’sialyllactoside. Our results suggest different 
binding of the two substrates to the adjanced loops. Furthermore, the MD simulations have 
revealed decreased mobility of the catalytic aspartate in the case of  6’sialyllactoside complex, 
which can explain the experimentally observed preference of the H5N1 neuraminidase for the 
3’sialyllactoside.
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It is known that solvation influences the spatial arrangement of dissolved compounds as well as 
the spectral properties themselves. In our previous computational studies1 we confirmed that 
the quality of solvent representation has a substantial effect on the agreement between calcula-
ted and experimental data.
Our present computational study uses ONIOM hybrid QM/MM model, as implemented in 
Gaussian 09 software suite, to include explicit solvent molecules both into geometry optimiza-
tion and NMR, IR or optical rotation calculations. Various combinations of ONIOM layers and 
theoretical levels were tested.
Initial number of solvent molecules and their exact positions were determined using molecular 
dynamics. A new technique was elaborated for the construction of primarily non-water solvent 
boxes filled with practically any solvent or their combination with a subsequent equilibration 
and soaking the solute molecule.
Calculated vibrational frequencies in IR spectra, chemical shifts and coupling constants in NMR 
spectra and optical rotations of various, usually bicyclic, conformationally rigid, monosaccha-
ride molecules are both qualitatively and quantitatively compared with experimental data as 
well as with our previous calculated data using improved CPCM implicit solvation model in 
Gaussian 09.

Acknowledgement This work was supported by the Ministry of Education of the Czech Repu-
blic, project MSM6046137305.
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We have previously reported the large scale synthesis of human ABO(H) blood group antigens 
by growing metabolically engineered Escherichia coli strains (Randriantsoa. M, PhD thesis 
2009).  In the present study, we have extended the method to the biosynthesis of blood group 
A antigen triaose (GalNAca-3(Fuca-2)Gal) bearing an aminopropyl group at its reducing 
end (fi gure 1).  The system is based on high cell density culture of a recombinant strain 
overexpressing two heterologous glycosyltransferase genes: the Helicobacter pylori futC 
gene which encodes an a-2 fucosyltransferase and the human gtA gene which encodes an a-3 
N-acetylgalactosaminyltransferase. The culture was carried out in the presence of aminopropyl-
galactoside which was actively internalized into the cytoplasm and converted into the target 
compound. This chemically activated oligosaccharide can be used as standard building block 
to design neoglycoconjugates and construct biotechnological tools such as affi nity columns and 
glycan microarrays. 

Figure 1: Aminopropyl-blood group A triaose (GalNAca-3(Fuca-2)Gal-O-(CH2)3-NH2)
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In most Western countries, diabetic nephropathy (DN) and chronic hypertension account for 
80% of the incidence of end-stage renal disease (ESRD) cases, with diabetes being the major 
single cause. The worsening epidemic of ESRD has been identified as a major health-care socio-
economic challenge throughout the world, with an urgent need to transfer the results of basic 
research to produce effective early diagnostics and better therapeutic strategies.
In this study we aim to study weather the development of the diabetic nephropathy onset asso-
ciates with changes in the glycosylation of kidney glycoproteins with a particular focus on the 
cortical region of the organ.
Detection of differential glycosylation patterns as associated with progression of the disease 
was first carried out by the means of lectin assays on kidney cortex specimens from the well 
established in vivo rat model of Streptozotocin-induced diabetes. 
Selected lectins were further exploited in a set of affinity chromatography experiments for the 
isolation of candidate glycoproteins, whose identification was performed by LC-MS analysis. 
The data thus obtained were validated by western blot and Histochemistry and additional gly-
cobiological techniques.
This study represents the first systematic approach towards a novel understanding of the glyco-
biology of diabetic nephropathy. We demonstrated the feasibility of detecting diabetes-induced 
changes in the glycosylation patterns of the kidney by lectin assays. Furthermore, it is expected 
that these promising protein candidates will pave the way for a novel approach to the early-
stage diagnosis of diabetic nephropathy.
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The present work focuses on mass spectrometry photo-dissociation experiments used towards 
both quantitative1 and structural analysis of carbohydrates. The study relies on the straight-
forward access to carbohydrate azides directly obtained from the corresponding unprotected 
carbohydrates.2 Azido-carbohydrates were then grafted to push-pull chromophores by “click 
chemistry” to give probes which were analyzed using two different methods. A new technique 
(photo-SRM) dedicated to quantification was developed. For this purpose non-discriminating 
collision-induced dissociation (CID) mode has been replaced by a more specific photo-dis-
sociation process governed by the properties of a target molecule (using a judicious overlap 
between compound absorbing properties and the excitation wavelength of the laser beam). 
Proof of principle of photo-SRM was carried out with the tagged-sucrose molecule 1 and it was 
shown that the experiment could even be performed when diluted in whole plasma hydrolysate.
Photo-dissociation produces complementary fragmentation to CID when implemented for 
activation of model labeled carbohydrates. Analogous to photo-dissociation performed using 
UV light,3 experiments taking advantage of the efficient absorption of the visible laser beam 
of tagged-carbohydrates such as disaccharides 2 and 3 afforded structural informations on the 
glycosidic bond between the two hexoses by fragment analysis.
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Recently, it has been demonstrated that the powerful protective effect of recombinant human 
complement C1-inhibitor (rhC1-INH) in cerebral ischemia is due to its ability to inhibit the 
activation of complement lectin pathway by binding to mannose binding lectin (MBL),1 likely 
through its mannose-enriched N-terminal domain. To explore the relevance of the lectin 
pathway in cerebral ischemia we have determined if newly synthesized mannosylated mimetic 
molecules, characterized and selected for their binding to MBL, are able to prevent ischemic 
injury in mice. Multivalent carbohydrate systems are required to interact in an efficient manner 
with this receptor and compete with the natural ligands. We have previously demonstrated 
that linear pseudodi- and pseudotrisaccharides are adequate ligands for lectins that recognize 
mannose, for example, DC-SIGN.2 In this work, we show that multivalent presentations of 
these glycomimetics based on dendrons lead to very potent inhibitors of MBL and also we 
indicate that the inhibition of this protein leads to neuroprotection. The affinity of mannosylated 
molecules to MBL was measured by surface plasmon resonance (SPR). The molecule showing 
the highest affinity to MBL was administered intravenously to ischemic mice and neurological 
deficits and infarct volume were evaluated. Polyman002, a dendron exposing four copies of the 
pseudo-trisaccharide bind MBL with a KD=2.3±0.7μM and induced a significant reduction of 
neurological deficits and ischemic volume in vivo. Our findings, together with those recently 
published by Cervera et al.,3 indicate that MBL inhibition may represent a novel therapeutic 
target for stroke.
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Cyclodextrins1 (CDs) and their derivatives have good complexation abilities due to the 
rigid, cone-shaped cavity formed by a-1,4-linked d-glucopyranose units. Nowadays native 
cyclodextrins play hidden, but important role in our lives. Th ey are used in many areas e. g. food 
industry (additive permitted in food within the European Union)2 or pharmacy (drug additive 
to improve solubility, stability or masking bitter taste).3

In order to extend possibilities of utilization of cyclodextrins it is necessary to prepare their 
suitable derivatives. One way to extend this idea is to prepare monosubstituted derivatives of 
cyclodextrins. In this regard as ideal starting substrates can be considered selectively allylated, 
formylmethylated or carboxymethylated cyclodextrins in which the functional group could 
participate in further reactions. Formylmethyl or carboxymethyl derivatives could be prepared 
from allyl or cinnamyl derivatives by oxidative cleavage. Our research is focused on the 
preparation of a complete set of the above mentioned peracetylated 2I-O-, 3I-O- and 6I-O- 
derivatives of a-CD (Scheme 1).

Scheme 1. Preparation of peracetylated 2I-O-, 3I-O- and 6I-O- monosubstituted derivatives 
of a-CD.

Th is work was supported by grants No. MSM0021620857 and No. KAN 200200651.

References
1. J. Szejtli, Chem. Rev., 1998, 98, 1743-1754.
2. European Pairlament and Council Directive No 95/2/EC, 1995.
3. A. Vyas, S. Saraf, S. Saraf, J. Inclusion Phenom. Macrocyclic Chem., 2008, 62, 23-42.

	  



16th European Carbohydrate Symposium

499

POSTER

PO 285

SYNERGISTIC APPLICATION OF GLYCOSYLTRANSFERASES AND 
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Glycosphingolipids (GSLs) are acknowledged for their important functions in human health 
and disease, for instance through their roles in lipid raft organization and participation in 
signalling and pathogen engagement.  As appreciation of their non-structural roles has grown 
rapidly, so too have demands for access to homogeneous GSLs.  Enzymatic synthesis is a 
logical approach with obvious advantages over isolation and chemical synthesis. Unfortunately, 
practical considerations prevent their assembly via stepwise addition of monosaccharide units 
onto ceramide by glycosyltransferases (GTs). Here we present two methods for chemoenzymatic 
GSL synthesis.  In the first, nucleophile mutants of endoglycoceramidase II from Rhodococcus 
strain M-777 (EGCase glycosynthase)1 are used to catalyze formation of lactosyl sphingosine 
from lactosyl fluoride (LacF) and sphingosine.  Subsequent elaboration with recombinant GTs 
provides access to more complex GSLs.  In the second, LacF is elaborated to a more complex 
glycosyl fluoride via sequential GT-catalyzed monosaccharide couplings, and the oligosaccharyl 
fluoride is then transferred en bloc to sphingosine by an EGCase glycosynthase.  Glycosyl 
sphingosines obtained by either method may be converted directly to glycosyl ceramides or to 
unnatural GSLs bearing, for example, fluorescent tags.  Syntheses of ceramide pentahexoside 
(Gala1,3-Galβ1,4-GlcNAcβ1,3-Galβ1,4-Glcβ-Cer) and 3-sialylparagloboside (Neu5Aca2,3-
Galβ1,4-GlcNAcβ1,3-Galβ1,4-Glcβ-Cer) highlight the promise of this strategy. 
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WITH POTENTIAL AFFINITY TOWARDS ENTEROTOxINS
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Vibrio cholerae (CT) toxins and the closely related heat-labile toxin of Escherichia coli (LT), which 
cause diarrheal diseases, are proteins that present heterophilic binding with their receptors.1 Th ey 
belong to the bacterial AB5 holotoxin family where the B subunits are responsible for binding to 
GM1. Several glycomimetics have been described to have affi  nity towards CT and LT.2

Based on our previous results on SLeX mimetics,3 we now present the preparation and biological 
study of various S-neogalactopeptides as GM1 glycomimetics. Th e new compounds are 
within the structural models I and II. Th ey are structurally simpler and more stable than the 
natural ganglioside GM1, contain the necessary pharmacophores for their interaction with the 
enterotoxins CT and LT and have appropriate groups to generate structural diversity and for 
their assembly into multivalent structures.
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Protein-carbohydrate interactions are the basis of numerous biological processes, such as the 
attachment of bacteria, viruses (e.g. influenza) and their toxins (e.g. cholera), as the first step in 
the initiation of infection. All these events require a precise recognition of the carbohydrates by 
the binding proteins. It’s not yet fully understood how the proteins are able to distinguish even 
between very similar carbohydrates. 3D structural data are the key to this question Such data can 
be found in the Protein Data Bank (PDB), the largest resource of freely available biomolecular 
3D structures. 
The GlyVicinity software of the GLYCOSCIENCES.de web portal is dedicated to statistically 
analize the amino acids that are found in spacial vicinity of carbohydrate residues in the PDB. 
The amino acid patterns differ between different kinds of carbohydrate residues. Expectedly, 
polar residues are more frequently found than non polar ones. Aromatic amino acids, especially 
tryptophan, form a remarkable exception, as they are relatively non-polar but clearly over-
represented around carbohydrate residues. 
Applying the well known CD-HIT program to the data in order to remove redundancy, clusters 
of 70% up to 100% sequence similarity were obtained. The subsequent analysis of single 
representatives of each cluster are consistent and certainly confirm the results. This indicates that 
tryptophan residues play an important role in carbohydrate binding. Most of the interactions 
between tryptophan and carbohydrate residues can be identified as stacking interactions. 
Glyvicinity is available online at www.glycosciences.de/tools/glyvicinity/. Access to the entire 
data available in the PDB is warranted by weekly automatic updates of the data sets with 
interaction data from new PDB entries.
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DEVELOPMENT OF A NEW LIGATION METHOD
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Glycoconjugates, such as glycoproteins, play an important role in numerous biological processes. 
Understanding their function requires the investigation of their biosynthesis and distribution 
in cells. 
Here, we present the development and the application of a new metal-free ligation method 
for metabolic oligosaccharide engineering based on the Diels-Alder reaction with inverse 
electron demand (DARinv). Chemically modifi ed N-acetylmannosamine derivatives with 
dienophile moieties in the N-acyl side chain were synthesized and metabolically introduced 
into cellular glycoconjugates. Th e modifi ed glycoconjugates were subsequently labeled in living 
cells with appropriately functionalized tetrazines. We synthesized diff erent functionalized 
electron-defi cient 1,2,4,5-tetrazines and compared their suitability for cell-surface staining of 
glycoconjugates.
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This work is based on the systematic study of the physicochemical properties of nanoparticles 
formed by chitosan-tripolyphosphate (TPP) interactions amplifying former studied ranges and 
corroborating previous research on this fi eld1,2. Different conditions on nanoparticles formation 
were analysed (reactants concentrations, mass ratio and stirring time). 
The main advantages of chitosan nanoparticles are their capacity to cross biological barriers, 
to protect macromolecules (genes, proteins...) from degradation in biological media, to deliver 
drugs to a target site with following controlled release and the delivery effi cacy of their active 
principles.
Particles were prepared as previously reported by 3,4. Th ree diff erent chitosan concentrations 
(1,4-5,6 mg/mL) and fi ve TPP concentrations (from 0,2-2,7 mg/mL) were assayed. Particle size 
distribution and zeta potential (ZP) were determined using Zetasizer Nano-ZS aft er 24h and 
morphology study was carried out by FEI Quanta 200 Scanning Electronic Microscopy (SEM).
Average particle diameter was around 300nm when the concentration of chitosan and TPP was 
set at 1,4 and 0,893mg/mL respectively, at pH 4.8. Both, particles size and zeta potential increase 
with raising chitosan concentrations, while decrease with raising TPP concentrations.(See Fig.1). 
Study shows that the higher mass ratio, the bigger particle size is reached; however, tendency is 
not lineal. Concerning zeta potential (ZP), 10 is a critical mass ratio value. Stirring times seems 
not to aff ect ZP and for size, stability was only found for the described optimal concentrations.

Fig.1. Size (left ) and zeta potential (right) variation for diff erent chitosan and TPP concentra-
tions (mg/mL).
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EVALUATION OF DIFFERENT CARRIER PROTEINS FOR MENINGOCOCCAL 
A, C, W-135, AND Y CONjUGATE VACCINES
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Cristiana Balocchi, Elena Mori, Paolo Costantino
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Meningococcal disease is a sudden, severe, unpredictable and potentially fatal disease in 
otherwise healthy individuals. Five out of 13 known Neisseria meningitidis serogroups cause 
the majority of disease. The polysaccharide capsule is one of the major virulence factors of the 
meningococcus, and the bacterial-cell surface polysaccharides have long been key antigens for 
vaccines against major disease-causing meningococcal serogroups A, C, W-135 and Y (Men A, 
MenC, MenW-135, MenY). Conjugation of polysaccharides to a protein carrier has conferred 
important public health benefits; little research examines the differences between carriers [1, 2, 
3, 4].
We prepared and characterized meningococcal serogroup A, C, W-135 and Y glycoconjugates 
with CRM197, Diphtheria Toxoid (DT), Tetanus Toxoid (TT) used in licensed vaccines.
The different conjugates were tested in a mouse animal model: Balb/C mice were each 
injected subcutaneously with 2μg of MenA, and 1μg of MenC, MenW-135, and MenY with 
AlumPhosphate as adjuvant. Control animals were injected with adjuvant only. Additional 
doses were administered after 14 and 28 days. Vaccinated and control animals were bled 27 and 
42 days after the second and third conjugate injection. 
Post immunization sera were analyzed by ELISA for specific anti-polysaccharide and anti-carrier 
IgG. Functionality of the antibodies elicited against the capsular polysaccharide was assessed in 
a serum bactericidal assay using rabbit complement (rSBA).
Preliminary data showed comparable results for CRM197, TT and DT conjugates.
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AGENTS BY NMR SPECTROSCOPY
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Some β-xylopyranoside derivatives with hydrophobic aglycons have been shown to initiate 
glycosaminoglycan (GAG) synthesis in eukaryotic cells. In cancer cells some of these compounds 
initiate formation of GAG chains with antiproliferative abilities, which render good anticancer 
properties.1 It has been speculated that this potency is related to the conformational flexibility 
of the xyloside ring, which is known to appear in 4C1, 2SO and 1C4-conformations in different 
derivatives.
The conformational flexibility of a group of synthesized structures was analyzed by NMR-
spectroscopic methods in solution, relying on 3JHH-coupling constant analysis with aid from the 
PERCH software and calculations. The compounds contained different aglycons (see figure) and 
the hydroxyl groups were methylated, removed or left untouched.
The results show that the nature of the aglycon (of the ones studied) plays little or no role 
for the conformation in solution. Neither does methylation of the ring hydroxyls affect the 
conformational equilibrium. Deoxygenation, however, shifts the conformation away from the 
otherwise observed pattern.
The conformational behaviour in solvents of differing polarity as well as the link between 
conformation and biology will be presented.
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FOR THE DISCOVERY OF CARBOHYDRATE DEPOLYMERISING ENZYMES
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Depolymerising enzymes are helpful for industrial applications of polysaccharides and also 
bring a significant help in the structural elucidation of complex polysaccharides. However, very 
few of them have been described so far. A broad exploration of the natural biodiversity could 
help to the discovery of new enzymatic activities. Yet, this exploration requires new screening 
methods able to monitor enzymatic depolymerization on a wide range of polysaccharides. The 
method must obviously be adapted to the high throughput of large samples collection.
An experimental design based on MALDI mass spectrometry was settled for that aim. The 
major interest of this method is to evidence enzyme activity through the detection of degraded 
products. In addition, in the same step, accurate mass determination permits to address their 
fine molecular structure and deduce the enzymes specificities. 
In MALDI mass spectrometry, the choice of the matrix is usually made according to the analyte 
chemical properties. In our project, many different kinds of polysaccharides were susceptible to 
be investigated and it was not conceivable to design one matrix preparation for each. Thus, we 
sought for the most generic candidate amongst more than forty matrices, based on several critical 
features for screening purpose: homogeneity of the signal distribution amongst the sample-
matrix deposit, mass deviation, reliability of the mass spectral representation of the sample, and 
finally, required replicates to achieve a signal repeatability (variation of signal intensity). 
Amongst all tested compounds, we propose a single matrix preparation that allow the rapid and 
automated detection of polysaccharides degradation in complex mixtures. Notably, this matrix 
proved to be adapted to many chemical natures of polysaccharides. MALDI analyses could be 
done without any sample preparation like desalting, and the same matrix could be used in both 
positive and negative ionization modes.



16th European Carbohydrate Symposium

507

POSTER

PO 293

ON THE USE OF TANDEM MASS SPECTROMETRY TO LOCALISE  
THE PHOSPHORYLATION SITE ON OLIGOSACCHARIDES
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In bacteria, phosphorylation of carbohydrates is a modification that plays an important 
role in the metabolism of polysaccharides. In order to better decipher the mode of action of 
phosphorylating enzymes, it is necessary to not only detect phosphorylated species, but also 
accurately localise the phosphate group on the glucidic compound and, mass spectrometry is 
well adapted to monitor modifications on such molecules. However, from an analytical point of 
view, phosphorylation is difficult to address due to the lability of this kind of modification. 
An original enzyme from human microbiota with hydrolase and kinase activity was heterologously 
expressed and characterized. The present work illustrates the use of several techniques of mass 
spectrometry to finely characterize the phosphorylation status of degraded products originating 
from raffinose. Enzyme activities were first probed by monitoring all substrates with MALDI 
mass spectrometry.  However, no information on the localisation of the phosphate could be 
obtained using MALDI MS/MS: the energetic fragmentation process produced the immediate 
loss of the phosphate. Phosphorylated products were thus further submitted to tandem mass 
spectrometry using electrospray, a “softer” ionization technique. Interestingly, some fragments 
were observed that could unambiguously position the phosphate group.
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POSSIBLE SIALYLTRANSFERASE OR SIALIDASE INHIBITORY ACTIVITY

Paola Rota,1 Pietro Allevi,1 Irene S. Agnolin,1 Antonio Gregorio,1 Roberto Mattina,2 
and Mario Anastasia1

Department of Chemistry, Biochemistry and Biotechnology for Medicine, 20133 Milano Italy,1 
Department of Public Health, Microbiology, Virology, Via Pascal 36, University of Milan.2

paola.rota@guestunimi.it

Sialic acids (1) are acidic natural sugars occurring as an a-linked terminal sialosides cell surface 
where they are involved in a number of important physiological processes and diseased states, 
that include cell-biomolecule interactions, the masking of receptor by cell-surface glycans, 
markers in certain cancers and as ligands for proteins.1

Examples of these interactions include the binding of infl uenza virus hemagglutinine to sialic 
acid  prior to viral entry and the cleavage of the terminal sialic acid residue from infected cells.1

In our laboratory we have developed some new reactions2-6 which allow a simple preparation 
of Sialic acids 2-glycals having a substituent at position 4, taking (2) advantage from some new 
chemistry developed during a in a dept study involving inner 1,7-lactonization2 of Sialic acid. 
Moreover, we have evidenced some general reactions of Sialic acid that allow to prepare in a 
simple way analogues mimicking the structure of donor substrate CMP-Neu5Ac (3).7

Some new reactions of Sialic acids disclosed during the work will be discussed.
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Glycoconjugate vaccines are prepared by linking a saccharidic antigen to a carrier protein. The 
saccharidic antigen can be polysaccharidic or oligosaccharidic. An example of the first category 
is the developmental Group B Streptococcus (GBS) vaccine, while the commercial Neisseria 
meningitidis serogroup C (MenC) vaccine is a typical oligosaccharide-glycoconjugate vaccine. 
They are both produced at Novartis V&D. The development of fast and reliable approaches for 
the analysis of glycoconjugate vaccines and relevant intermediates is of primary importance for 
conjugation process monitoring and stability evaluation. In this work, capillary electrophoresis 
is demonstrated to be a suitable tool for the baseline separation of glycoconjugates and of 
the corresponding relevant intermediates (free carrier protein and unconjugated saccharidic 
antigen) without sample pre-treatment. Interestingly, upon tuning the buffer composition, this 
result was achieved for both polysaccharide and oligosaccharide glycoconjugates. CRM-GBS 
glycoconjugates, unconjugated CRM and GBS polysaccharides were separated by Micellar 
Capillary Electrophoresis with UV detection (MEKC-UV), in conditions analogue to those 
reported in literature for other glycoconjugates1. The quantitative analysis of the intermediates 
could be achieved.  CRM-MenC glycoconjugate, unconjugated CRM and MenC oligosaccharide 
(end- hydrolysis) could not be separated in the investigated MEKC-UV conditions, but good 
separation selectivity could be achieved upon applying Capillary Zone Electrophoresis with 
UV detection (CZE-UV). Investigations were performed on the electrophoretic behaviour of 
MenC oligosaccharide, upon analysis by CZE-ESI (Ion Trap) Mass Spectrometry. Due to the 
high sensitivity of MS, the lowest molecular weight components (i.e., DP<5) could be detected 
and demonstrated to have an electrophoretic behaviour depending on the chain length. For 
higher oligomers, no influence of DP on the electrophoretic behaviour could be noticed, since 
they all co-migrated in one peak (also detected by UV). This observation allows supposing that 
the longer MenC oligosaccharides have a comparable charge density. 
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The structural diversity of human milk oligosaccharides (HMOs) strongly depends on the Lewis 
(Le) blood group status of the donor which allows a classification of these glycans into three 
different groups. Due to the divergent expression of the involved fucosyltransferases respective 
HMO classes differ, in particular, in the structural diversity of fucosylated glycan species 
displaying a large number of positional isomers. In this study we have developed a rapid mass 
spectrometric (MS) approach which can be used for correlation of HMO structures with the 
respective Lewis blood group of the donor. The relative abundance of diagnostically relevant 
compositional species, such as, Hex2Fuc2, Hex3HexNAc1Fuc2 and Hex4HexNAc2Fuc3 in profile 
mass spectra is used as a first step for Lewis blood group identification. In a second step MS/MS 
analysis of characteristic precursor ions is performed. For each Lewis blood group, i.e., Le(a−b+), 
Le(a+b−) and Le(a−b−), specific mass profile and fragmentation patterns could be identified 
allowing a rapid HMO classification without the need of a blood sample. The outlined protocol 
can be used for rapid screening of human milk in clinical studies providing detailed information 
about neutral as well as acidic oligosaccharide patterns of specific samples and allowing also 
a relative quantification of individual compositional glycan species. Moreover, the described 
analytical approach enables an easy quality control of milk samples acquired from milk banks.
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Several strains of Gram-negative bacteria from the family of Enterobacteriaceae contain 
N-acetylneuraminic acid (sialic acid, NeuAc) as a component of bacterial envelope (1). 
Salmonella from somatic antigen group O48 contains sialic acid in its LPS structure (2). The 
sialic acid on the surface of bacterial cell can influence the bactericidal activity of immune 
system of the host (3), therefore a method for quick and reliable evaluation of its content in the 
bacterial mass samples is needed. Classical colorimetric methods (resorcinol and TBA tests) do 
not allow for microanalysis of small amount of bacterial cells e.g. from simple colony, neither for 
the discrimination between NeuAc and 2-keto-3-deoxyoctulosonic acid (Kdo) – the component 
of bacterial lipopolysaccharide. The analysis of NeuAc and Kdo content in the cells of Gram-
negative bacteria with sialic acid-containing lipopolysaccharide can be used for estimation of 
lipopolysaccharide length and its distribution analysis. Using the gas-liquid chromatography 
/ tandem mass spectrometry analysis (GC-MS/MS) method on Thermo Scientific ITQ 700™ 
system instrument equipped with Thermo TR-5ms SQC column we have determined NeuAc/
Kdo ratio for several tested strains of Salmonella from somatic antigen group O48. Considerable 
differences in that value between analysed strains have been found, which could reflect a 
difference in average lipopolysaccharide molecule length of particular strain and also the density 
of LPS molecules on the bacterial cell surface. 
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THE CHEMICAL MARkER kDO FOR GC-MSMS ANALYSIS 
OF ENDOTOxIN CONTENT IN ANIMAL SERA
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Lipopolysaccharides (LPS, endotoxins) are major components of the outer membrane of 
Gram-negative bacterial cell envelope. LPS possess immunostimulatory and toxic properties 
to mammalian organisms, therefore detection and quantitation of endotoxins is an important 
issue especially for medical and pharmacological industry. Nowadays the indirect and expensive 
endotoxin quantitation methods are used: biological rabbit pyrogen test and Limulus Amebocyte 
Lysate (LAL) test. There is no valid diagnostic method for the direct detection of endotoxin in 
body fluids for example in blood or blood serum so far. Development of bacterial infection 
in blood, sepsis and septic shock are ones of the most important medical problems leading 
frequently to the death of the patient. Despite of intensive investigations there is no reliable 
procedure for diagnosis and monitoring of septic shock. Elaboration of a simple and accurate 
method of chemical detection of endotoxin and its quantitation would be very helpful in sepsis 
and septic shock treatment. 
One of the integral components of endotoxin molecule is 2-keto-3-deoxyoctulosonic acid 
(Kdo). In the present work we present a method of detection of Kdo as an endotoxin marker. 
Kdo, after chemical derivatization, is detected using gas-liquid chromatography / tandem mass 
spectrometry analysis (GLC/MSMS). The method has been used for the determination of natural 
endotoxin content in sera of various animals. 
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In our strategy for the preparation of Heparan sulfate libraries,1 the disaccharide building 
blocks 1 and 2 are protected precursors to obtain A and B motifs. 

Th e selective introduction of an acetyl group on the 6 position of the 2-azido moiety represents 
a key step, less straightforward than it could be anticipated. We will show that the introduction 
of a transient protection of the secondary hydroxyls allows a highly selective acetylation of the 
primary hydroxyls on both derivatives.
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NON-STRICT PROTECTING GROUP CONTROL IN A CHIMERA TYPE 
GLYCOSYL ACCEPTOR TOWARDS HIGHLY EFFICIENT SYNTHESIS OF β-(1→3)-

BRANCHED OLIGOSACCHARIDES
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Since the three dimensional shape of oligosaccharides, including branched-chain structures, 
is of paramount importance to understand their cellular function and signal transduction, their 
effi cent preparation has been a major focus in carbohydrate chemistry.  Although considerable 
progress has been made in recent years, unexpected diffi culties ramps up in constructing some 
branched chain structures, which requires to change the synthetic strategy and/or to explore a 
new glycosylation reaction.  Whereas facile introduction of a-D-mannopyranose into 3-position 
of a 1→6 linked oligosaccharide was reported,1 poor yield and stereoselectivity were shown in 
our previous investigation of similar β-glucosylation.2  We deduced that a concept of double 
stereo differentiation between glycosyl donor and acceptor3 was applied to the oligosaccharides, 
and that glycosylation would proceed smoothly if the steric congestion around the acceptor site 
would be reduced.  Here, we report the effectiveness of chimera type accetors having vicinal 
triol systems in practical synthesis of a 3,6-di-O-(β-D-glucopyranosyl)-β-D-glucopyranosyl 
structure.
We designed a chimera type acceptor 1, which has two 2,3,4-triol domains and bulky pivaloyl 
protecting groups.  NIS-TfOH promoted glycosylation of 1 with a pivaloylated donor 2 found 
to proceed predominantly at both 3-positions with high β-selectivity, giving the heptasaccharide 
in 76% isolated yield.  Further investigations along this line will be discussed.
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CHEMICAL SYNTHESIS OF PEPTIDOGLYCAN FRAGMENT 
OF s. aureus CELL WALL  

USING SPPS METHOD
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Staphylococcus aureus is one of the most pathogenic of bacteria, about 40% of the human 
population regularly carry it. S. aureus is  responsible for a variety of serious infections.1) Staph 
infections, including MRSA and VRSA, occur most often among persons in hospitals and 
healthcare facilities (such as nursing homes and dialysis centers) who have weakened immune 
systems.2) 
The structure of S. aureus is quite simple: the most important components forming the 
bacterial cell wall and occupying most of the space are peptidoglycan (PGN) and lipoteichoic 
acid (LTA).3) PGN is a long polymer containing sugar chains linked to short peptide (usually 
pentapeptide) components. The sugar fragments are made up of repeating disaccharide units, 
N-acetyl-D-glucosamine (GlcNAc) and N-acetyl-D-muramic acid (MurNAc) - linked by 
β(1à4) O-glycosidic bonds.  The carboxyl group of MurNAc is the point of linkage to the 
peptide fragments, which contain both D- and L-amino acids. The peptide subunits are cross-
linked to other peptides that are connected to a neighboring glycan strand, which produces a 
three-dimensional structure. In  S. aureus the glycan strands are connected by a pentaglycine 
bridge.4) 
Even those that the Gram-positive bacteria structure is quite simple there no exist good method 
of treating against this bacteria and nowadays there are many new strains expressing increasing 
levels of resistance to the glycopeptide antibiotics. The most popular antibiotic used against 
S. aureus is vancomycin. Due to understand interactions between vancomycin and bacterial 
cell wall very important  is chemical synthesis of native peptidoglycan fragments. This work 
present synthesis of peptidoglycan fragment of S. aureus cell wall using SPPS (solid phase 
peptide synthesis) method. Using this method we will be able to obtain more pure fragments 
than using traditional method synthesis.  These compounds we are planning to use to further 
study  oninteractions with vancomycin.
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Quaternary ammonium salts (QACs) constitute a huge, very interesting and widely used group 
of organic compounds. Th eir antibacterial, antiviral and antifungal activities are known well. 
Th e activity of many biological agents depends on the quaternary ammonium group presence. 
Many of them demonstrate antistatic and anticorrosive activity. Numerous QACs exhibit also 
surface activity, good detergency and low toxicity.[1]
A new series of quaternary ammonium bromides have been synthesized in reaction of 
2-bromoethyl 2’,3’,4’,6’-tetra-O-acetyl-β-D-glucopyranoside, 6-bromohexyl 2’,3’,4’,6’-tetra-O-
acetyl-β-D-glucopyranoside and 11-bromoundecyl 2’,3’,4’,6’-tetra-O-acetyl-β-D-glucopyrano-
side with tertiary amines: pyridine and trimethylamine (scheme 1). 
Th e structures of isolates were determined by spectral analysis including extensive 2D NMR 
analyses and X-ray crystallography. QACs demonstrated mutagenic activity in bioluminescence 
mutagenicity assay based on Vibrio harveyi A16 strain.[2]

Scheme 1
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TARGETING MEDICALLY RELEVANT LECTINS WITH 
MULTIVALENT GLYCOCALIxARENES
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Th e involvement of carbohydrate-protein recognition processes in numerous pathological 
events make them an attractive target for the development of new therapeutic strategies. Th e 
effi  ciency of glycosides or mimics in the inhibition of lectin activity strongly depends not only 
on their proper structural features, but also on their exposition. A multivalent presentation can 
signifi cantly improve their potency, as in fact oft en occurs at the biological level, and then help 
in obtaining new potential biologically active compounds. For these reasons, since some years 
we are developing clusters based on calixarenes functionalized with diff erent carbohydrate units 
depending on the  target lectin.1-3 In particular we focused our attention and eff orts towards 
medically relevant proteins such as plant toxins,3 bacterial lectins,2 human galectins.3 Calixarenes 
of diff erent sizes, conformational properties, valency and functionalized via chemical or chemo-
enzymatic procedures with galactose, lactose, LacNAc units or oligosaccharides and mimics 
have shown their high effi  ciency and selectivity in the inhibition of diff erent types of lectins.

Figure. A general structure of glycocalixarenes, a pentameric toxin 
and schematic representation of galectins
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In vIvo antiviral action of fucoidan from edible brown alga 
UndarIa pInnatIfIda in influenza virus-infected animals
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University of Toyama, Toyama 930-0194, Japan, 
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Influenza viruses have been the pathogens of frequent morbidity and mortality, particularly in 
high risk immunocompromisd populations. Recently, the emergence of pandemic 2009 H1N1 
viruses and highly pathogenic avian influenza A virus has become of major concern.
We have previously reported that fucoidan (FU), a sulfated polysaccharide isolated from U. 
pinnatifida, inhibited the in vitro replication of influenza A virus (IFV), and stimulated the 
immune defense functions in virus-infected mice.1,2)  In the present study, we evaluated the effect 
of oral administration of FU on IFV infection of immunocompetent and immunocompromised 
mice.  In both animal groups, the efficacy of FU was demonstrated in reducing viral replication, 
decreasing weight loss and mortality, and prolonging survival.  In immunocompromised mice, 
drug-resistant viruses were frequently recovered after treatment with oseltamivir, an anti-IFV 
agent; no resistant viruses were isolated from FU-treated mice. In contrast with oseltamivir, 
oral FU resulted in stimulating systemic and local immune systems.  These immunostimulating 
effects of FU should be favorable in the control of IFV infections. We are now elucidating in detail 
the effects of FU on immune functions including the phagocytosis of peritoneal macrophages 
and the gene expression in the mucosal tissues using DNA microarray analyses. Since it is 
unclear whether and how FU could be incorporated into the body, we are also studying the 
incorporation of fluorescein-labeled FU into the Peyer’s patches of mouse.
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STRUCTURAL CHARACTERISTICS OF SOME BIOMOLECULES ExTRACTED 
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The research was focused on the composition of the foam formed in 2007, 2008 and 2010 in 
the Lakes Maggiore and d’Orta, which are located on the Southern side of the Alps between 
Italy and Switzerland. The origin of the foam formation is unknown at this time, however in 
several occasions it was not related to human activities. It was supposed to be a polysaccharide 
produced by algae and/or cyanobacteria from their physiological activities or by decomposi-
tion biological process. In order to correlate the origin of the foam and its properties this work 
was focused on the characterisation of the biomolecules by NMR and mass spectrometry. Solid 
state NMR spectrum showed carbohydrate signals from 50 to 110 ppm, signals of aliphatic car-
bons belonging to protein and lipids were detected raging from 10 to 40 ppm, the presence of 
protein material is also supported by the presence of signals at 110-150 ppm, the signal at 170 
ppm was attributed to carboxyl groups belonging to amide, esters or acids. GC-MS analysis 
of the foam showed Ara:Xyl:Man:Gal:Glc at molar ratios of 20:1:1:10:1.6. Due to the complex 
NMR solid state spectrum, the foam was fractionated by extraction with organic solvents, fol-
lowed by water extraction. The resulting material obtained after fractionation gave the follow 
yields: CHCl3:MeOH 2:1 (27.6%), water (16.7%), hot water (11.3%), hot aqueous alkaline solu-
tion (10%), however, 26.0 % remained insoluble. Combining the 1H and 2D-HSQC experiments 
we were able to observe differences between the fractions. The organic layer confirmed the pres-
ence of lipids, since 1H lipid-aliphatic signals at 1.2-2.3 ppm as well as double bonds at 5.3-5.2 
ppm were observed. NMR analysis from the water fractions showed the presence of proteins, 
O-linked carbohydrates, suggesting the presence of polysaccharides as well as free monosac-
charides, and other low molecular weight compounds such as lactate, acetate, alanine, valine, 
leucine, N-acetyl aspartate and glutamate were detected. These preliminary results showed a 
complex biomolecular composition, which could be related by the presence of several micro-
organisms, creating a micro-environmental system to carry out many anabolic and catabolic 
processes.  
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The human blood group B galactosyltransferase (GTB) tranfers a galactose unit from UDP-
galactose to the H-antigen. Due to transferred NOE experiments and the crystal structure of the 
protein the bioactive conformation of the donor and acceptor substrate as well as a mechanism 
of the binding event is proposed.[1],[2] 
Here, we present the synthesis of an inhibiting analog of UDP-galactose. In silico docking 
experiments were used to identify suitable molecules exhibiting an uric acid fragment and an 
α-d-galactoside moiety in a certain distance such that it can mimic the normal donorsubstrate. 
The molecule chosen for synthesis revealed an arabinityl linking moiety between those two 
fragments.
The synthesis of the analog of UDP-gal is started with d-melibiose to obtain 5-O-α-d-
galactopyranosyl-d-arabinitylamine. The substitution of the amine with 5-nitro-6-chloro-
2,4(1H,3H)-pyrimidinedione yielded in the corresponding nitroaminouracil derivative. In 
analogy to Cushman’s protocol[3] 5-nitro-6-(5-O-α-D-galactopyranosyl)-D-arabinitylamino-
2,4(1H,3H)-pyrimidinedione was reduced and consequently converted to the ethylcarbamoyl 
derivative. The target molecule was achieved by cyclization. 
Binding affinity studies will be reported for the inhibiting uric acid derivative. 
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Hyaluronic acid (HA) is a glycosaminoglycan that plays a role in tissue growth and development, 
wound healing and inflammation. In particular it is known that different molecular weights 
of HA  promote in vivo healing of different tissue (1,2). Several studies of wound healing in 
vitro using appropriate cellular model like fibroblasts, keratinocytes and co-culture are in 
progress for understanding the complex mechanism of wound repair in terms of cell migration 
and proliferation (3). In the framework of this research we attempted the degradation of 
high molecular weight hyaluronic acid (HMW-HA) maintaining the fundamental structure 
of the polysaccharide, comparing diverse protocols. The HA derived chains were extensively 
characterized and the effect of high/low molecular weight HA on in vitro wound healing 
process was studied through time lapse videomicroscopy. Thermal degradation of HA powder 
at different temperatures and times in a conventional oven under rolling has been performed in 
order to obtain low molecular weight (LMW-HA). The fragments have been evaluated in term 
of molecular weight distribution and intrinsic viscosity through an innovative size exclusion 
chromatography coupled with triple detector SEC-TDA equipment by Viscotek (on line laser 
light scattering, refractometry and viscosimetry).
The results showed that, through this depolymerization strategy, we are able to produce LMW-
HA with determined and reproducible molecular weight and a suitable polidispersity index 
(Mw/Mn~2).The wound repair in vitro  in presence of hyaluronic acid has been evaluated on a 
confluent monolayer of keratinocytes, grown on collagen and successively opportunely scratched. 
This method represents a typical in vitro injury.  In each well it is possible to add appropriate 
aliquots of hyaluronan and follow in the time the repair kinetics through videomicroscopy time 
lapse, and subsequent image analysis exploting a specific software. The use of this innovative 
technology allows prolonged observations of cell events and behaviour, in particular in the case 
cell migration and proliferation. Finally the image analysis permitted the comparison of the 
differently treated samples vs the control and a quali-quantitative evaluation of the repair kinetic 
in presence of HMW-HA and LMW-HA was obtained.
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Th e interaction of P- and E-selectin with their glycopeptidic ligands PSGL-1 and ESL-1, leading to 
the adhesion of leukocytes to the endothelial surface, represents the key-step in the infl ammatory 
cascade.[1] Undesired cell-cell interactions do not only lead to a variety of chronically infl ammatory 
diseases,[2] for example rheumatoid arthritis, but also play an important role in tumor metastasis.
[3] Th e above-mentioned natural ligands contain the well-known tetrasaccharides sialyl-LewisX 
and sialyl-Lewisa. Th erefore, the suppression of unwanted cell-adhesion processes by the usage 
of soluble sialyl-LewisX-mimetics acting as competitive inhibitors is of great interest. As shown 
before,[4] the N-acetylglucosamine residue in these saccharides can completely be substituted 
by carbo- or heterocycles. In the presented structures, an isoindolin-1-one system synthesized 
in a Pd-mediated sp-sp2-coupling[5] followed by a 5-exo-dig cyclization[6] is used to mimic the 
naturally occurring GlcNAc residue. Th us, two of the O-glycosidic bonds of the native structure 
are replaced by a C-C- and a C-N-bond. Th ese trisaccharide mimetics may be elongated with 
either sialic acid or L-cyclohexyl lactic acid.[7]
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Rabbit muscle aldolase (RAMA) has proven to be an exceptionally versatile biocatalyst for 
synthetic organic applications.1 RAMA catalyzes the stereospecifi c aldol condensation of 
aldehydes with dihydroxyacetone phosphate (DHAP) generating a D-threo confi guration at the 
newly formed stereocenters. While RAMA tolerates a broad variety of aldehydes as electrophilic 
components, it is very restrictive concerning the nucleophilic component DHAP. 
The substitution of the free hydroxyl group in DHAP by fl uorine represents the smallest 
possible bioisosteric change of the nucleophilic donor substrate and opens access towards 
RAMA catalyzed synthesis of biological important fl uorinated carbohydrates. We developed 
a gram-scale synthesis of this interesting building block starting from easily accessible ethyl 
a-fl uoromethylacrylate 12 to yield FHAP 2 in 42 % over 4 steps. In contrast to previous reports,3 
FHAP acts as a donor substrate for RAMA giving access towards 3-deoxy-3-fl uoro-2-uloses 3. 
Additionally, a fast proton-deuterium exchange and different binding preferences of the gem.-
diol and keto-form of FHAP 2 were investigated by 19F-NMR.
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REDUCTIVE SAMARIATION OF GLYCAL INCLUDING 2,3-UNSATURATED 
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Following our interest on samarium mediated coupling reactions on carbohydrate templates1,2, 
we will present our last results focusing on the use of samarium diiodide in the preparation of 
modified sialic acid derivatives. We recently found that selective transformations at C-2 were 
available using reductive samariation of appropriate allylic esters of Neu5Ac2en derivatives.
As exemplified in the following scheme, treatment of 1, under classical reductive samariation 
conditions (2 equivalents of SmI2), in the presence of selected carbonyl electrophiles, leads to the 
C-2 modified products 2 with total a regio- and stereocontrol of the reaction. Yields of products 
highly depend however on the protecting group pattern at C-7, C-8 and C-9 positions of the 
Neu5Ac2en derivatives.

O

PO

O

AcHN

O
COOMe

OCOR
O

PO

O

AcHN

O COOMe

OH
tBu

SmI2 / THF

O
tBu

up to 91%1 2,

As these reactions are performed in absence of any palladium catalyst, the ester group at the allylic 
position should be easily be reduced by the Sm(II)-THF solution to provide a direct “umpolung” 
of the allylic esters to allyl-samarium derivatives which are trapped by the electrophile. In order 
to rationalize these results, we have extended these reductive samariation conditions to several 
glycal series to selectively obtain the C-3 modified products (scheme).

SmI2 / THFOPO

PO
OCOR

R2 R1

O

OPO

PO

R2HO R1

The poster will present these results and the scope of this samarium mediated transformation.
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ANTITUMOUR ACTIVITY 
OF SOME GLYCYRRHETINIC ACID GLYCOSIDES 
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Sugars do not only have their own potential in the fi eld of medicinal chemistry but are also 
used in combination with other drugs, especially as glycosides, to increase drugs’ hydrophilicity. 
Th erefore, conditions of uptake and biological availability of lipophilic drugs can be ameliorated 
when they are linked to a sugar moiety.
Our target, glycyrrhetinic acid (GA), belongs to the group of pentacyclic triterpene acids. 
Some of its members, e.g. betulinic acid or oleanolic acid, are well known for their activity 
against various tumour cell lines. Although GA is not as active as for instance betulinic acid, it 
triggers apoptosis in tumour cells1 and can be converted into more active derivatives through 
the introduction of a hydrophilic moiety.2 Th us, we have glycosylated the methyl ester of GA 
in position 3 (1) with trichloroacetimidate donors derived from various hexoses and pentoses 
belonging to series D and L.

1
All glycosides were tested in a sulforhodamine B (SRB) assay as well as in a trypan blue test and 
acridine orange/ethidium bromide test for apoptosis. Th e synthesis of the compounds as well as 
their biological data will be presented and compared.
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STABILIZATION OF THE POLYPROLINE II HELIx BY HYDROxYPROLINE 
GLYCOSYLATION 
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The hydroxyproline-rich glycoproteins (HRGPs) are the major structural proteins of the 
extracellular matrix of algae and land plants. HRGPs are characterized by a rigid polyproline 
type II (PPII) conformation and extensive O-glycosylation of 4(R)-hydroxy-L-proline (Hyp) 
residues, which is a unique post-translational modification of proteins. The functional and 
structural consequences of HGRP glycosylation remain unclear, but has been implicated in 
contributing to their structural rigidity.1,2 Here we have investigated the effects of naturally-
occurring O-galactosylation of Hyp residues on the conformational stability of the PPII helix and 
other HRGP mimics.4 In a series of well-defined model peptides we demonstrate that contiguous 
O-galactosylation of Hyp-residues causes a dramatic increase in conformational stability of the 
PPII helix according to thermal melting curves.3 This represents the first quantitative data on 
the contributions of glycosylation to stabilizing the PPII conformation. Molecular modeling and 
computational studies indicate the increase in conformational stability may be due to regular 
network of interglycan and glycan-peptide hydrogen bonds, in which the carbohydrate residues 
form a hydrophilic “overcoat” of the PPII helix. This study gives further insight into the effects of 
naturally-occurring Hyp-O-linked glycans on the PPII conformation as found in HRGPs in plant 
cell walls, and also indicates that polyproline sequences may be suitable for the development of 
molecular scaffolds for the presentation of glycan structures. 
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qUALITY xYLOSE-RICH LIqUOR BY STATISTICALLY MODELED HYDROLYSIS 
OF ENERGY AGRO-CROPS 
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Efficient utilization of hemicelluloses is of vital importance for sustainable biorefinery of 
lignocellulosic biomass.1 The low temperature dilute sulfuric acid hydrolysis of two potential 
energy crops giant reed and cardoon has been statistically modeled and optimized using 
Response Surface Methodology (RSM)2 to produce a quality xylose-rich substrate for subsequent 
biochemical conversion to value-added products. The central composite rotatable design 
(CCRD) was employed to assess the effect of the principal independent process variables on 
efficiency and selectivity of xylan conversion to xylose. The second-order polynomial model was 
fitted to experimental data to find an optimal set of reaction conditions by multiple regression 
analysis.

Figure. Response surfaces and contour plots of cardoon xylan conversion to xylose as a function 
of reaction time (t, min), temperature (T,ºC) and acid concentration (C, %).

Under established optimum hydrolysis conditions the monomeric xylose recovery in solution 
(yield) of 94% and 86% was achieved respectively for giant reed and cardoon (vs. 93% and 87% 
predicted by model), with limited cellulose degradation and by-products (furans) formation.

Acknowledgements: Research contract PTDC/AGR-CFL/103840/2008 (FCT, Portugal).
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THE REGIOSELECTIVE PROTECTION OF DISACCHARIDES AND THEIR 
USE AS BUILDING BLOCkS IN THE SYNTHESIS OF HEPARIN OLIGOSACCHARIDES
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Heparin, a major class of glycosaminoglycans, plays diverse roles in a number of physiological 
and pathological processes. Th ese include cell adhesion, embryogenesis, viral invasion and most 
notably in the regulation of the blood coagulation cascade1-2. Heparin structures contain a high 
degree of complexity pertaining to the variation of sulfation pattern present throughout each 
structure. For this reason chemical synthesis of Heparin can be quite diffi  cult. Presented here 
are techniques for the syntheses of disaccharide building blocks with varying protecting group 
patterns from a common disaccharide precursor. Using disaccharide over monosaccharide 
building blocks eff ectively reduces the number of glycosylation reactions by more than half and 
also overcomes the diffi  culty oft en encountered when using the relatively deactivated uronic 
acids as donors in glycosylation. Th is method is also extremely attractive for target structures 
which contain a 2’-nonparticipating protecting group. 

Scheme 1
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SUBSTRATE BINDING TO FAMILY GH-23 LYSOZYME AND
FAMILY GH-19 CHITINASE AS DETERMINED BY NMR SPECTROSCOPY
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Glycoside hydrolases belonging to family GH-19 and family GH-23 are the defensive enzymes 
that hydrolyze polysaccharides forming the fungal or bacterial cell wall. The catalytic cleft 
of the two families of enzymes has been shown to consist of common structural elements1. 
In this study, to examine the substrate-binding mode in solution, NMR titrations of chitin 
oligosaccharides [(GlcNAc)n] were conducted using Family GH-23 lysozyme from ostrich egg 
white (OEL) and Family GH-19 chitinase from moss, Bryum coronatumn (BcChi-A).
To obtain 15N/13C-labeled proteins, OEL and BcChi-A were expressed in Pichia pastoris 2 and 
Escherichia coli3, respectively, in the presence of 15NH4Cl and 13C-glucose. Each enzyme was 
purified by ion exchange chromatography followed by gel filtration. The inactive mutants, 
E73A-OEL and E61A-BcChi-A, were also obtained similarly. NMR spectra were recorded 
at 300K with a Bruker AV-500 spectrometer. The backbone resonances observed in 1H-15N 
HSQC spectra of both enzymes were assigned sequentially using three-dimensional HNCA, 
HNCOCA, HNCO, HNCACO, CBCA(CO)NH and HNCACB spectra. (GlcNAc)6 binding to 
E73A-OEL affected the backbone HSQC resonance of Gln95, Asp97, and Arg99, which are 
located in the β-sheet region forming the substrate-binding surface of the glycon binding site. 
On the other hand, for the E61A-BcChi-A, the resonance of Ser62, Glu70, and Ile99, which are 
located at the aglycon binding site, were strongly affected by the addition of (GlcNAc)6. The 
association constant of (GlcNAc)6 binding to E73A-OEL was calculated to be 5.91×103 M-1 
and  lower than that to E61A-BcChi-A (4.69×104 M-1). 
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STRUCTURAL ANALYSIS OF THE O-ANTIGEN OF THE LIPOPOLYSACCHARIDE 
FROM azosPiriLLum brasiLense SP7.k2
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The gram-negative bacteria of the genus Azospirillum are an intensively studied associative 
partner of a wide range of plants growing in diverse climatic zones. Interest in the surface 
polysaccharides of azospirilla is due to the important role of these macromolecules in bacterial 
competition in soil and also to their involvement in the key stages of the plant-microbial 
associations.
O-specific polysaccharide (OPS, O-antigen) of the bacteria membrane lipopolysaccharide (LPS) 
carries the main antigen determinants and in this case it probably can be the microorganism 
recognition factor for the macropartner [1]. It is known that OPS is the most variable part of 
LPS molecule and bacteria can alter its structure for adaptation to changing living conditions. 
We established the repeating-unit structure for the OPS of a derivate strain Azospirillum 
brasilense Sp7.K2, obtained after long-term storage of a wild type strain A. brasilense Sp7 on a rich 
nutrient medium at room temperature. A mixture of two structurally distinct O-polysaccharides 
was obtained by mild acid degradation of the lipopolysaccharide isolated by the phenol/water 
extraction. Using gas-liquid chromatography, and one and two NMR methods (1H, 13C, 1H/1H 
COSY, TOCSY, ROESY and 1H/13C HMBC, HSQC) the following structures were determined:

→6)-a-D-GalpNAc-(1→4)-β-D-ManpNAcA-(1→
→6)-a-D-Glc-(1→.

Earlier it was shown that O-antigen of another mutant strain A. brasilense 245.5 [2] has the 
same structure as the first polysaccharide of A. brasilense. Sp7.k2.This fact let us suppose that 
spontaneous mutation of two different azospirillum strains leads to activation of silent genes 
whose products are involved in the synthesis of the same OPS. Heterogeneity of the OPS may be 
the result of high-level adaptation properties of the bacteria.
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Th is work is part of a research program on the elaboration, physicochemical and biological 
properties of innovative molecular systems and materials for life sciences.1 Molecular systems 
based on amphiphilic molecules have received an increasing interest due to their self-assembly 
properties in aqueous media.2 In this context, we develop a new generation of nano-organized 
amphiphilic molecular systems owning the dual property of bioactivity and self-assembly 
via the synthesis of specifi c bioactive glycolipids. Concerning the design of these glycolipids, 
the hydrophilic part would be composed of hydrosoluble, biocompatible, and bioactive 
oligosaccharides,3 and the hydrophobic part of controlled length alkyl chains. Th e chosen 
synthesis strategy to functionalize saccharidic polar heads with alkyl chains requires the graft ing 
of an alkylamine on the reducing end of the sugar thanks to a reductive amination reaction 
(fi gure 1). Here are described preliminary results using synthesized models composed of 
monosaccharidic polar heads, i.e. D-glucose, D-glucosamine and N-acetyl-D-glucosamine, and 
diff erent alkyl chain lengths from C6 to C16. Th ese amphiphilic structures were formulated with 
phospholipids, and the resulting self-assembly morphologies were examined as a function of the 
glycolipid/phospholipid molar ratio by QELS, TEM, and SAXS.

Figure 1: General structure of synthesized glycolipid models
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Optical rotation (OR) is an extensive property that has been associated with carbohydrates for 
long time. Although the experimental measurement of its intensive form – the specific rotation 
([α]D) – is very simple, only recently its theoretical calculation using quantum mechanics 
was made possible for rigid isolated1 or solvated2 systems. Some studies have shown that it is 
extremely sensitive to the orientation of hydroxyl and hydroxymethyl groups in monosaccharides 
prototypes3. More recently, [α]D values were calculated for two conformers of the same anomer 
of both glucose (G)4 and xylose (X)5. These conformers differ from each other by the position of 
only one hydrogen atom of a hydroxyl group (Figure). They have show an [α]D difference higher 
than 60°/(dm(g/cm3)). Since such a difference is much higher than the error of the calculated 
property, it would be very difficult to find two distinct conformational sets of monosaccharides 
with similar [α]D final values. In fact, in these previous studies, conformational sets for glucose (8 
conformations) and xylose (14 conformations) were validated by calculating the [α]D individual 
values and then averaging them by the relative abundance of each conformation and, finally, 
comparing with the experimental benchmark. The final values found were for G=+58.75°/
(dm(g/cm3)) and X=+20.36°/(dm(g/cm3)), in agreement respectively with the experimental 
values +52.7°/(dm(g/cm3)) and +18.8°/(dm(g/cm3)). 

Conformer xylose glucose
1 +43.2 +79.4
2 -21.3 -4.03

Difference 64.5 83.4
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Individual [α]D.values in deg/(dm(g/
cm3)), calculated at B3LYP/6-
311++G(2d,2p) level in aqueous solu-
tion described by a continuum dielectric 
approach, on geometries optimized at 
B3LYP/6-31+G(d,p) level.
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β-N-Acetylhexosaminidases (EC 3.2.1.52.; CAZy GH20 and 84) are exo-glycosidases, catalyzing 
the cleavage of terminal β-D-GlcNAc and β-D-GalNAc residues.1 Dysfunctions in human 
hexosaminidases (GH20) result in serious lysosomal storage disorders, while selective inhibition 
of O-GlcNAcase (GH84) can slow down progress of Alzheimer’s disease.2 Thus, small molecule 
inhibitors of family GH20 and 84 enzymes are very important both as tools for elucidating the 
role of these enzymes in biological processes as well as for developing therapeutics. One of the 
most effective β-Hex inhibitors, GlcNAc-thiazoline mimics the bicyclic oxazoline intermediate 
in the substrate-assisted mechanism of GH20 and 84 hexosaminidases. So far, all existing 
inhibitors are structurally based on GlcNAc, which is the basic substrate of β-Hex; GalNAc-
thiazoline was prepared but it was studied only in a limited way.
We have demostrated quite recently that β-Hex from filamentous fungi are well able to cleave and 
transfer also 4-deoxy substrates.3 In this study, we present the synthesis of a set of C-4 modified 
HexNAc-thiazolines and their inhibition activity towards selected hexosaminidases from 
bacterial and fungal sources as model enzymes. 
Synthesis of HexNAc-thiazolines is based on the reaction of acylated hexosamine derivative 
with Lawesson´s reagent (LR),4 followed by respective deprotection. LR converts amidic group 
into thioamide, which then cyclizes by displacement of anomeric β-acetate to provide respective 
thiazoline derivative. 

Acknowledgement Support from EU project FP7 NOVOSIDES KBBE-4-265854 and Czech 
Science Foundation P207/11/0629 is acknowledged.
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INVOLVING CYCLIC NITRONES DERIVER 
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Th e copper(I) mediated reaction of nitrones and terminal acetylenes, which is known as Kinu-
gasa reaction, represents an attractive method of direct formation of the β-lactam ring.1,2 Th is 
reaction can be performed in many ways including diastereo- and enantioselective versions. In 
most cases, as 1,3-dipoles simple acyclic nitrones have been used.3 Number of reactions invol-
ving cyclic ones is limited.

Herein, we present our recent studies on Kinugasa reaction involving cyclic nitrones readily 
available from hydroxy acids or pentoses and terminal acetylenes either achiral or bearing a 
stereogenic center.4 All investigated reactions proceeded in good yield and with high diastere-
oselectivity providing an attractive entry to carbapenams of a potential biological activity.5 Th e 
stereochemical pathway of the reaction and infl uence of geometry and substitutions in one or 
both reactants on direction and magnitude of asymmetric induction will be discussed. 
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Glycosyl transferases catalyse transfer of sugar residues from suitably activated derivatives 
e.g. UDP-sugars to saccharides, proteins or lipids. Th eir biochemical functions are extremely 
versatile since oligosaccharides, glycoproteins, and glycolipids play important roles in many 
vital recognition processes of living organisms.1 Inhibitors of such enzymes have among others 
been designed by replacement (modifi cations) of the diphosphate unit in the UDP-sugars.2 In 
our approach shown below, the diphosphate unit is maintained and an additional substituent at 
the anomeric carbon is introduced. Such compounds can be new substrate analogue inhibitors 
of sugar-processing enzymes.3 Th e presentation will show details of our fi rst results. 

1,2-DCE = ClCH2CH2Cl; MIM = N-methylimidazole; DCC+ = N,N’-dicyclohexylcarboxamidinium
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CRYSTAL STRUCTURE OF mETHYL L-glycero-a-D-manno-HEPTOPYRANOSiDE 
AND SYNTHESiS OF 1→7 LiNKED L-glycero-a-D-manno-HEPTOBiOSiDES 
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Methyl L-glycero-a-D-manno-heptopyranoside 2 was synthesized in good yield by a Fischer-
type glycosylation of the corresponding reducing heptopyranose with methanol in the presence 
of cation-exchange resin. The compound crystallized in an orthorhombic lattice of space group 
P21212 (no. 18). As model compounds for the side chain domains of the inner core structure 
of bacterial lipopolysaccharide, the disaccharides L-glycero-a-D-manno-heptopyranosyl-
(1→7)-L-glycero-D-manno-heptopyranose 5 and the corresponding methyl glycoside 6 were 
prepared. The former compound was generated via glycosylation of benzyl 5,6-dideoxy-
hept-5-enofuranoside 1 followed by catalytic osmylation and deprotection. The known1 
disaccharide 6 was effi ciently synthesized in high yield by a straightforward coupling of the 
N-phenyltrifl uoroacetimidate heptopyranosyl donor 4 to an acetylated 7-hydroxy heptoside 
acceptor derivative derived from 2, followed by Zemplén deacetylation. 

Acknowledgments: Financial support by Austrian Science Fund (FWF grant P 22909)
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C-5 MODIFICATIONS IN THE HExOSE SERIES 
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In pyranoid iminosugars, the ring oxygen O-5 is usually replaced by a basic nitrogen. For the 
synthetic introduction of this hetero atom into a sugar, 1,2-O-protected derivatives of d-glucose, 
as are easily available from d-glucofuranurono-6,3-lactone, have been suitable intermediates. 
Other modifi cations at C-5 may take advantage of the same strategy providing new structures 
en route to biologically active compounds. In context with our interest in pharmacological 
chaperones for selected lysosomal storage disorders such as Gaucher’s disease, GM1 gangliosidosis 
as well as Morquio B, we have successfully been relying on this approach which has provided 
highly active pyrrolidine and piperidine type iminoalditols.
A set of recent new synthetic applications and the resulting structures will be presented and 
their properties will be discussed.
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MASS SPECTROMETRY CONTRIBUTION TO THE DIAGNOSIS 
AND CHARACTERIZATION OF CONGENITAL DISORDERS OF GLYCOSYLATION (CDG): 

OUR ExPERIENCE IN THE EUROGLYCANET EUROPEAN NETWORk

Luisa Sturiale1, Rita Barone2, Agata Fiumara2, Giovanni Sorge2, Jaak Jaeken3, 
Domenico Garozzo1
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3Department of Pediatrics – University of Leuven, Leuven, Belgium.

Congenital Disorders of Glycosylation (CDG) comprise an ever increasing group of inborn errors in the 
proteins glycosylation pathway, representing a paradigm as they disclose the direct connection between 
glycosylation changes and human diseases.
Since the first description in 1980 [1], about 40 CDG forms were discovered, each with a variable clinical 
spectrum, from multisystem diseases to single organ involvements, causing high morbidity and even 
mortality. Sharing information and competences is an essential step in order to identify new CDG types 
and to promote awareness and early diagnosis.
Mass spectrometry contributed significantly to this research field to identify possible underglycosylation 
profiles of intact individual glycoproteins and/or to map glycan population of the sample under study, 
typically serum or plasma. Here we report on serum glycosylation analyses by MALDI-MS in patients 
with CDG recruited in the context of Euroglycanet, an European network focused on diagnosis and 
understanding CDG [2]. During the last five years (2005-2010), almost 3000 samples of Italian patients 
with clinical suspicion of CDG were analyzed by serum Transferrin (Tf) isoelectric focusing (IEF) in 
a clinical setting at the University Paediatric Hospital in Catania. Patient with abnormal IEF pattern 
underwent MALDI MS glycosylation analyses at the ICTP-CNR in Catania, where a specific method for 
intact glycoprotein investigation and N-glycan analyses was set up [3]. Eighteen patients showed by MS 
the Tf abnormal glycosylation profile characteristic of type I CDG, encompassing defects in the assembly 
of dolichol-linked oligosaccharide in the Endoplasmic reticulum. Among these, PMM2-CDG (or CDG-
Ia) was most frequently found (11 cases). Of particular importance, one patient affected with epileptic 
encephalopathy, had a newly identified CDG type due to DPM2 gene mutation [4].
Moreover, MS glycosylation analysis was performed on seventy-one serum samples with type II IEF 
pattern, collected from the Euroglycanet partners. Two of these samples showed recognizable glycan 
processing defects, respectively caused by gene mutations of subunit 5 and subunit 7 of the Conserved 
Oligomeric Golgi (COG) complex (COG5-CDG and COG7-CDG) [5-6]. Four more samples with 
combined Type I and Type II Tf MS profiles were also found; this significant information makes disease 
comprehension at molecular basis and diagnosis particularly challenging in these patients.
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THE MULTIVALENT MANNOSE-BASED GLYCOMIMETIC COMPOUNDS 
ARE PROMISING INHIBITORS OF DC-SIGN/PATHOGEN INTERACTIONS
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Anna Bernardi2, Franck Fieschi3
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Dendritic cells (DCs) are the first immune barrier encountered by various pathogens after they 
invade peripheral tissues. A range of different receptors expressed on the surface of DCs serves 
to capture pathogens for further processing, antigen presentation and T cells activation. One 
of these receptors, a C-type lectin DC-SIGN (Dendritic Cell-Specific Intercellular adhesion 
molecule 3-Grabbing Non- integrin), has an important role in host immune functions regulation. 
However, it also binds to a number of lethal opportunistic pathogens, including HIV-1, and 
consequentially enhances their adhesion, infectivity and persistence in patients, which makes 
DC-SIGN an important pharmaceutical target (1). DC-SIGN binds pathogens through complex 
mannose and fucose based oligosaccharide structures on the glycoproteins. DC-SIGN has 
been shown to exist in the form of tetramers, which in turn are clustered in lipid rafts on DCs 
(2). Due to such clustered organization of DC-SIGN and high glycosylation of its ligands, the 
interactions with the pathogens are multivalent and have high avidity. Thus, these properties 
must be considered for development of DC-SIGN/pathogen interaction inhibitors. 
Glycomimetic molecules are interesting drug candidates for DC-SIGN inhibition due to their 
high solubility, resistance to glycosidases and non-toxicity. Indeed, a first molecule has been 
shown as efficient to inhibit DC-SIGN-mediated HIV infection (3). In this study, we have 
designed mannose based glycomimetic compounds and tested their potencies to inhibit DC-
SIGN interaction with a model glycoprotein in surface plasmon resonance (SPR) assay. In these 
series several glycomimetic compounds were identified as best inhibitors. Furthermore, we have 
developed several scaffolds for glycomimetic ligand presentation at various multivalency levels 
and different spacings. These scaffolds were conjugated with natural or selected glycomimetic 
ligands and their potencies to block DC-SIGN binding to glycoproteins were evaluated in SPR. 
The results revealed several scaffolds that possess significant avidity values.
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ALTERATION OF PRODUCT SPECIFICITY 
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FROM baCiLLus CirCuLans T-3040

Ryuichiro Suzuki,1 Nobuhiro Suzuki,2 Zui Fujimoto,2 Mitsuru Momma,2 Keitarou Kimura,1 
Atsuo Kimura,3 and Kazumi Funane1

1National Food Research Institute, NARO, Tsukuba, Ibaraki 305-8642, Japan, 
2National Institute of Agrobiological Sciences, Tsukuba, Ibaraki 305-8602, Japan, 

3Research Faculty of Agriculture, Hokkaido University, Sapporo, Hokkaido 060-8589, Japan
ryuichi@aff rc.go.jp

Cycloisomaltooligosaccharide glucanotransferase (CITase; EC 2.4.1.248) catalyses the 
intramolecular transglycosylation of dextran to produce cyclic isomaltooligosaccharides 
(cyclodextrans; CIs) [1]. CITase is classifi ed into glycoside hydrolase family 66 (http://www.
cazy.org/). At present CI-7 to CI-17 which consisted of 7 to 17 glucose molecules, respectively, 
have been isolated [2-3]. CI-10 (Fig. 1) exhibited an ability to form inclusion complexes as well 
as cyclodextrins (CDs) did and is therefore of interest to industrial applications [3]. Since CIs 
(CI-7 to CI-12) strongly inhibit streptococcal glucansucrases, CIs are expected to be useful in 
preventing dental caries. CITase from Bacillus circulans T-3040 strain (T-3040 CITase) produces 
CI-8 predominantly (Fig. 1). In this study we report the construction and characterization of 
mutant CITase that effi  ciently produces useful CI-10 by means of site-directed mutagenesis. 
Recently, we showed that the T-3040 CITase is subdivided into fi ve regions and demonstrated 
that conserved N-terminal region and CITase-specifi c insertion (R1) region aff ect the catalytic 
reaction of the enzyme [4]. We introduced mutations into these regions and analyzed reaction 
products of the resulting mutants by using HPLC. Mutations in conserved N-terminal region 
increased the amount of CI-8 production. On the other hand, mutations in R1 region lost the 
preference of CI-8 production. Consequently, R1 region mutants produced CI-10 and larger CIs 
effi  ciently. Th is study was supported partially by a Program for Promotion of Basic and Applied 
Researches for Innovations in Bio-oriented Industry (BRAIN, Japan).

Structures of CI-8 (left ) and CI-10 (right).
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4-(β-D-GLUCOPYRANOSYL) SEMICARBAZONES AS GLYCOGEN PHOSPHORYLASE 
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At the end of the 20th century a dramatic increase in the number of patients diagnosed with 
type 2 diabetes has been observed worldwide. Th e search for potent and selective inhibitors 
of glycogen phosphorylase (the main regulatory enzyme of glycogen degradation) may lead 
to antihyperglycaemic drugs. β-D-Glucopyranosyl ureas (1, 2), N-acyl-N’-β-D-glucopyranosyl 
ureas (3-5), and aldehyde 4-(β-d-glucopyranosyl) thiosemicarbazones (6-8) are eff ective 
inhibitors of glycogen phosphorylase (GP).1,2 Based on these preliminaries the syntheses of 
C-glucopyranosyl-heterocyles were planned, by replacing the amide part of 1-5 with non classical 
bioisosters, such as 1,3,4-oxadiazoles and -thiadiazoles. 4-(β-d-Glucopyranosyl) semicarbazones 
were also synthesized to compare the inhibitory eff ect to that of the S-analogues (6-8). Details of 
the syntheses and preliminary enzyme kinetic results will be shown in the presentation. 
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY 
OF NEW DERIVATIVES OF VANCOMYCIN
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Vancomycin is a glycopeptide antibiotic of the last resort for the treatment of infections caused 
by Gram-positive bacteria [1]. 
The antibacterial activity of this glycopeptide antibiotic arises from specific binding of this drug 
to bacterial cell wall precursor terminating in the sequence D-Ala-D-Ala [2]. 
Although vancomycin is immensely useful, the emergence of vancomycin clinical resistance 
underscored the importance of developing new drugs with improved antibacterial activity [3]. 
The most common forms of vancomycin resistance are found in enterococcal strains where 
the peptidoglycan precursor is induced to shift from a  D-Ala-D-Ala to D-Ala-D-Lac peptide 
terminus to which vancomycin binds 1000-fold less effectively [4]. Accordingly, there is still an 
intensive search for novel antibacterial agents among semisynthetic derivatives of vancomycin 
that exhibit antibacterial activity and improved pharmacological properties against resistant 
bacterial strains [5].
As a part of our effort to discover new antibacterial agents to treat serious Gram-positive 
infections we synthesized a new derivatives of vancomycin. 
In the search for synthetic analogs the carboxyl group of cyclic heptapeptide was modified with 
sugar moieties. Additionally we worked on modification of the aglycon which we obtained by 
hydrolysis of vancomycin. 
These analogs will be examine for antibiotic activity against vancomycin-sensitive and 
vancomycin-resistant strains, as well as methicillin-resistant Staphylococcus aureus (MRSA).

Acknowledgements: This work was part-financed by the European Union within the European 
Regional Development Fund (POIG.01.01.02-14-102/09-01) and grant DS/8451-4-0134-11.
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SYNTHESIS OF 1,4-ANHYDRO-2,5-DIDEOxY-D-erythro-
-3-(HYDROGEN PHOSPHATE)-5-AMINIUM-PENTITOL
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Alditols and anhydroalditols are widespread in both the animal and plant kingdoms. Th ey also 
occur in human blood and urine and in the amniotic and cerebrospinal fl uids. Th ese compounds 
and some of their derivatives have been used in medicine. For instance, 1,4:3,6-dianhydro-
D-glucitol 2,5-dinitrate (Sorbonit)  and 1,4:3,6-dianhydro-D-glucitol 5-nitrate (Mononit) 
are vasodilators used for the treatment of chronic circulatory insuffi  ciency and stenocardia. 
Both chemists and biologist are currently interested in pseudo-nucleosides in which the sugar 
residue is substituted by 1,4-anhydropentitol or 1,5-anhydrohexitol derivatives. Some of these 
compounds are eff ective against viruses, for instance against the HIV virus. Intense chemical 
and biological investigations are also conducted on analogues of DNA containing substituted 
1,5-anhydrohexitols in place of 2-deoxy-D-ribose.   
In view of these developments, we decided to continue our synthetic and biological research on 
these compound types.
Actually we are working on the synthesis of 1,4-anhydro-2,5-dideoxy-D-erythro-3-(hydrogen 
phosphate)-5-aminium-pentitol in reaction of N-(1,4-anhydro-2,5-dideoxy-D-erythro-pentitol-
5-yl)aminium tosylates (QACs) with phosphoryl chloride and trimethyl phosphate (Scheme 1).
Th e structures of isolates were determined by spectral analysis including extensive 2D NMR 
analyses and X-ray crystallography. QACs demonstrated mutagenic activity in bioluminescence 
mutagenicity assay based on Vibrio harveyi A16 strain.

Acknowlegdements: Th is work was partially fi nanced by grant DS/8451-4-0134-11
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SYNTHESIS OF 2,5-DIDEOxY-2,5-IMINO-D-HExITOL DERIVATIVES: POTENTIAL 
INHIBITORS OF LYSOSOMAL a-GALACTOSIDASE?

Patrick Kosmus, Martin Th onhofer, Arnold E. Stütz, Tanja M. Wrodnigg

Glycogroup, Institute of Organic Chemistry, Technical University Graz, Stremayrgasse 9, 
Graz, Austria

pkosmus@sbox.tugraz.at 

Iminoalditols, which are sugar analogues with a basic trivalent nitrogen instead of the oxygen in 
the ring, are well known as powerful glycosidase inhibitors. Th is property sets the seal on their 
use as analytical tools for the investigation of carbohydrate processing enzymes as well as their 
application as pharmaceuticals against diseases involving this enzyme class.1 
In line with our research towards applications of N-modifi ed iminoalditols as pharmacological 
chaperones2 we have become interested in the synthesis of a-galactosidase inhibitors in context 
with Fabry´s disease. To this end, 2,5-dideoxy-2,5-imino-d-altritol, originally isolated form 
Adenophora triphylla, is known to have respective biological properties for this application.3 
We will present the synthesis of C-1 amino modifi ed 2,5-dideoxy-2,5-iminohexitols such as 
structure 6 starting from known Amadori rearrangement product 4. 
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SURVEY THE INFLUENCE OF MICROBIAL TRANSGLUTAMINASE 
FOR FORMATION OF

TRANSGLUTAMINASE-INDUCED GELS
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Mechanical and structural properties of transglutaminase-induced casein gels are described here 
and compared with those of traditional acid casein gels. These gels were characterised by rheology 
and microscopy (confocal laser scanning microscopy and transmission electron microscopy). 
Unlike traditional casein gels produced by acidification and/or renneting which lead to gels 
cross-linked by weak physical interactions, gels formed using transglutaminase are covalently 
cross-linked. Gels with different characteristics can therefore be formed in this way and have 
some unusual and interesting features in terms of strength, kinetics of gelation, sensitivity to 
heat treatment and syneresis behaviour. The first steps of the transglutaminase-induced micellar 
aggregation were followed by turbidimetry and a mechanism for the aggregation process 
proposed. Unlike traditional casein gels produced by acidification and/or renneting, which lead 
to gels by weak physical interactions, gels by transglutaminase-treated casein micelles lead to 
covalently cross-linked gels. Gels with various characteristics can therefore be formed. 

Key words: Gels; Transglutaminase; Cross-linking; Rheology; Microstructure.
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Dextran are α-1,6-linked glucans, randomly branched to various extent mainly at O-3. Due to 
water solubility, biocompatibility and degradability in certain environment, dextran is a very 
important polysaccharide for medical and industrial applications [1]. By chemical modifi cation 
diff erent functional groups have been introduced and amphiphilic derivatives with emulsifying 
or self assembling properties have been prepared [2,3].  According to our concept of unsaturated 
polysaccharide ethers as reactive intermediates, we have prepared O-pentynyl dextrans with 
various degrees of substitution. By “click-chemistry” a number of functional groups have been 
introduced at high or even quantitative conversion. 
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Lipases are the most popular enzymes in biocatalysis, because they can be used in a variety of 
reactions due to their regio- and enantioselectivity and their reusability [1]. Polysaccharides, 
beside low cost in some cases, are non-toxic, biocompatible, inert in physiological conditions 
and can offer appropriate micro-environment to avoid severe conformational changes in the 
enzyme [2]  Alkynyl ethers of dextrans are very promissing candidates for immobilization 
and lipase and its use as biocatalyst in orrganic synthesis [3]. O-Pentynyl dextran (PyD), an 
amphiphilic polysaccharide derivative with degree of substitution (DS) 0.43 was synthesized [4] 
and compared with ion exchange resins Lewatit VP OC 1600, Amberlite XAD 761 and Duolite 
A568 for immobilization of Lipase from Rhizopus arrhizus by adsorption method. Biocatalysts  
were used for the synthesis of the click beetle pheromone geranyl octanoate. PyD showed higher 
lipase adsorption and esterification activity than other supports. Lipase immobilized on all 
supports except PyD became completely inactive within 8 weeks while lipase immobilized on 
PyD retained its full esterification activity for at least 14 weeks. In repeated use, yield decreased 
rapidly after two cycles for all supports except for PyD. For this biopolymeric support, constantly 
90% yield were achieved even after eight cycles.  
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Isosorbide (IS) is a diol obtained by hydrogenation and dehydration of glucose via sorbitol. IS is 
used for the manufacture of specialty polymers in the polyester, polycarbonate, and polyurethane 
families. According to its rigid structure, IS is the only biobased diol that improves resistance 
to heat, UV rays and chemicals, and offers excellent optical and mechanical properties on the 
materials produced. Thus far, various polymers composed of IS were reported, however, the 
synthesis processes for these polymers are need very long reaction time for more than decades 
of hours to some days, and high reaction temperature of 200 to 300 °C 1).
Microwave (MW) heating is well known to accelerate many organic reactions at the speed 
of light 2). We have already exhibited that polycondensations of diols and dicarboxylic acids 
were drastically accelerated compared with conventional heating processes 3). We have also 
demonstrated a commercial microwave-assisted polycondensation plant for lactic acid 
polymerization4).
Recently, we extended the MW-assisted polycondensation to synthesis of polyesters and 
polycarbonates by use of IS as 
one monomer component. The 
polycondensation of IS, diols, 
and dicarboxylic acids gave 
polyesters with Mw ~70,000 in 
quantity in 60 min. IS and diols 
produced polycarbonates (Mw 
~42,000) by transesterification 
with diphenyl carbonate in 
60min in a good yield as shown 
in Scheme 1 .
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The major source of chondroitin sulfate (CS) is shark and pig. However, indiscriminate fishing 
diminishes the number of sharks. In addition, the material tissues derived from the vertebrates 
are used in fear of the infectious diseases. Glycosaminoglycans (GAGs) including CS, dermatan 
sulfate (DS) and hyaluronic acid (HA) show various biological properties. We gave attention to 
the marine products as resources of GAG.
Horse mackerel is one of the major fishes of which uneatable parts are byproducts during the 
food processes. We clarified that the GAG derived from 1 kg of the defatted dry tissue of the 
horse mackerel predominantly contained 350 mg of CS-A (βGalNAc4S-βGlcA) and 250 mg of 
DS (βGalNAc4S-aIdoA). Recently we reported the amount and the sulfation patterns of CS in 
the tissues of large squid, Thysanoteuthis rhombus1 of which skin contained 3.8 g of E-type rich 
CS per kg of defatted dry tissue. We also investigated several fishes including unused snailfish 
and eelpouts living in the deep Japanese Sea. Skin of these fishes contained DS rather than CS. 
Some of their tissues contained about 2 and 8 g/(kg of defatted dry tissue) of unsulfated CS and 
HA, respectively. These results suggest that the uneatable parts of the marine products are able 
to be alternative resources of CS, DS and HA in place of the conventional resource animals. 
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Glycolipids, found on neural cell surfaces, can act as recognition molecules in biological events. 
It is also known that defects in glycolipid metabolism lead to devastating diseases. There has 
therefore been a long-standing interest in understanding the biosynthetic pathways for both 
glycolipid biosynthesis and catabolism.
We present here the synthesis of a lactosylsphingosine with a thioglycosidic linkage between 
the Gal and Glc residues,1 which is resistant to glycosidases. This compound was coupled 
with the fl uorescent tetramethylrhodamine (TMR) tag we reported previously.2 Subsequent 
glycosylation using glycosyltransferase will give the compounds shown below which are used 
as probes in the study of metabolic pathways.
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Th e Caribbean sponge Plakortis simplex has been extensively studied by our group, and a large 
variety of unusual glycolipids and other amphiphilic compounds have been isolated, including 
simplexide (1), discoside (2), and 12-methylbacteriohopanetetrol (3).

Recently, we had occasion to analyze for glycolipids an Indonesian specimen of P. simplex. In 
spite of the geographical distance, we found that the glycolipids composition of the Indonesian 
and Caribbean specimens were very similar. However, the Indonesian P. simplex also contained 
a new glycolipid, combining structural features of hopanoids and discoside, whose structure 
elucidation will be described.
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Lectins are proteins capable of recognising and binding to specific oligosaccharide structures 
found on glycoproteins and other biomolecules. As such they have found utility for 
glycoanalytical applications. One common difficulty encountered in the application of these 
proteins, particularly in multi-well plate assay formats known as Enzyme Linked Lectin Assays 
(ELLA’s), is in finding appropriate blocking solutions to prevent non-specific binding with plate 
surfaces. Many commonly used blocking agents contain carbohydrates and generate significant 
background signals in ELLA’s, limiting the utility of the assay. 
In this study we examined the suitability of a range of blocking reagents, including protein 
based, synthetic and commercially available carbohydrate free blocking reagents, for ELLA 
applications. Each blocking reagent was assessed against a panel of 19 commercially available 
biotinylated lectins exhibiting diverse structures and carbohydrate specificities. We identified 
the synthetic polymer Polyvinyl Alcohol (PVA) as the best global blocking agent for performing 
ELLA’s. We ultimately present an ELLA methodology facilitating broad spectrum lectin analysis 
of glycoconjugates and extending the utility of the ELLA.
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Pectins are polysaccharides of plant origin. They are found in the primary cell walls and contribute 
to a number of cell functions. The chemical structure of pectin molecules is immensely complex. 
Their backbone consists of D-galacturonic acid and a number of neutral sugars. Three types of 
pectic polysaccharides have been identified: homogalacturonan (HG) and rhamnogalacturonan 
(RG) I and II. This work is focused on synthesis of RG-I oligosaccharides (repeating units 
of [a-L-Rhap-(1→4)-a-D-GalpA-(1→2)]). The targeted molecules are highly relevant to the 
study of enzymes and antibodies acting on plant polysaccharides and are to be used within 
the LeanGreenFood network (www.leangreenfood.eu) that focuses on improving processes in 
the food industry. Initially, a hexasaccharide fragment of RG-I has been targeted (Scheme 1). 
The synthesis is planned to be carried out through a sequence of two glycosylation reactions 
using the disaccharide building block A followed by a late stage oxidation of the 6-position in 
galactose. In order to assemble A, suitably protected monosaccharide building blocks B and C 
have been designed and synthesized. Usage of phenyl thioglycosides and n-pentenyl glycosides 
as glycosyl donors has been explored. The key feature of the synthesis is a chemoselective 
activation of the glycosyl donor in the presence of the glycosyl acceptor. The reactivity of 
the donor and the acceptor is differentiated by the electronic effects of the protective groups 
through the so-called armed/disarmed effect.

Scheme 1. Retrosynthesis of RG-I hexasaccharide.
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Phenolic glycolipid I (PGL-I, Figure 1) is a 
specifi c glycolipid exclusively found on the cell 
surface of Mycobacterium leprae, the causative 
agent of leprosy.1 Recently, it has been shown that 
PGL-I plays a crucial role in the pathogenesis of 
leprosy, in particular in the damage of peripheral 
nerves.2,3 PGL-I is able to bind via its characteristic 
trisaccharide to laminin-a-2, a glycoprotein 
in the basal lamina surrounding the Schwann 
cell, thereby inducing demyelination, leading to 
infl ammatory responses and nerve damage. However, the precise mechanism as well as the 
nature of the involved receptors on the Schwann cell surface are not fully known and are topic 
of current research. 

Synthetic fl uorinated derivatives of PGL-I, with one or more 
hydroxyl groups of the trisaccharide unit substituted by 
fl uorine, may off er an interesting starting point to adjust these 
questions. Th ese compounds may be used in structure-activity 
relationship studies to gain a better understanding of the 
biological role of PGL-I. Th e aim of this project is the synthesis 
of fl uorinated PGL-I derivative  2 (Figure 2), in which the 
hydroxyl group in 4-position of the fi rst rhamnose building 
block is selectively replaced by fl uorine. An effi  cient strategy 
for the synthesis of the corresponding fl uorinated building 
block and the assembly of the trisaccharide is presented. 
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	   Figure 1: Phenolic glycolipid I.

	   Figure 2: Fluorinated 
derivative of PGL-I.
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Rickettsia typhi causes endemic typhus. The disease is relatively mild, acute febrile illness 
characterized by headache and macular rash. It is maintained in rodents and transmitted to 
humans by the rat flea Xenopsylla cheopsis. It is known that R. typhi contains endotoxin which is 
thought to display a noticeable endotoxic activity but the structure/function relationship studies 
have not been performed thus far. Our studies have shown that the major R. typhi lipid A species   
consists of the β-(1→6)-linked D-GlcN disaccharide backbone carrying two phosphate groups. 
One of them is linked to the glycosidic hydroxyl group of GlcN I and the other one is ester-
linked to the O-4´ position of GlcN II. The primary fatty acids consist of two C14:0(3-OH) 
and two C16:0(3-OH). The former are ester- and the latter amide-linked to both GlcN. Two 
secondary fatty acids are represented by C18:0 and C16:0 that are ester-linked at the positions 
N-2´ and O-3´, respectively. Mass spectrometric analyses also revealed the presence of one minor 
molecular lipid A species in which ester-linked C18:0 is substituted by C16:0 at C16:0(3-OH) of 
GlcN II. The studies revealed a noticeable compositional and structural heterogeneity of lipid 
A of R. typhi with respect to the content of phosphate groups and the degree of acylation. The 
significance of the acyl pattern variation in the investigated lipid A is still unclear, but it may play 
a role in the biological activities. In addition, it is well known that enteric bacteria can synthetize 
different forms of lipid A in response to the host environment. We assume, however, that a part 
of the observed heterogeneity in the investigated lipid A could be generated by its incomplete 
biosynthesis in the living bacterium and by degradation processes during its isolation from the 
parent lipopolysaccharide. Thus, the presence of other lipid A isoforms in the R. typhi lipid A 
cannot be excluded. In conclusion, the structural features of lipid A of R. typhi resemble classical 
forms of enterobacterial lipids A and this fact may indicate a high endotoxic potency of the 
whole bacterium. However, more detailed structure/function relationship studies have to be 
performed in future to throw more light on this important problem.
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Coxiella burnetii is the etiological agent of Q fever. An easy aerosol dissemination, environmental 
persistence, and high infectivity make the bacterium a serious threat for humans and animals. A 
lipopolysaccharide (LPS) has been considered to be a major determinant of virulence expression 
and infection of C. burnetii. LPS I, isolated from virulent phase I bacterium, contains a noticeable 
amount of two sugars virenose (Vir) and dihydrohydroxystreptose (Strep), which have not been 
found in other LPSs and can be considered as unique biomarkers of the bacterium. Both sugars 
are located in the O-polysaccharide chain of LPS I, mostly in terminal positions. In the later 
stages of Q fever, a remarkable decrease in the serological activity of LPS I was observed when 
Vir and Strep were selectively released from its O-chain. This might indicate that most so-called 
phase I antibodies are directed against the epitopes containing Vir and Strep.  The phagocytosis 
of virulent LPS I containing C. burnetii cells requires the engagement of αvβ3 integrin and leads 
to a low phagocytosis rate and intracellular survival. The phagocytosis of avirulent variants 
containing truncated (R) LPS II is mediated by αvβ3 integrin and CR3 (αMβ2 integrin, CD11b/
CD18) and results in a high phagocytosis rate and bacterial elimination. The low efficiency of 
virulent bacteria uptake is probably critical for the persistence of C. burnetii in monocytes and 
macrophages. Inefficient uptake results from the uncoupling of the αvβ3 integrin from CR3, 
which is secondary to the inappropriate activation of macrophages and to actin cytoskeleton 
reorganization. It should be noted here that lipids A from LPS I and LPS II have the same 
structural features. In addition, the structure of C. burnetii lipid A differs considerably from 
those reported for strongly endotoxic enterobacterial lipids A.  
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Lablaboside F was isolated from the seeds of Dolichos lablab.1 and has been shown to have strong 
adjuvant activity but little haemolytic activity. Lablaboside F was shown to exhibit an almost ten 
fold increase in adjuvant activity in comparison to the purifi ed plant extract QS-212 which has 
already entered numerous clinical trials based on its adjuvant activity. Lablaboside F compromises 
two trisaccharide units attached to the C3 hydroxyl and the C28 carboxylic acid of the oleanoate 
triterpenoid backbone.  Th e successful synthesis required the stepwise sequential attachment of 
protected glucose, galactose and rhamnose monosaccharide trichloroacetimidate donors to the 
C3 terminus of the triterpene before a selective oxidation/esterifi cation procedure of the glucose 
residue to provide the glucuronic ester moiety. Th e C28 terminus trisaccharide was synthesised 
by glycosylation of a protected glucosyl acceptor with a rhamnose trichloroacetimidate followed 
by chain extension with a second rhamnose trichloroacetimidate. Allyl glycoside deprotection 
followed by glycosyl bromide formation provided the key donor for esterifi cation to yield the 
protected lablaboside F. Global deprotection furnished synthetic lablaboside F which provided 
spectroscopic data in full agreement with that of the material derived from the natural source. 
Biological evaluation of synthetic lablaboside F is currently being undertaken and results will 
be presented. 
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Polysaccharides from deacetylated Sterculia urens (karaya) gum and from Sterculia lychnophora 
seeds are similar, irregular polysaccharides. The Sterculia urens polysaccharide1 contains residues 
of glucuronic acid, galacturonic acid, galactose and rhamnose, while the Sterculia lychnophora 
polysaccharide is composed of galacturonic acid, rhamnose, arabinose and galactose with 
minor amounts of glucose and xylose. Structure elucidation of such polysaccharides requires the 
hydrolytic generation of oligosaccharides for detailed methylation analysis, mass spectrometry 
and NMR spectroscopy. Studies of enzyme action (pectinases, cellulases, hemicellulases, etc.) 
have been performed on the two native (alkali – treated) polysaccharides and on the two 
carboxyl – reduced2 polysaccharides. Enzyme-catalyzed hydrolysis of the carboxyl-reduced 
polysaccharides was found to result in a higher yield of oligosaccharides than the same treatment 
of the solely alkali treated ones. Discovery of suitable endoglycosidase enzymes is expected to 
provide an environment friendly approach to the production of oligosaccharides for nutritional 
and pharmaceutical use.
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Tamarind seed polysaccharide (TSP) xyloglucan is stored in the seed of Tamarindus indica. The 
primary structure of TSP consists of a (1→4)-β-D-glucan spine with (1→6)-a-branched xylose, 
which is partially substituted by (1→2)-β-galacto-xylose. It is characterized by high viscosity, 
broad pH tolerance and adhesivity. Such properties led to its application as stabilizer, thickener, 
gelling agent and binder in the food and pharmaceutical products. Other important properties 
of TSP have been recently identified. These include non-carcinogenicity, mucoadhesivity, 
biocompatibility and high drug holding capacity. Hyaluronic acid (HA), an anionic biodegradable 
glycosaminoglycan, is used for formulations of hydrogels in the biomedical field and the major 
disadvantages of the commercially available HA formulations are their low stability and fast 
degradability. In order to overcome this problem HA/TSP mixtures were prepared and the 
present study was undertaken to highlight the chemical-physical property of HA/TSP mixtures 
by Low Resolution NMR spectroscopy technique. In particular, the measurement of NMR proton 
relaxation parameters T1 and T2 showed that between HA and TSP there is a strong cooperative 
interaction that influenced the amount of water that interacted with polysaccharides.
Moreover, to evaluate the stability of TSP and HA we performed selectivity enzymatic 
degradations of HA and TSP to compare the kinetics of hydrolyses of polysaccharides alone 
or in mixture. To evaluate the enzymatic activity we followed the decrease of molecular weight 
by high performance size exclusion chromatography and we demonstrated that the stability of 
TSP/HA mixtures was superior to those of pure polysaccharides.
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In the search for new possibilities to treat type 2 diabetes, inhibition of glycogen phosphorylase 
(GP), the main regulatory enzyme of glycogen degradation, has become a validated approach. 
Glucopyranosylidene-spiro-isoxazolines1 1a-d are among the most eff ective glucose analogue 
inhibitors of GP.2 Th e good inhibition is mainly due to the presence of large aryl group which 
makes favourable contacts in the so called β-pocket of the enzyme. In order to further study the 
eff ect of the aryl moiety a series of hetaryl substituted spiro-isoxazolines were synthesized and 
the eff ect of changing the sugar confi guration was also studied. In the presentation details of the 
syntheses and preliminary enzyme kinetic results will be shown. 
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ENZYMATIC GLYCOSYLATION  OF  OLIVE OIL ANTIOxIDANT BIOPHENOLS BY 
MARINE a-D-GLUCOSIDASE FROM aPLysia fasCiata
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There is growing interest in novel sources of natural antioxidants, due to the recognized 
involvement of reactive oxygen species in the onset of several human diseases1  and in the 
oxidative degradation of food, animal feed, and other goods such as cosmetics2 .
Olives and olive oil contain phenolic compounds that, in vitro, have been shown to exert potent 
biological activities including, but not limited to, antioxidant actions3. 
The biophenolic fraction of olive oil comprises only 2% of the total phenolic content of the 
olive fruits, with the remaining 98% being lost in olive mill waste (OMW). Thus, OMW is 
also potentially a rich source of a diverse range of biophenols with a wide array of biological 
activities4 .
Polyphenols in vegetable oils are a complex mixture of compounds, that include oleuropein, 
4-hydroxyphenylethanol (tyrosol), 3,4-dihydroxy-phenylethanol (hydroxytyrosol), 
4-hydroxyphenylacetic acid, protocatechuic acid, syringic acid, vanillic acid, caffeic acid, 
p-coumaric acid, and sinapic acid . Among them, we focused our attention on the most abundant  
tyrosol  and hydroxytyrosol. If tyrosol shows mild antioxidant properties5, on the contrary, 
hydroxytyrosol, which is the most active component of  OMW extract, is known to possess 
strong antioxidant scavenging abilities6, together with and antithrombotic activities such as 
inhibition of LDL oxidation, platelet aggregation and endothelial cell activation properties. 
Here we present a new synthetic strategy for the production of mono- and oligosaccharidic 
derivatives of tyrosol and hydroxytyrosol, performed by the α-D-glucosidase from the sea 
hare Aplysia fasciata7.  A subsequent oxidation of  glycosylated products , using commercial 
mushroom tyrosinase8, allowed us to produce the corresponding hydroxytyrosol  saccharidic 
derivatives; their antioxidant activities were evaluated by DPPH test and compared with that of 
hydroxytyrosol. 
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Polysaccharide-based multifunctional materials find a continuous and growing interest in food, 
cosmetics and biomaterial fields. Among polysaccharides, chitosan and hyaluronic acid show 
a remarkable potential for their physical and biological properties.1 In order to control and 
identify their specific properties, a key strategy is to produce tailor-made polymer/oligomer 
series of varying degrees of polymerization (DP) with a low polydispersity index (Ip).2,3 
Among the methods reported to produce chitosans and hyaluronic acids of adjusted molecular 
weight down to oligomers, chemical hydrolysis and enzymatic treatments are frequently 
proposed.3 However, all these methods require a systematic purification of the resulting products 
due to the presence of additives used to initiate the reactions of depolymerization. Moreover, 
the obtained low molecular weight polymers or oligomers show a rather large polydispersity. 
As a result, the depolymerization induced by ultrasounds was considered as an interesting 
alternative.4,5

In the present work, we report on an experimental study of the ultrasound treatment of chitosan 
and hyaluronic acid in aqueous solutions, highlighting the main parameters influencing the 
depolymerization kinetics. First, the results enable the identification of two mechanisms involved 
during the reaction. Their modelling allows us to obtain chitosan and hyaluronic acid chains 
of precise degree of polymerization and low polydispersity or, alternately, a pure collection of 
corresponding oligosaccharides with a large polydispersity. Moreover, using a “master curve” 
approach, a general law of the evolution of the molecular weight during the depolymerization 
is proposed. This law can be used for the production of polymers with controlled degrees of 
polymerization in various experimental conditions, and is conjectured to be applicable to other 
polysaccharide polyelectrolyte solutions.
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Chitosan is a linear copolymer of (1→4)-linked 2-acetamido-2-deoxy-β-d-glucopyranose 
(GlcNAc) and 2-amino-2-deoxy-β-d-glucopyranose (GlcN) units in varying proportions 
(Figure 1). Th is polysaccharide is produced industrially by chemical N-deacetylation of chitin, 
the most naturally occurring polymer, mainly present in the cuticles of arthropods. Recently, 
chitosan has received considerable attention as a functional biopolymer with a wide range of 
applications in food, agriculture, medicine, pharmaceutics and cosmetics, taking advantage of 
its various interesting physicochemical and biological properties.1

Th e degree of N-acetylation (DA) of chitosan is an important characterization parameter since 
the charge density of the chitosan molecule is responsible for potential biological and functional 
eff ects. Th e DA is defi ned as the molar fraction of GlcNAc units in the polymer chain.
Liquid phase 1H NMR spectroscopy is a very suitable method for the determination of the DA 
of chitosan. Several studies have reported on the NMR determination of chemical composition 
and sequential arrangement of monomer units in chitosan.2 Th is technique is found to be fast, 
precise, reproducible, rugged, robust, stable and requires only a small amount of chitosan.
In this work, a comparative study of the determination of the DA of various chitosan samples is 
described involving a routine method developed in our lab and two main standard test methods 
published in the literature for the use of chitosan in biomedical and pharmaceutical applications.3

Figure 1 : Chemical structure of chitosan
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Carbohydrates are recognized as a versatile structural platform for development of biologically 
active compounds. In recent years oligosaccharides and glycopeptides were described as anti-
malarial1 and anti-cancer vaccine candidates.2 On the other hand, small molecule carbohydrate-
heterocycle conjugates are widely used as enzyme inhibitors.3 
Herein, we present a synthetic approach to a wide variety of carbohydrate-azole conjugates 
from common intermediate 1. Diff erent azole precursors 2, 3 and 4 are synthesized and then 
converted to the 1,4-disubstituted 1,2,3-triazoles and 3,5-disubstituted isoxazoles via 1,3-dipolar 
cycloadditions of terminal alkynes to azides and nitrile oxides, respectively. Biological activities 
of selected compounds will be reported.
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STRUCTURAL STUDIES OF THE O-SPECIFIC POLYSACCHARIDE 
OF aeromonas veronii BV. sobria LIPOPOLYSACCHARIDE
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Aeromonas are ubiquitous water-borne bacteria especially known as important fish pathogens. 
They cause chronic disease with skin ulceration or acute systemic infection described as motile 
aeromonad septicemia. A number of potential virulence factors for Aeromonas pathogenesis 
have previously been identified, including polar flagella, pili, surface layer proteins, and 
lipopolysaccharide (LPS).1 Taxonomic studies have revealed that diseases, and thus losses, in 
commercial polish aquacultures of carp and trout2 have mostly been caused by strains within 
A. veronii bv. sobria genomospecies and thus have an important role in the pathology of farmed 
fish. Sugar analysis of the O-specific polysaccharide (OPS) isolated from LPS of A. veronii bv. 
sobria strain K49 showed the presence of L-rhamnose (L-Rha), 3-amino-3,6-dideoxy-d-glucose 
(d-Qui3N), and 2-amino-2,6-dideoxy-d-galactose (d-FucN) residues. GLC-MS analysis of the 
partially methylated monosaccharides resulted in the identification of 3-substituted Rhap, and 
2-substituted Rhap, 2-substituted Quip3N, and 3-substituted FucpN. The spin systems for five 
monosaccharides, i.e. two a-Rha residues and one each of β-Rha, a-FucN, and β-Qui3N were 
identified on the basis of the 1H and 13C chemical shifts and the coupling constant values, and 
those of amino sugars were confirmed by correlations revealed by the 1H,13C HSQC experiment. 
The 13C NMR spectrum of the studied OPS contained signals for five anomeric carbons at d 
96.32, 103.07, 103.40, 105.23 and 103.67, two nitrogen-bearing carbons (FucN C-2, and Qui3N 
C-3) at d 48.77 and 56.77, several methyl groups of 6-deoxysugars (Rha, FucN and Qui3N), and 
two N-acetyl groups (CH3 at d 23.2 and CO group at d 175.04). In the NOESY spectrum of the 
K49 OPS the following strong NOE contacts were observed: a-FucN H-1 (A), β-Qui3N H-2 (D) 
(d 5.63/3.47); β-Qui3N H-1 (D), a-Rha H-3 (B) (d 4.89/3.96); a-Rha H-1 (B), a-Rha H-3 (C), 
(d 5.02/3.87); a-Rha H-1 (C), β-Rha H-2 (E), (d 4.98/3.86), and β-Rha H-1 (E), a-FucN H-3 
(A), (d 4.78/3.67). These data enabled determination of the linkage position and the sequence of 
the sugar residues in the repeating unit
→3)-a-d-FucpNAcA-(1→2)-β-d-Quip3NacD-(1→3)-a-L-RhapB-(1→3)-a-L-RhapC(1→2)-β-L-RhapE-(1→
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NEW ANTI-MALARIAL DRUGS TARGETING PURINE SALVAGE PATHWAYS
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Malaria has probably infected humans for over 50,000 years.1 The disease is caused by a mo-
squito-borne parasite and currently there are ~ 250 million cases per year with about 1 million 
deaths – mostly children. The development of resistance to anti-malarial drugs has increased the 
importance of the discovery of new drugs and new drug targets.2 
The malaria parasite is unable to biosynthesize its own purines and relies on salvage enzymes 
to harvest purines from the host. We have validated the salvage enzyme purine nucleoside pho-
sphorylase (PNP) as a malarial drug target and have shown that a PNP inhibitor will cure Pla-
smodium falciparum infections in monkeys. 
Here we present results on the design and synthesis of transition state analogue inhibitors of 
another purine salvage enzyme, hypoxanthine-guanine-xanthine phosphoribosyltransferase 
(HGXPRTase) which is expected to be essential for parasite survival. We have discovered some 
simple phosphonic acid derivatives that are potent and selective inhibitors of the Plasmodium 
falciparum HGXPRTase. A novel pro-drug approach will also be presented which has allowed 
the development of compounds that kill the parasite in infected red blood cells. 

References
1. D.A. Joy, X. Feng, J. Mu, T. Furuya, K. Chotivanich, A.U. Krettli, M. Ho, A. Wang, N.J. White, 

E. Suh, P. Beerli and X-Z Su, Science, 2003, 300, 318-321.
2. H. Noedl, Y. Se, K. Schaecher, B.L. Smith, D. Socheat, and M.M. Fukuda, N. Engl. J. Med. 

2008, 359, 2619-2620. 



16th European Carbohydrate Symposium

567

POSTER

PO 353
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In our screening program for glycoside hydrolases, we have found high cellulolytic activity in 
the body wall extract of the earthworm Eisenia foetida. Interestingly, the activity is active even 
at lower temperature as 15°C. Previously, we have studied cold-adapted raw starch-digesting 
amylases from the cell-free extract of E. foetida1. It is of interest that a protein with anti-plant 
viral activity has been found in the same crude extract that exhibits protease activity at lower 
temperatures2. Clostridium sp. and some bacterial cellulases exist as an enzyme complex with 
cellulolytic, and hemicellulolytic enzymes, so called “cellulosome”. In this article, we report 
that E. foetida carboxymethylcellulase (EF-CMCase25) occurs as a complex with β-glucosidase, 
β-1,3 glucanase, and β-xylosidase3. The multienzyme complex had a molecular mass 150 kDa 
on gel filtration under non-reducing condition. After the gel filtration, the enzyme complex 
was purified to homogeneous state on blue-native page. The SDS-PAGE demonstrated that the 
purified protein is a complex with at least one CMCase (25 kDa), one β-glucosidase (32 kDa), 
and one β-1,3 glucanase (40 kDa) components. The CMCase activity in the purified enzyme 
complex at 15oC was 44% of that obtained at the optimal temperature. The reaction products 
from degradation of carboxymethyl cellulose (CMC) by the purified enzyme complex were 
determined to be glucose, cellobiose, cellotriose, and cellooligosaccharides of higher degree of 
polymerization (DP) by thin-layer chromatography.
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Th e synthesis of biologically active molecules from carbohydrates derivatives requires the 
preparation of suitably protected monomers. Th e one-pot regioselective protection of hydroxyl 
groups represents an important strategy for the preparation of these molecules.1 However, the 
selective deprotection of this function could represent an interesting alternative method. 
Th e benzyl ether is one of the most widely used protecting group due to its easy formation, 
stability under various conditions and the numerous deprotection methods. Hence, several 
methods of O-debenzylation of perbenzylated saccharides2 were reported in the literature. Most 
of these approaches are however incompatible with thioglycosides3 which represent a major 
building block in oligosaccharides synthesis. 
We report here a new radical reaction for an effi cient selective O-debenzylation, which is based 
on an intramolecular hydrogen transfer.

Th is methodology was successfully applied to a wide range of protected mono and disaccharides 
with various anomeric protecting groups.
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Streptococcus suis is an important swine and emerging zoonotic pathogen. Of the 35 capsular 
types described, S. suis types 2 and 14 are both considered important human threats. So far, only 
type 2 capsular polysaccharide (CPS) has been structurally characterized by our team.1

To determine the structure of S. suis type 14 CPS, reference strain DAN 13730 was grown in 
Todd-Hewitt broth, cells were harvested, and the capsule was released by autoclaving. The purified 
CPS was obtained after extraction, precipitation, and gel filtration as described previously.1

The Sambucus nigra lectin, which recognizes the Neu5Ac(α2–6)Gal/GalNAc sequence, showed 
binding to the native CPS. Sugar and absolute configuration analyses gave 3:1:1:1 for d-Gal, 
d-Glc, d-GlcN, and Neu. After mild acid hydrolysis of the native CPS, 1H NMR revealed that the 
resulting polysaccharide had only lost the sialic acid residue, confirming its terminal location. 
Methylation analysis of the desialylated polysaccharide indicated the presence of terminal Gal, 
4-linked Glc, 3-linked Gal, 3,6-linked Gal, and 4-linked GlcN. 1H and 13C NMR data of the 
desialylated and native polysaccharides are consistent with the following hexasaccharide 
repeating unit for the CPS:

A correlation was tentatively established between this CPS structure and the genes encoding 
glycosyltransferases and polymerase responsible for its biosynthesis. Finally, the structure was 
compared with that of CPSs from S. suis type 2 and other pathogenic streptococcal antigens.
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Glycosphingolipids (GSLs) are essential constituents of cellular membranes of eukaryotic cells. 
Th e structure of almost all GSLs is based on the glucocerebroside core. Glucocerebroside is 
made by the glycocyl transferase glucosylceramide synthase (GCS).1 GCS is an important target 
for clinical drug development for the treatment of lysosomal storage disorders such as Gaucher 
disease and a promising target for combating type 2 diabetes.2 Small compounds such as Zavesca 
(1) and PDMP 2 which are, supposed partial ceramide mimics, potent and selective inhibitors 
of GCS3,4 found their way into the clinics. In our groups N-alkylated DNM derivatives 3 and 
4 were developed and proved to be highly potent and selective inhibitors for GCS.2,5 Here we 
present our fi rst results in the systematic study of combining chemical properties of the four 
lead compounds 1 - 4. In library A (48 entries) lead-compounds 1, 3 and 4 are stripped towards 
diol and triol derivatives to mimic as closely as possible ceramide. Subject of library B (24 
compounds) is the head to head comparison of the aliphatic chain character of leads 1, 2 and 4.6 
In library C (39 compounds) from compounds 1, 2 and 3 DMDP 4 analogues were constructed. 
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Based on our previous research, we established that B. licheniformis SVD1 produces a multi-
enzyme complex (MEC) with mainly hemicellulolytic activity 1,2,3.  This MEC co-purifies with 
an extracellular polysaccharide (EPS) of 2,000 kDa that is produced by this organism.  We are 
investigating the relationship between EPS and the MEC and whether the MEC is formed by 
entrapment of enzymes within the polysaccharide matrix, as well as assisting the organism in 
binding to insoluble biomass, thus bringing the enzymes into close proximity to the substrate 
and facilitating degradation. Initial work has focused on characterisation of the EPS and it 
was found that the organism produces EPS with two different molecular weights - 2,000 kDa, 
as well as a smaller molecular weight ~100-500 kDa as measured using Sepharose 4B size 
exclusion chromatography.  The highest levels of EPS were produced when the organism was 
cultured on sucrose, although EPS production was also observed on carbon sources such as 
mannose and glucose.  Yeast extract was the best nitrogen source for EPS production.  EPS 
production was observed over time and it was established that cell-associated polysaccharides 
were present at their highest levels during the log phase of growth, while the highest levels 
of polysaccharides in the supernatant were detected during stationary phase.  Field emission 
electron microscopy (FESEM) and transmission electron microscopy (TEM) were carried out 
to observe the characteristics of the EPS in relation to the cells during log phase.  Cells were 
stained with various stains such as 0.15% (w/v) alcian blue and 0.15% (w/v) ruthenium red.  
The EPS was observed as long fibrils forming a network between cells and attaching cells to one 
another while knoblike structures also appeared to be present on the cells.  Initial structural 
analysis using TLC and GCMS indicate that the EPS is mainly composed of fructose.  Further 
analysis is being performed using NMR, as well as linkage analysis using GCMS to determine 
the complete structure of the EPS.  Many bacterial polysaccharides are known to have various 
medical applications, such as immunoregulatory effects, lowering of cholesterol levels and are 
used as vaccines.  Thus, the effect of the purified EPS on immune response (TNFalpha and IL-6 
levels) will be examined.  
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Chiral cyanohydrins have proven their merits as building blocks in modern stereoselective 
synthesis.1 In our laboratories cyanohydrin 1, derived from crotonic aldehyde and HCN 

with the aid of a hydroxynitrile lyase from almonds 
(PaHNL),2 has been applied as starting material on 
several occasions. Most recently, 1 was used in the 
enantioselective synthesis of three iminosugars of the 
1-deoxynojirimicin (1-DNJ) type,3 as a part of our 
ongoing research program regarding the synthesis 
of iminosugars (and derivatives thereof) in search of 
new glycosidase inhibitors.4 We now report on the 
elaboration of this project to the synthesis of eight  
1-deoxynojirimicin isomers from 1. 
Th e synthesis starts with the conversion of crotonic 
aldehyde into (R)-cyanohydrin 1 using PaHNL and 
HCN, followed by TBDPS-protection. Conversion of 
1 via a one-pot Dibal-H reduction – transimination 
(employing (R)- or (S)-O-benzylvinylglycinol) – 
NaBH4 reduction sequence5 aff orded the secondary 
amines 2 and 3. Subsequent N-protection and Grubb’s 
cyclization gave building blocks 4 and 5 in 72% overall 
yield from 1. Dihydroxylation of the double bond in 
4 and 5 followed by several manipulations, gave both 
enantiomers of four diff erent 1-deoxynojirimicin 
isomers. 
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Since the discovery of streptomycin in the 1940s, aminoglycosides have enjoyed widespread 
applications as chemotherapeutic agents in the treatment of many types of bacterial infections, 
including both Gram-positive and Gram-negative pathogens.1 Their antibacterial mechanism of 
action has been shown to be linked to the aminoglycoside molecular interaction with the 16S 
rRNA subunit of the 30S bacterial ribosome that disturbs protein synthesis.
In the family of the aminoglycosides, neomycin B has also appeared to be able to strongly inhibit 
the interaction between the HIV-1 TAR RNA and the transactivating protein Tat.2 However, 
aminoglycosides have no real antiviral activity. 
In the search for new antiviral agents, a small aminoglycoside, neamine, which corresponds 
in neomycin B to a crucial recognition element for TAR RNA interaction, has been modified 
selectively on different hydroxyl functions. Several derivatives able to strongly inhibit the TAR-
Tat binding with submicromolar concentrations were identified using FRET experiments.3 
Affinity constants for TAR of the inhibiting derivatives also were measured by SPR and 
microcalorimetry (ITC).
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OF AMPHIPHILIC NEAMINE DERIVATIVES
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Since the discovery of streptomycin in the 1940s, aminoglycosides have enjoyed widespread 
applications as chemotherapeutic agents in the treatment of many types of bacterial infections, 
including both Gram-positive and Gram-negative pathogens. Their antibacterial mechanism of 
action has been shown to be linked to the aminoglycoside molecular interaction with the 16S 
rRNA subunit of the 30S bacterial ribosome that disturbs protein synthesis. Due to the rapid 
emergence of resistant bacterial strains and the toxicity of certain antibiotics, it is imperative to 
discover and develop novel antimicrobial drugs.
In the search for new antibiotics agents, neamine derivatives were prepared through modification 
of the amino or the hydroxyl functions in order to increase the affinity for rRNA and prevent the 
activity of aminoglycoside-modifying enzymes. For this purpose, it is necessary to develop short 
and regioselective methodologies to introduce for example aromatic rings able to improve the 
affinity for the RNA target, through groove binding and/or stacking1. 

The antibiotic activities of different neamine derivatives were measured on a wild type and 
resistant cells. Neamine carrying two or three naphthylmethylene groups in position 3’, 4’ and/
or 6 were found to be interesting antibiotic agents against a broad range of Gram (+) and (-) 
strains surexpressing resistance to aminoglycosides2. Mechanistic studies suggest a new mode of 
action for the aminoglycosides through a membrane destabilization3.
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HIV infection is pandemic in humans and is responsible for millions of deaths every year. The 
discovery of new cellular targets that can be used to prevent the infection process represents 
a new opportunity for developing more effective antiviral drugs. In this work, dendritic cell-
specific ICAM-3 grabbing non-integrin (DC-SIGN), a lectin expressed at the surface of 
immature dendritic cells and involved in the initial stages of HIV infection, is described as 
a promising therapeutic target. The project is being developed within the European research 
Network CARMUSYS (http://www.carmusys.iiq.csic.es). Herein we show the synthesis of a 
small library of derivatives of a dimannoside mimic recently reported by our laboratory.1 The 
mimic was functionalized with two identical amide groups. Further, multivalent presentations of 
the prepared DC-SIGN ligands were obtained via click chemistry using  dendrimeric scaffolds. 
The activities of the prepared molecules towards DC-SIGN were determined using surface 
plasmon resonance (SPR) technique. Multivalency showed significant improvement of the DC-
SIGN inhibition in comparison with the corresponding monovalent ligands. 
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ExOPOLYSACCHARIDE PRODUCTION BY THERMOPHILIC BACTERIA 
FROM TURkEY AND BULGARIA
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The enthusiasic search for novel extremophiles has largely been stimulated by the uniqueness 
of their survival mechanisims which result into valuable commercial applications. One of the 
adaptation strategies to extreme environments conditions is the production of exopolysacchari-
des (EPSs) expressing unusual physicochemical and rheological properties, and correspondingly 
novel functionality. Thermophilic microorganisms are known to produce EPSs in short fermen-
tation processes with better mass transfer and decresased viscosity. Hence studies were initiated 
to investigate the EPS production profile of thermophilic strains isolated from hots springs in 
Bulgaria and Turkey in aim to isolate and identify good EPS producers, to develop effective 
fermentation processes for polymer synthesis and to characterize the biopolymers properties.  
A total of 14 thermophilic bacterial strains were tested for their ability to produce EPSs. After 
quantitative analysis of the produced biopolymers, two strains were chosen for further work. 
Studies on optimization of culture media content revealed  maltose (at optimum concentrations 
of 1.8% for the first strain and 1.2 % for the second strain) and pepton (at 0.1 % optimum con-
centration) were found to be the best carbon and nitrogen sources, correspondingly. Whereas 
optimal pHs for the strains were 6.5 and 7.0, highest amounts of EPS were recovered at 55oC for 
both strains. Biopolymers were synthesized at late exponential and early stationary phases. In 
the presence of trace elements (Fe2+, Co2+, Mn2+, Cu2+, Zn2+), cultures were found to reach lower 
optical densities, however improved detachment of the exopolysaccharides from the biomass 
was found to facilitate their further recovery from culture liquid. Studies on the optimization of 
air supply and mass transfer in bioreactor cultures as well as on monosaccharide composition of 
the biopolymers are in progress. 
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CLICk SYNTHESIS OF DNj NEOGLYCOCONjUGATES: 
LENGTH OF THE SIDE CHAIN TUNES BIOLOGICAL ACTIVITY
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Iminosugars, sugar mimics in which the endocyclic oxygen is formally replaced by nitrogen, 
represent a most promising class of sugar analogues for therapeutic applications.1

We have prepared a series of neoglycoconjugates derived from deoxynojirimycin by click 
connection2 with functionalised adamantane derivatives.3 These conjugates were assayed as 
inhibitors of the glycoenzymes relevant to the treatment of Gaucher disease, as well as correctors 
of the defective ion-transport protein involved in cystic fibrosis. We will show that according to 
the length of the chain linking DNJ and adamantane, we can selectively either strongly inhibit 
ER-α-glucosidases and ceramide glucosyltransferase or restore the activity of CFTR. This 
strategy proves therefore very attractive for the rapid synthesis of iminosugar-based libraries for 
biological applications.
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The last decade has witnessed an increasing interest in the development of micro-fluidic devices 
integrating monolithic materials for chemical and (bio)analytical applications. These materials 
are very versatile as they can be prepared with different porosities, pore sizes, and a wide variety 
of functionalities using many different precursors and chemistries1. Furthermore, they can be 
prepared in situ in specific areas of micro-fluidic channels by photo-initiated (UV-initiated) 
polymerization employing customized photo-masks2. Advantages from the use of microchip 
platforms include very fast analysis times, the use of small sample volumes, minimal reagent 
consumption and waste generation, disposability, portability and ease of mass-production.
In this work we present the fabrication of monolithic columns in high-pressure glass/silicon 
microfluidic chips for the selective capture of glycoproteins, as well as their specific glycoforms, 
in parallel via immobilisation of different lectins in four separate micro-channels contained in a 
single chip. The monolith was prepared in-situ within the micro-channels by UV-polymerisation, 
which allowed control of its specific location in the channel. In order to increase the monolith 
surface area, immobilisation of gold nanoparticles on the monolith was carried out. Covalent 
immobilisation of commercial lectins was then achieved employing well-known gold chemistry 
protocols. The resulting monolithic beds were characterised using optical microscopy and 
scanning electron microscopy (SEM). Comparative performance evaluation of the resulting 
micro-fluidic platforms for selective recognition, capture and analysis of glycoproteins was 
performed using a High-Performance Liquid Chromatography (HPLC) pump with UV 
detection.
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When the synthetic glycolipid a-galactosyl ceramide (a-GalCer),1 known as KRN7000 (1), is 
bound to CD1d and presented to the T cell receptors (TCRs) on the surface of invariant killer 
cells (iNKT) cells, the latter are activated to release diverse cytokines, including both Th1 and 
Th2 cytokines. It is believed that the release of Th1 cytokines may contribute to antitumour and 
antimicrobial functions while that of Th2 cytokines may help alleviate autoimmune diseases 
such as multiple sclerosis and arthritis.2-4  a-GalCer and its derivatives are invaluable tools in 
understanding the functioning of CD1d and NKT cells in a wide range of immune responses.  
We present a direct approach towards the synthesis of the biologically attractive, a-galactosyl 
ceramide (a-GalCer) and its analogues.  More importantly, the use of a silicon tethered intramo-
lecular glycosylation reaction gives easy access to the diglycosyl ceramide Gal(a1→2GalCer) 
(2), which has been shown to require uptake and processing to the biologically active a-GalCer 
derivative.5
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LIPOPOLYSACCHARIDE STRUCTURE OF heLiCobaCter PyLori 
WILD-TYPE STRAIN 26695
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Helicobacter pylori is an important human pathogen responsible for the stomach ulcer and 
its complications. Lipopolysaccharide (LPS) is a surface component of this microorganism, 
conferring protection against immune system and a potential vaccine candidate. The structure 
of Helicobacter LPS have been studied during the last 15 years and numerous structural variants 
were published. The repetitive elements of LPS such as glucan and heptan were usually shown in 
publications in an uncertain way or as intrinsically irregular structures. Reliable NMR studies on 
purified LPS components had never been performed. We undertook reinvestigation of the LPS 
from several strains of H. pylori. Our data show that H. pylori LPS has well defined structure, 
with the only variable element being the length of heptan and glucan (if present). The complete 
structure, including linkages between heptan, glucan, and the O-chain, was determined for 
several strains. It is significantly different from previously reported structures.
Here we describe the structure of the LPS from H. pylori genomic strain 26695 and its 
HP0826::Kan mutant lacking the O-chain component. Data are based on NMR analysis of the 
oligosaccharide products obtained by several degradation procedures performed on the LPS 
from both strains, supported by CE-MS and chemical data.

 

where PS is the O-chain polysaccharide.
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The microstructure of liposomes formed by the lipopolysaccharides (LPS) derived from 
Burkholderia cenocepacia ET-12 type strain LMG 16656, Burkholderia multivorans strain C1576 
and Agrobacterium tumefaciens strain TT111 has been investigated by a combined experimental 
strategy, including dynamic light scattering (DLS), small-angle neutron scattering (SANS) and 
electron paramagnetic resonance (EPR). The results highlight that the LPS molecular structure 
determines, through a complex interplay of hydrophobic, steric and electrostatic interactions, 
the morphology of the aggregates formed in aqueous medium. All the considered LPS form 
liposomes that in most cases present a multilamellar arrangement. The thickness of the 
hydrophobic domain of each bilayer and the local ordering of the acyl chains are determined 
not only by the molecular structure of the LPS glycolipid portion (lipid A), but also, indirectly, 
by the bulkiness of the saccharidic portion. In the case of a long polysaccharidic chain, such 
as that of the LPS derived from Burkholderia multivorans, liposomes coexist with elongated 
micellar aggregates, whose population decreases if a typical phospholipid, such as dioleoyl 
phosphatidylethanolamine (DOPE) is introduced in the liposome formulation. The effect of 
temperature has also been considered: for all the considered LPS an extremely smooth transition 
of the acyl chain self-organization from a gel to a liquid crystalline phase is detected around 30–
35 °C. In the biological context, our results suggest that the rich biodiversity of LPS molecular 
structure could be fundamental to finely tune the structure and functional properties of the 
outer membrane of Gram negative bacteria.1,2
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The search of the anticoagulant medicines devoid of side effect is of a great interest of present. 
The widely used heparin preparations represented an sulfated linear glycosaminoglycan 
of animal tissue have been found to possess a series of side effects as follows: hemorrhages, 
allergic reactions and thrombocytopenia [1, 2]. The present study reveled the results sulfation 
of the following physiologically active pectins: lemnan LM of duckweed Lemna minor L, and 
bergenan BC of Bergenia crassifolia L, followed by elucidation of anticoagulant activity of the 
corresponding sulfate derivatives. Synthesis of pectin sulfated was carried out using a treatment 
with pyridine monomethyl sulfate, pyridine sulfonamide, and chlorosulfonic acid [3-5]. The 
optimal conditions of sulfation were estimated using variations of reaction time, temperature 
and amounts of reagent. As a result the maximal degree of sulfation (1.5 mol SO3 per 1 mol of 
the galacturonic acid residue) was found to achieve at threefold excess of chlorosulfonic acid per 
are hydroxyl group of the galacturonic acid residue. Using HPLC, an appearance of fragments 
with molecular weight below 50 kDa was observed as a rewet of a partial cleavage of pectin sugar 
chair. 
The sulfated lemnan LM and bergenan BC were shown possess the anticoagulant activity 
namely the human blood coagulation time diminished twofold thus exceeding five-fold activity 
of heparin used as a positive control. The antithrombotic activity of the same sulfates was found 
to be 90.3±8.9 and 64.5±5.5 U/mg respectively, twofold lower as heparin level. 

References
1. Díaz-Nido J., Wandosell F., Avila J., Peptides, 2002, 23, 1323–1332
2. Hirsh J., O’Donnell M., Weitz J.I.  Blood, 2005, 105, 453-463.
3. Takano R., Nagai, T., Wu X., Xu X., Tien Huy N., Kamei K., Hara S., J. Carbohydr. Chem, 

2000, 19, 1185-1190.
4. Mahner C., Lechner M. D., Nordmeier E., Carbohydr. Res, 2001, 331, 203-208.
5. Vogt S., Heinze T., Röttig K., Klemm D., Carbohydr. Res., 1995, 266, 315-320.

This work was supported by the Integration Project of Basic Research of the Urals Branch and 
Siberian Division of the Russian Academy of Sciences, and the program of the Presidium of the 
Russian Academy of Sciences “Molecular and Cellular Biology”.



16th European Carbohydrate Symposium

583

POSTER

PO 369

RAPID ACCESS TO URONATES, URONAMIDES AND OTHER BUILDING BLOCkS 
FROM GLUCURONIC ACID

Anne Wadouachi, Stéphanie Rat, Michael Bosco, José Kovensky  

Laboratoire des Glucides UMR CNRS 6219, Université de Picardie Jules Verne, 33 rue Saint Leu, 
80039 Amiens, France

anne.wadouachi@u-picardie.fr

D-Glucuronic acid (GlcA) is an ubiquitous compound of oligo- and polysaccharides of biological 
importance. GlcA derivatives have been synthesized for several applications, as surface-active 
compounds[1,2] or as bioactive molecules.[3]  We have been interested in developing a rapid access 
to modifi ed uronate derivatives by regioselective opening of the 6,1-lactone intermediate 1 
(obtained in a “one pot” reaction from D-glucuronic acid) with O- and N-nucleophiles. Reactions 
were performed under microwave irradiation when heating was necessary. An effi  cient and fast 
reaction allowed to prepare glucuronamides from this lactone 1 and diff erent amines.[4] On the 
other hand, reaction of 1 with alcohols in the presence of common Lewis acidic catalysts gave 
glycosylated-esterifi ed compounds or only esterifi ed compounds.[5] Th e use of these products 
as key intermediates for the preparation of enzyme inhibitors will be presented. In order to 
developp a green methodology for the modifi cation of this lactone, we combined microwave-
assisted reactions with Lewis acidic polyoxometalates as recyclable catalysts.[6]
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A FIRST FUNCTIONAL FLUORINATED MUC1-GLYCOPEPTIDE VACCINE

Sarah Wagner, Manuel Johannes and Anja Hoff mann-Röder*
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Th e aberrant glycosylation profi les of mucin glycoproteins on epithelial tumor cells represent 
attractive target structures for the development of cancer diagnostics and immunotherapy.1,2 
Mucin-type glycopeptides have been successfully investigated as molecularly defi ned vaccine 
prototypes for triggering humoral immunity in animal models.3 A severe drawback in the 
development of effi  cient carbohydrate-based vaccines is the low metabolic stabilities of 
their glycosidic bonds, which are easily cleaved by endogenous glycosidases. To enhance 
the bioavailability of the antigenic glycan structure, a hydrolysis-resistant tumor-associated 
TF antigen analog with fl uorine substituents at positions C6 and C6’ was synthesized and 
incorporated into the tandem repeat sequence of the mucin MUC1.4 Th e resulting pseudo-
glycopeptide was further conjugated to tetanus toxoid (TTox) as a carrier protein and subjected 
to immunization studies.5 Th e difl uoro-TF-antigen-MUC1-TTox vaccine induced very strong 
immune responses in mice with antibodies strongly binding to breast cancer MCF-7 cells.
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ARE MANNURONIC ESTER DONORS UNREACTIVE?

Marthe T. C. Walvoort, Jesse van Dijk, Wilbert de Witte, Herman S. Overkleeft , 
Jeroen D. C. Codée, Gijsbert A. van der Marel

Department of Bio-Organic Synthesis, Leiden Institute of Chemistry, Leiden University
Einsteinweg 55, 2333 CC Leiden, Th e Netherlands
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For the construction of uronic acid-containing natural oligosaccharides two strategies are 
available: 1) glycosylation followed by oxidation in the oligosaccharide stage and 2) oxidation 
of the monosaccharides prior to glycosylation. Most often the fi rst protocol is employed to avoid 
diffi cult glycosylations with donor glycosides bearing an electron-withdrawing carboxylic acid 
functionality. Recently we reported on the effi cient construction of a pentasaccharide composed 
of β-1,4-mannuronic acid building blocks.1 In this synthesis a mannuronic ester was iteratively 
glycosylated with high yield and excellent β-stereoselectivity. We have also described the 
synthesis of a heptasaccharide containing three β-linked 2-N-acetyl mannosaminuronic acids 
using 2-azido-2-deoxy mannuronic ester donors to construct the β-manno confi gured linkages.2

The excellent results observed with the β-fused mannuronate donors inspired us to investigate 
the reactivities of various mannose and mannuronate donors. A protocol was designed in which 
two thio-donors compete for the activator N-iodosuccinimide,3 and subsequently the activated 
glycoside is trapped with a primary acceptor. Surprisingly, mannuronic acid donors can be more 
reactive than non-oxidized donors. Furthermore, striking differences between a- and β-anomers 
are revealed. This communication will disclose the results of these competition experiments 
and provide possible explanations for some remarkable observations.
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2. Walvoort, M. T. C.; Lodder, G.; Overkleeft , H. S.; Codée, J. D. C.; van der Marel, G. A. J. Org. 

Chem. 2010, 75, 7990-8002
3. Zhang, Z.; Ollmann, I. R.; Ye, X.-S.; Wischnat, R.; Baasov, T.; Wong, C.-H. J. Am. Chem. Soc. 

1999, 121, 734-753

	  



16th European Carbohydrate Symposium

586

POSTER

PO 372

MICROWAVE ASSISTED REGIOSELECTIVE BENZYLATION OF GLYCALS

Tadeusz Bieg1, Katarzyna Kral1, Wiesław Szeja1, Ilona Wandzik1

1Silesian University of Technology, Faculty of Chemistry, Department of Organic Chemistry, 
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Regioselective functionalization of hydroxyl groups in carbohydrate chemistry is a crucial task 
in a block synthesis of oligosaccharides. Glycals are versatile building blocks and a regioselective 
protection of hydroxyl groups is of great importance. It is possible to diff erentiate the reactivity 
of hydroxyl groups via organotin derivatives [1, 2]. Preparative utility of tributyltin ethers and 
dibutylstannylene acetals of D-glucal and their subsequent benzylation have been reported [3, 
4]. Both steps: regioselective O-stannylation and benzylation take several hours of heating in 
refl ux to aff ord disubstituted 3,6-di-O-benzyl-D-glucal as a major product. Th e purpose of our 
work is to compare the classical reaction conditions with microwave heating. Reactions were 
carried out with controlled microwave irradiation under sealed vessel conditions by using the 
CEM Discover microwave synthesizer. Derivatives of D-glucal and D-galactal were benzylated 
in a regioselective manner in yield comparable to the classical synthesis. In all cases C-3 hydroxyl 
group stayed unsubstituted. Th e reaction time depended on applied microwave power and can 
be shorten to 30 minutes in the O-stannylation step and up to 5 minutes in the benzylation step.

Acknowledgement Research studies part-fi nanced by European Union within the European 
Regional Development Fund (POIG 01.01.02-14-102/09).
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C-MANNOSYLATION OF PHENOLS AND o/C-DIGLYCOSIDE SYNTHESIS AS kEY 
STEPS FOR THE PREPARATION OF OLIGOSACCHARIDE MIMETICS

Stefan Weck1 and Till Opatz1  

1 Johannes Gutenberg Universität Mainz , Institut für Organische Chemie, Duesbergweg 10-14, 
55128 Mainz, Germany 
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C-glycosides with an aromatic or heteroaromatic aglycon have been isolated from natural 
sources and some of these compounds have been found to exhibit potent antibacterial and 
antiproliferative activity.[1] Furthermore, they are inherently inert against degradation by acid or 
hydrolytic enzymes making them interesting as metabolically stable mimetics for O-glycosides. 
A prominent and useful method for their preparation is the ortho-C-glycosylation of electron 
rich phenols which has been suggested to proceed in a stepwise fashion furnishing only a single 
regioisomer.[2]

Investigation of the C-mannosylation of electron rich phenols with a benzylated 
trichloroacetimidate[3] showed a high stereo selectivity at the anomeric center depending on the 
reaction conditions. Using the common TMSOTf as promoter surprisingly leads to the exclusive 
formation of aryl β-C-mannosides, probably due to steric eff ects of the aromatic substituent. As 
β-O-mannosides are usually hard to gain through a direct glycosylation this could be a good 
approach to corresponding mimetics. When changing the promotor to ZnCl2, α-C-mannosides 
are formed from the same reactants. Due to unfavorable 1,3-diaxial interactions in the latter 
products, an inversion of the ring conformation occurs.[4]

Moreover, O/C-diglycosides could be prepared by sequential C- and O-glycosylation of naphthol 
derivatives. Th e products can serve as core structure for metabolically stable oligosaccharide 
mimetics. Further elongation should make them e.g. useful for the construction of selectin 
inhibitors.
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CONFORMATIONALLY SWITCHABLE GLYCOARRAYS:
APPLYING CYSTEINE-CONTAINING GLYCOPEPTIDES

Johannes W. Wehner, Th isbe K. Lindhorst
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Otto-Hahn-Platz 3/4, D-24098 Kiel, Germany 
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Despite many eff orts, processes like biochemical communication events are not well understood 
in the glycosciences. One relevant modern fi eld of carbohydrate recognition emphasizes on 
carbohydrate-protein interactions on glycosylated surfaces. Here, conformational control 
of carbohydrate presentation within a supramolecular array of molecules has stimulated our 
interest. Structural changes induced by molecular interactions with a glycosylated cell surface 
could launch specifi c biochemical processes such as cell signalling.1 Th us, it has become our aim 
to synthesise glycomimetics that allow to alter the conformational presentation of carbohydrate 
ligands by actuation of an embedded moiety, called a molecular relay or switch, respectively.
We have chosen cysteine-containing glycomimetics, which can be reversibly altered in their 
conformational fl exibility in an oxidation/reduction sequence (Fig. 1).2 It is appealing that 
protecting group free native chemical ligation can be applied in this approach.3 To investigate 
potential changes in carbohydrate-protein interactions upon thiol-disulfi de switching, mannose-
specifi c bacterial adhesion will serve as a fi rst biological test system.4

Figure 1: Cartoon of a glycomimetic switch on a surface that can be actuated 
by oxidation and reduction, respectively. 
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DIGLYCOSYLATED HETEROCYCLES AS METABOLICALLY STABLE 
TRISACCHARIDE MIMETICS
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Oligosaccharides containing 2,3- or 3,4-diglycosylated hexpoyranose units play an important 
role in many biological processes. Replacement of the central hexose hinge by an, isomorphous 
substitute may lead to mimetics with increased stability against enzymatic degradation. A 
prototype example, in which the hinge carbohydrate is known to play a subordinate role in 
binding to the biological target, is the β-D-Gal-(1→3)]-β-D-GlcNAc portion of the sialyl 
LewisX tetrasaccharide (sLeX) which can function as a ligand for E- and P-selectin and mediates 
cell adhesion processes involved in the infl ammatory cascade.[1,2] 

Replacement of the N-acetylglucosamine by a suitable heterocycle should convey high stability 
against glycosidases while retaining the native spatial arrangement of the attached hexose 
units. This, however, requires suitable protocols for the vicinal attachment of two hexose 
residues to a given heterocyclic core structure. Here we wish to report on the preparation of 
1,3- and 2,3-diglycosylated indoles by means of either cyclization-glycosylation or sequential 
diglycosylation. The products may be viewed as trisaccharide surrogates with a heterocyclic 
core.
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SYNTHESIS AND EVALUATION OF MDP DERIVATIVES
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The first line of defense against microorganisms is represented by the pattern-recognition 
receptors (PRRs) of the innate immune system. These receptors, classified in Toll-like, NOD-
like and RIG-like classes, detect pathogen-associated molecular patterns (PAMPs), molecules 
that specifically occur in microbes. Recognition of PAMPs by PRRs induces specific signaling 
pathways that trigger immune responses against microbes. Peptidoglycan (PG), found in 
bacterial cell walls of Gram-positive and Gram-negative bacteria, consists of polysaccharide 
chains of alternating β-(1-4)-linked N-acetylglucosamine (GlcNAc) and N-acetylmuramic acid 
(MurNAc) residues, which are interconnected via a peptide bridge attached to the carboxylic 
acid of the MurNAc (1).1

The minimal structure required for recognition by NOD2, an intracellular PRR, is 
N-acetylmuramyl-l-alanine-d-isoglutamine (MDP). With the objective to gain more insight 
in the structure-activity relationship of NOD2 ligands a row of MDP derivatives2 with general 
structure 2 has been prepared using solid-phase and solution phase procedures and evaluated 
for their immunostimulatory activity.
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THERMODYNAMICS BEHIND CV-IIL BINDING OF SACCHARIDES
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Understanding of lectin-carbohydrate interaction is one of the most challenging topics in 
glycobiochemistry field. Knowledge of the role of each binding participant within the binding 
site is crucial for protein engineering of lectins. 
This contribution is focused on engineering of the CV-IIL lectin from opportunistic human 
pathogen Chromobacterium violaceum, which shows ability to bind l-fucose and d-mannose 
with high affinity. Mutations of wild type lectin are designed to replace a conserved water 
molecule within the binding site, which plays a special role by bridging sugar with backbone 
nitrogen atom and with the side chain of the amino acid threonine in position 97. Several 
mutants of the CV-IIL lectin were designed with more hydrophobic or bulky side chain amino 
acids both in vitro and in silico approaches.
Molecular dynamics and free energy calculation methods were used to assess the most promising 
mutants. The binding free energies were calculated by MM/PBSA and thermodynamic integration 
approaches. The extensive thermodynamical analysis was performed using isothermal titration 
microcalorimetry, which allows for obtaining detailed thermodynamical profiles of the lectin-
saccharide interaction from a single experiment. 
The detailed thermodynamic profiles of protein/sugar interactions will be shown together with 
the results of the calculations.
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SYNTHESIS AND MOLECULAR DYNAMICS SIMULATIONS OF 
β-d-ManpNAc-(1→4)[α-d-Glcp-(1→3)]-α-l-Rhap-OMe

Mona V. Zaccheus,1 Jens Landström2  and Göran Widmalm1

1Stockholms Universitet, Organisk kemi, Arrheniuslaboratoriet, 106 91 Stockholm, Sweden,
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The trisaccharide β-d-ManpNAc-(1→4)[α-d-Glcp-(1→3)]-α-l-Rhap-OMe represents the 
repeating unit of the O-antigen from an Aeromonas salmonicida strain, which is a fi sh pathogen 
that causes furunculosis – boils on the skin of the fi sh. When the trisaccharide was investigated 
by Peters et al. using NMR spectroscopy an interesting observation was made, where H2 in 
2-acetamido-2-deoxy-mannose gave a negative NOE to H2 in rhamnose, and vice versa, in 
contrast to all other NOEs1. In a recent molecular dynamics (MD) simulation an explanation 
for this was found in the conformational changes of the (1→3) linkage of the trisaccharide2. 
The conformational exchange was shown to be fast on the NMR time scale, yielding a dynamic 
three-spin effect where the magnetization is transferred via H1 in glucose. In the β-d-ManpNAc-
(1→4)-α-l-Rhap-OMe disaccharide, the NOE phenomenon is not present.
In order to study the dynamic three-spin effect in more detail, further conformational analysis 
of the target molecule using NMR techniques such as 1D NOESY is of interest. The existing 
synthetic pathway described by Paulsen et al is improved and a novel synthetic route towards 
the trisaccharide as well as the two corresponding disaccharides will be described3.
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