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(57) 	 ABSTRACT 

The present invention is related to a beta-herpesvirus, 
wherein the beta-herpesvirus is spread-deficient. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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VACCINE AGAINST BETA-HERPESVIRUS 
INFECTION AND USE THEREOF 

[0001] The present invention is related to a beta-herpesvi-
rus, preferably a recombinant beta-herpesvirus, the use of the 
beta-herpesvirus for the manufacture of a medicament, the 
use of the beta-herpesvirus for the manufacture of a vaccine, 
a nucleic acid coding for the beta-herpesvirus, a vector com-
prising the nucleic acid coding for the beta-herpesvirus, and a 
host cell comprising the nucleic acid coding for the beta-
herpesvirus or the vector. In a preferred embodiment, the 
beta-herpesvirus is a human cytomegalovirus. 

[0002] Human cytomegalovirus (CMV), a member of the 
beta-herpesvirus subfamily is the medically most significant 
herpesvirus infecting humans (Arvin et al. 2004 Clin. Infect. 
Dis. 39:233-239.; Stratton et al. 1999 Vaccines for the 21st 
Century: A Tool for Decisionmaking National Academy 
Press). Most of the human CMV infection is acquired without 
symptomatic disease via breast feeding or saliva/urine con-
tact in early childhood. This results in nearly 100% preva-
lence of HCMV in developing countries. In industrialized 
countries about 30% of the population gets infected in the 
childhood and the prevalence of human CMV infection 
increases up to —50% by early adulthood. 

[0003] Human CMV can also be transmitted from the 
mother to the fetus during pregnancy leading to mental retar-
dation and developmental disabilities in the infected child. 
Human CMV is the most important causative agent of con-
genital infections in industrialized countries with one out of 
1000 newborn affected. To date 30,000-40,000 infants are 
annually born with congenital cytomegalovirus infection in 
the United States, making cytomegalovirus by far the most 
common and important of all congenital infections. The like-
lihood of congenital infection and the extent of disease in the 
newborn depend on the maternal immune status. If primary 
maternal infection occurs during pregnancy, the average rate 
of transmission to the fetus is 40%; about 65% of these 
newborns will have congenital inclusion disease (CID). With 
recurrent maternal infection going along with reactivation 
from latency, the risk of transmission to the fetus becomes 
lower ranging only from 0.5 to 1.5% and the majority of these 
infants will also be symptomless. Although natural infections 
before pregnancy cause a risk of reactivation associated feto-
maternal transmission the induced immunity is a major pro-
tective factor against CID. 

[0004] The infection at birth bears the risk of serious com-
plications; the primary infection with HCMV is generally 
symptomless in immunologically competent individuals. The 
major risk groups comprise organ transplant recipients and 
acquired immunodeficiency syndrome (AIDS) patients in 
which human CMV induces life-threatening inflammatory 
diseases with high probability. Moreover, after primary infec-
tion at any age, CMV establishes lifelong latency, leaving the 
infected individuals at danger of later reactivation upon 
immune suppression. 

[0005] Although enormous progress has recently been 
made in molecular biology and immunology of cytomega-
loviruses (Murphy et al. 2008 Curr. Top. Microbiol. Immunol. 
325:1-19), to date there is no commercially available vaccine 
and the single hit chemotherapy is the only way of controlling 
acute HCMV infection (Mocarski et al. 2007, p. 2701-2772 in 
D. M. Knipe and P. M. Howley (eds.), Fields Virology, Lip-
pincott Williams and Wilkins, a Wolters Kluwer Business, 

Philadelphia, Pa.). This chemotherapy causes severe side 
effects and application is often restricted to the most severe 
cases. 

[0006] The development of vaccines against CMV infec-
tion is reviewed in Schleiss et al. (Schleiss et al. 2005 Herpes. 
12:66-75; Schleiss et al. 2008 Curr. Top. Microbiol. Immu-
nol. 325:361-382.). 

[0007] One strategy for the development of a human CMV 
vaccine is the use of live attenuated HCMV. Live attenuated 
CMV are generated by multiple cell culture passages. In 
accordance therewith, in live attenuated vaccines the admin-
istered viruses are infectious. However due to the adaptation 
to the cell culture a loss of functional genes occurs whereby 
the lost genes are not required for virus propagation in vitro, 
but are important for virus infection in vivo. Such live attenu-
ated CMV are therefore less pathogenic to the host. 

[0008] The first human CMV vaccine candidate which was 
tested in clinical trials was a live attenuated vaccine. This was 
the AD169 strain of HCMV which was attenuated by exten-
sive tissue culture passages in human primary fibroblasts. 
This attenuation is a result of a selective adaptation of the 
virus to the conditions of the cell and cell culture. It is likely 
that the loss of virulence is the result of affecting genes not 
relevant for the in vitro situation but important for the virus in 
its natural host. Therefore, it is not surprising that AD169, 
extensively passaged on fibroblasts, lost its ability to infect 
endothelial cells and monocytes. The majority of seronega-
tive adults inoculated with AD169 vaccine developed HCMV 
specific immune response. This vaccine was found to be safe 
and generally well tolerated. However, injection site reactions 
were common, and several patients developed mild systemic 
symptoms consisting of fever, headache, fatigue and myalgia. 

[0009] Since the AD169 strain was too aggressive, a more 
attenuated preparation of laboratory adapted HCMV, the 
Towne strain, was developed in a manner similar to AD169 as 
a potential live attenuated vaccine. This strain was more 
extensively passaged in cell culture and in vitro appeared to 
be also phenotypically similar to AD169. 

[0010] The initial human trial showed that, as expected, the 
Towne strain was much better tolerated than the AD169. After 
this positive initial test the efficacy of the Towne vaccine was 
extensively studied. These studies showed that the Towne 
vaccine is safe and well tolerated in humans and induces both 
Immoral and cellular immunity specific to human CMV. 
Although the Towne vaccine appears to provide some protec-
tion against human CMV disease in certain settings, unfortu-
nately, vaccination is less protective than natural immunity. 
Therefore, the Towne strain is most likely over-attenuated 
rendering it of suboptimal efficacy as a vaccine. 

[0011] Consequently, new human CMV strains with inter-
mediate attenuation have been produced. Chimeric viruses 
have been constructed by genetic recombination between 
Towne strain and Toledo strain, which is a wild type like 
clinical isolate of human CMV not attenuated by tissue cul-
ture passages. 

[0012] Interestingly, an essential feature of the Towne 
strain and the vaccine based thereon is its incapability of 
efficiently infecting endothelial cells. Furthermore, vaccina-
tion with the Towne strain does not induce antibodies that are 
capable of neutralizing endotheliotropic CMV infection, 
more specifically Towne does not induce antibodies against 
endotheliotropic human CMV strains (Cui et al. 2008 Vaccine 
26:5760-5766.). 



US 2013/0202638 Al 
	

Aug. 8, 2013 
2 

[0013] To differentiate between neutralization of endothe-
liotropic and non-endotheliotropic viruses, Gema et al. 
(Gerna et al. 2008 J Gen Virol 89:853-865.) proposed the 
testing of human sera and quantification of the neutralizing 
potency against human CMV clinical isolates via propagation 
and testing in endothelial (or epithelial) cells and against the 
same virus infecting human fibroblasts (Gerna et al. supra). 
[0014] It is important to note that in addition to the inability 
of the Towne strain to infect endothelial cells and the inability 
of the Towne strain to induce antibodies that are capable of 
neutralizing endotheliotropic human CMV infection, the 
Towne strain is lacking genes compared with clinical wild 
type human CMV isolates. More specifically, the Towne 
strain is lacking the genes UL133, UL134, UL135, UL136, 
UL137, UL138, UL139, UL140, UL141, UL142, UL143, 
UL144, and UL145 as also described by Cha et al. (Cha et al. 
1996 J. Virol Vol. 70, No. 1 p. 78-83). 
[0015] A further strategy for developing a HCMV vaccine 
is based on the deletion of an essential gene from a viral 
genome and was described for many viruses such as adenovi-
ruses, alpha-herpesviruses, and retroviruses. Immunization 
trials using replication defective or single-cycle viruses as 
vaccines against herpesviruses were, to date, only described 
for alpha-herpesviruses (Dudek et al. 2006 Virology 344:230-
239). The propagation of these viruses is facilitated by 
complementing cells that express the lacking genomes and 
support the growth of the defective viruses. Propagation of 
such viruses with the deletion of a gene on complementing 
cells results in vaccine-virus particles that possess a wild type 
virion surface and a tropism like wild type virus for the first 
target cells. These viruses are infectious upon vaccination for 
the first line target cells. In said first line target cells, the 
deleted or inactivated gene leads to either the abrogation of 
virus replication or the formation of virus particles with 
diminished infectivity or tropism. 
[0016] The design of an alpha-herpesvirus vaccine by dele-
tion of one gene essential for DNA replication or the abroga-
tion of production of infectious particles by deletion of the 
targeting complex, namely glycoprotein gB is reviewed in 
Dudek et al. (Dudek et al. supra). Two types of these viruses 
were described: the so called "replication-defective" and the 
so called "single-cycle" viruses. 
[0017] Replication-defective alpha-herpesviruses were 
generated by the deletion of genes essential for the DNA 
replication cycle. The deletion of genes essential for the viral 
DNA replication e.g. the major DNA binding protein ICP8, 
was used to generate respective deletion viruses. Said viruses 
can be propagated in vitro by using stably transformed cells 
that complement the product of the lacking gene (Forrester et 
al. 1992 J Virol 66:341-348.). Several publications from 
Knipe and colleagues prove that such viruses can induce 
protective immune responses (see Morrison et al. 1998 Virol-
ogy 243:178-187; Morrison et al. 1994 J Virol 68:689-696.; 
Morrison et al. 1996 Virology 220:402-413; Morrison et al. 
1997 Virology 239:315-326.). 
[0018] Single-cycle viruses lack glycoproteins of targeting 
complexes e.g. glycoprotein gB or fusion complexes e.g. 
gH/gL (Dudek et al. supra). Such virus mutants are described 
in U.S. Pat. No. 7,374,768 by Inglis et al. Said complexes are 
described to be important for the attachment to the cell and/or 
fusion of virus and cell, as initiation steps for infection of this 
cell. The deletion of said glycoproteins will generate single-
cycle vaccine virus particles that infect first line target cells. It 
is important to note that said cells in the host form virus 

particles which do not possess a wild type-like virion surface 
since they lack the glycoprotein mentioned above. These 
particles lacking the glycoprotein, are not infectious or at 
least possess limited tropism or infectivity for the next cells to 
be infected. Further, the deletion of said glycoprotein leads to 
a lacking expression of said glycoprotein preferably being 
effective as an antigen in the infected cell. 

[0019] Due to society costs caused by human CMV infec-
tion in both morbidity groups and the emerging epidemio-
logical situation the development of an effective HCMV vac-
cine has been emphasize as a highest level priority by the 
National Vaccine Committee of the Institute of Medicine 
(US) (Stratton et al. supra). 

[0020] Thus the problem underlying the present invention 
was to provide an effective HCMV vaccine and a beta-herp-
esvirus contained in such vaccine, respectively. 

[0021] This problem is solved by the attached independent 
claims. Preferred embodiments may be taken from the 
attached dependent claims. 

[0022] The claims are recited in the following as embodi-
ments. It will be acknowledged that further embodiments 
may result from the disclosure of the instant specification 
which is insofar not limited to the embodiments being a 
recitation of the claims. 

EMBODIMENT I 

[0023] A beta-herpesvirus, preferably a recombinant beta-
herpesvirus, wherein the beta-herpesvirus is spread-deficient. 

EMBODIMENT 2 

[0024] The beta-herpesvirus according to embodiment 1, 
wherein the beta-herpesvirus is endotheliotropic and/or has a 
wild type-like virion surface. 

EMBODIMENT 3 

[0025] The beta-herpesvirus according to any one of 
embodiments 1 to 2, wherein the beta-herpesvirus is endot-
heliotropic and has a wild type-like virion surface. 

EMBODIMENT 4 

[0026] The beta-herpesvirus according to any one of 
embodiments 1 to 3, wherein the beta-herpesvirus is suitable 
to or capable of inducing an immune response, wherein pref-
erably the immune response comprises neutralizing antibod-
ies against beta-herpesvirus and CD4 and CD8' T-cells 
directed against epitopes of beta-herpesvirus. 

EMBODIMENT 5 

[0027] The beta-herpesvirus according to embodiment 4, 
wherein the immune response comprises neutralizing anti-
bodies, wherein beta-herpesvirus is prevented from infecting 
endothelial cells and/or epithelial cells by the neutralizing 
antibodies. 

EMBODIMENT 6 

[0028] The beta-herpesvirus according to embodiment 5, 
wherein beta-herpesvirus which is prevented from infecting 
endothelial cells and/or epithelial cells by the neutralizing 
antibodies, is a pathogen, preferably a human pathogen. 
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EMBODIMENT 7 

[0029] The beta-herpesvirus according to any one of 
embodiments 1 to 6, wherein the beta-herpesvirus is a human 
beta-herpesvirus. 

EMBODIMENT 8 

[0030] The beta-herpesvirus according to any one of 
embodiments 1 to 7, wherein the beta-herpesvirus is a 
cytomegalovirus. 

EMBODIMENT 9 

[0031] The beta-herpesvirus according to any one of 
embodiments 7 and 8, wherein the beta-herpesvirus is a 
human cytomegalovirus. 

EMBODIMENT 10 

[0032] The beta-herpesvirus according to any one of 
embodiment 1 to 9, preferable embodiment 9, wherein the 
beta-herpesvirus is deficient in at least one gene product 
involved in primary and/or secondary envelopment. 

EMBODIMENT 11 

[0033] The beta-herpesvirus according to embodiment 10, 
wherein the at least one gene product is involved in primary 
envelopment 

EMBODIMENT 12 

[0034] The beta-herpesvirus according to embodiment 11, 
wherein the at least one gene product is encoded by a gene 
selected from the group comprising UL50 and UL 53 and 
homologs of each thereof. 

EMBODIMENT 13 

[0035] The beta-herpesvirus according to embodiment 10, 
wherein the at least one gene product is involved in secondary 
envelopment. 

EMBODIMENT 14 

[0036] The beta-herpesvirus according to embodiment 13, 
wherein the at least one gene product is encoded by a gene 
selected from the group comprising UL94 and UL99 and 
homologs each thereof. 

EMBODIMENT 15 

[0037] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20, a second nucleotide sequence 
represented by nucleotides 123668 to 181652 of the nucle-
otide sequence according to SEQ.ID.NO:20  and a third 
nucleotide sequence represented by nucleotides 189192 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and wherein nucleotide 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 123668 of the nucleotide sequence according to SEQ. 
ID.NO:20  and wherein nucleotide 181652 of the nucleotide 

sequence according to SEQ.ID.NO:20  is covalently linked to 
nucleotide 189192 of the nucleotide sequence according to 
SEQ.ID.NO:20. 

EMBODIMENT 16 

[0038] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20, a second nucleotide sequence 
represented by nucleotides 123668 to 181652 of the nucle-
otide sequence according to SEQ.ID.NO:20, a third nucle-
otide sequence represented by nucleotides 189192 to 233681 
ofthenucleotide sequence according to SEQ.ID.NO:20  and a 
fourth nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.NO:34. 

EMBODIMENT 17 

[0039] The beta-herpesvirus according to embodiment 16, 
wherein nucleotide 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 1 of the nucleotide sequence according to SEQ.ID.No: 
34, wherein nucleotide 252 of the nucleotide sequence 
according to SEQ.ID.No: 34 is covalently linked to nucle-
otide 123668 of the nucleotide sequence according to SEQ. 
ID.NO:20  and wherein nucleotide 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20  is covalently linked to 
nucleotide 189192 of the nucleotide sequence according to 
SEQ.ID.NO:20. 

EMBODIMENT 18 

[0040] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20, a second nucleotide sequence 
represented by nucleotides 123668 to 130670 of the nucle-
otide sequence according to SEQ.ID.NO:20, a third nucle-
otide sequence represented by nucleotides 131243 to 181652 
of the nucleotide sequence according to SEQ.ID.NO:20  and a 
fourth nucleotide sequence represented by nucleotides 
189192 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 123668 of the nucleotide sequence 
according to SEQ.ID.NO:20, wherein the nucleotide 130670 
of the nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to the nucleotide 131243 of the nucleotide 
sequence according to SEQ.ID.NO:20  and wherein the nucle-
otide 181652 of the nucleotide sequence according to SEQ. 
ID.NO:20  is covalently linked to the nucleotide 189192 of the 
nucleotide sequence according to SEQ.ID.NO:20. 

EMBODIMENT 19 

[0041] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20, a second nucleotide sequence 
represented by nucleotides 123668 to 130670 of the nucle- 
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otide sequence according to SEQ.ID.NO:20, a third nucle-
otide sequence represented by nucleotides 131243 to 181652 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
fourth nucleotide sequence represented by nucleotides 
189192 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20, a fifth nucleotide sequence comprising a 
nucleotide sequence according to SEQ.ID.No: 34 and a sixth 
nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 35. 

EMBODIMENT 20 

[0042] The beta-herpesvirus according to embodiment 19, 
wherein nucleotide 122630 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 1 of the nucleotide sequence according to SEQ.ID.No: 
34, wherein nucleotide 252 of the nucleotide sequence 
according to SEQ.ID.No: 34 is covalently linked to nucle-
otide 123668 of the nucleotide sequence according to SEQ. 
ID.NO:20, wherein nucleotide 130670 of the nucleotide 
sequence according to SEQ.ID.NO:20  is covalently linked to 
nucleotide 1 of the nucleotide sequence according to SEQ. 
ID.No: 35, wherein nucleotide 67 of the nucleotide sequence 
according to SEQ.ID.NO:35  is covalently linked to nucle-
otide 131243 of the nucleotide sequence according to SEQ. 
ID.No: 20, and wherein nucleotide 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20  is covalently linked to 
nucleotide 189192 of the nucleotide sequence according to 
SEQ.ID.NO:20. 

EMBODIMENT 21 

[0043] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20  and a third nucleotide 
sequence represented by nucleotides 189192 to 233 681 ofthe 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  is covalently linked to nucleotide 
59623 of the nucleotide sequence according to SEQ.ID.NO:  
20 and wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to the nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

EMBODIMENT 22 

[0044] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20, a third nucleotide 
sequence represented by nucleotides 189192 to 233 681 ofthe 
nucleotide sequence according to SEQ.ID.NO:20  and a 
fourth nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 32. 

EMBODIMENT 23 

[0045] The beta-herpesvirus according to embodiment 22, 
wherein nucleotide 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  is covalently linked to nucleotide 1 of 
the nucleotide sequence according to SEQ.ID.No: 32, 
wherein nucleotide 179 of the nucleotide sequence according 
to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of 
the nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

EMBODIMENT 24 

[0046] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 63261 to 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20  and a third nucleotide 
sequence represented by nucleotides 189192 to 233 681 ofthe 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  is covalently linked to nucleotide 
63261 of the nucleotide sequence according to SEQ.ID.NO:  
20 and wherein the nucleotide 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20  is covalently linked to 
the nucleotide 189192 of the nucleotide sequence according 
to SEQ.ID.NO:20. 

EMBODIMENT 25 

[0047] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 63261 to 181652 of the nucleotide 
sequence according to SEQ.ID.NO:20, a third nucleotide 
sequence represented by nucleotides 189192 to 233 681 ofthe 
nucleotide sequence according to SEQ.ID.N0:20 and a 
fourth nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 33. 

EMBODIMENT 26 

[0048] The beta-herpesvirus according to embodiment 25, 
wherein nucleotide 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  is covalently linked to nucleotide 1 of 
the nucleotide sequence according to SEQ.ID.No: 33, 
wherein nucleotide 38 of the nucleotide sequence according 
to SEQ.ID.No: 33 is covalently linked to nucleotide 63261 of 
the nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

EMBODIMENT 27 

[0049] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com- 
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prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 62129 of the nucleotide 
sequence according to SEQ.ID.NO:20, a third nucleotide 
sequence representedbynucleotides 632161 to 181652 ofthe 
nucleotide sequence according to SEQ.ID.NO:20  and a 
fourth nucleotide sequence represented by nucleotides 
189192 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 59623 of the nucleotide sequence 
according to SEQ.ID.NO:20, wherein the nucleotide 62129 
of the nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to the nucleotide 63261 of the nucleotide 
sequence according to SEQ.ID.NO:20  and wherein the nucle-
otide 181652 of the nucleotide sequence according to SEQ. 
ID.NO:20  is covalently linked to the nucleotide 189192 ofthe 
nucleotide sequence according to SEQ.ID.NO:20. 

EMBODIMENT 28 

[0050] The beta-herpesvirus according to any one of 
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide 
sequence comprises a first nucleic acid sequence represented 
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 62129 of the nucleotide 
sequence according to SEQ.ID.NO:20, a third nucleotide 
sequence represented by nucleotides 63261 to 181652 of the 
nucleotide sequence according to SEQ.ID.NO:20, a fourth 
nucleotide sequence represented by nucleotides 189192 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20, a fifth nucleotide sequence comprising a nucleotide 
sequence according to SEQ.ID.No: 32 and a sixth nucleotide 
sequence comprising a nucleotide sequence according to 
SEQ.ID.No: 33. 

EMBODIMENT 29 

[0051] The beta-herpesvirus according to embodiment 28, 
wherein nucleotide 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  is covalently linked to nucleotide 1 of 
the nucleotide sequence according to SEQ.ID.No: 32, 
wherein nucleotide 179 of the nucleotide sequence according 
to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of 
the nucleotide sequence according to SEQ.ID.NO:20, 
wherein nucleotide 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  is covalently linked to nucleotide 1 of 
the nucleotide sequence according to SEQ.ID.No: 33, 
wherein nucleotide 38 of the nucleotide sequence according 
to SEQ.ID.NO:33  is covalently linked to nucleotide 63261 of 
the nucleotide sequence according to SEQ.ID.No: 20, and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

EMBODIMENT 30  

UL133, UL134, UL135, UL136, UL137, UL138, UL139, 
UL140, UL141, UL142, UL143, UL144 and UL145 

EMBODIMENT 31 

[0053] The beta-herpesvirus according to any one of 
embodiment 1 to 30, wherein the beta herpesvirus comprises 
the nucleotide sequence according to SEQ.ID.NO:23. 

EMBODIMENT 32 

[0054] The beta-herpesvirus according to any one of 
embodiments 1 to 31, wherein the beta-herpesvirus is defi-
cient in at least one gene product encoded by an immune 
evasive gene. 

EMBODIMENT 33 

[0055] The beta-herpesvirus according to embodiment 32, 
wherein the at least one gene product encoded by an immune 
evasive gene is selected from the group comprising gene 
products regulating MHC class I presentation and gene prod-
ucts regulating NK cell response. 

EMBODIMENT 34 

[0056] The beta-herpesvirus according to embodiment 33, 
wherein the at least one gene product encoded by an immune 
evasive gene is a gene product regulating MHC class I pre-
sentation. 

EMBODIMENT 35 

[0057] The beta-herpesvirus according to embodiment 34, 
wherein the gene product regulating MHC class I presenta-
tion is selected from the group comprising US6, US3, US2, 
UL18, US11, UL83 and UL40. 

EMBODIMENT 36 

[0058] The beta-herpesvirus according to embodiment 33, 
wherein the at least one gene product encoded by an immune 
evasive gene is a gene product regulating NK cell response. 

EMBODIMENT 37 

[0059] The beta-herpesvirus according to embodiment 36, 
wherein the gene product regulating NK cell response is 
selected from the group comprising gene products encoded 
by the genes UL40, UL16 and UL18. 

EMBODIMENT 38 

[0060] The beta-herpesvirus according to any one of 
embodiments 1 to 37, wherein the beta-herpesvirus encodes a 
heterologous nucleic acid. 

EMBODIMENT 39 

[0061] The beta-herpesvirus according to embodiment 41, 
wherein the heterologous nucleic acid is a functional nucleic 
acid, preferably selected from the group comprising antisense 
molecules, ribozymes and RNA interference mediating 
nucleic acids. 

EMBODIMENT 40 

[0052] The beta-herpesvirus according to any one of 	[0062] The beta-herpesvirus according to embodiment 38, 
embodiment 1 to 29, wherein the beta-herpesvirus comprises 	wherein the nucleic acid is a nucleic acid coding for a peptide, 
one or more genes selected from the group comprising 	oligopeptide, polypeptide or protein. 
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EMBODIMENT 41 

[0063] The beta-herpesvirus according to embodiment 40, 
wherein the peptide, oligopeptide, polypeptide or protein 
comprises at least one antigen. 

EMBODIMENT 42 

[0064] The beta-herpesvirus according to embodiment 41, 
wherein the antigen is an antigen selected from the group 
comprising viral antigens, bacterial antigens and parasite 
antigens. 

EMBODIMENT 43 

[0065] The beta-herpesvirus according to any one of 
embodiments 1 to 42 for or suitable for use in a method for the 
treatment of a subject and/or for use in a method for the 
vaccination of a subject. 

EMBODIMENT 44 

[0066] The beta-herpesvirus according to embodiment 43, 
wherein the subject is a mammal, preferably a human. 

EMBODIMENT 45 

[0067] The beta-herpesvirus according to embodiment 43 
or 44, wherein the beta-herpesvirus is human cytomegalovi-
rus. 

EMBODIMENT 46 

[0068] The beta-herpesvirus according to any one of 
embodiments 43 to 45, wherein the subject is suffering from 
a disease or is at risk of suffering from a disease. 

EMBODIMENT 47 

[0069] The beta-herpesvirus according to any one of 
embodiments 43 to 46, wherein the vaccination is a vaccina-
tion against a disease. 

EMBODIMENT 48 

[0070] The beta-herpesvirus according to any one of 
embodiments 46 and 47, wherein the disease is a disease or 
condition which is associated with beta-herpesvirus infec-
tion, preferably human cytomegalovirus infection. 

EMBODIMENT 49 

[0071] The beta-herpesvirus according to embodiment 48, 
wherein the disease or condition is selected from the group 
comprising congenital inclusion disease. 

EMBODIMENT 50 

[0072] The beta-herpesvirus according to any one of 
embodiment embodiments 43 to 49, wherein the subject is a 
pregnant female or female of reproductive age, preferably a 
pregnant woman or a woman of reproductive age. 

EMBODIMENT 51 

[0073] The beta-herpesvirus according to embodiment 50, 
wherein the treatment is or is suitable for or capable of pre-
venting the transfer of a beta-herpesvirus, preferably human 
cytomegalovirus, from the female to a fetus and/or to an 
embryo carried or to be carried in the future by the female. 

EMBODIMENT 52 

[0074] The beta-herpesvirus according to embodiment 50, 
wherein the treatment is for or is suitable for the generation of 
or capable of generating an immune response in the female 
body or the immune response in the female body, whereby 
preferably such immune response confers protection to a 
fetus and/or to an embryo carried or to be carried in the future 
by the female against beta-herpesvirus, preferably human 
cytomegalovirus, and/or a disease or condition associated 
with beta-herpesvirus infection, preferably human cytome-
galovirus infection. 

EMBODIMENT 53 

[0075] Use of a beta-herpesvirus according to any of 
embodiments 1 to 47 for the manufacture of a medicament. 

EMBODIMENT 54 

[0076] Use according to embodiment 53, wherein the 
medicament is for the treatment and/or prevention of beta-
herpesvirus infection. 

EMBODIMENT 55 

[0077] Use according to embodiment 53, wherein the 
medicament is for the treatment and/or prevention of a dis-
ease or condition associated with beta-herpesvirus infection, 
preferably human cytomegalovirus infection. 

EMBODIMENT 56 

[0078] Use of a beta-herpesvirus according to any of 
embodiments 1 to 47 for the manufacture of a vaccine. 

EMBODIMENT 57 

[0079] Use according to embodiment 56, wherein the vac-
cine is for the treatment and/or prevention ofbeta-herpesvirus 
infection. 

EMBODIMENT 58 

[0080] Use according to embodiment 57, wherein the vac-
cine is for the treatment and/or prevention of a disease or 
condition associated with beta-herpesvirus infection, prefer-
ably human cytomegalovirus infection. 

EMBODIMENT 59 

[0081] Use according to any one of embodiments 56 to 58, 
wherein the vaccine is or is suitable for the administration to 
a subject, whereby the subject is selected form the group 
comprising a pregnant female, a female of reproductive age, 
a donor of a transplant, a recipient of a transplant and a subject 
being infected with HIV or being at risk of being infected with 
HIV. 

EMBODIMENT 60 

[0082] Use according to embodiment 59, wherein the 
donor is a potential donor and/or the recipient is a potential 
recipient. 

EMBODIMENT 61 

[0083] A nucleic acid coding for a beta-herpesvirus accord-
ing to any of the preceding embodiments. 
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EMBODIMENT 62 

[0084] A vector comprising the nucleic acid according to 
embodiment 61. 

EMBODIMENT 63 

[0085] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 122630 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
123668 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 123688 of the nucleotide sequence 
according to SEQ.ID.NO:20. 

EMBODIMENT 64 

[0086] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 122630 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
123668 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:  20 and a third nucleotide sequence comprising 
a nucleotide sequence according to SEQ.ID.No: 34. 

EMBODIMENT 65 

[0087] The vector according to embodiment 64, wherein 
nucleotide 122630 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 34 and 
wherein nucleotide 252 of the nucleotide sequence according 
to SEQ.ID.No: 34 is covalently linked to nucleotide 123668 
of the nucleotide sequence according to SEQ.ID.NO:  20. 

EMBODIMENT 66 

[0088] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 122630 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
123668 to 130670 of the nucleotide sequence according to 
SEQ.ID.NO:20, a third nucleotide sequence represented by 
nucleotides 131243 to 233681 of the nucleotide sequence 
according to SEQ.ID.NO:  20 and wherein nucleotide 122630 
of the nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to nucleotide 123668 of the nucleotide 
sequence according to SEQ.ID.NO:20  and wherein the nucle-
otide 130670 of the nucleotide sequence according to SEQ. 
ID.NO:20  is covalently linked to the nucleotide 131243 of the 
nucleotide sequence according to SEQ.ID.NO:20. 

EMBODIMENT 67 

[0089] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 122630 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 

123668 to 130670 of the nucleotide sequence according to 
SEQ.ID.NO:20, a third nucleotide sequence represented by 
nucleotides 131243 to 233681 of the nucleotide sequence 
according to SEQ.ID.NO:20, a third nucleotide sequence 
comprising a nucleotide sequence according to SEQ.ID.No: 
34 and a fourth nucleotide sequence comprising a nucleotide 
sequence according to SEQ.ID.No: 35 

EMBODIMENT 68 

[0090] The vector according to embodiment 67, wherein 
nucleotide 122630 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 34, wherein 
nucleotide 252 of the nucleotide sequence according to SEQ. 
ID.No: 34 is covalently linked to nucleotide 123668 of the 
nucleotide sequence according to SEQ.ID.NO:20, wherein 
nucleotide 130670 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 35 and 
wherein nucleotide 67 of the nucleotide sequence according 
to SEQ.ID.NO:35  is covalently linked to nucleotide 131243 
of the nucleotide sequence according to SEQ.ID.No:20 

EMBODIMENT 69 

[0091] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 58442 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
59623 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 59623 of the nucleotide sequence 
according to SEQ.ID.NO:20. 

EMBODIMENT 70 

[0092] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 58442 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
59623 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:  20 and a third nucleotide sequence comprising 
a nucleotide sequence according to SEQ.ID.No: 32. 

EMBODIMENT 71 

[0093] The vector according to embodiment 70, wherein 
nucleotide 58442 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 32 and 
wherein nucleotide 179 of the nucleotide sequence according 
to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of 
the nucleotide sequence according to SEQ.ID.NO:  20. 

EMBODIMENT 72 

[0094] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 62129 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
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second nucleotide sequence represented by nucleotides 
63261 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 62129 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 63261 of the nucleotide sequence 
according to SEQ.ID.NO:20. 

EMBODIMENT 73 

[0095] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 62129 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
63261 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:  20 and a third nucleotide sequence comprising 
a nucleotide sequence according to SEQ.ID.No: 33 

EMBODIMENT 74 

[0096] The vector according to embodiment 73, wherein 
nucleotide 62129 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 33 and 
wherein nucleotide 38 of the nucleotide sequence according 
to SEQ.ID.No: 33 is covalently linked to nucleotide 63261 of 
the nucleotide sequence according to SEQ.ID.NO:  20. 

EMBODIMENT 75 

[0097] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 58442 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
59623 to 62129 of the nucleotide sequence according to SEQ. 
ID.NO:20, a third nucleotide sequence represented by nucle-
otides 63261 to 233681 of the nucleotide sequence according 
to SEQ.ID.NO:  20 and wherein nucleotide 58442 of the 
nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to nucleotide 59623 of the nucleotide 
sequence according to SEQ.ID.NO:20  and wherein the nucle-
otide 62129 of the nucleotide sequence according to SEQ.ID. 
NO:20 is covalently linked to the nucleotide 63261 of the 
nucleotide sequence according to SEQ.ID.NO:20. 

EMBODIMENT 76 

[0098] A vector comprising the nucleic acid according to 
embodiment 62, wherein the vector comprises a nucleotide 
sequence, wherein the nucleotide sequence comprises a first 
nucleic acid sequence represented by nucleotides 1 to 58442 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
second nucleotide sequence represented by nucleotides 
59623 to 62129 of the nucleotide sequence according to SEQ. 
ID.NO:20, a third nucleotide sequence represented by nucle-
otides 63261 to 233681 of the nucleotide sequence according 
to SEQ.ID.NO:20, a fourth nucleotide sequence comprising a 
nucleotide sequence according to SEQ.ID.No: 32 and a fifth 
nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 33. 

EMBODIMENT 77 

[0099] The vector according to embodiment 76, wherein 
nucleotide 58442 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 32, wherein 
nucleotide 179 of the nucleotide sequence according to SEQ. 
ID.No: 32 is covalently linked to nucleotide 59623 of the 
nucleotide sequence according to SEQ.ID.NO:20, wherein 
nucleotide 62129 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 33 and 
wherein nucleotide 38 of the nucleotide sequence according 
to SEQ.ID.NO:33  is covalently linked to nucleotide 632161 
of the nucleotide sequence according to SEQ.ID.No: 20. 

EMBODIMENT 78 

[0100] A host cell comprising a nucleic acid according to 
embodiment 61 or a vector according to any one of embodi-
ments 62 to 77. 

EMBODIMENT 79 

[0101] A pharmaceutical composition comprising a beta-
herpesvirus according to any one of the preceding embodi-
ments, a nucleic acid according to embodiment 61 and/or a 
vector according to any one of the preceding embodiments, 
and a pharmaceutically acceptable carrier. 
[0102] The present inventors have surprisingly found that 
the infection of endothelial cells of a host organism such as 
man by beta-herpesvirus and more specifically CMV of the 
invention will result in eliciting an immune response against 
CMV. More specifically, the immune response is an anti-
CMV response which comprises neutralizing antibodies 
against beta-herpesvirus and CD4 and CD8 T-cells directed 
against epitopes of beta-herpesvirus. Furthermore, the 
present inventors have surprisingly found that such immune 
response can be elicited by the beta-herpesvirus and more 
specifically the human cytomegalovirus of the invention 
being spread-deficient. It has to be acknowledged that any 
characteristic feature, embodiment of and any statement 
made in relation to beta-herpesviruses such as murine CMV 
equally applies to human CMV. Furthermore, it will be 
acknowledged that the beta-herpesvirus according to the 
present invention will, in a preferred embodiment, exhibit the 
following characteristics as observed for human and murine, 
respectively, CMV: multiple infections occur with mouse and 
human CMV, in mouse and human, respectively, (Boppana, 
S. B. et al., 2001. Intrauterine transmission of cytomegalovi-
rus to infants of women with preconceptional immunity. N. 
Engl. J. Med 344:1366-1371; Cicin-Sain, L. et al., 2005. 
Frequent coinfection of cells explains functional in vivo 
complementation between cytomegalovirus variants in the 
multiply infected host. J Virol 79:9492-9502.); an unusually 
high response of neutralizing antibodies against CMV is 
caused by infection with mouse and human CMV, in mouse 
and human, respectively (Farrell, H. E. and G. R. Shellam, 
1990. Characterization of neutralizing monoclonal antibod-
ies to murine cytomegalovirus. J. Gen. Virol. 71 (Pt 3):655-
664; Farrell, H. E. and G. R. Shellam, 1991. Protection 
against murine cytomegalovirus infection by passive transfer 
of neutralizing and non-neutralizing monoclonal antibodies. 
J. Gen. Virol. 72 (Pt 1):149-156; Gerna, G., A. et al., 2008. 
Human cytomegalovirus serum neutralizing antibodies block 
virus infection of endothelial/epithelial cells, but not fibro- 
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blasts, early during primary infection. J. Gen. Virol. 89:853-
865); memory inflation, which represents a very characteris-
tic CD8+ T cell response, is caused by infection with mouse 
and human CMV, in mouse and human, respectively, and has 
almost identical kinetics (Karrer, U. et al., 2003. Memory 
inflation: continuous accumulation of antiviral CD8+ T cells 
overtime. J. Immunol. 170:2022-2029; Karrer, U. et al. 2004. 
Expansion of protective CD8+ T-cell responses driven by 
recombinant cytomegaloviruses. J. Virol. 78:2255-2264; Kle-
nerman, P. and P. R. Dunbar, 2008. CMV and the art of 
memory maintenance. Immunity. 29:520-522; Komatsu, IT 
et al., 2003. Population analysis of antiviral T cell responses 
using MHC class I-peptide tetramers. Clin. Exp. Immunol. 
134:9-12;). In connection with the present invention a person 
skilled in the art will also acknowledge that a murine CMV 
gene can replace a homolog of said murine CMV gene in a 
human CMV. (Schnee, M. et al., 2006. Common and specific 
properties of herpesvirus UL34/UL31 protein family mem-
bers revealed by protein complementation assay. J Virol 
80:11658-11666) 
[0103] In a preferred embodiment the beta-herpesvirus 
according to the present invention is different from the Towne 
strain as described by Liu et al. in U.S. Pat. No. 7,407,744, i.e. 
a Towne strain where the genes UL133, UL134, UL135, 
UL136, UL137, UL138, UL139, UL140, UL141, UL142, 
UL1 43, UL1 44, and UL1 45 are deleted, preferably compared 
to wild type. A person skilled in the art will further acknowl-
edge that the Towne strain is not endotheliotropic and has also 
a defective gH/gL complex. 
[0104] Ina further preferred embodiment the beta-herpes-
virus according to the present invention comprises a nucle-
otide sequence according to SEQ.ID.No:23. 
[0105] In still further preferred embodiment the beta-herp-
esvirus according to the present invention is different form the 
Toledo strain. 
[0106] Spread-deficient as used herein, preferably means 
that the virus which is spread-deficient infects a cell and no 
viral particle is released from the infected cell, whereby the 
viral DNA is replicated, the viral proteins except those which 
are deleted in accordance with the present invention are 
expressed in the infected cell, preferably all viral glycopro-
teins are expressed, more preferably all viral glycoproteins 
are expressed, that mediate entry of the virus into a cell, 
whereby, preferably, the cell is an endothelial and/or an epi-
thelial cell. The assay which is preferably used in accordance 
with the present invention so as to determine whether or not a 
virus is spread-deficient, is described herein as Example 1. 
[0107] A wild type CMV strain as preferably used herein 
means that the virus is a beta-herpesvirus strain which has 
been isolated from its native host and which has maintained 
its ability to infect endothelial cells in tissue culture. More 
specifically the wild type human CMV strain as preferably 
used herein contains, among others, the genes UL133, 
UL134, UL135, UL136, UL137, UL138, UL139, UL140, 
UL141, UL142, UL143, UL144, and UL145 (Cha et al. 
supra) and more specifically the wild type CMV strain as 
preferably used herein is TB40/E and FIX-BAC (Singer et 
al. 1999 Journal of General Virology, 80, 2867-2877; Hahn et 
al. 2002 J. Virol. 76(18): 9551-9555) and/or TB40E-BAC4-
FRT (SEQ.ID.NO:20) (Scrivano, L. et al., 2011. HCMV 
spread and cell tropism are determined by distinct virus popu-
lations. PLoS. Pathog. 7:e1001256) for human CMV or 
Smith strain for MCMV (Rawlinson et al. 1996 J Virol 
70:8833-8849). In a preferred embodiment of the present 

invention the wild type CMV strain as preferably used herein 
comprises a nucleotide sequence according to SEQ.ID.No: 
23. The sequence of the pTB40E-BAC4-FRT, which is the 
molecular infectious BAC plasmid according to TB40E-
BAC4-FRT has the nucleotide sequence according to SEQ. 
ID.NO:20. 

[0108] Said pTB40E-BAC4-FRT is consisting of viral 
sequences encoded by nt 1-181652 andby nt 189192-233681, 
as well as BAC sequences represented by nt 181653-189191. 
A person skilled in the art will acknowledge that a BAC 
plasmid such as pTB40E-BAC4-FRT comprising a virus 
genome such as the virus genome of TB40E-BAC4-FRT is 
circular in E. coli therefore the nucleotide 233681 of the 
nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to nucleotide 1 of the nucleotide sequence 
according to SEQ.ID.NO:20. A person skilled in the art will 
know methods for reconstitute a virus from a BAC plasmid 
comprising the viral genome of said virus, for example for 
reconstitute TB40E-BAC4-FRT from pTB40E-BAC4-FRT 
comprising the viral genome of TB40E-BAC4-FRT. Such 
methods comprise among others transfection of cells, com-
prising complementing cells. 

[0109] As used herein, the term "deficient in at least one 
gene product" preferably means that the at least one gene 
product which is a biochemical material such as a nucleic 
acid, DNA, RNA or a peptide, polypeptide or protein, result-
ing from expression of the gene does not show at least one of 
the functions displayed by said gene product in the wild type 
strain. Preferably, said at least one of the functions not shown 
is the function which is responsible for spread of the beta-
herpesvirus. Also preferably, all of the functions of said gene 
product in the wild type strain are not shown. This may be the 
result of a complete or partial deletion or mutation of the gene 
coding for said gene product, of a complete or partial deletion 
of a mutation, of the nucleic acid controlling the expression of 
the gene coding of said gene product, of a truncation of said 
gene product, or of the inhibition of the otherwise compete 
gene product. 

[0110] As used herein, the term "DNA is replicated" pref-
erably means that the replication occurs like replication of a 
wild type virus. 

[0111] As used herein, a wild type-like virion surface is 
preferably a surface displayed by a beta-herpesvirus of the 
wild type as defined herein, more specifically by a cytome-
galovirus wild type strain as defined herein. The molecules 
which are used to define the surface displayed by a beta-
herpesvirus of the wild type are glycoproteins expressed by 
said wild type virus mediating the entry of said wild type virus 
into a cell, preferably an endothelial cell. In other words, a 
virus according to the present invention having a wild type-
like virion surface has a virion surface which, after infection 
of primary fibroblasts, displays or expresses the same glyco-
proteins identical to, essentially identical to or at least not 
significantly different from the wild type virus based on 
which the deletions were or may be made to generate the virus 
of the present invention. The determination of the expression 
of glycoproteins is known to the ones skilled in the art and 
may be performed by a quantitative RT-PCR or mass spec-
trometry (Britt et al. 1990. J Virol 64:1079-1085) although 
other methods suitable for such purpose are knoen to the 
person skilled in the art. 

[0112] So as to determine whether the beta-herpesvirus of 
the invention and particularly the human cytomegalovirus of 
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the invention is endotheliotropic, preferably, the assay as 
described in Example 2 is used. 

[0113] So as to determine whether the immune response 
elicited by the beta-herpesvirus of the invention and particu-
larly the human cytomegalovirus of the invention comprises 
at least neutralizing antibody, and whereby the at least neu-
tralizing antibody is preventing said viruses from infecting 
endothelial cells and/or epithelial cells, the assay described 
by Cui et al. (Cui et al. supra) may preferably be used. 
[0114] It will be acknowledged that viral DNA replication 
is abrogated in replication-defective virus mutants and there-
fore gene expression does not exploit the total set of viral 
epitopes. Especially glycoproteins and structural virion com-
ponents are not expressed. 

[0115] In order to further illustrate the present invention the 
biology of human cytomegalovirus will be outlined in the 
following. 

[0116] Human cytomegalovirus is one of eight human her-
pesviruses, which are clustered in three subfamilies (alpha 
(a), beta ((3), gamma (y)) based on biological properties and 
molecular phylogenetic relationships to other herpesviruses. 
Cytomegalovirus belongs to the beta-herpesvirus subfamily 
and possesses the largest genome in the herpesvirus families: 
its genome of 240 kbp is capable of encoding more than 200 
potential gene products (Murphy et al. supra). 

[0117] The viral particle of cytomegaloviruses consist of 
three major constituents, namely the internal icosahedral 
capsid, which packages the double stranded linear DNA 
genome; the tegument which is a less organized protein mesh-
work surrounding the capsid; and the outermost envelop 
which is a lipid bilayer embedded with viral glycoprotein 
complexes. 

[0118] The infection of a host cell by the virus particles is 
mediated by the contact of the viral glycoproteins with the 
molecular structures of the host cell surface. CMVs can infect 
many different cell types and the mechanism of virus entry is 
known to be dependent on the specific cell type and can occur 
via two major routes: (a) the free, i.e. non-cell associated 
virus particles can encounter the host cell directly, or (b) the 
virus is transferred from the infected cell to a non-infected 
one by a preformed, i.e. non-virus-induced cell-cell contact, 
or virus induced cell-cell contact, the so called cell to cell 
spread. 

[0119] After attachment with high affinity to a set of cellu-
lar receptors the viral glycoproteins induce fusion between 
the viral envelope and a host cell membrane. After entry of an 
CMV particle into the host cell the HCMV genome is targeted 
to the nucleus where it either establishes latency which is 
characterized by a symptomless maintenance of the more or 
less silent genome, or induces a lytic infection leading to 
propagation of new infectious CMV particles. 
[0120] The lytic replication cycle of CMV is divided into 
three phases of regulated gene expression: immediate early, 
early, and late. The hallmarks of the replication stages are the 
specific gene clusters which are expressed with characteristic 
kinetics. Immediate early gene transcription occurs at first 
and leads to synthesis of viral master regulators that repro-
gram the host cell according to the needs of virus production. 
Following the synthesis of immediate early gene products, 
the early genes are transcribed. Early gene products include 
DNA replication proteins and regulators and enzymes which 
are important in nucleotide metabolism. Finally, the late 
genes are transcribed after the onset of DNA replication, and 

the gene products of said late genes are mainly structural 
proteins that are involved in the assembly of and egress of new 
infectious virus particles. 

[0121] The late gene products comprise many viral anti-
gens including the viral glycoproteins such as the gB and the 
gH/gL complex, which are the major targets of neutralizing 
antibodies against CMV (Schleiss et al. 2008 supra) and the 
major tegument protein the phosphoprotein 65 (pp65) and the 
immediate early 1 protein which are the major targets of the 
cellular immune response to CMV. 

[0122] A further step in the lytic replication cycle of CMV 
is the maturation of novel infectious virus particles which 
comprises steps of envelopment of the pre-mature virus par-
ticle with membrane structures. The steps of envelopment 
comprise a primary envelopment, de-envelopment and sec-
ondary envelopment. 

[0123] The primary envelopment at the membranes of the 
nucleus is crucial for the egress of virus capsids out of the 
nucleus. Proteins as part of the protein complex which is also 
referred to as nuclear egress complex (NEC) playing an 
essential role in this primary envelopment, were recently 
identified as M50 and M53 of mouse CMV (Lotzerich et al. 
2006 J Virol 80:73-84.) or as UL50 and UL53 being their 
homologs in human CMV. 

[0124] A homologues gene as used herein is preferably the 
gene of one herpesvirus referred to be a homolog of the gene 
of another herpesvirus according to Fossum et al. (Fossum et 
al. PLoS Pathog. 2009 September; 5(9): e1000570) or Davi-
son et al. (Davison et al. (2010) Vet Microbiol. 2010 Feb. 11. 
Herpesvirus systematics; and Davison et al. 2004 Compen-
dium of Human Herpesvirus gene names; Reno). 

[0125] Further, homologs of UL50 are listed in the EMBL-
EBI InterPro database (http://www.ebi.ac.uk/interpro/)  under 
accession number IPR007626 and UL53 homologs are found 
similarly under entry IPRO21152. 

[0126] The secondary envelopment occurs at the mem-
branes of the Golgi-apparatus and/or the endoplasmatic 
reticulum. In connection with said secondary envelopment a 
protein complex which is also referred to as secondary envel-
opment complex (SEC), was identified comprising at least the 
gene product of M94 of mouse CMV or its homolog in human 
CMV, i.e. UL94. The gene UL94 of HCMV is conserved in all 
herpesvirus sub-families (Chee et al. 1991 Transplant Proc 
23:174-80; Chee et al. 1990 Curr Top Microbiol Immunol 
154:125-169; Higgins et al. 1989 Comput. Appl. Biosci. 
5:151-153) and was found only at a late stage of infection 
(Scott et al. 2002 Virus Genes 24:39-48; Wing et al. 1996 J 
Virol 70:3339-3345). It was recently shown that UL94 is part 
of the virion (Kalejta et al. 2008 Microbiol Mol Biol Rev 
72:249-65; Kattenhorn et al. 2004 J Virol 78:11187-11197; 
Wing et al. op.cit). UL94 is essential in the infection of the 
Towne strain of HCMV shown by transposon-mediated 
mutagenesis (Dunn et al. 2003 Proc Natl Acad Sci USA 
100:14223-14228. That M94 is essential in mouse CMV 
infection is disclosed herein in the example part. 

[0127] Homologs of UL94 are listed in the EMBL-EBI 
InterPro database (http://www.ebi.ac.uk/interpro/)  under 
accession number IPR004286. 

[0128] The high viral load of CMV in salivary glands indi-
cates the transmission of CMV by direct contact via secre-
tions. After initial replication in the first target cells at the 
entry site, CMV is disseminated through the body by blood 
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and lymph. Most likely the virus is taken up by white blood 
cells which carry the virus from the primary infection site to 
almost every internal organ. 
[0129] The interplay between the CMV and its host, i.e. 
humans or mice, is very complex. On the one hand, the 
immune response of the host is controlling the virus replica-
tion very efficiently. Therefore, most of the CMV infections 
are symptomless which means that virus replication is con-
trolled before the tissue damage reaches an observable patho-
logical level of local or systemic inflammation. On the other 
hand, the virus itself is controlling the immune response 
resulting in efficient clearance of the virus from the host. In 
almost all cases of immune competence natural CMV infec-
tion ends up with a situation where the virus is controlled by 
the immune system without being totally cleared from the 
host (Reddehase et al. 2002 J Clin Virol 25 Suppl 2: S23-S36). 
[0130] In recent years an impressive body of knowledge 
was generated by studying the molecular mechanisms of 
immune suppressive functions of CMV. It is acknowledged 
that more than half of the CMV genes encode gene products 
interfering with different immune mechanisms at all stages of 
the immune system, the so-called immune evasive genes. 
There is evidence that neither the humoral nor the cellular 
immune response alone is sufficient to control CMV infec-
tion; a concerted action of both is needed to keep the balance 
with the viral immune evasion (Adler et al. 1995 J Infect Dis 
171:26-32; Reddehase et al. 1987 J Virol 61:3102-3108). 
[0131] Diseases and conditions of a subject which is 
infected by beta-herpesvirus and human CMV, respectively, 
are, among others, mononucleosis-like symptoms, splenom-
egaly, pneumonitis, blindness, hearing loss, congenital inclu-
sion disease, and organ damage and organ failure, respec-
tively, of the organ infected by HCMV. It is to be 
acknowledged that said diseases and conditions are diseases 
and conditions which can be treated and/or prevented by the 
beta-herpesvirus of the present invention. 
[0132] Typically, human CMV infection becomes clini-
cally apparent only if the host immune system is vulnerable or 
suppressed. There are several major risk groups of public 
health importance. 
[0133] One situation where the host immune system is vul-
nerable, is where non-pregnant women of reproductive age or 
women being pregnant get infected by human CMV. If the 
human CMV infection is transmitted from the mother to the 
fetus and embryo, respectively, during pregnancy, due to the 
immature immune system of the fetus and embryo, respec-
tively, direct cytotoxic pathology of the human CMV infec-
tion can develop which is called congenital inclusion disease 
(CID). The symptoms of CID are dominated by the cause that 
the human CMV infects the central nervous system compris-
ing microcephaly, cerebral atrophy, chorioretinitis, and sen-
sorineural hearing loss, which are typically combined with 
consequences of infection of other visceral organs including 
intrauterine growth retardation, hepatosplenomegaly, hema-
tological abnormalities such as thrombocytopenia, and vari-
ous cutaneous manifestations appearing as rushes, i.e. pete-
chiae and purpura. CID is the most frequent infectious 
congenital disorder in developed countries. Furthermore, 
human CMV infection is the major cause of hearing loss 
acquired after viral infection. 
[0134] A second scenario of clinically significant human 
CMV infection is formed by immunocompromised or immu-
nosuppressed patients. This kind of patient is, e.g., a HIV-
positive patient or a transplant recipient. In these patients the 

disease manifestations vary depending on the quality and the 
degree of immune dysfunction. Infection mostly occurs 
because of reactivation of latent viral infection, however, may 
be as well newly acquired via virus reactivation from organ or 
bone marrow transplant derived from an already infected 
donor in case of a transplant recipient. 
[0135] In the absence of sufficient immune control CMV 
infection leads to inflammatory diseases of various organs. In 
connection therewith the most frequent clinical manifesta-
tions consist of pneumonitis, gastrointestinal diseases, hepa-
titis, and retinitis. In bone marrow transplant recipients 
HCMV pneumonitis occurs with mortality rates of 90%. It is 
to be acknowledged that said diseases and conditions are 
diseases and conditions which can be treated and/or pre-
vented by the beta-herpesvirus of the present invention. 
[0136] In AIDS patients opportunistic human CMV infec-
tion is common and occurs at a frequency of almost 100%, if 
anti-retroviral therapy fails or not applicable/available. This 
is still the case in non-industrialized countries were an effec-
tive therapy is not yet available. Before the availability of 
highly active anti-retroviral therapy for human immunodefi-
ciency virus (HIV) infection, HCMV retinitis was the most 
common cause of blindness in adult patients with acquired 
immunodeficiency syndrome (AIDS), with an overall life-
time prevalence of more than 90%. 
[0137] In an embodiment of the beta-herpesvirus of the 
invention the beta-herpesvirus is used as a vaccine and/or 
vector. In a further embodiment thereof such beta-herpesvirus 
encodes for a heterologous nucleic acid. Preferably such het-
erologous nucleic acid codes for an antigen, more preferably 
an antigen of a pathogen. Because of this such vaccine and 
vector, respectively, is suitable for the treatment and/or pre-
vention of a disease caused by or associated with said patho-
gen. Such pathogens preferably comprise viruses and bacte-
ria. In an embodiment the antigen is NP-NT60 of Influenza, 
whereby the vector then is useful in the treatment of influ-
enza. In a further embodiment the antigen is ORF Rv3407 
from Mycobacterium tuberculosis strain H37Rv, whereby the 
vector then is useful in the treatment of tuberculosis. 
[0138] In an embodiment the beta-herpesvirus of the 
present invention is a recombinant beta-herpesvirus. 
[0139] In a further embodiment the beta-herpesevirus of 
the present invention is a human beta-herpesvirus, preferably 
a recombinant human beta-herpesvirus. 
[0140] In a preferred embodiment the individual nucle-
otides of the beta-herpesvirus of the invention are linked, 
preferably covalently linked, through phosphodiester bonds. 
Such phosphodiester bonds are those phosphodiester bonds 
which are contained in nucleic acid molecules contained or 
produced in biological material such as cells. 
[0141] It will be acknowledged that the beta-herpesvirus of 
the present invention is part of a pharmaceutical composition. 
Preferably, such pharmaceutical composition contains, a part 
from the beta-herpesvirus of the present invention and/or a 
nucleic acid coding for the same, a pharmaceutically accept-
able carrier. The ingredients of such pharmaceutical compo-
sition and their respective contents are known to a person 
skilled in the art. It will be further acknowledged that such 
pharmaceutical composition is for or is for use in the treat-
ment of the diseases and conditions as disclosed herein in 
connection with the beta-herpesvirus of the present invention. 
[0142] It will be acknowledged by a person skilled in the art 
that the experimental evidence provided in the example part 
of the instant application is based on murine CMV, but that 
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such evidence can be directly and immediately transferred to 
HCMV, so that the present invention is plausible to a person 
skilled in the art. The reason for this being that the genomes of 
different herpesvirus strains including CMV are linearly cor-
related and the mode of action of human CMV in a human 
host and of mouse CMV in a murine host are essentially 
identical. 

[0143] The various SEQ.ID. Nos., the chemical nature of 
the nucleic acid molecules, proteins and peptides according to 
the present invention, the actual sequence thereof and the 
internal reference number is summarized in the following 
table. To the extent that the particular sequences are not 
displayed in this table they are contained in the attached 
sequence listing which is part of the instant specification. 

SEQ. 	ID. 
No. Sequence internal reference number 

1 GTGGGATCCACCATGTACCCCTACGACGT HAM94for 
GCCCGACTACGCCACGTCCAGACTATCC 

2 ACTCTAGAGTCGACTTCACATGTGCTCGA M94 rev 
GAACA 

3 AATTCATGATAACTTCGTATAGCATACAT ATGloxl 
TATACGAAGTTATCCGGAGATATCCACCG 
GTCTGGCGGCCGC 

4 TCGAGCGGCCGCCAGACCGGTGGATATCT ATGlox2 
CCGGATAACTTCGTATAATGTATGCTATA 
CGAAGTTATCATG 

5 CGT GGT CAA GCC GGT CGT GTT GTA 5'-Am157-pCR3-FRT-Kan-FRT 
CCA GAA CTC GAC TTC GGT CGC GTT 
GCT TAC AAT TTA CGC GCG GG 

6 CCC CGA TAT TTG AGA AAG TGT ACC 3'-Am157-flox-egfp 
CCG ATA TTC AGT ACC TCT TGA CTA 
AGA AGC CAT AGA GCC CAC CGC 

7 TGC TTC CCG GCG GCT TCT GCG CGA 5'AM94-p06-tTA 
CCT TCC AGC TGC AGG TAG ACC ACG 
GCG ACG TCC AGA CTA TCC GTG AAA 
AGT TTG AGA AGC ATC AGT AGC CGA 
TTT CGG CCT ATT GGT T 

8 CAT GGA TGG GTT GGT TGA TTT GTA 3'-AM94-p06-tTA 
TGT CTG TTG GCT ACT CAC ATG TGC TCG 
AGA AGC CAG TGT GAT GGA TGA TCC TC 

9 SIINFEKL OVA-MHC-I Peptide 

10 TVYGFCLL m139 MHC-I Peptide 

11 RALEYKNL ie3 MHC-I Peptide 

12 SCLEFWQRV M57 MHC-I Peptide 

13 HGIRNASFI M45 MHC-I Peptide 

14 FAM-AACGTACATCGCTCTCTGCTGGCCG- Taqman-Probe M54 

TAMRA 

15 Ttactgggtgctgccgggcggctttgccgtctcttcgcgcgtcactct LIFdelUL94 

tcacggcctggcccagcgagccctgcgggaccggttccaaaacttc 
gaggccgtgctggcccggggcatgcacgtggaggccggccggca 
ggagcccgagaccccccgggtgagcggccggcggctgcccttcg 

acgacctgtgatccggaggacgacggctcgtgtatcttgtgccaatt 
gctgttgctctaccgcgacggcgaatggatcctctgtctttgctgcaa 
cggccgttatcaaggccactatggcggggtctgacagttcacgggg 

agaagaaacaagaaacaacaaaaaaaaaagaggagatctgcggc 
cgctagggataacagggtaatcgatgttgacaattaatcatcggcata 
gtatatcggcatagtataatacgacaaggtgaggaactaaaccatgg 

caaaactgaccagcgcagttccggttctgaccgcacgtgatgttgcc 
ggtgccgttgaattttggaccgatcgtctgggttttagccgtgattttgt 
ggaagatgattttgccggtgttgttcgtgatgatgttaccctgtttattag 

cgcagttcaggatcaggttgttccggataataccctggcatgggtttg 
ggttcgtggtctggatgaactgtatgcagaatggtcagaagttgtgag 
caccaattttcgtgatgcaagcggtccggcaatgaccgaaattggtg 

aacagccgtggggtcgtgaatttgcactgcgtgatccggcaggtaat 
tgtgttcattttgttgcagaagaacaggattaacctcgattaattaattgt 
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-continued 

SEQ. ID. 
No. Sequence 	 internal reference number 

aacattaccctgttatccctaccggtgtcctaggcggggtctgacagt 
tcacggggagaagaaacaagaaacaacaaaaaaaaaagagg 

16 cgtgttagaccgttggagtcgcgacctgtcccgcaagacgaaccta LIF-delUL99 
ccgatctgggtcgccaacagcgccaacgagtacgtcgtcagctccg 
tgccccgccccgtcagtccgtagaagtaactcataaactttcaggtct 
cgcgtacgattcgcgagtcgggaatgtagggataacagggtaatcg 
atgttgacaattaatcatcggcatagtatatcggcatagtataatacga 
caaggtgaggaactaaaccatggcaaaactgaccagcgcagttcc 
ggttctgaccgcacgtgatgttgccggtgccgttgaattttggaccga 
tcgtctgggttttagccgtgattttgtggaagatgattttgccggtgttgt 
tcgtgatgatgttaccctgtttattagcgcagttcaggatcaggttgttc 
cggataataccctggcatgggtttgggttcgtggtctggatgaactgt 
atgcagaatggtcagaagttgtgagcaccaattttcgtgatgcaagc 
ggtccggcaatgaccgaaattggtgaacagccgtggggtcgtgaat 
ttgcactgcgtgatccggcaggtaattgtgttcattttgttgcagaaga 
acaggattaacctcgattaattaattgtaacattaccctgttatccctaa 
agtaactcataaactttcaggtctcgcgtacgattcgcgagtcgggaa 
tg 

17 	as contained in the sequence listing 

18 	as contained in the sequence listing 

19 	as contained in the sequence listing 

20 	as contained in the sequence listing 

21 	as contained in the sequence listing 

22 	as contained in the sequence listing 

23 	as contained in the sequence listing 

24 MGSGIGAASMEFCFDVFKELKVHHANENIFYCPIAIMSAL 
AMVYLGAKDSTRTQINKVVRFDKLPGFGDSI EAQCGTSVN 
VHSSLRDILNQITKPNDVYSFSLASRLYAEERYPI LPEYL 
QCVKELYRGGLEPINFQTAADQARELINSWVESQTNGI IR 
NVLQPSSVDSQTAMVLVNAIVFKGLWEKTFKDEDTQAMPF 
AVTEQESKPVQMMYQIGLFAVASMASEKMKI LELPFASGT 
MSMLVLLPDEVSGLEQLESI INFEKLTEWTSSNVMEERKI 
KVYLPRMKMEEKYNLTSVLMAMGI TDVFSSSANLSGI SSA 
ES LKI SQAVHAAHAE INEAGREVVGSAEAGVDAASVS EEF 
RADHPFLFCIKHIATNAVLFFGRCVSP 

25 MSGQGTKRSYEQMETDGERQNATEIRASVGKMIGGIGRFY 
IQMCTELKLSDYEGRLIQNSLTIERMVLSAFDERRNKYLE 
EHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIRRIW 
RQTNNGDDATAGLTHMMIWHSNLNDATYQRTRALVRTGMD 
PRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELVRMI KRG 
INDRNFWRGENGRKTRIAYERMCNI LKGKFQTAAQKAMMD 
QVRESRNPGNAEFEDLTFLARSALILRGSVAHKSCLPACV 
YGPAVASGYDFEREGYSLVGIDPFRLLQNSQVYSLIRPNE 
NPAHKSQLVWMACHSAAFEDLRVLSF I KGTKVLPRGKLST 
RGVQIASNENMDAMESSTLELRSRYWAI RTRSGGNTNQQR 
ASAGQIS IQPTFSVQRNLPFDRTTIMAAFNGNTEGRTSDM 

RTEI IRMMESARPEDVSFQGRGVFELSDEKAASPIVPSFD 
MSNEGSYFFGDNAEEYDN 

26 MRATVGLVEAIGIRELRQHASRYLARVEAGEELGVTNKGR 
LVARL I PVQAAERSREAL I ESGVL I PARRPQNLLDVTAEP 
ARGRKRTLSDVLNEMRDEQ 

27 MAWRSGLCETDSRTLKQFLQEECMWKLVGKSRKHREYRAV 
ACRSTIFSPEDDGSCILCQLLLLYRDGEWILCLCCNGRYQ 

GHYGVGHVHRRRRRI CHLPTLYQLSFGGPLGPASIDFLPS 
FSQVTSSMTCDGI TPDVIYEVCMLVPQDEAKRI LVKGHGA 
MDLTCQKAVTLGGAGAWLLPRPEGYTLFFYI LCYDLFTSC 

GNRCD I PSMTRLMAAATACGQAGCSFCTDHEGHVDPTGNY 
VGCTPDMGRCLCYVPCGPMTQSLIHNDEPATFFCESDDAK 
YLCAVGS KTAAQVTLGDGLDYHIGVKDS EGRWLPVKTDVW 

DLVKVEEPVSRMIVCSCPVLKNLVH 

pCB-Ubic-UL94-IRES-mChe 

pCB-Ubic-UL99-IRES-gfp 

pLV-Ubiqc-BLAB-IRES-Puro 

pTB40E-BAC4-FRT 

pBSK-OVA 

pTRE-HAM94 

Unique\in\TB40\(UL133-UL145) 

OVA 

NP-NT60 of Influenza 

ORF Rv3407 from 
Mycobacterium tuberculosis 
strain H37Rv 

UL94 
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-continued 

SEQ. ID. 
No. Sequence 	 internal reference number 

28 VTLGGAGAWLLP 

29 	MGGELCKRI CCEFGTTSGEPLKDALGRQVSLRSYDNI PPT 
SS SDEGEDDDDGEDDDNE ERQQKLRL CGS GCGGND SS SGS 
HREATHDGPKKNAVRSTFREDKAPKPSKQSKKKKKPSKHH 
HHQQSSIMQETDDLDEEDTS IYLSPPPVPPVQVVAKRLPR 
PDTPRTPRQKKISQRPPTPGTKKPAAPLSF 

30 MATSRLSVKSLRSISRFVQWECCWMLVNKSARYREFRAVT 
SQSPGLGKVSS TDDGRCLAASMMLFRRDGNFVLCLVVNKE 
PVGQFGCSGMRREKMVIDGLQEPVYVMRLLAPL I PVKLGF 
SPYMLPPKS IGGSGGLDPSVIYQNASVVTPEEAATVTMQG 
SGIVTVGLSGVGSWVQI KDGGNMKLFVFALCFDVFTACCD 
RLAFPSLAKIYSETVSCEADKCGFCRDSGRHVDPTGRFVG 
CVPDS GVCL CYS P CRGTDAAVSVRSWLPYLE LEDGANTHS 
LFVRRYDGRKGLPATISDYLGARNSEGDEIPLRTEPWQLL 
KI EPTLSAMI IMACPLLKKIVLEHM 

31 MYPYDVPDYATSRLSVKSLRSISRFVQWECCWMLVNKSAR 
YREFRAVTSQSPGLGKVSSTDDGRCLAASMMLFRRDGNFV 
LCLVVNKEPVGQFGCSGMRREKMVIDGLQEPVYVMRLLAP 
LI PVKLGFSPYMLPPKSIGGSGGLDPSVIYQNASVVTPEE 
AATVTMQGSGIVTVGLSGVGSWVQI KDGGNMKLFVFALCF 
DVFTACCDRLAFPSLAKIYSETVSCEADKCGFCRDSGRHV 
DPTGRFVGCVPDSGVCLCYSPCRGTDAAVSVRSWLPYLEL 
EDGANTHSLFVRRYDGRKGLPATI SDYLGARNSEGDEIPL 
RTEPWQLLKIEPTLSAMI IMACPLLKKIVLEHM 

32 gaccgcgccacagcagagccagcaccagcagaagagccagcac 
cagcgggcccagagtcgcaaagcgcgcgggcagccacggccca 
gactgcggtcgcgatggcccggagcgcgctcgccaccacgatgac 
ggtgcccaacgataaccagtccgctcccgcaccgacgccaccgcc 
gat 

33 atgtctagcgttttctcaacagcattcgtgcgccttga 

SSc cross-reactive UL94 
peptide 

UL99 

M94 

HA-M94 

delUL5OS 

delUL53S 

34 cacggcctggcccagcgagccctgcgggaccggttccaaaacttc delUL94S 
gaggccgtgctggcccggggcatgcacgtggaggccggccggca 
ggagcccgagaccccccgggtgagcggccggcggctgcccttcg 
acgacctgtgatccggaggacgacggctcgtgtatcttgtgccaatt 
gctgttgctctaccgcgacggcgaatggatcctctgtctttgctgcaa 
cggccgttatcaaggccactatgg 

35 ctgggtcgccaacagcgccaacgagtacgtcgtcagctccgtgccc delUL99S 
cgccccgtcagtccgtagaag 

[0144] It will be acknowledged by a person skilled in the art 
and is in so far also within the scope of the present invention 
that each and any of the above nucleic acid sequences can be 
replaced by nucleic acid sequences which, due to the degen-
eracy of the genetic code, code for the same or functionally 
homolog peptides and proteins, respectively, as the above 
indicated nucleic acid sequences. 
[0145] The present invention is now further illustrated by 
the following figures and examples from which further fea-
tures, embodiments and advantages may be taken. 
[0146] More specifically, 
[0147] FIG. 1 is a schematic illustration of the concept of 
inducible trans-complementation; 
[0148] FIG. 2A is a diagram indicating TCIDso  as a func-
tion of time; 
[0149] FIG. 2B is a series of microphotographs; 
[0150] FIG. 2C is a survivorship curve indicating survival 
of mice as a function of time; 
[0151] FIG. 3A is a diagram indicating virus neutralizing 
antibody response as luciferase activity as a function of dilu-
tion of serum; 

[0152] FIG. 3B is a diagram indicating the percentage of 
adaptively transferred T cells at various time points; 
[0153] FIG. 3C is a diagram indicating the percentage of 
specific lysis of transferred cells loaded with various viral 
peptides by CD8 T-cells specific for the viral peptides; 
[0154] FIG. 4 is a Whisker blot indicating the percentage of 
adaptively transferred T cells in different mouse strains being 
infected with different virus mutants; 
[0155] FIGS. 5A and 5B are diagrams indicating the chal-
lenge virus load in different organs of vaccinated mice; 
[0156] FIGS. 6A and 6B are survivorship curves indicating 
survival of vaccinated mice as a function of time; 

[0157] FIG. 7A is an agarose gel showing the result of a 
PCR detecting viral gene M54 in lungs of infected mice with 
either wild type or MCMV-AM94; 

[0158] FIG. 7B is a diagram indicating the result of a quan-
titative PCR detecting viral gene M54 in lungs of infected 
mice with either wild type or MCMV-AM94; 

[0159] FIGS. 7C and D are diagrams indicating the chal-
lenge virus load in different organs of vaccinated mice; 
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[0160] FIG. 8 is a series of microphotographs of cells of 
different cell-lines infected with and MCMV-Am157-rec-
egfp-AM94. 
[0161] FIG. 9A is a schematic overview of a spread-assay 
[0162] FIG. 9B is a series of microphotographs 
[0163] FIG. 9C is a diagram showing the results of a spread-
assay 

EXAMPLE 1 

Spread Assay 

[0164] The spread assay described herein may be used in 
connection with the characterization of a beta-herpesvirus 
and a human cytomegalovirus so as to determine whether 
such virus is spread-deficient. 
[0165] Primary fibroblast cell lines MRCS for human CMV 
and NIH/3T3 for mouse CMV and complementing cell lines 
TCL94/99-BP and NTM94-7, respectively, are plated and 
infected at an MOI of about 0.25 for 1 h and then washed 
twice with D-PBS. Cells are incubated for 6 h and afterwards 
washed four times with D-PBS. Equal numbers of non-in-
fected cells were stained with 5 µM CFSE for 8 min and 
blocked by 2% FCS/D-PBS, then washed twice with 2% 
FCS/D-PBS and subsequently seeded on top of the unstained 
but infected cells. 
[0166] 48 (mouse CMV) and 72 hours (human CMV) after 
infection the co-cultures were fixed with 4% Paraformalde-
hyde (PFA) in D-PBS for 10 min at 37° C. and washed and 
permeablized with 0.1% Triton X100 for 10 min. After triple 
washing, cells were blocked with 3% BSA/D-PBS for 1 h. 
Immediate early staining was performed by incubating fixed 
cells with a primary antibody against the immediate early 
gene product of the CMV, more specifically monoclonal anti-
body Croma 101 ((IgGi isotype) specific for the immediate-
early protein 1 of mouse CMV designated as antibody 6/20/1 
in Keil et al. (Keil et al. 1987 J. Virol. 61(2): 526-533.) and 
monoclonal antibody designated as CH1 60 in Plachter et al. 
specific for the human CMV immediate early 1 ((Plachter et 
al. 1993 Virology 193, 642-652), commercially available 
from Virusys Co.) in 3% BSA/D-PBS. After three D-PBS 
washes, cells were incubated with an Alexa Fluor 555-
coupled secondary antibody directed against the primary 
antibody Croma 101 in case of MCMV and CH1 60 in case of 
human CMV in 3% BSA/D-PBS. Finally, cells were washed 
three times and imaged by confocal microscopy using an 
LSM 510 Meta (Zeiss). To determine whether a CMV strain 
or mutant is spread-deficient cells infected with wild type 
CMVs are used as positive control. Spread-deficient Virus 
transmission is determined by counting immediate early- and 
CFSE-positive cells using the Image? Cell Counter plugin 
(Rasband, W S. Image? 2009. Bethesda, Md., USA, U.S. 
National Institutes of Health. This program is a freely acces-
sible standard at NCBI (http://rsbweb.nih.gov/ij/)  and 
accepted as a reference in scientific publications). CFSE 
stained cells, immediate early-positive cells and cells show-
ing both signals were counted. Virus transmission was deter-
mined by calculating the ration between immediate early-
positive/CFSE stained cells to immediate-early-negative/ 
CFSE stained cells. 

EXAMPLE 2 

Assay for Determining Whether a Virus is 
Endotheliotropic 

[0167] The assay described herein is used for determining 
whether a virus is endotheliotropic. 

[0168] As to determine whether a human CMV is endothe-
liotropic a primary human fibroblast cell line, a complement-
ing cell line which complements the product of the gene in 
relation to which the HCMV of the invention is deficient, and 
a human endothelial cell line are plated and infected at an 
MOI of about 0.1 with HCMV wild type or the virus of the 
present invention. 24 hours after infection immediate early 
staining is performed by incubating fixed cells with a mono-
clonal antibody against immediate early gene product of the 
beta-herpesvirus of the invention, more specifically CMV IE 
1/2 monoclonal Antibody CH 160 (Plachter et al. supra), com-
mercially available from Virusys Co. in 3% BSA/D-PBS. 
After three D-PBS washes, cells are incubated with anAlexa 
Fluor 555-coupled secondary antibody directed against the 
monoclonal antibody against human immediate early 1 of 
HCMV in 3% BSA/D-PBS. Finally cells are washed three 
times and imaged by UV microscopy. Cells infected with 
wild type HCMV are used as positive control and counted 
immediate early 1- and CFSE-positive cells using the Image? 
Cell Counter plugin (Rasband supra). 

[0169] As to determine whether a mouse CMV is endothe-
liotropic a primary mouse fibroblast cell line, a complement-
ing cell line which complements the product of the gene in 
relation to which the MCMV of the invention is deficient, and 
a mouse endothelial cell line are plated and infected at an 
MOI of about 0.1 with MCMV wild type or the virus of the 
present invention. 24 hours after infection immediate early 
staining is performed by incubating fixed cells with a mono-
clonal antibody against immediate early gene product of the 
beta-herpesvirus of the invention, more specifically Croma 
101 designated as antibody 6/20/1 in Keil et al. (Keil et al., 
supra) in 3% BSA/D-PBS. After three D-PBS washes, cells 
are incubated with an Alexa Fluor 555-coupled secondary 
antibody directed against the mouse monoclonal antibody 
against immediate early 1 of mouse CMV in 3% BSA/D-
PBS. Finally cells are washed three times and imaged by UV 
microscopy. Cells infected with wild type mouse CMV are 
used as positive control and counted immediate early 1 posi-
tive cells using the Image? Cell Counter plugin (Rasband 
supra). 

EXAMPLE 3 

Materials and Methods 

[0170] Cells and Mice 

[0171] The fibroblast cell line NIH/3T3 and BALB/c 
derived murine embryonic fibroblasts (MEF) were cultured 
as described in Cicin-Sain et al., (Cicin-Sain et al. 2005 J 
Virol 79:9492-9502.). C57BL/6 (B6) mice, B6.SJL-Ptpr° (Pt-
pr°) mice and 129.IFNa(3R mice were purchased from 
Elevage Janvier (Le Genest Saint Isle, France), Jackson Labo-
ratories (Bar Harbor, Me., USA) and B&K Universal Limited 
(Grimston, England), respectively. 129.IFNa(3R 	mice 
(Muller et al. 1994 Science 264:1918-1921.) were back-
crossed on the B6 background (B6.IFNa(3R-'-). T cell recep-
tortransgenic mice OT-I (Hogquist et al.1994 Cell 76:17-27.) 
and OT-II (Barnden et al. 1998 Immunol Cell Biol 76:34-40.) 
were backcrossedtoPtpr°(CD45.1)orThy1.1 (CD90.1)con-
genic mice, respectively. Alb-cre (Postic et al. 1999 J Biol 
Chem 274:305-315.) and Tie2-cre (Constien et al. 2001 Gen-
esis 30:36-44.) were maintained on the B6 background. Mice 
were kept under specified pathogen free conditions. Animal 
experiments were approved by the responsible office of the 
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state of Bavaria (approval no. 55.2-1-54-2531-111-07) or by 	sion of the FRT flanked Kan" FLP recombinase was tran- 
the Ethics Committee at the University of Rijeka. 	 siently expressed from plasmid pCP20. 
[0172] Generation of the Trans-Complementing Cell Line 
NT/M94-7 
[0173] The conditional trans-complementing cell line 
NT/M94-7 was generated according to (Lotzerich et al. 
supra). Briefly, the M94 ORF was amplified from pSM3fr 
(Sacher et al. 2008 Cell Host Microbe 3:263-272.) using 
primers HAM94for (SEQ.ID.No.1) and M94rev (SEQ.ID. 
No.2) thereby introducing an HA tag at the N-terminus. The 
PCR product was digested with BamHI and Xbal and inserted 
into the BamHI- and Nhel-cleaved pTRE2Hyg vector (BD 
Biosciences Clontech, Heidelberg, Germany), resulting in 
pTRE-HAM94 (SEQ.ID.NO:22) putting HAM94 expression, 
the HAM94 protein is depicted in SEQ.ID.NO:31, under the 
control of the tetracycline (tet) inducible promoter. Stable 
NIH/3T3 transfectants harboring pTRE-HAM94 were 
selected with 50 µg/ml Hygromycin B. The deletion virus 
MCMV-AM94 was reconstituted by transfecting different 
NT/M94 cell clones with the respective BAC. The most pro-
ductively infected trans-complementing cell line NT/M94-7 
was subcloned using limiting dilution. The trans-comple-
menting cell line was deposited under the Budapest Treaty 
with the DSZM, Germany on May 5, 2010. 
[0174] Generation of Recombinant Viruses 
[0175] Recombinant mouse CMV (MCMV) mutants were 
derived from the MCMV bacterial artificial chromosome 
(BAC) clone pSM3fr, originated from Smith strain (Messerle 
et al. 1997 Proc Natl Acad Sci USA 94:14759-14763.). 
Nucleotide positions are given according to Rawlinson et al. 
(Rawlinson et al. supra). The 1.4 kilo base pair (bp) SmaI 
fragment of pCP15 carrying the FRT flanked kanamycin 
resistance gene (Kan') was introduced into the BssHII site of 
pCR3 (Invitrogen, Basel, Switzerland) resulting in pCR3-
FRT-Kan"-FRT. A fragment containing an ATG start codon 
and a loxP site was generated by annealing the oligonucle-
otides ATGlox1 (SEQ.ID.No.3) and ATGlox2 (SEQ.ID. 
No.4). This fragment was inserted into the EcoRI and Xhol 
site positioned between the major immediate early promoter 
of HCMV (IEP) and the polyA signal of the bovine growth 
hormone of pCR3-FRT-Kan"-FRT to obtain pCR3-FRT-
Kan-FRT-ATG-loxP. The ovalbumin gene (ova) was synthe-
sized as contained in pBSK-OVA (SEQ.ID.NO:  21) introduc-
ing GGAA after nt position 9 resulting in a BspEI restriction 
site for further cloning. Ova was inserted in frame using 
BspEI and Notl of pCR3-FRT-Kan' -FRT-ATG-loxP resulting 
in a full length ova with inserted loxP site after the initial ATG 
under control of IEP named pCR3-FRT-Kan"-FRT-ATG-
loxP-ova. To obtain a construct with Cre inducible ovalbumin 
(OVA) expression (SEQ.ID.NO:  24) a floxstop cassette (Sa-
cher et al. supra) was inserted into the EcoRI and BspEI sites 
of pCR3-ATG-loxP-ova resulting in pCR3-ATG-flox-stop-
ova. Using these constructs as templates and oligonucleotides 
5'-Aml 57-pCR3-FRT-Kan"-FRT (SEQ.ID.No.5) (nt position 
216243 to 216290) and 3'-Am157-flox-egfp (SEQ.ID.No.6) 
(nt position 216885 to 216930) as primers a linear DNA 
fragment containing the IEP-ova cassette, the FRT flanked 
Kant, and the viral homology sequences to the MCMV 
genome target site ml 57 was generated. In a similar proce-
dure the firefly luciferase gene (luc) was cloned under control 
of the IEP into pCP 15 carrying the FRT flanked Kan". These 
fragments were introduced into ml 57 of pSM3fr as described 
(Sacher et al. supra) resulting in pSM3fr-Am157-ova, 
pSM3fr-Aml57-flox-ova and pSM3fr-Aml57-luc. For exci- 

[0176] Generation of Spread-Deficient Virus Mutants 

[0177] As shown in FIG. 1 in E. coli the BAC pSM3fr-
AM94 was generated by insertion of the tTA transactivator 
cassette into pSM3fr thereby deleting M94. The trans-
complementing cell line NT/M94-7 expresses pM94 under 
control of the Tet inducible promoter. Upon transfection with 
pSM3fr-AM94 expression of tTA by the viral genome 
induces expression of pM94 by the cell leading to the pro-
duction of trans-complemented MCMV-AM94. This virus is 
able to infect non complementing first target cells. Due to the 
lack of the essential gene M94 the release of infectious virus 
particles is impossible although immediate early (IE), early 
(E) and late (L) viral gene expression as well as DNA repli-
cation (DNA rep) occur. 

[0178] For generation of the recombinant MCMV lacking 
the M94 sequence the parental MCMV BACs pSM3fr 
(MCMV-wt), pSM3fr-Aml57-ova (MCMV-ova) and 
pSM3fr-Aml 57-rec-egfp (MCMV-Aml 57-rec-egfp) (Sacher 
et al. supra) were applied to a second mutagenesis step. 
Therefore, the plasmid pO6-tTA-mFRT-Kan-mFRT was 
obtained by insertion of the Kan", on both sides flanked by 
mutant 34 bp FRT sites from pO6ie-F5 into p06-tTA (Lotzer-
ich et al. supra) to express the tTA transactivation gene under 
control of the IEP necessary for trans-complementation of 
pM94 (SEQ.ID:NO: 30). A linear DNA fragment containing 
the tTA cassette, the Kant and viral homology sequences to 
the MCMV genome target site (MCMV upstream-homology: 
nt position 136189 to 136234 and MCMV downstream-ho-
mology: nt position 137256 to 137309) was generated using 
primer 5' AM94-p06-tTA (SEQ.ID.No.7), primer 31-AM94-
p06-tTA (SEQ.ID.No.8) and plasmid pO6-ITA-mFRT-Kan' -
mFRT as template. This PCR fragment was inserted into the 
different parental pSM3fr clones, hereby deleting the M94 
gene. Since ORFs of M94 and M93 are overlapping 47 bp of 
homology had to be left at the 5'-end of M94 to keep the M93 
ORF intact and 17 bp homology are still present at the former 
3'-end of M94. Again FLP recombinase was expressed for 
excision of the Kant. Construction of pSM3fr-AM94, 
pSM3fr-ova-AM94, pSM3fr-flox-ova-AM94 and pSM3fr-
Aml57-rec-egfp-AM94 was confirmed by restriction digest 
analysis and sequencing. 

[0179] Viruses were reconstituted from BAC DNA, propa-
gated on NT/M94-7 complementing cells and purified on a 
sucrose cushion as previously described (Sacher et al. supra). 
For analysis of virus replication supernatants from infected 
cells were taken every 24 h. Quantification of infectious virus 
was done using TCID51  (median tissue culture infectious 
dose) method on NIH/3T3 or complementing NT/M94-7 
cells. For the determination of virus replication in vivo virus 
load was determined by standard plaque assay as plaque 
forming units (PFU) per gram organ as described (Sacher et 
al. supra). Spread-deficiency of each virus stock of M94 
deficient mutants (MCMV-AM94, MCMV-ova-AM94, 
MCMV-flox-ova-AM94 and MCMV-Am157-rec-egfp-
AM94) was confirmed by the absence of plaque formation 
after infection of non-complementing MEF, although CPE of 
individually infected cells was detectable. The E. coli con-
taining the pSM3fr-AM94 BAC of the spread-deficient 
MCMV-AM94 was deposited under the Budapest Treaty with 
the DSZM on Apr. 28, 2010 as DSM 23561. 
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[0180] UV Inactivation of Virus 
[0181] For in vivo application, a fraction of the MCMV-wt 
virus preparation used for immunization was inactivated by 
exposure to 1.5 kJ/cm2  UV light at a distance of 5 cm in a 
UV-crosslinker (Stratagene, Amsterdam, Netherlands) at 4° 
C. Viral infectivity was decreased by factor 2.4x107. The 
same treatment was sufficient to abolish viral gene expression 
when MCMV-Am157-rec-egfp was subjected to different 
doses (0.5, 1.0 and 1.5 kJ/cm2) of UV light and subsequently 
titrated on MEF. After 4 days post infection (p.i.) EGFP 
expression was monitored in single infected cells if virus was 
irradiated with low dose (0.5 kJ/cm2) of UV and no EGFP 
expression was seen after strong irradiation (1.5 kJ/cm2). 
Untreated MCMV-Aml 57-rec-egfp formed EGFP plaques. 
[0182] Immunization and Challenge of Mice 
[0183] 8 to 10 weeks old female B6 mice were immunized 
by intraperitoneal (i.p.) or subcutaneous (s.c.) injection of 
either MCMV-wt or mutant MCMV. Each mouse received 
100 ld of virus suspension s.c. or 300 ld i.p. C57BL/6 mice 
were immunized with lx iO TCID50  MCMV-wt or MCMV-
deltaM94, 129.IFNa(3R-'-  with 2.5x105  TCID50  of MCMV-
deltaM94 or UV irradiated MCMV-wt, and B6.IFNa(3R-'-
with 3x105  TCID50  of MCMV-AM94 or MCMV-wt. Mock 
treated mice received same volumes of PBS. To boost mice, 
this procedure was repeated 14 days p.i. Sera collected from 
mice 12 weeks p.i. were used to determine amounts of virus 
specific antibodies by virus neutralization assay, as described 
below. 
[0184] 28 days or 20 weeks post priming, mice were chal-
lenged by intravenous (i.v.) injection of 106  PFU of tissue 
culture derived MCMV-wt. Five days post challenge lungs, 
liver and spleen were collected under sterile conditions and 
stored at -80° C. Organ homogenates were analyzed for 
infectious virus load by standard plaque assay on MEF cells. 
Salivary glands derived MCMV (sgMCMV-wt) was gener-
ated as a homogenate of salivary glands from mice infected 
with tissue culture derived MCMV-wt as described in 
Trgovcich et al. (Trgovcich et al. 2000 Arch Virol 145:2601-
2618). The isolated sgMCMV-wt is more virulent compared 
to tissue culture derived MCMV-wt (Pilgrim et al. 2007 Exp 
Mol. Pathol. 82:269-279). Vaccinated B6.IFNa(3R-'-  mice 
were challenged with 2x105  PFU sgMCMV-wt and 129.IF-
Na3Rh'l mice were challenged with 2.5x105  TCID50  tissue 
culture derived MCMV-wt. 
[0185] Virus Neutralization Assay 
[0186] Heat inactivated serum (56° C., 30 min) from 5 
immunized mice 12 weeks p.i. were pooled and serially 
diluted 1:2 in DMEM containing a final concentration of 10% 
guinea-pig complement. Each dilution was mixed with 50 
PFU of MCMV-luc and incubated for 90 min at 37° C. and 
subsequently added to NIH/3T3 cells in a 96 well format. 
After 1 h at 37° C. the virus inoculum was removed and 
NIH/3T3 medium added. The cultures were incubated for 24 
h and luciferase activity was determined in cell extracts using 
the luciferase assay (Promega, Mannheim, Germany) in a 
luminometer (Berthold, Bad Wildbad, Germany) according 
to the supplier's and manufacturer's instructions, respec-
tively. 
[0187] In Vivo Cytotoxicity Assay 
[0188] To evaluate CD8' T cell effector function in vivo, 
splenocytes of congenic CD45.1 ' Ptpr° mice were incubated 
with 2 µM of the indicated peptide and stained with 2 µM, 0.7 
µM, or 0.1 µM carboxyfluorescein succinimidyl ester (CFSE) 
and PKH26 Red Fluorescent Cell Linker Mini Kit according 

to the manufacturer's instructions (Sigma-Aldrich). At day 6 
p.i., labeled CD45.1' cells were transferred into B6 (CD45. 
2') recipients. After 16 h spleens of recipient mice were 
removed and flow cytometrical analysis of the target cells was 
performed. Specific cytotoxicity oftarget cells was calculated 
using the equation: % spec lysis=(1-ratio unprimed/ratio 
primed)*100; ratio=(% CFSE low/% CFSE high) (Lauter-
bach et al. 2005 J Gen Virol 86:2401-2410.). The OVA 
derived class I peptide (SEQ.ID.NO.9) and MCMV specific 
peptides derived from ml39 (SEQ.ID.No.10), ie3 (SEQ.ID. 
No.11), M57 (SEQ.ID.No.12) and M45 (SEQ.ID.No.13) 
(Snyder et al. 2008 supra) were purchased from Metabion, 
Germany and were dissolved and stored according to manu-
facturer's device. 
[0189] Adoptive Transfer and Flow Cytometrical Analysis 
[0190] OVA specific CD8' T cells were isolated from 
spleen and cervical, axillary, brachial and inguinal lymph 
nodes of OT-I TCR transgenic mice backcrossed to congenic 
CD45. 1 ' mice. OT-I cells were purified by negative selection 
via the CD8a' T Cell Isolation Kit (Miltenyi Biotec, Bergisch 
Gladbach, Germany). 3x105  transgenic T cells were injected 
i.v. into recipient B6 mice one day prior to i.p. infection with 
105  TCID50  MCMV. To follow expansion of the transferred 
OT-I T cells 100 ld blood was taken 3, 6 and 8 days p.i., 
erythrocytes were lysed (PharmLyse, BD Biosciences, 
Heidelberg, Germany) and remaining cells were incubated 
with PE-TexasRed coupled a-CD8a (5H10; Caltag, Sacra-
mento, Calif., USA) and PE coupled a-CD45.1 antibodies 
(A20; BD Biosciences Pharmingen). Flow cytometrical 
acquisition was performed using an Epics XL-MCL (Beck-
man-Coulter) and data were analyzed using FlowJo software 
(Tristar, Ashland, Oreg., USA). 
[0191] OVA specific CD4' T cells were isolated from 
spleen and cervical, axillary, brachial and inguinal lymph 
nodes of OT-II TCR transgenic mice backcrossed to congenic 
CD90.1' mice. After lysis of erythrocytes 3x105  transgenic T 
cells were injected i.v. into recipient mice one day prior to 
infection with 105  TCID50  MCMV. Spleens were removed 
and splenocytes were incubated with Fc block (2.4G2; BD 
Biosciences) and subsequently stained with PE conjugated 
a-CD90.1 (HIS51; eBioscience) and PE-Cy5.5 coupled 
a-CD4 (RM 4-5; eBioscience). Flow cytometrical acquisi-
tion was performed using a FACS Calibur (BD Biosciences) 
and data were analyzed using FlowJo software. 
[0192] Quantification of Viral Genomes in Organ Homo-
genates 
[0193] Lungs were removed from mice twelve month after 
infection. Organs were homogenized and DNA was extracted 
using the DNeasy Blood & Tissue Kit from Qiagen (Hilden, 
Germany). Elution was done with 100 µl of the supplied 
elution buffer and genomic DNA concentration of each 
sample was quantified in duplicates using a NanoDrop 
ND-1000 UV-Vis Spectrophotometer. To quantify the viral 
DNA a quantitative realtime PCR specific for the MCMV 
M54 gene (Cicin-Sain et al. 2005 supra) was performed using 
a specific Taqman-Probe (SEQ.ID.No.14) and the Taqman 
1000 RXN PCR Core Reagents kit on an ABI PRISM 7700 
Sequence Detector (Applied Biosystems, Carlsbad, Calif., 
USA). To calculate the viral genome copy number, a standard 
curve of the BAC plasmid pSM3fr containing the M54 gene 
was included. 
[0194] Statistical Analysis 
[0195] Statistical analyses were done using GraphPad 
Prism 4 (GraphPad Software La Jolla, Calif., USA). For in 
vitro growth comparison of viruses, neutralizing antibody 



US 2013/0202638 Al 
	

Aug. 8, 2013 
LEI 

assay, realtime PCR and T cell proliferation the mean was 
calculated with standard deviation (SD). In all figures depict-
ing virus load in organs and in vivo cytotoxicity, the median is 
given. Comparison of the neutralizing antibody response in 
mice vaccinated with MCMV-wt or MCMV-AM94 was per-
formed with the two-way ANOVA test. Comparison of per-
centage of T cell proliferation and quantification of virus in 
organs or viral genomes was done with the two-tailed Wil-
coxon rank sum test using web site http://elegans.swmed.edu/ 
-leon/stats/utest.cgi. Asterisks denote statistical differences 
(*, P<0.05; **, P<0.01; ***, P<0.001). 

EXAMPLE 4 

MCMV-AM94 is Spread-Deficient 

[0196] The HCMV virion protein pUL94 is essential for 
virus replication (Dunn et al. supra) and is expressed with late 
kinetics (Wing et al. supra). It has been found that pM94, the 
MCMV homolog, is also essential and plays a crucial role in 
a post nuclear step of virus maturation. In order to trans-
complement the essential M94 gene product and reconstitute 
an M94 deletion mutant the NIH/3T3 derived complementing 
cell line NT/M94-7 harbouring the M94 gene under control of 
the TRE promoter was generated. The TRE promoter is only 
active in the presence of the Tet trans-activator (tTA). To 
provide the tTA for trans-complementation of pM94 the tTA 
expression cassette was introduced into pSM3fr (Messerle et 
al. supra) disrupting M94 generating pSM3fr-AM94. 
MCMV-AM94 virus was reconstituted by transfecting 
NT/M94-7 cells (FIG. 1). Next, multistep growth analysis 
infecting NT/M94-7 cells as well as parental NIH/3T3 fibro-
blasts with MCMV-AM94 or MCMV-wt were performed. 
[0197] The results of this Example are shown in FIG. 2. In 
FIG. 2A Parental NIH/3T3 (circles) and NT/M94-7 fibro-
blasts (boxes) were infected at 0.1 TCID50/cell with MCMV-
wt (wt; closed symbol) or MCMV-AM94 (AM94; open sym-
bol). At indicated days, infectious virus in the supernatant was 
quantified on NT/M94-7 cells by TCID51  endpoint titration. 
Shown is the mean+/-SD of titrated duplicates. At day 5 p.i. 
supernatants were additionally titrated on MEF. No PFU was 
found within 1 ml supernatant of MCMV-AM94 infected 
NT/M94-7. p.i.=post infection; DL=detection limit. 
[0198] As shown in FIG. 2B Parental NIH/3T3 (lower 
panel) and NT/M94-7 (upper panel) fibroblasts were infected 
with MCMV-Am157-rec-egfp-AM94. At indicated time 
points EGFP expressing cells were monitored. hpi=hours 
post infection. 
[0199] As shown in FIG. 2C 129.IFNa(3R mice (n=15 
for MCMV-AM94, open symbols; n=8 for MCMV-wt, closed 
symbols) were infected with 2.5x 105  TCID51  i.p. and survival 
was followed for 30 days p.i. 
[0200] While MCMV-AM94 replicated to MCMV-wt-like 
titers on NT/M94-7 cells, no infectious virus was detectable 
in the supernatant of NIH/3T3 cells (FIG. 2A). As the defect 
of MCMV-AM94 to release infectious virus particles into the 
supernatant does not exclude cell-associated virus spread, a 
AM94 mutant expressing the enhanced green fluorescent pro-
tein EGFP (MCMV-Am157-rec-egfp-AM94) was con-
structed. While MCMV-Aml 57-rec-egfp-AM94 spread with 
kinetics comparable to MCMV-wt on NT/M94-7 cells, 
MCMV-Am157-rec-egfp-AM94 remained strictly confined 
to the first infected NIH/3T3 cells (FIG. 2B). This result was 
confirmed also in endothelial cells (FIG. 8). In summary, M94 
is essential and deletion abrogates virus release and cell-to- 

cell spread. In addition, MCMV-AM94 can be efficiently 
produced by trans-complementation. 
[0201] Complementing NT/M94-7, parental NIH/3T3 
fibroblasts and myocardium-derived endothelial cells 
MHEC5-T were infected with 0.1 TCID50/cell MCMV-
AM94-Am157-rec-egfp (MCMV-AM94) or MCMV-Am157-
rec-egfp (wt). At indicated time points EGFP expressing cells 
were monitored. Scale bar represents 100 µm. 

EXAMPLE 5 

MCMV-AM94 does not Revert to Replication 
Competent Virus 

[0202] A major safety concern is reversion of vaccine 
strains to replication competent viruses during preparation 
(Roizman et al. 1982 Dev Biol Stand. 52:287-304) or in the 
vaccinated patient (Iyer et al. 2009 Ann. Emerg. Med. 53:792-
795). To exclude acquisition of the M94 gene through recom-
bination via homologous sequences between MCMV-AM94 
and the complementing cell line homologies were carefully 
avoided during virus construction. Replication competent 
virus indicative of recombination between the deletion virus 
and the M94 gene expressed by NT/M94-7 was never 
observed. In order to investigate the safety of MCMV-AM94 
for vaccination studies in a highly susceptible mouse strain, 
129.IFNa(3R mice were infected with MCMV-wt or 
MCMV-AM94. While all IFNa(3R-'-  mice died within 14 
days upon infection with MCMV-wt, after infection with 
MCMV-AM94 all mice survived with no or only minimal 
weight loss (FIG. 2C). In conclusion, MCMV-AM94 could be 
safely produced and even immune deficient mice tolerated 
MCMV-AM94 infection. 

EXAMPLE 6 

MCMV-AM94 Induces Neutralizing Antibody and T 
Cell Responses 

[0203] Poor induction of neutralizing antibodies that pre-
vent viral entry is a problem in HCMV infection (Landini et 
al. 1991 Comp Immunol Microbiol Infect Dis 14:97-105). 
Therefore, the neutralizing antibody response to MCMV-wt 
and MCMV-AM94 was compared 12 weeks post immuniza-
tion. Serial dilutions of sera were mixed with a luciferase 
expressing MCMV (MCMV-luc) prior to infection of NIH/ 
3T3. The reduction of the luciferase signal reflected the neu-
tralizing capacity of the anti sera. Immunization with MCMV-
AM94 induced a slightly lower amount of neutralizing 
antibodies than with MCMV-wt (FIG. 3A, p<0.05) whereas 
immunization with UV irradiated MCMV-wt abolished the 
induction of neutralizing antibodies confirming published 
observations (Gill et al. supra). 
[0204] The results of this example are shown in FIG. 3. In 
FIG. 3A B6 mice were immunized i.p. with 105  TCID51  
MCMV-wt (wt; closed circles), MCMV-AM94 (AM94; open 
circles) or mock infected (PBS; gray squares). Blood was 
collected 12 weeks p.i. and virus neutralizing capacity of the 
serum was determined using MCMV-luc. Neutralizing anti-
body levels of MCMV-AM94 immunized mice were signifi-
cantly lower than antibody levels of MCMV-wt immunized 
mice using two-way ANOVA testing (P-0.04). Values repre-
sent the mean±SD of measured serum pools. RLU=Relative 
Luciferase Units, BG=background. 
[0205] In FIG. 3B after adoptive transfer of 3x1050  T-I 
CD8 T cells (upper panel), B6 mice (n=5) were infected i.p. 
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with 105  TCID51  MCMV-ova (wt-ova; closed bars), MCMV-
ova-AM94 (AM94-ova; open bars) or PBS (gray bars). At day 
3, 6 and 8 p.i. flow cytometrical analysis was performed on 
blood for the congenic marker CD45.1 and CD8. After adop-
tive transfer of 3x1050  T-II CD4 T cells (lower panel), B6 
mice (n=5) were infected i.p. as above. At day 3, 6 and 8 p.i. 
flow cytometrical analysis was done on splenocytes for 
CD90.1 and CD4. Each bar represents the mean±SD of the 
indicated group; (**, P<0.01). 
[0206] In FIG. 3C B6 mice (n=5) were infected i.p. with 105 

TCID50  MCMV-wt (wt; closed symbols), MCMV-AM94 
(AM94; open symbols) or UV irradiated MCMV-wt (wt UV; 
gray symbols). At day 6 p.i. in vivo cytotoxicity assay was 
performed using splenocytes labeled with carboxyfluores-
cein succinimidyl ester (CFSE) and the indicated viral pep-
tides. Symbols represent the specific lysis activity against the 
indicated peptide in individual animals. The cross bar indi-
cates the median of the analyzed group. The right panel shows 
an exemplary set of flow cytometric data. 
[0207] Both CD4' and CD8' T cells play important roles in 
host defense against CMV. Antiviral CD8' T cells are effec-
tive in controlling MCMV during acute infection and mediate 
protection after immunization (Reddehase et al. supra). In 
addition, CD4' T helper cells are required for virus clearance 
in salivary glands (Jonjic et al. 1989 J Exp Med 169:1199-
1212). In order to compare the level of CD4' and CD8' T cell 
responses induced by MCMV-wt and MCMV-AM94, OVA as 
a model antigen was chosen to be expressed by the vaccine. 
B6 mice were infected with MCMV-ova and MCMV-ova-
AM94 one day after adoptive transfer of OVA specific CD4' 
or CD8' T cells. For MCMV-ova the expansion of OVA 
specific CD4' and CD8' T cells peaked at day 6 p.i., concor-
dant with published data (Karrer et al, 2004 J Virol 78:2255-
2264). Remarkably, MCMV-ova-AM94 also stimulated the 
proliferative response of OVA specific CD8' and CD4' (FIG. 
3B) T cells to a degree comparable to the spread competent 
MCMV-ova. The amount of CD8' T cells was even slightly 
higher than with MCMV-wt (P<0.01). 
[0208] This observation was to be confirmed for native 
MCMV antigens. B6 mice were infected with MCMV-AM94 
or MCMV-wt. At six days p.i., target cells loaded with viral 
peptides derived from either ml 39, ie3, M57, or M45 (Snyder 
et al. 2008 supra) were injected and their cytolysis in vivo was 
analyzed (FIG. 3C). The cytolytic CD8' T cell response 
induced by MCMV-AM94 turned out to be comparable to 
MCMV-wt. In contrast, B6 mice injected with UV irradiated 
MCMV generated no or only poor lysis of targets. UV inac-
tivation of MCMV-AM94 or MCMV-wt also abolished OVA 
specific T cell expansion and the virus neutralizing capacity 
of sera. Thus, viral gene expression appeared to be crucial for 
the induction of the adaptive immune response. Altogether, 
spread-deficient MCMV induced an immune response com-
parable to MCMV-wt. 

EXAMPLE 7 

Role of Viral Target Cell Types in CD8' T Cell 
Activation 

[0209] The strong adaptive immune response against 
MCMV-AM94 was surprising, since MCMV-AM94 gene 
expression is limited to the first target cells. Induction of a 
specific T cell response is dependent on antigen presentation 
by infected cells and by professional antigen presenting cells 
(Villadangos et al. 2008 Immunity. 29:352-361). In order to 

assess the contribution of infection of different cell types in 
the generation of an efficient CD8' T cell response the repli-
cation deficient MCMV was combined with conditional acti-
vation of a marker gene (Sacher et al. supra). MCMV-flox-
ova-AM94 was constructed which expresses OVA only after 
Cre-mediated recombination. 
[0210] One day prior to i.p. injection of 105  TCID50  of 
MCMV-flox-ova-AM94 (AM94-flox-ova), MCMV-ova-
AM94 (AM94-ova), MCMV-wt (wt) or PBS 3x105  congenic 
OT-I CD8' T-cells were transferred i.v. into B6, Alb-cre and 
Tie2-cre mice. At day 6 p.i. a flow cytometrical analysis was 
performed on PBL for the congenic marker CD45.1 and CD8. 
Boxes represent the ratio of OT-I cells per CD8' cells as a 
pool of 3 independent experiments and extend from the 25 to 
the 75 percentile. The lines indicate the median. Whiskers 
extend to show the extreme values. The P-values were 
obtained applying a two-tailed Wilcoxon rank sum test, (* *, 
P<0.01; * * *, P<0.001). The results are shown in FIG. 4 
[0211] Endothelial cells (EC) and hepatocytes (Hc) are 
among the first target cells infected by MCMV in vivo (Sa-
cher et al. supra). Whether these cell types contribute to CD8' 
T cell activation was addressed by infecting mice that express 
Cre recombinase selectively in vascular EC (Tie2-cre) or Hc 
(Alb-cre). One day after adoptive transfer of OVA specific 
CD8' T cells mice were infected with 105  TCID50  of spread-
deficient MCMV-flox-ova-AM94. Hc are the main producers 
of infectious virus during the first few days of infection and 
are highly effective in activating a conditional marker gene by 
Cre recombinase (Sacher et al. supra). Yet, selective induction 
of OVA expression in MCMV infected Hc resulted in only 
weak proliferation of OVA specific CD8' T cells (FIG. 4). In 
contrast, a significantly (P<0.001) higher proliferative 
response of OVA specific CD8' T cells was observed upon 
OVA expression in EC. Therefore, infection of EC make a 
stronger contribution to the induction of an antiviral CD8' T 
cell response than infection of Hc. As infection of C57BL/6 
mice with MCMV-AM94-ova that leads to expression of OVA 
in all infected cells induces a higher proportion of OVA spe-
cific CD8' T cells than expression selectively in EC (Tie2-cre 
mice infected with MCMV-AM94-flox-ova; P<0.01) addi-
tional cell types seem to be involved in antigen expression and 
T cell stimulation. In addition, the significant different T cell 
responses after cell type specific recombination in vivo prove 
that MCMV-AM94 is unable to spread from cell to cell. 
[0212] The experimental details in connection with this 
example were, in addition to the ones outlined in Example 3, 
as follow and the results of this example are depicted in FIG. 
5. 
[0213] B6 mice (n=5) were immunized (1s`) s.c. or. i.p. with 
105  TCID50  MCMV-wt (wt; closed symbols), MCMV-AM94 
(AM94; open symbols), Am01-17+m144-158-MCMV (AA; 
gray symbols) or PBS (light gray symbols). Virus prepara-
tions were UV irradiated before immunization (UV) as indi-
cated. Optionally, mice were boosted (2"') two weeks later 
with the same dose, route and virus. Challenge infection was 
applied i.v. 20 (A) or four weeks (B) post prime with 106  PFU 
MCMV-wt. Five day post challenge plaque assay was per-
formed. Horizontal bars show the median of each group. Each 
symbol represents one individual mouse. DL=detection limit. 

EXAMPLE 8 

MCMV-AM94 Protects Against Challenge with 
MCMV-wt 

[0214] In order to test protection of MCMV-AM94 against 
lethal challenge, B6 mice were infected with either spread- 
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deficient MCMV-AM94, the attenuated strain Am01-17+ 
m144-158-MCMV (Cicin-Sain et al. 2007 J Virol 81:13825-
13834) or MCMV-wt. A boost infection was applied 4 weeks 
later with the same dose. 20 weeks after priming mice were 
challenged i.v. with 106  TCID51  tissue culture derived 
MCMV-wt. Most remarkably, already a singular immuniza-
tion dose of MCMV-AM94 was already sufficient to strongly 
suppress MCMV-wt replication by 10,000 fold in lungs, 
1,000 fold in liver and at least 100 fold in spleen, whereas 
non-immunized controls had high virus loads in all organs 
tested (all P<0.01; FIG. 5A). Overall, the protection mediated 
by MCMV-AM94 vaccination was comparable to MCMV-wt 
or Am01-17+ml44-158-MCMV vaccination (all P>0.05). 
Due to the strong protection achieved already after one 
administration, a boosting effect could not be detected. How-
ever, there was weak protective effect after a singular dose 
when UV inactivated MCMV-wt or UV inactivated MCMV-
AM94 virus was administered. Only after a boost with UV 
inactivated viruses the effect was slightly improved but still 
remained lower than that of a singular dose of MCMV-AM94 
(P<0.05). 
[0215] It was asked, whether the strong protection after 
singular administration of MCMV-AM94 could also be real-
ized in a short-term vaccination protocol. In addition, the 
influence of two different application routes was tested. B6 
mice were injected either i.p. or s.c. followed by challenge 
infection with MCMV-wt only 4 weeks later. Here, vaccina-
tion with MCMV-AM/94 resulted in about 100 fold reduction 
of challenge virus load in liver (P<0.05), lungs (P<0.01) and 
spleen (P<0.01; FIG. 5B) comparable to immunization with 
AmOl -1 7+ml 44-1 58-MCMV. MCMV-wt vaccination 
resulted in reduction of challenge virus load by 1,000 fold 
(P<0.01). Generally, there was no significant difference 
between the i.p. or s.c. vaccination route although s.c. injec-
tion appeared to induce slightly better protection in spleen 
(P>0.05) FIG. 5B) and hearts. 
[0216] Summarized, vaccination with the spread-deficient 
MCMV-AM94 was able to efficiently protect immunocom-
petent mice against challenge with MCMV-wt after vaccina-
tion with a singular dose. Remarkably, vaccination with 
MCMV-AM94 was as efficient as vaccination with MCMV-
wt concerning long-term vaccination, whereas the use of UV 
inactivated virus could not compete even after a second appli-
cation. 

EXAMPLE 9 

Protection of Severely Immune Compromised 
Recipients 

[0217] Type I interferons are key cytokines in the immune 
response against CMV and deletion of their receptor results in 
a mouse (IFNa(3R-'-) that is severely immunocompromised 
and at least 1.000-fold more susceptible to MCMV infection 
than the parental mouse strain (Presti et al. 1998 J Exp Med 
188:577-588). Since spread-deficient MCMV-AM94 was 
proven to be well tolerated by IFNa(3R-'-  mice (FIG. 2C), it 
was tested whether MCMV-AM94 could even protect 
IFNa(3R-'-  mice against lethal MCMV-wt challenge (see 
FIG. 6A). B6.IFNa(3R-'-  mice were immunized with 
MCMV-AM94 or a sublethal dose of MCMV-wt. Both groups 
survived and mice immunized with MCMV-AM94 showed 
no significant weight loss, whereas MCMV-wt infected mice 
lost approximately 15% of their body weight. Four weeks 
later, mice were challenged by infection with a lethal dose of 

more virulent salivary glands derived MCMV (as described in 
Example 3). Most strikingly, the vaccination with both, 
MCMV-AM94 as well as MCMV-wt was protective and all 
animals survived (FIG. 6A). 
[0218] The results of this Example are shown in FIG. 6. 
[0219] In FIG. 6A B6.IFNa(3R-'-  (n=6) mice were immu-
nized i.p. with 3x 105  TCID51  MCMV-wt (wt; black circles) or 
MCMV-AM94 (AM94; open circles). Control groups of 
B6.IFNa(3R-'-  (gray circles) or B6 (gray triangles) were 
treated with PBS. Four weeks later challenge infection was 
performed by i.p. injection of 2x105  PFU salivary glands 
derived MCMV (sgMCMV-wt) mice and survival was moni-
tored. 
[0220] In FIG. 6B 129.IFNa(3R mice 4 weeks previously 
immunized with 2.5x105  TCID51  of MCMV-AM94 (AM94; 
open circles, n=8), or UV irradiated MCMV-wt (wt UV; 
closed triangles down, n=8) were challenged with a lethal 
dose of MCMV-wt (see FIG. 2C) and survival was monitored. 
A 10 fold higher dose of MCMV-wt was applied to mice 
immunized with MCMV-AM94 (n=7) (open triangles). 
[0221] B6 mice profit from an Ly49H-dependant activation 
of natural killer cells resulting in a strong innate immune 
response stimulated by the MCMV protein encoded by ml 57 
(Sun et al. 2008. J. Exp. Med. 205:1819-1828.). 129.IF-
Na3Rt'l mice do not express Ly49H and are even more 
susceptible to MCMV infection than B6.IFNa(3R-'-  mice. 
129.IFNa(3R mice were vaccinated with MCMV-AM94 
and challenged 4 weeks later with a dose of 2.5x105  TCID50  

tissue culture derived MCMV-wt (FIG. 6B). In line with the 
earlier data (Cicin-Sain et al. 2007 supra), vaccination with 
UV inactivated virus mediated only partial protection and 
could delay death for a short period. MCMV-AM94 vacci-
nated mice survived the lethal challenge even with a dose of 
2.5x106  TCID50. In summary, vaccination with MCMV-
AM94 is able to protect even highly susceptible immune 
compromised mice against lethal MCMV challenge. 

EXAMPLE 10 

Maintenance of the MCMV-AM94 Genome In Vivo 

[0222] One argument against the application of attenuated 
life vaccines is their ability to establish a latent infection that 
bears the risk of reactivation (Iyer et al. supra). On the other 
hand non-productive reactivation episodes might result in 
endogenous boosts of the antiviral immune response (Snyder 
et al. 2008 Immunity 29:650-659). Thus, it was intriguing to 
test whether MCMV-AM94 genome is maintained in vacci-
nated hosts. Quantitative PCR analysis on total DNA 
extracted from lungs, a key manifestation site of CMV dis-
ease (Balthesen et al. 1993 J Virol 67:5360-5366), was per-
formed. Twelve months p.i. genomes of MCMV-AM94 could 
be detected in all mice tested (FIGS. 7A and B) proving that 
the genome of MCMV-AM94 is maintained. Interestingly, the 
genome numbers detected in lungs one year after infection 
with MCMV-AM94 and MCMV-wt were not significantly 
different (P>0.05). This finding proved that at least some of 
the first target cells are not lost after infection either due to 
virus-induced cell death or elimination by the immune 
response. In summary, these data also provide first evidence 
that virus spread is not necessary for long-term genome main-
tenance and that first target cells of MCMV-AM94 may be 
able to contribute to a more sustained immune response. 
[0223] The results of this example are shown in FIG. 7. 
[0224] B6 mice were infected i.p. with 105  TCID50  
MCMV-wt (wt) (n=5) or MCMV-AM94 (AM94) (nom). 
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Twelve months p.i. total DNA was extracted from lungs. 
(FIG. 7A) PCR analysis was performed obtaining a specific 
246 bp fragment of the polymerase gene M54. As controls 
DNA from lungs five days after infection with 105  TCID51  
MCMV-wt (wt acute) (n=5), PBS (1), no template (2) or the 
BAC plasmid pSM3fr (3) were used. (FIG. 7B) Quantitative 
realtime PCR analysis was performed and viral M54 gene 
copies were calculated per µg genomic DNA. Each symbol 
represents one individual mouse. Horizontal bars show the 
median of each group. Genome copy numbers of MCMV-wt 
(wt) and MCMV-AM94 (AM94) are not significantly differ-
ent (P>0.05). Both groups are significantly different com-
pared to acutely infected lungs (wt acute) (**, P<0.01). 
MW=molecular weight marker; DL=detection limit. (FIG. 
7C and FIG. 7D) B6 mice (n=5) were immunized i.p. with 105  
TCID51  MCMV-wt (wt; closed symbols), MCMV-AM94 
(AM94; open symbols), Am01-17+m144-158-MCMV (AA; 
gray symbols) or PBS (light gray symbols). Virus prepara-
tions were UV-irradiated before immunization (UV) as indi-
cated. Challenge infection was applied i.v. one year post 
prime with 106  PFU MCMV-wt. Plaque assay was performed 
(FIG. 7C) five days post challenge with lungs and (FIG. 7D) 
14 days post challenge with salivary glands (SG). Horizontal 
bars show the median of each group. Each symbol represents 
one individual mouse. DL=detection limit. 

EXAMPLE 11 

Vaccination with MCMV-AM94 Prevents 
Replication of Virus in the Respiratory Tract 

[0225] From epidemiological studies it was suggested that 
saliva is an important route of transmission of HCMV (Pass et 
al. 1986 N. Engl. J. Med 314:1414-1418.). To test whether the 
vaccine MCMV-AM94 is able to block virus replication in 
salivary glands and lungs C57BL/6 mice were immunized 
with MCMV-AM94 or control viruses and received twelve 
months later a challenge infection with 106  PFU MCMV-wt 
i.v. (FIGS. 7C and D). A single application of MCMV-AM94 
was sufficient to suppress challenge virus replication by more 
than factor 1,000 in lungs in 4 out of 6 animals (FIG. 7C). 
Further, no challenge virus could be isolated from salivary 
glands 14 days after challenge (FIG. 7D). This implies that 
shedding of virus from the respiratory tract via saliva and 
therefore horizontal transmission via this route is abrogated 
by vaccination with spread-deficient MCMV. 

EXAMPLE 12 

Discussion 

[0226] It is reported herein on the vaccination against a 
beta-herpesvirus using a spread-deficient vaccine. The vac-
cine induced a strong adaptive immune response comparable 
to MCMV-wt conferring protection even in highly immune 
compromised mice. This means that infection of the first 
target cells is sufficient for successful vaccination. 

[0227] An intact immune system usually protects against 
HCMV disease. Hence, the antigenic capacity of the wild 
type virus is sufficient for the induction of a protective 
immune response. The inability of UV inactivated virus to 
protect efficiently against challenge infection demonstrated 
the need for viral antigen expression including nonstructural 
antigens (Cicin-Sain et al. 2007 supra; Gill et al. 2000 J Med 

Virol 62:127-139). As a consequence an ideal vaccine should 
exploit the full immunogenic but avoid the pathogenic poten-
tial of the wild type virus. 
[0228] The alpha-herpesvirus field has pioneered the use of 
replication defective viruses as vaccines (Dudek et al. supra). 
These vaccines were generated by the deletion of genes 
essential for virus replication and are thus apathogenic 
(Dudek et al. supra). Now, to construct a spread-deficient 
beta-herpesvirus vaccine deletion of M94 was chosen for the 
following reasons. First, M94 is essential for spread of 
MCMV and inferred from studies of HCMV it should be 
expressed with late kinetics during virus replication (Scott et 
al. supra; Wing et al. supra). Second, pM94 does not belong to 
the group of glycoproteins which comprise major targets for 
the neutralizing antibody response of HCMV. Third, M94 of 
MCMV is the homolog of UL94 in human CMV (Wing et al. 
supra) that in principle allows translation to the human patho-
gen. Finally, the deletion of UL94 of HCMV might even be of 
advantage because pUL94 induces autoreactive antibodies 
that are associated with systemic sclerosis (Lunardi et al. 
2000 Nat Med 6:1183-1186). The SSc cross-reactive UL94 
peptide is depicted in SEQ.ID:NO: 28. Interestingly, 
genomes of the spread-deficient MCMV-AM94 were 
detected in lungs after i.p. infection, showing that virus can 
disseminate either as free particles (Hsu et al. 2009 J Gen 
Virol 90:33-43) or associated to cells. Monocytes and mac-
rophages were shown to be attracted to the peritoneal cavity 
after infection and transport the virus in blood (Stoddart et al. 
1994 JVirol 68:6243-6253; van der Strate et al. 2003 JVirol 
77:11274-11278). These cells could also release virus at dis-
tant sites to infect EC or other cell types, a process called trans 
infection (Halary et al. 2002 Immunity 17:653-664). 
[0229] The spread-deficient betea-herpesvirus vaccine pre-
sented here, has a strong protective capacity similar to wild 
type CMV infection. The immune response of the vaccine 
controls virus replication in all analysed organs preventing 
overt CMV-disease. The absence of detectable amounts of 
infectious virus in salivary glands of long-term vaccinated 
mice two weeks after challenge implies that also horizontal 
transmission to other individuals via saliva is abrogated. 
Because of this it is plausible that such an equivalent vaccine 
will protect against HCMV-disease, similar to the protective 
effect of a pre-existing infection. This is supported by the 
observation that women who were exposed to HCMV were at 
lower risk to give birth to children with symptomatic disease 
compared to non-infected women (Fowler et al. 2003 JAMA 
289:1008-1011.). The seropositivity of the mother could not 
prevent infection but pathogenesis of the children. In addi-
tion, frequent exposure to different CMV strains could further 
increase immunity against reinfection (Adler et al. supra). It is 
therefore again plausible that a spread-deficient human CMV 
vaccine induces an immune response equal to natural infec-
tion which will protect against symptomatic human CMV 
infection without the risk for reactivation and pathogenesis. 
[0230] The immune response to MCMV-AM94 reached a 
level comparable to MCMV-wt. Protection was similar to the 
recently generated vaccine Am01-17+ml44-158-MCMV 
(Cicin-Sain et al. 2007 supra) which lacks 32 viral genes but 
which is not spread-deficient in vitro. In AmOl-17+m144-
158-MCMV immune evasive genes were deleted to increase 
the antiviral immune response and thereby to attenuate the 
virus (Scalzo et al. 2007 Immunol Cell Biol 85:46-54.). 
[0231] It is within embodiments of the present invention 
that (a) at least one essential gene and (b) at least one immune 
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evasive gene is deleted, whereby it is preferred that the 
deleted at least one immune evasive gene is selected from the 
group comprising genes encoding gene products affecting 
antigen presentation, interaction with cytokines, the comple-
ment system and humoral immunity. More preferably, the 
deleted at least one immune evasive gene is selected from the 
group comprising genes encoding gene products that down-
regulate MHC Ito avoid CTL response, gene products that 
evade the NK cell response, gene products that interfere with 
MHC II presentation, down-regulate adhesion molecules, 
gene products that interact with IL-1, gene products that 
activate TGF-(3. 

[0232] Infection of susceptible IFNa(3R-'-  mice with 
spread-deficient MCMV proved the safety of the vaccination 
concept. Furthermore, IFNa(3R-'-  mice were protected 
against otherwise lethal challenge, similar to other infection 
models (Calvo-Pinilla et al. 2009 PLoS One. 4:e5171; Paran 
et al. 2009 J Infect Dis 199:39-48). Although recent work 
revealed the capacity of MCMV to efficiently induce type I 
interferon (Hokeness-Antonelli et al. 2007 J Immunol 179: 
6176-6183), the efficacy of the spread-deficient MCMV vac-
cine in IFNa(3R-'-  mice implies that type I interferon-depen-
dent immunity is not essential in the protection conferred by 
short term vaccination. 

[0233] Interestingly, the spread-deficient MCMV induced 
an adaptive immune response with similar efficiency as 
MCMV-wt. The CD4 and CD8' T cell response was on the 
same level as MCMV-wt and the neutralizing antibody 
response was only marginally reduced. This slightly lower 
neutralizing capacity might be caused by the smaller number 
of infected cells and by the therefore reduced amount of 
antigen that is released after infection with MCMV-AM94. A 
lower number of antigen-antibody complexes might lead to 
less efficient affinity maturation creating antibodies of lower 
neutralizing capacity. Nevertheless, the neutralization of 
virus appears sufficient to control virus replication. 

[0234] Why did the adaptive immune response to the vac-
cine reach a level near to MCMV-wt infection despite the 
inability to spread? MCMV-AM94 was able to establish viral 
genome maintenance as efficient as MCMV-wt. The classical 
definition of herpesviral latency includes the potential for 
reactivated gene expression with subsequent release of infec-
tious virus (Roizman et al. 1987 Annu Rev Microbiol 41:543-
571.). Although the term "latency" is formally not applicable 
to the situation with MCMV-AM94 in the absence of produc-
tive infection, there is no evidence that pM94 affects reacti-
vation of gene expression. Because the protective effect of 
MCMV-AM94 rather increased than faded over time, the 
inventors believe that periodic restimulation of the immune 
response due to reactivation of gene expression contributed to 
the sustained protection induced by MCMV-AM94. Interest-
ingly, virus infected cells are not eliminated by the activated 
immune response. This means that the first target cells that are 
infected by the spread-deficient vaccine are resistant to elimi-
nation. Similarly, cells infected with a spread-deficient 
mutant of the gamma herpesvirus MHV-68 were not attacked 
by the adaptive immune response (Tibbetts et al. 2006 Virol-
ogy 353:210-219.). For MCMV-wt it was shown that T cells 
are activated against a highly antigenic virus epitope of M45 
presented by professional APC but the activated T cells did 
not eliminate infected target cells in organs of C57BL/6 mice 
(Holtappels et al. 2004 J Exp Med 199:131-136). This pro-
tection was caused by ml 52, that is known to downmodulate 
MHC class I. The target cells that are protected from CD8' T 

cell elimination were not identified and it could be shown that 
at least some of these protected cells are first target cells of 
MCMV. 
[0235] Endothelial cells (EC), hepatocytes (Hc) and mac-
rophages are first target cells for HCMV and MCMV in vivo 
(Hsu et al. supra; Sacher et al. supra). In addition, EC have 
recently been identified as sites of virus latency (Seckert et al. 
2009 J Virol 83:8869-8884), and at least liver EC are able to 
directly stimulate a cytotoxic T cell response (Kern et al. 2010 
Gastroenterology 138(1):336-46). Using MCMV-AM94 con-
structs for conditional gene expression, substantial differ-
ences were noticed in the ability of EC and Hc to activate a 
CD8' T cell response. In contrast to EC, Hc one of the most 
important first targets for MCMV during acute infection (Sa-
cher et al. supra), induced only a poor CD8' T cell response. 
This lack of stimulatory capacity is apparently not compen-
sated by cross presentation through professional antigen pre-
senting cells. Cross presentation was shown to be important 
for the induction of a T cell response against fibroblasts 
infected with a single-cycle MCMV (Snyder et al. 2010 PLoS 
One. 5:e968 1). On the other hand, bone marrow derivedAPC, 
that are thought to be important cross presenting cells, seem 
not to be necessary for the activation of a CD8' T cell 
response via cross presentation against MCMV infection 
(Kern et al. supra). In addition to EC also other cell types seem 
to contribute to CD8' T cell stimulation as antigen expression 
in most infected cells led to a stronger T cell response than 
expression in infected EC only. Infected dendritic cells and 
macrophages were described to activate a T cell response 
against MCMV in vitro (Mathys et al. 2003 J Infect Dis 
187:988-999) and are infected in vivo (Andrews et al. 2001 
Nat Immunol 2:1077-1084). Therefore, it suggests itself that 
infected professional APC contribute to immune stimulation 
against MCMV in addition to EC. It appears noteworthy that 
the attenuated human CMV strains such as Towne andAD169 
which are characterized by a 20-fold reduction of immuno-
genicity and the inability to confer immune protection (Adler 
et al. supra) accumulated mutations resulting in their inability 
to infect EC, epithelial cells, smooth muscle cells and mac-
rophages (Hahn, G. et al. 2004 J Virol 78:10023-10033). 
Thus, it appears likely that the restricted cell tropism may in 
fact represent the cause for their failure as human CMV 
vaccines. 

EXAMPLE 13 

Spread-Assay of MCMV-AM94 

[0236] The phenotype of MCMV-AM94 was analyzed in 
cell-to-cell spread. This was investigated by aninvitro spread 
assay as essentially described herein in Example 1 with the 
following mo modifications 
[0237] The results of this Example are shown in FIG. 9. 
[0238] NIH/3T3 and NT/M94-7 cells were plated and 
infected with MCMVAI-16-FRT (dell- 16) and 
MCMVAM94tTA (A) at an MOI of 0.25 for 1 h and then 
washed twice with D-PBS. Cells were incubated for 6 h and 
afterwards washed four times with D-PBS. Equal numbers of 
non-infected cells were stained with 5 µM Carboxyfluores-
cein succinimidyl ester (CF SE) for 8 min and blocked by 2% 
FCS/D-PBS, then washed twice with 2% FCS/D-PBS, and 
subsequently seeded on top of the unstained but infected 
cells. Cells were fixed 48 hours post infection with 4% PFA in 
D-PBS for 10 min at 37° C. and washed and permeablized 
with 0.1% Triton X-100 for 10 min. After triple washing cells 
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were blocked with 3% BSA/D-PBS for 1 h. Staining of imme-
diate early gene products was performed by incubating fixed 
cells with a monoclonal antibody to MCMV immediate-early 
1 in 3% BSA/D-PBS. After three D-PBS washes, cells were 
incubated with an Alexa Fluor 555-coupled anti-mouse sec-
ondary antibody (Invitrogen) in 3% BSA/D-PBS. Finally, 
cells were washed three times and imaged by confocal 
microscopy using a LSM 510 Meta (Zeiss). Virus transmis-
sion was determined by counting immediate-early 1- and 
CFSE-positive cells using the Image? Cell Counter plugin. 

[0239] FIG. 9 shows that infection of NIH/3T3 and 
NT/M94-7 (NTM94) cells with MCMVA1 -1 6-FRT (Mohr C 
A et al., Engineering of cytomegalovirus genomes for recom-
binant live herpesvirus vaccines; Int J Med. Microbiol. 2008 
January; 298(1-2):115-25. Epub 2007 Aug. 16. Review) and 
MCMV-AM94, followed by removal of excess virus by 
extensive washes after infection. Next, CFSE stained NIH/ 
3T3 were added and virus replication was permitted. After 
additional 48 h the culture was fixed and stained for immedi-
ate-early 1. This resulted in cells which were either immedi-
ate-early 1-positive, CFSE-positive or positive for both stains 
(FIG. 9 A). Stained cells were counted and cell-to-cell spread 
was determined by calculating the ratio between immediate-
early 1-positive/CFSE stained cells to immediate-early 
1-positive/CFSE-negative cells (FIG. 9 C). The spread rate of 
the MCMVA1 -1 6-FRT was set as 100%. MCMVA1 -1 6-FRT 
infection spreads rapidly throughout the cell culture as indi-
cated by the large number double stained nuclei (FIG. 9 B). In 
contrast, the M94 deletion mutant did not infect the newly 
added cells. Only one double stained nucleus was seen after 
counting 416 immediate-early 1+/CFSE negative cells. Its 
ability to infect fresh cells was, however, restored to a trans-
mission rate of 97% when the mutant was grown on comple-
menting NT/M94-7 cells. It is thus evident that the effect of 
the M94 deletion on secondary envelopment of mouse CMV 
also resulted in a deficiency of cell-to-cell spread. 

EXAMPLE 14 

Propagation of Spread-Deficient Human CMV 

[0240] Generation of the Trans-Complementing Cell Line 
TCL94/99-BP 

[0241] Recombinant lentiviruses expressing a) UL99 
coupled with EGFP (encoded by pCB-Ubic-UL99-IRES-
gfp; SEQ.ID.No:18), b) UL99 coupled with UL94 mCherry 
(encoded by pCB-Ubic-UL94-IRES-mChe; SEQ.ID.No:17) 
and c) beta-lactamase coupled with puromycine resistance 
gene (encoded by pLV Ubiqc-BLAs-IRES-Puro; SEQ.ID. 
No: 19) were constructed and propagated by Sirion GmbH 
using ViraPower lentiviral packaging mix (Invitrogen) in 
293FT cells (Invitrogen). 2x106  MRCS fibroblasts (ATCC 
CCL-171) were transduced by 5 TDU/cell (transduction 
units/cell) of each lentivirus by spin infection according to the 
manufacturer's protocol. The transduced cells were plated 
out on a 10 cm dish and were selected for 5 days with 20 µg/ml 
puromycin in OPTI-MEM 5% FCS. The tranduced cells were 
passaged (1:2) one time in the presence of 20 µg/ml puromy-
cin and the double positive (mCherry+EGFP) cells were puri-
fied by fluorescence associated cell sorting and re-plated at 
density of 2.5x104  cell/cm2. 48 h after confluency the cells 
were passaged (1:5) two more times in the presence of 20 
µg/ml puromycin and re-sorted as above. After one more 
passage in OPTI-MEM 5% FCS+20 µg/ml puromycin the 

cells were aliquoted to 0.7x 107  cell/vial and were deep frozen 
in OPTI-MEM supplemented with 10% FCS and 10% 
DMSO. 
[0242] Construction of Spread-Deficient Human CMV 
[0243] To generate a non-functional UL94 locus pTB40E-
BAC4-FRT; SEQ.ID.No:20 (Scrivano L, et al., 2011. HCMV 
spread and cell tropism are determined by distinct virus popu-
lations. PLoS. Pathog. 7:e1001256; Sinzger, C. et al., 2008. 
Cloning and sequencing of a highly productive, endothelio-
tropic virus strain derived from human cytomegalovirus 
TB40/E. J. Gen. Virol. 89:359-368.) was introduced in 
GS1783 E. coli strain (Tischer, B. K. et al., 2010. En passant 
mutagenesis: a two step markerless red recombination sys-
tem. Methods Mol. Biol. 634:421-430.). (a) Red-recombina-
tion was induced by electro-transformation of the synthetic 
DNA fragment LIFdel94; SEQ.ID.No:15 according to the 
standard protocol (Tischer, B. K. et al., supra) resulting in 
pTB40E-BAC4-delUL94-SZeo. Recombinants were 
selected by picking single clones after plating the transfor-
mants on LB agar plates in the presence of 25 µg/ml chloram-
phenicol and 30 µg/ml zeocin. The correct replacement of the 
BAC sequences from nt122630 to 123668 referring to SEQ. 
ID.No:20 with LlFdelUL94, SEQ.ID.No:15 was confirmed 
by restrictions pattern analysis and sequencing. (b) To remove 
the zeocin cassette from the UL94 locus, a second round of 
Red recombination was induced in liquid culture of pTB40E-
BAC4-delUL94-Szeo according to the standard protocol 
(Tischer, B. K. et al., supra) in presence of 25 µg/ml chloram-
phenichol and 2% of L-arabino se. Recombinants, which were 
coined pTB40E-BAC4-de194, were selected by picking 
single clones after plating of the recombinants on LB agar 
plates in the presence of 25 µg/ml chloramphenicol 1% of 
L-arabinose. The correct removal of the operational 
sequences were confirmed by restrictions pattern analysis and 
sequencing. (c) A next red-recombination was induced by 
electro-transformation of the synthetic mutagenesis fragment 
LIFdel99, SEQ.ID.No:16, as described above (see a) herein) 
resulting in pTB40E-BAC4-delUL94-de199-SZeo. Recom-
binants were selected by picking single clones after plating 
the transformants on LB agar plates in the presence of 25 
µg/ml chloramphenicol and 30 µg/ml zeocin. The correct 
replacement of the sequences from nt 130670 to 131243 
(according to the numbering of the BAC referred to herein as 
SEQ.ID.No:20) was confirmed by restrictions pattern analy-
sis and sequencing. (d) To remove the zeocin cassette from the 
UL99 locus, a final round of red-recombination was induced 
in liquid culture of pTB40E-BAC4-delUL94-delUL99-Szeo 
as above (see b) herein). Recombinants, which were coined 
pTB40E-BAC4-de194-de199, were selected by picking single 
clones after plating of the recombinants on LB agar plates in 
the presence of 25 µg/ml chloramphenicol 1% of L-arabino se. 
The correct removal of the operational sequences from the 
UL99 locus were confirmed by restrictions pattern analysis 
and sequencing. 1. The description of the BAC modifications 
in the new way are the following: 
[0244] Ml) To generate a non-functional UL94 (or inacti-
vate the UL94 gene) the nt sequence of pTB40E-BAC4-FRT 
(SEQ.ID.No:20) between nt 122630 and nt 123668 is 
replaced by the synthetic fragment delUL94S (SEQ.ID.No: 
34). 
[0245] M2) To generate a non-functional UL99 (or inacti-
vate the UL99 gene) the nt sequence of pTB40E-BAC4-FRT 
(SEQ.ID.No:20) between nt 130670 and nt 131243 is 
replaced by the synthetic fragment delUL99S (SEQ.ID.No: 
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35). For the double mutant of UL94-UL99 this has to be done 
in addition to modification Ml. 
[0246] M3) To generate a non-functional UL50 (or inacti-
vate the UL50 gene) the nt sequence of pTB40E-BAC4-FRT 
(SEQ.ID.No:20) between nt 58442 and nt 59622 is replaced 
by the synthetic fragment delUL50S (SEQ.ID.No:32). 
[0247] M4) To generate a non-functional UL53 (or inacti-
vate the UL53 gene) the nt sequence of pTB40E-BAC4-FRT 
(SEQ.ID.No:20) between nt 62129 and nt 63261 is replaced 
by the synthetic fragment delUL53S (SEQ.ID.No:33). For 
the double mutant of UL50-UL53 this has to be done in 
addition to modification M3. 
[0248] Reconstitution of Spread-Deficient Human CMV. 
[0249] 0.7x107  frozen TCL94/99-BP cells were plated on a 
10 cm dish in OPTI-MEM 5% FCS containing 0.2 ig/ml 
puromycin and two days later the adherent cell were split and 
plated on 6 cm dishes at densities of 2x106  cells per dish. On 
the next day two 6 cm cultures were transfected with 2 tg of 
purified pTB40E-BAC4-FRT-de194-de199-DNA each by 
Lipofectamin 2000 (Invitrogen) according to the manufactur-
er's protocol. 24 h later the two culture were combined and 
plated on a 10 cm dish in OPTI-MEM 5% FCS. After 10 days 
the reconstitution of the recombinant TB40E-BAC4-FRT-
de194-del99 virus was evident by plaque formation. After 
14-16 days the most of the cells in the transfected cultures 
showed CPE the entire culture was harvested. The amounts of 
the viable viruses was determined by limiting dilution on 
sub-confluent TCL94/99-BP cell in 96 well plates using 
TCID50 (median tissue culture infectious dose) method as 
described in Mohr et al (Mohr, C. A. et al., 2010. A spread-
deficient cytomegalovirus for assessment of first-target cells 
in vaccination. Virol. 2010 August; 84(15):7730-42. Epub 
2010 May 12.). The spread-deficient human CMV reconsti-
tuted from TB40E-BAC4-FRTde194-99, can be propagated 
using TCL94/99-BP cells after infection with 0.1 MOI per 
cell using standard protocols for propagation of human CMV 
as described by Scrivano et al. (Scrivano et al., supra). 
[0250] HCMV lacking secondary envelopment complex, 
i.e. UL99 and UL94, is spread-deficient. 
[0251] The phenotype of the UL94-UL99 double deletion 
CMV reconstituted from TB40E-BAC4-FRTde194-99 was 
tested in cell-to-cell spread. This was investigated by infec-
tion of MRCS and TCL94/99-BP cells as essentially 
described in Example 1 herein, with CMVs reconstituted 
from TB40E-BAC4-FRT-de194-de199 and TB40E-BAC4-
FRT, respectively, followed by removal of excess virus by 

extensive washing after infection. Next, CFSE stained MRCS 
cells were added and virus replication was permitted. After 
additional 72 h the culture was fixed and stained for immedi-
ate-early 1 expression as described in Example 1 herein. This 
resulted in cells which were either "immediate-early 1"-posi-
tive, CFSE-positive or positive for both stains. These cells 
were counted in each preparation. The missing increase of 
double positive cells in MRCS after infection with TB40E-
BAC4-FRT-de194-de199 is conclusive to a deficiency in cell-
to-cell spread. 

EXAMPLE 15 

Immunization with Spread-Deficient Human CMV 

[0252] After primary immunization with an additional 
boost with spread-deficient human CMV the human sera 
exhibit at least 64-fold higher neutralizing potency against 
endotheliotropic a human CMV strains such as TB40E or 
VR1814 assayed on endothelial- or epithelial cells (such as 
HUVEC [ATCC CRL 1730]- or ARPE-19 [ATCC 
CRL2302], respectively, than against the same virus assayed 
on human fibroblasts cell line (such as MRCS, ATCC CLL-
171). In addition, specific antibody response is detectable 
against the gene products of UL130, UL128, or UL131A by 
Western blot (whereby it is sufficient that at least one speci-
ficity is seen). 
[0253] The following deletions of the indicated genes result 
in recombinant human beta-herpesviruses which are spread-
deficient: 

Effector 
complex 	UL50 gene UL53 gene UL94 gene 	UL99 gene 

NEC 
NEC 
NEC 
SEC 
SEC 

[0254] The features of the present invention disclosed in the 
specification, the claims, the sequence listing and/or the 
drawings may both separately and in any combination thereof 
be material for realizing the invention in various forms 
thereof. It has to be acknowledged that the sequence listing is 
part of the instant specification. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 35 

<210> SEQ ID NO 1 
<211> LENGTH: 57 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 1 

gtgggatcca ccatgtaccc ctacgacgtg cccgactacg ccacgtccag actatcc 	57 
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-continued 

<210> SEQ ID NO 2 
<211> LENGTH: 34 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 2 

actctagagt cgacttcaca tgtgctcgag aaca 	 34 

<210> SEQ ID NO 3 
<211> LENGTH: 71 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 3 

aattcatgat aacttcgtat agcatacatt atacgaagtt atccggagat atccaccggt 	60 

ctggcggccg c 	 71 

<210> SEQ ID NO 4 
<211> LENGTH: 71 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 4 

tcgagcggcc gccagaccgg tggatatctc cggataactt cgtataatgt atgctatacg 	60 

aagttatcat g 	 71 

<210> SEQ ID NO 5 
<211> LENGTH: 68 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 5 

cgtggtcaag ccggtcgtgt tgtaccagaa ctcgacttcg gtcgcgttgc ttacaattta 	60 

cgcgcggg 	 68 

<210> SEQ ID NO 6 
<211> LENGTH: 69 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 

<223> OTHER INFORMATION: DNA 
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-continued 

<400> SEQUENCE: 6 

ccccgatatt tgagaaagtg taccccgata ttcagtacct cttgactaag aagccataga 	60 

gcccaccgc 	 69 

<210> SEQ ID NO 7 
<211> LENGTH: 112 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 7 

tgcttcccgg cggcttctgc gcgaccttcc agctgcaggt agaccacggc gacgtccaga 	60 

ctatccgtga aaagtttgag aagcatcagt agccgatttc ggcctattgg tt 	 112 

<210> SEQ ID NO 8 
<211> LENGTH: 77 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 8 

catggatggg ttggttgatt tgtatgtctg ttggctactc acatgtgctc gagaagccag 	60 

tgtgatggat gatcctc 	 77 

<210> SEQ ID NO 9 
<211> LENGTH: 8 
<212> TYPE: PRT 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 
<220> FEATURE: 
<221> NAME/KEY: PEPTIDE 
<222> LOCATION: (1) ..(8) 

<400> SEQUENCE: 9 

Ser Ile Ile Asn Phe Glu Lys Leu 
1 	 5 

<210> SEQ ID NO 10 
<211> LENGTH: 8 
<212> TYPE: PRT 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 
<220> FEATURE: 
<221> NAME/KEY: PEPTIDE 
<222> LOCATION: (1) ..(8) 

<400> SEQUENCE: 10 

Thr Val Tyr Gly Phe Cys Leu Leu 
1 	 5 

<210> SEQ ID NO 11 
<211> LENGTH: 8 

<212> TYPE: PRT 
<213> ORGANISM: artificial 
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-continued 

<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 
<220> FEATURE: 
<221> NAME/KEY: PEPTIDE 
<222> LOCATION: (1) ..(8) 

<400> SEQUENCE: 11 

Arg Ala Leu Glu Tyr Lys Asn Leu 
1 	 5 

<210> SEQ ID NO 12 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 
<220> FEATURE: 
<221> NAME/KEY: PEPTIDE 
<222> LOCATION: (1)..(9) 

<400> SEQUENCE: 12 

Ser Cys Leu Glu Phe Trp Gln Arg Val 
1 	 5 

<210> SEQ ID NO 13 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 
<220> FEATURE: 
<221> NAME/KEY: PEPTIDE 
<222> LOCATION: (1)..(9) 

<400> SEQUENCE: 13 

His Gly Ile Arg Asn Ala Ser Phe Ile 
1 	 5 

<210> SEQ ID NO 14 
<211> LENGTH: 25 
<212> TYPE: DNA 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<223> OTHER INFORMATION: DNA 

<400> SEQUENCE: 14 

aacgtacatc gctctctgct ggccg 
	

25 

<210> SEQ ID NO 15 
<211> LENGTH: 	940 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 	15 

ttactgggtg ctgccgggcg gctttgccgt ctcttcgcgc gtcactcttc acggcctggc 60 

ccagcgagcc ctgcgggacc ggttccaaaa cttcgaggcc gtgctggccc ggggcatgca 120 

cgtggaggcc ggccggcagg agcccgagac cccccgggtg agcggccggc ggctgccctt 180 

cgacgacctg tgatccggag gacgacggct cgtgtatctt gtgccaattg ctgttgctct 240 

accgcgacgg cgaatggatc ctctgtcttt gctgcaacgg ccgttatcaa ggccactatg 300 
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gcggggtctg acagttcacg gggagaagaa acaagaaaca acaaaaaaaa aagaggagat 360 

ctgcggccgc tagggataac agggtaatcg atgttgacaa ttaatcatcg gcatagtata 420 

tcggcatagt ataatacgac aaggtgagga actaaaccat ggcaaaactg accagcgcag 480 

ttccggttct gaccgcacgt gatgttgccg gtgccgttga attttggacc gatcgtctgg 540 

gttttagccg tgattttgtg gaagatgatt ttgccggtgt tgttcgtgat gatgttaccc 600 

tgtttattag cgcagttcag gatcaggttg ttccggataa taccctggca tgggtttggg 660 

ttcgtggtct ggatgaactg tatgcagaat ggtcagaagt tgtgagcacc aattttcgtg 720 

atgcaagcgg tccggcaatg accgaaattg gtgaacagcc gtggggtcgt gaatttgcac 780 

tgcgtgatcc ggcaggtaat tgtgttcatt ttgttgcaga agaacaggat taacctcgat 840 

taattaattg taacattacc ctgttatccc taccggtgtc ctaggcgggg tctgacagtt 900 

cacggggaga agaaacaaga aacaacaaaa aaaaaagagg 940 

<210> SEQ ID NO 16 
<211> LENGTH: 	719 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 	16 

cgtgttagac cgttggagtc gcgacctgtc ccgcaagacg aacctaccga tctgggtcgc 60 

caacagcgcc aacgagtacg tcgtcagctc cgtgccccgc cccgtcagtc cgtagaagta 120 

actcataaac tttcaggtct cgcgtacgat tcgcgagtcg ggaatgtagg gataacaggg 180 

taatcgatgt tgacaattaa tcatcggcat agtatatcgg catagtataa tacgacaagg 240 

tgaggaacta aaccatggca aaactgacca gcgcagttcc ggttctgacc gcacgtgatg 300 

ttgccggtgc cgttgaattt tggaccgatc gtctgggttt tagccgtgat tttgtggaag 360 

atgattttgc cggtgttgtt cgtgatgatg ttaccctgtt tattagcgca gttcaggatc 420 

aggttgttcc ggataatacc ctggcatggg tttgggttcg tggtctggat gaactgtatg 480 

cagaatggtc agaagttgtg agcaccaatt ttcgtgatgc aagcggtccg gcaatgaccg 540 

aaattggtga acagccgtgg ggtcgtgaat ttgcactgcg tgatccggca ggtaattgtg 600 

ttcattttgt tgcagaagaa caggattaac ctcgattaat taattgtaac attaccctgt 660 

tatccctaaa gtaactcata aactttcagg tctcgcgtac gattcgcgag tcgggaatg 719 

<210> SEQ ID NO 17 
<211> LENGTH: 	9048 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 	17 

actagtcggg gtcattagtt catagcccat atatggagtt ccgcgttaca taacttacgg 60 

taaatggccc gcctggctga ccgcccaacg acccccgccc attgacgtca ataatgacgt 120 

atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtg gagtatttac 180 

ggtaaactgc ccacttggca gtacatcaag tgtatcatat gccaagtacg ccccctattg 240 

acgtcaatga cggtaaatgg cccgcctggc attatgccca gtacatgacc ttatgggact 300 
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ttcctacttg gcagtacatc tacgtattag tcatcgctat taccatggtg atgcggtttt 	360 

ggcagtacat caatgggcgt ggatagcggt ttgactcacg gggatttcca agtctccacc 	420 

ccattgacgt caatgggagt ttgttttggc accaaaatca acgggacttt ccaaaatgtc 	480 

gtaacaactc cgccccattg acgcaaatgg gcggtaggcg tgtacggtgg gaggtctata 	540 

taagcagagc tggtttagtg aaccgggtct ctctggttag accagatttg agcctgggag 	600 

ctctctggct aactagggaa cccactgctt aagcctcaat aaagcttgcc ttgagtgctt 	660 

caagtagtgt gtgcccgtct gttgtgtgac tctggtaact agagatccct cagacccttt 	720 

tagtcagtgt ggaaaatctc tagcagtggc gcccgaacag ggacctgaaa gcgaaaggga 	780 

aaccagagga gctctctcga cgcaggactc ggcttgctga agcgcgcacg gcaagaggcg 	840 

aggggcggcg actgcagagt acgccaaaaa ttttgactag cggaggctag aaggagagag 	900 

atgggtgcga gagcgtcagt attaagcggg ggaaaatagc ggccgccaca attttaaaag 	960 

aaaagggggg attggggggt acagtgcagg ggaaagaata gtagacataa tagcaacaga 	1020 

catacaaact aaagaattac aaaaacaaat tacaaaaatt caaattttcg ggggatccca 	1080 

tggtggccct cctatagtga gtcgtattat actatgccga tatactatgc cgatgattaa 	1140 

ttgtcaacac gtgctgcagg tccgaggttc tagcgcgtgg cctccgcgcc gggttttggc 	1200 

gcctcccgcg ggcgcccccc tcctcacggc gagcgctgcc acgtcagacg aagggcgcag 	1260 

cgagcgtcct gatccttccg cccggacgct caggacagcg gcccgctgct cataagactc 	1320 

ggccttagaa ccccagtatc agcagaagga cattttagga cgggacttgg gtgactctag 	1380 

ggcactggtt ttctttccag agagcggaac aggcgaggaa aagtagtccc ttctcggcga 	1440 

ttctgcggag ggatctccgt ggggcggtga acgccgatga ttatataagg acgcgccggg 	1500 

tgtggcacag ctagttccgt cgcagccggg atttgggtcg cggttcttgt ttgtggatcg 	1560 

ctgtgatcgt cacttggtga gtagcgggct gctgggctgg ccggggcttt cgtggccgcc 	1620 

gggccgctcg gtgggacgga agcgtgtgga gagaccgcca agggctgtag tctgggtccg 	1680 

cgagcaaggt tgccctgaac tgggggttgg ggggagcgca gcaaaatggc ggctgttccc 	1740 

gagtcttgaa tggaagacgc ttgtgaggcg ggctgtgagg tcgttgaaac aaggtggggg 	1800 

gcatggtggg cggcaagaac ccaaggtctt gaggccttcg ctaatgcggg aaagctctta 	1860 

ttcgggtgag atgggctggg gcaccatctg gggaccctga cgtgaagttt gtcactgact 	1920 

ggagaactcg gtttgtcgtc tgttgcgggg gcggcagtta tggcggtgcc gttgggcagt 	1980 

gcacccgtac ctttgggagc gcgcgccctc gtcgtgtcgt gacgtcaccc gttctgttgg 	2040 

cttataatgc agggtggggc cacctgccgg taggtgtgcg gtaggctttt ctccgtcgca 	2100 

ggacgcaggg ttcgggccta gggtaggctc tcctgaatcg acaggcgccg gacctctggt 	2160 

gaggggaggg ataagtgagg cgtcagtttc tttggtcggt tttatgtacc tatcttctta 	2220 

agtagctgaa gctccggttt tgaactatgc gctcggggtt ggcgagtgtg ttttgtgaag 2280 

ttttttaggc accttttgaa atgtaatcat ttgggtcaat atgtaatttt cagtgttaga 	2340 

ctagtaaatt gtccgctaaa ttctggccgt ttttggcttt tttgttagac gctagcctag 	2400 

cggatccgaa ttctgcagat atcaacaagt ttgtacaaaa aagcaggctt aatggcttgg 	2460 

cgcagcgggc tttgcgagac cgattccaga actttgaagc agttcttgca agaggaatgc 	2520 

atgtggaagc tggtcggcaa gagccggaaa caccgcgagt atcgggccgt cgcttgccgt 	2580 

tcgacgatct ttagtccgga ggacgacggc tcgtgtatct tgtgccaatt gctgttgctc 	2640 
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taccgcgacg gcgaatggat cctctgtctt tgctgcaacg gccgttatca aggccactat 	2700 

ggcgtgggcc acgtacatcg gcgtcgtcga cgcatctgtc atttacctac cttgtaccaa 	2760 

ctgagcttcg gaggtccttt gggtccagcc agcattgatt tcttgccaag ctttagccag 	2820 

gtgaccagca gtatgacgtg cgatggtatt acgcccgacg tgatttacga ggtctgcatg 	2880 

ttggtgcccc aggatgaagc caagcgcatc ctggtcaagg gtcacggtgc catggacctg 2940 

acctgtcaga aggcagtgac gctaggcggc gccggcgcct ggttgctgcc gcgtcccgaa 3000 

ggctacacgc ttttctttta cattctgtgc tacgacctgt ttacctcatg cggcaatcgg 	3060 

tgcgatatcc cttccatgac gcggctcatg gcggcggcca cggcctgcgg gcaggcgggt 	3120 

tgcagctttt gcacggatca cgagggacat gtagatccca ctggcaatta cgtgggttgc 	3180 

acccccgata tgggccgctg tctttgttac gtgccctgtg ggcccatgac gcagtcgctc 	3240 

atccacaacg atgaacccgc gacttttttc tgtgagagcg atgacgccaa atacctatgc 	3300 

gccgtaggtt ctaagaccgc ggcgcaggtc acactgggag acggcctgga ttatcacatc 	3360 

ggtgtcaagg attctgaggg ccgatggttg cccgtcaaga ccgatgtgtg ggacctggtc 	3420 

aaggtagagg aacctgtgtc acgtatgata gtgtgttcct gtccggtgct taagaaccta 	3480 

gtgcactaaa cccagctttc ttgtacaaag tggttgatat ccagcacagt ggcggccgct 	3540 

cgagtctaga gggcccgcgg ttcgaaggta agcctatccc taaccctctc ctcggtctcg 	3600 

attctacgcg ccgcggccgc tacgtaaatt ccgcccctct ccctaacgtt actggccgaa 	3660 

gccgcttgga ataaggccgg tgtgcgtttg tctatatgtt attttccacc atattgccgt 	3720 

cttttggcaa tgtgagggcc cggaaacctg gccctgtctt cttgacgagc attcctaggg 	3780 

gtctttcccc tctcgccaaa ggaatgcaag gtctgttgaa tgtcgtgaag gaagcagttc 	3840 

ctctggaagc ttcttgaaga caaacaacgt ctgtagcgac cctttgcagg cagcggaacc 	3900 

ccccacctgg cgacaggtgc ctctgcggcc aaaagccacg tgtataagat acacctgcaa 	3960 

aggcggcaca accccagtgc cacgttgtga gttggatagt tgtggaaaga gtcaaatggc 	4020 

tctcctcaag cgtattcaac aaggggctga aggatgccca gaaggtaccc cattgtatgg 	4080 

gatctgatct ggggcctcgg tgcacatgct ttacatgtgt ttagtcgagg ttaaaaaacg 	4140 

tctaggcccc ccgaaccacg gggacgtggt tttcctttga aaaacacgat gataatatgg 	4200 

ccacaaccat gaccgagtac aagcccacgg tgcgcctcgc cacccgcgac gacgtccccc 	4260 

gggccgtacg ggatcccgcc accatggtga gcaagggcga ggaggataac atggccatca 4320 

tcaaggagtt catgcgcttc aaggtgcaca tggagggctc cgtgaacggc cacgagttcg 4380 

agatcgaggg cgagggcgag ggccgcccct acgagggcac ccagaccgcc aagctgaagg 4440 

tgaccaaggg tggccccctg cccttcgcct gggacatcct gtcccctcag ttcatgtacg 	4500 

gctccaaggc ctacgtgaag caccccgccg acatccccga ctacttgaag ctgtccttcc 	4560 

ccgagggctt caagtgggag cgcgtgatga acttcgagga cggcggcgtg gtgaccgtga 4620 

cccaggactc ctccctgcag gacggcgagt tcatctacaa ggtgaagctg cgcggcacca 	4680 

acttcccctc cgacggcccc gtaatgcaga agaagaccat gggctgggag gcctcctccg 	4740 

agcggatgta ccccgaggac ggcgccctga agggcgagat caagcagagg ctgaagctga 4800 

aggacggcgg ccactacgac gctgaggtca agaccaccta caaggccaag aagcccgtgc 	4860 

agctgcccgg cgcctacaac gtcaacatca agttggacat cacctcccac aacgaggact 	4920 
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acaccatcgt ggaacagtac gaacgcgccg agggccgcca ctccaccggc ggcatggacg 	4980 

agctgtacaa gtaagtcgac ccggaccgcc acatcgagcg ggtcaccgag ctgcaagaac 	5040 

tcttcctcac gcgcgtcggg ctcgacatcg gcaaggtgtg ggtcgcggac gacggcgccg 	5100 

cggtggcggt ctggaccacg ccggagagcg tcgaagcggg ggcggtgttc gccgagatcg 	5160 

gctcgcgcat ggccgagttg agcggttccc ggctggccgc gcagcaacag atggaaggcc 	5220 

tcctggcgcc gcaccggccc aaggagcccg cgtggttcct ggccaccgtc ggcgtctcgc 	5280 

ccgaccacca gggcaagggt ctgggcagcg ccgtcgtgct ccccggagtg gaggcggccg 	5340 

agcgcgctgg ggtgcccgcc ttcctggaga cctccgcgcc ccgcaacctc cccttctacg 	5400 

agcggctcgg cttcaccgtc accgccgacg tcgaggtgcc cgaaggaccg cgcacctggt 	5460 

gcatgacccg caagcccggt gcctgagttc gcgtctggaa caatcaacct ctggactcga 	5520 

caatcaacct ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc 	5580 

tccttttacg ctatgtggat acgctgcttt aatgcctttg tatcatgcta ttgcttcccg 	5640 

tatggctttc attttctcct ccttgtataa atcctggttg ctgtctcttt atgaggagtt 	5700 

gtggcccgtt gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac 	5760 

tggttggggc attgccacca cctgtcagct cctttccggg actttcgctt tccccctccc 	5820 

tattgccacg gcggaactca tcgccgcctg ccttgcccgc tgctggacag gggctcggct 	5880 

gttgggcact gacaattccg tggtgttgtc ggggaaatca tcgtcctttc cttggctgct 	5940 

cgcctgtgtt gccacctgga ttctgcgcgg gacgtccttc tgctacgtcc cttcggccct 	6000 

caatccagcg gaccttcctt cccgcggcct gctgccggct ctgcggcctc ttccgcgtct 	6060 

tcgccttcgc cctcagacga gtcggatctc cctttgggcc gcctccccgc ttagtactgg 	6120 

tacctttaag accaatgact tacaaggcag ctgtagatct tagccacttt ttaaaagaaa 	6180 

aggggggact ggaagggcta attcactccc aacgaagaca agattccgga atttatttgt 	6240 

gaaatttgtg atgctattgc tttatttgta aaccggtgca gctgcttttt gcctgtactg 	6300 

ggtctctctg gttagaccag atctgagcct gggagctctc tggctaacta gggaacccac 	6360 

tgcttaagcc tcaataaagc ttgccttgag tgcttcaagt agtgtgtgcc cgtctgttgt 	6420 

gtgactctgg taactagaga tccctcagac ccttttagtc agtgtggaaa atctctagca 	6480 

tctagagtat gcaaagcatg catctcaatt agtcagcaac caggtgtgga aagtccccag 	6540 

gctccccagc aggcagaagt atgcaaagca tgcatctcaa ttagtcagca accatagtcc 	6600 

cgcccctaac tccgcccatc ccgcccctaa ctccgcccag ttccgcccat tctccgcccc 	6660 

atggctgact aatttttttt atttatgcag aggccgaggc cgcctcggcc tctgagctat 	6720 

tccagaagta gtgaggaggc ttttttggag gcctaggcta gagatcataa tcagccatac 	6780 

cacatttgta gaggttttac ttgctttaaa aaacctccca cacctccccc tgaacctgaa 	6840 

acataaaatg aatgcaattg ttgttgttaa cttgtttatt gcagcttata atggttacaa 	6900 

ataaagcaat agcatcacaa atttcacaaa taaagcattt ttttcactgc attctagttg 	6960 

tggtttgtcc aaactcatca atgtatctta tcatgtctgc tagccgggct tttttttctt 	7020 

aggccttctt ccgcttcctc gctcactgac tcgctgcgct cggtcgttcg gctgcggcga 	7080 

gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg ggataacgca 	7140 

ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa ggccgcgttg 	7200 

ctggcgtttt tccataggct ccgcccccct gacgagcatc acaaaaatcg acgctcaagt 	7260 
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cagaggtggc gaaacccgac aggactataa agataccagg cgtttccccc tggaagctcc 	7320 

ctcgtgcgct ctcctgttcc gaccctgccg cttaccggat acctgtccgc ctttctccct 	7380 

tcgggaagcg tggcgctttc tcatagctca cgctgtaggt atctcagttc ggtgtaggtc 	7440 

gttcgctcca agctgggctg tgtgcacgaa ccccccgttc agcccgaccg ctgcgcctta 	7500 

tccggtaact atcgtcttga gtccaacccg gtaagacacg acttatcgcc actggcagca 	7560 

gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga gttcttgaag 	7620 

tggtggccta actacggcta cactagaaga acagtatttg gtatctgcgc tctgctgaag 	7680 

ccagttacct tcggaaaaag agttggtagc tcttgatccg gcaaacaaac caccgctggt 	7740 

agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg atctcaagaa 	7800 

gatcctttga tcttttctac ggggtctgac gctcagtgga acgaaaactc acgttaaggg 	7860 

attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga 	7920 

agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta 	7980 

atcagtgagg cacctatctc agcgatctgt ctatttcgtt catccatagt tgcctgactc 	8040 

ctgcgcagtc caaaaaaaaa ggctccaaaa ggagccttta attgtatcgg tgggccctta 	8100 

gaaaaactca tcgagcatca aatgaaactg caatttattc atatcaggat tatcaatacc 	8160 

atatttttga aaaagccgtt tctgtaatga aggagaaaac tcaccgaggc agttccatag 	8220 

gatggcaaga tcctggtatc ggtctgcgat tccgactcgt ccaacatcaa tacaacctat 	8280 

taatttcccc tcgtcaaaaa taaggttatc aagtgagaaa tcaccatgag tgacgactga 	8340 

atccggtgag aatggcaaaa gcttatgcat ttctttccag acttgttcaa caggccagcc 	8400 

attacgctcg tcatcaaaat cactcgcatc aaccaaaccg ttattcattc gtgattgcgc 	8460 

ctgagcgaga cgaaatacgc gatcgctgtt aaaaggacaa ttacaaacag gaatcgaatg 	8520 

caaccggcgc aggaacactg ccagcgcatc aacaatattt tcacctgaat caggatattc 	8580 

ttctaatacc tggaatgctg ttttcccggg gatcgcagtg gtgagtaacc atgcatcatc 	8640 

aggagtacgg ataaaatgct tgatggtcgg aagaggcata aattccgtca gccagtttag 	8700 

tctgaccatc tcatctgtaa catcattggc aacgctacct ttgccatgtt tcagaaacaa 	8760 

ctctggcgca tcgggcttcc catacaatcg atagattgtc gcacctgatt gcccgacatt 	8820 

atcgcgagcc catttatacc catataaatc agcatccatg ttggaattta atcgcggcct 	8880 

cgagcaagac gtttcccgtt gaatatggct cataacaccc cttgtattac tgtttatgta 	8940 

agcagacagt tttattgttc atgatgatat atttttatct tgtgcaatgt aacatcagag 	9000 

attttgagac acaacgtggt ttaaacaaat agtcaaaagc ctccggcg 	 9048 

<210> SEQ ID NO 18 
<211> LENGTH: 8455 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 18 

actagtcggg gtcattagtt catagcccat atatggagtt ccgcgttaca taacttacgg 60 

taaatggccc gcctggctga ccgcccaacg acccccgccc attgacgtca ataatgacgt 120 

atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtg gagtatttac 180 
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ggtaaactgc ccacttggca gtacatcaag tgtatcatat gccaagtacg ccccctattg 	240 

acgtcaatga cggtaaatgg cccgcctggc attatgccca gtacatgacc ttatgggact 	300 

ttcctacttg gcagtacatc tacgtattag tcatcgctat taccatggtg atgcggtttt 	360 

ggcagtacat caatgggcgt ggatagcggt ttgactcacg gggatttcca agtctccacc 	420 

ccattgacgt caatgggagt ttgttttggc accaaaatca acgggacttt ccaaaatgtc 	480 

gtaacaactc cgccccattg acgcaaatgg gcggtaggcg tgtacggtgg gaggtctata 	540 

taagcagagc tggtttagtg aaccgggtct ctctggttag accagatttg agcctgggag 	600 

ctctctggct aactagggaa cccactgctt aagcctcaat aaagcttgcc ttgagtgctt 	660 

caagtagtgt gtgcccgtct gttgtgtgac tctggtaact agagatccct cagacccttt 	720 

tagtcagtgt ggaaaatctc tagcagtggc gcccgaacag ggacctgaaa gcgaaaggga 	780 

aaccagagga gctctctcga cgcaggactc ggcttgctga agcgcgcacg gcaagaggcg 	840 

aggggcggcg actgcagagt acgccaaaaa ttttgactag cggaggctag aaggagagag 	900 

atgggtgcga gagcgtcagt attaagcggg ggaaaatagc ggccgccaca attttaaaag 	960 

aaaagggggg attggggggt acagtgcagg ggaaagaata gtagacataa tagcaacaga 	1020 

catacaaact aaagaattac aaaaacaaat tacaaaaatt caaattttcg ggggatccca 	1080 

tggtggccct cctatagtga gtcgtattat actatgccga tatactatgc cgatgattaa 	1140 

ttgtcaacac gtgctgcagg tccgaggttc tagcgcgtgg cctccgcgcc gggttttggc 	1200 

gcctcccgcg ggcgcccccc tcctcacggc gagcgctgcc acgtcagacg aagggcgcag 	1260 

cgagcgtcct gatccttccg cccggacgct caggacagcg gcccgctgct cataagactc 	1320 

ggccttagaa ccccagtatc agcagaagga cattttagga cgggacttgg gtgactctag 	1380 

ggcactggtt ttctttccag agagcggaac aggcgaggaa aagtagtccc ttctcggcga 	1440 

ttctgcggag ggatctccgt ggggcggtga acgccgatga ttatataagg acgcgccggg 	1500 

tgtggcacag ctagttccgt cgcagccggg atttgggtcg cggttcttgt ttgtggatcg 	1560 

ctgtgatcgt cacttggtga gtagcgggct gctgggctgg ccggggcttt cgtggccgcc 	1620 

gggccgctcg gtgggacgga agcgtgtgga gagaccgcca agggctgtag tctgggtccg 	1680 

cgagcaaggt tgccctgaac tgggggttgg ggggagcgca gcaaaatggc ggctgttccc 	1740 

gagtcttgaa tggaagacgc ttgtgaggcg ggctgtgagg tcgttgaaac aaggtggggg 	1800 

gcatggtggg cggcaagaac ccaaggtctt gaggccttcg ctaatgcggg aaagctctta 	1860 

ttcgggtgag atgggctggg gcaccatctg gggaccctga cgtgaagttt gtcactgact 	1920 

ggagaactcg gtttgtcgtc tgttgcgggg gcggcagtta tggcggtgcc gttgggcagt 	1980 

gcacccgtac ctttgggagc gcgcgccctc gtcgtgtcgt gacgtcaccc gttctgttgg 	2040 

cttataatgc agggtggggc cacctgccgg taggtgtgcg gtaggctttt ctccgtcgca 	2100 

ggacgcaggg ttcgggccta gggtaggctc tcctgaatcg acaggcgccg gacctctggt 	2160 

gaggggaggg ataagtgagg cgtcagtttc tttggtcggt tttatgtacc tatcttctta 	2220 

agtagctgaa gctccggttt tgaactatgc gctcggggtt ggcgagtgtg ttttgtgaag 2280 

ttttttaggc accttttgaa atgtaatcat ttgggtcaat atgtaatttt cagtgttaga 	2340 

ctagtaaatt gtccgctaaa ttctggccgt ttttggcttt tttgttagac gctagcctag 	2400 

cggatccgaa ttctcactat agggagaccc aagcttggta ccgagctcgg atccaccatg 	2460 

ggtggcgaac tctgcaaacg aatatgttgt gagttcggta ccacgtccgg tgagcccctg 	2520 



US 2013/0202638 Al 
	

Aug. 8, 2013 
cri 

-continued 

aaagatgctc tgggtcgcca ggtgtctcta cgctcctacg acaacatccc tccgacttcc 	2580 

tcctcggacg aaggggagga cgatgacgac ggggaggatg acgataacga ggagcggcaa 2640 

cagaagctgc ggctctgcgg tagtggctgc gggggaaacg acagtagtag cggcagccac 	2700 

cgcgaggcca cccacgacgg ccccaagaaa aacgcggtgc gctcgacgtt tcgcgaggac 	2760 

aaggctccga aaccgagcaa gcagtcaaaa aagaaaaaga aaccctcaaa acatcaccac 	2820 

catcagcaaa gctccattat gcaggagacg gacgacttag acgaagaaga cacctcaatt 	2880 

tacctgtccc cgcccccggt cccccccgtc caggtggtgg ctaagcgact gccgcggccc 	2940 

gacacaccca ggactccgcg ccaaaagaag atttcacaac gtccacccac ccccgggaca 	3000 

aaaaagcccg ccgccccctt gtccttttaa agtcgactct agagggccct attctatagt 	3060 

gtcacctaaa tgctagagct cgctgatcag acgcgccgcg gccgctacgt aaattccgcc 	3120 

cctctcccta acgttactgg ccgaagccgc ttggaataag gccggtgtgc gtttgtctat 	3180 

atgttatttt ccaccatatt gccgtctttt ggcaatgtga gggcccggaa acctggccct 	3240 

gtcttcttga cgagcattcc taggggtctt tcccctctcg ccaaaggaat gcaaggtctg 	3300 

ttgaatgtcg tgaaggaagc agttcctctg gaagcttctt gaagacaaac aacgtctgta 	3360 

gcgacccttt gcaggcagcg gaacccccca cctggcgaca ggtgcctctg cggccaaaag 	3420 

ccacgtgtat aagatacacc tgcaaaggcg gcacaacccc agtgccacgt tgtgagttgg 	3480 

atagttgtgg aaagagtcaa atggctctcc tcaagcgtat tcaacaaggg gctgaaggat 	3540 

gcccagaagg taccccattg tatgggatct gatctggggc ctcggtgcac atgctttaca 	3600 

tgtgtttagt cgaggttaaa aaacgtctag gccccccgaa ccacggggac gtggttttcc 	3660 

tttgaaaaac acgatgataa tatggtgagc aagggcgagg agctgttcac cggggtggtg 3720 

cccatcctgg tcgagctgga cggcgacgta aacggccaca agttcagcgt gtccggcgag 3780 

ggcgagggcg atgccaccta cggcaagctg accctgaagt tcatctgcac caccggcaag 	3840 

ctgcccgtgc cctggcccac cctcgtgacc accctgacct acggcgtgca gtgcttcagc 	3900 

cgctaccccg accacatgaa gcagcacgac ttcttcaagt ccgccatgcc cgaaggctac 	3960 

gtccaggagc gcaccatctt cttcaaggac gacggcaact acaagacccg cgccgaggtg 	4020 

aagttcgagg gcgacaccct ggtgaaccgc atcgagctga agggcatcga cttcaaggag 4080 

gacggcaaca tcctggggca caagctggag tacaactaca acagccacaa cgtctatatc 	4140 

atggccgaca agcagaagaa cggcatcaag gtgaacttca agatccgcca caacatcgag 4200 

gacggcagcg tgcagctcgc cgaccactac cagcagaaca cccccatcgg cgacggcccc 	4260 

gtgctgctgc ccgacaacca ctacctgagc acccagtccg ccctgagcaa agaccccaac 	4320 

gagaagcgcg atcacatggt cctgctggag ttcgtgaccg ccgccgggat cactctcggc 	4380 

atggacgagc tgtacaagta agtcgacccg gaccgccaca tcgagcgggt caccgagctg 4440 

caagaactct tcctcacgcg cgtcgggctc gacatcggca aggtgtgggt cgcggacgac 	4500 

ggcgccgcgg tggcggtctg gaccacgccg gagagcgtcg aagcgggggc ggtgttcgcc 	4560 

gagatcggct cgcgcatggc cgagttgagc ggttcccggc tggccgcgca gcaacagatg 4620 

gaaggcctcc tggcgccgca ccggcccaag gagcccgcgt ggttcctggc caccgtcggc 	4680 

gtctcgcccg accaccaggg caagggtctg ggcagcgccg tcgtgctccc cggagtggag 4740 

gcggccgagc gcgctggggt gcccgccttc ctggagacct ccgcgccccg caacctcccc 	4800 
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ttctacgagc ggctcggctt caccgtcacc gccgacgtcg aggtgcccga aggaccgcgc 	4860 

acctggtgca tgacccgcaa gcccggtgcc tgagttcgcg tctggaacaa tcaacctctg 	4920 

gactcgacaa tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact 	4980 

atgttgctcc ttttacgcta tgtggatacg ctgctttaat gcctttgtat catgctattg 	5040 

cttcccgtat ggctttcatt ttctcctcct tgtataaatc ctggttgctg tctctttatg 	5100 

aggagttgtg gcccgttgtc aggcaacgtg gcgtggtgtg cactgtgttt gctgacgcaa 	5160 

cccccactgg ttggggcatt gccaccacct gtcagctcct ttccgggact ttcgctttcc 	5220 

ccctccctat tgccacggcg gaactcatcg ccgcctgcct tgcccgctgc tggacagggg 	5280 

ctcggctgtt gggcactgac aattccgtgg tgttgtcggg gaaatcatcg tcctttcctt 	5340 

ggctgctcgc ctgtgttgcc acctggattc tgcgcgggac gtccttctgc tacgtccctt 	5400 

cggccctcaa tccagcggac cttccttccc gcggcctgct gccggctctg cggcctcttc 	5460 

cgcgtcttcg ccttcgccct cagacgagtc ggatctccct ttgggccgcc tccccgctta 	5520 

gtactggtac ctttaagacc aatgacttac aaggcagctg tagatcttag ccacttttta 	5580 

aaagaaaagg ggggactgga agggctaatt cactcccaac gaagacaaga ttccggaatt 	5640 

tatttgtgaa atttgtgatg ctattgcttt atttgtaaac cggtgcagct gctttttgcc 	5700 

tgtactgggt ctctctggtt agaccagatc tgagcctggg agctctctgg ctaactaggg 	5760 

aacccactgc ttaagcctca ataaagcttg ccttgagtgc ttcaagtagt gtgtgcccgt 	5820 

ctgttgtgtg actctggtaa ctagagatcc ctcagaccct tttagtcagt gtggaaaatc 	5880 

tctagcatct agagtatgca aagcatgcat ctcaattagt cagcaaccag gtgtggaaag 	5940 

tccccaggct ccccagcagg cagaagtatg caaagcatgc atctcaatta gtcagcaacc 	6000 

atagtcccgc ccctaactcc gcccatcccg cccctaactc cgcccagttc cgcccattct 	6060 

ccgccccatg gctgactaat tttttttatt tatgcagagg ccgaggccgc ctcggcctct 	6120 

gagctattcc agaagtagtg aggaggcttt tttggaggcc taggctagag atcataatca 	6180 

gccataccac atttgtagag gttttacttg ctttaaaaaa cctcccacac ctccccctga 	6240 

acctgaaaca taaaatgaat gcaattgttg ttgttaactt gtttattgca gcttataatg 	6300 

gttacaaata aagcaatagc atcacaaatt tcacaaataa agcatttttt tcactgcatt 	6360 

ctagttgtgg tttgtccaaa ctcatcaatg tatcttatca tgtctgctag ccgggctttt 	6420 

ttttcttagg ccttcttccg cttcctcgct cactgactcg ctgcgctcgg tcgttcggct 	6480 

gcggcgagcg gtatcagctc actcaaaggc ggtaatacgg ttatccacag aatcagggga 	6540 

taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggc 	6600 

cgcgttgctg gcgtttttcc ataggctccg cccccctgac gagcatcaca aaaatcgacg 	6660 

ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcgt ttccccctgg 	6720 

aagctccctc gtgcgctctc ctgttccgac cctgccgctt accggatacc tgtccgcctt 	6780 

tctcccttcg ggaagcgtgg cgctttctca tagctcacgc tgtaggtatc tcagttcggt 	6840 

gtaggtcgtt cgctccaagc tgggctgtgt gcacgaaccc cccgttcagc ccgaccgctg 	6900 

cgccttatcc ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact 	6960 

ggcagcagcc actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt 	7020 

cttgaagtgg tggcctaact acggctacac tagaagaaca gtatttggta tctgcgctct 	7080 

gctgaagcca gttaccttcg gaaaaagagt tggtagctct tgatccggca aacaaaccac 	7140 
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cgctggtagc ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc 	7200 

tcaagaagat cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg 	7260 

ttaagggatt ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta 	7320 

aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca 	7380 

atgcttaatc agtgaggcac ctatctcagc gatctgtcta tttcgttcat ccatagttgc 	7440 

ctgactcctg cgcagtccaa aaaaaaaggc tccaaaagga gcctttaatt gtatcggtgg 	7500 

gcccttagaa aaactcatcg agcatcaaat gaaactgcaa tttattcata tcaggattat 	7560 

caataccata tttttgaaaa agccgtttct gtaatgaagg agaaaactca ccgaggcagt 	7620 

tccataggat ggcaagatcc tggtatcggt ctgcgattcc gactcgtcca acatcaatac 	7680 

aacctattaa tttcccctcg tcaaaaataa ggttatcaag tgagaaatca ccatgagtga 	7740 

cgactgaatc cggtgagaat ggcaaaagct tatgcatttc tttccagact tgttcaacag 	7800 

gccagccatt acgctcgtca tcaaaatcac tcgcatcaac caaaccgtta ttcattcgtg 	7860 

attgcgcctg agcgagacga aatacgcgat cgctgttaaa aggacaatta caaacaggaa 	7920 

tcgaatgcaa ccggcgcagg aacactgcca gcgcatcaac aatattttca cctgaatcag 	7980 

gatattcttc taatacctgg aatgctgttt tcccggggat cgcagtggtg agtaaccatg 	8040 

catcatcagg agtacggata aaatgcttga tggtcggaag aggcataaat tccgtcagcc 	8100 

agtttagtct gaccatctca tctgtaacat cattggcaac gctacctttg ccatgtttca 	8160 

gaaacaactc tggcgcatcg ggcttcccat acaatcgata gattgtcgca cctgattgcc 	8220 

cgacattatc gcgagcccat ttatacccat ataaatcagc atccatgttg gaatttaatc 	8280 

gcggcctcga gcaagacgtt tcccgttgaa tatggctcat aacacccctt gtattactgt 	8340 

ttatgtaagc agacagtttt attgttcatg atgatatatt tttatcttgt gcaatgtaac 	8400 

atcagagatt ttgagacaca acgtggttta aacaaatagt caaaagcctc cggcg 	8455 

<210> SEQ ID NO 19 
<211> LENGTH: 	12088 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 	19 

tggaagggct aattcactcc caaagaagac aagatatcct tgatctgtgg atctaccaca 60 

cacaaggcta cttccctgat tagcagaact acacaccagg gccaggggtc agatatccac 120 

tgacctttgg atggtgctac aagctagtac cagttgagcc agataaggta gaagaggcca 180 

ataaaggaga gaacaccagc ttgttacacc ctgtgagcct gcatgggatg gatgacccgg 240 

agagagaagt gttagagtgg aggtttgaca gccgcctagc atttcatcac gtggcccgag 300 

agctgcatcc ggagtacttc aagaactgct gatatcgagc ttgctacaag ggactttccg 360 

ctggggactt tccagggagg cgtggcctgg gcgggactgg ggagtggcga gccctcagat 420 

cctgcatata agcagctgct ttttgcctgt actgggtctc tctggttaga ccagatctga 480 

gcctgggagc tctctggcta actagggaac ccactgctta agcctcaata aagcttgcct 540 

tgagtgcttc aagtagtgtg tgcccgtctg ttgtgtgact ctggtaacta gagatccctc 600 

agaccctttt agtcagtgtg gaaaatctct agcagtggcg cccgaacagg gacttgaaag 660 
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cgaaagggaa accagaggag ctctctcgac gcaggactcg gcttgctgaa gcgcgcacgg 	720 

caagaggcga ggggcggcga ctggtgagta cgccaaaaat tttgactagc ggaggctaga 	780 

aggagagaga tgggtgcgag agcgtcagta ttaagcgggg gagaattaga tcgcgatggg 	840 

aaaaaattcg gttaaggcca gggggaaaga aaaaatataa attaaaacat atagtatggg 	900 

caagcaggga gctagaacga ttcgcagtta atcctggcct gttagaaaca tcagaaggct 	960 

gtagacaaat actgggacag ctacaaccat cccttcagac aggatcagaa gaacttagat 	1020 

cattatataa tacagtagca accctctatt gtgtgcatca aaggatagag ataaaagaca 	1080 

ccaaggaagc tttagacaag atagaggaag agcaaaacaa aagtaagacc accgcacagc 	1140 

aagcggccgg ccgctgatct tcagacctgg aggaggagat atgagggaca attggagaag 	1200 

tgaattatat aaatataaag tagtaaaaat tgaaccatta ggagtagcac ccaccaaggc 	1260 

aaagagaaga gtggtgcaga gagaaaaaag agcagtggga ataggagctt tgttccttgg 	1320 

gttcttggga gcagcaggaa gcactatggg cgcagcgtca atgacgctga cggtacaggc 	1380 

cagacaatta ttgtctggta tagtgcagca gcagaacaat ttgctgaggg ctattgaggc 	1440 

gcaacagcat ctgttgcaac tcacagtctg gggcatcaag cagctccagg caagaatcct 	1500 

ggctgtggaa agatacctaa aggatcaaca gctcctgggg atttggggtt gctctggaaa 	1560 

actcatttgc accactgctg tgccttggaa tgctagttgg agtaataaat ctctggaaca 	1620 

gatttggaat cacacgacct ggatggagtg ggacagagaa attaacaatt acacaagctt 	1680 

aatacactcc ttaattgaag aatcgcaaaa ccagcaagaa aagaatgaac aagaattatt 	1740 

ggaattagat aaatgggcaa gtttgtggaa ttggtttaac ataacaaatt ggctgtggta 	1800 

tataaaatta ttcataatga tagtaggagg cttggtaggt ttaagaatag tttttgctgt 	1860 

actttctata gtgaatagag ttaggcaggg atattcacca ttatcgtttc agacccacct 	1920 

cccaaccccg aggggacccg acaggcccga aggaatagaa gaagaaggtg gagagagaga 	1980 

cagagacaga tccattcgat tagtgaacgg atcggcactg cgtgcgccaa ttctgcagac 	2040 

aaatggcagt attcatccac aattttaaaa gaaaaggggg gattgggggg tacagtgcag 2100 

gggaaagaat agtagacata atagcaacag acatacaaac taaagaatta caaaaacaaa 2160 

ttacaaaaat tcaaaatttt cgggtttatt acagggacag cagagatcca gtttggttag 	2220 

taccgggccc gctctagtcc ggaatcagtc ctgctcctcg gccacgaagt gcacgcagtt 	2280 

gccggccggg tcgcgcaggg cgaactcccg cccccacggc tgctcgccga tctcggtcat 	2340 

ggccggcccg gaggcgtccc ggaagttcgt ggacacgacc tccgaccact cggcgtacag 	2400 

ctcgtccagg ccgcgcaccc acacccaggc cagggtgttg tccggcacca cctggtcctg 	2460 

gaccgcgctg atgaacaggg tcacgtcgtc ccggaccaca ccggcgaagt cgtcctccac 	2520 

gaagtcccgg gagaacccga gccggtcggt ccagaactcg accgctccgg cgacgtcgcg 2580 

cgcggtgagc accggaacgg cactggtcaa cttggccatg gtggccctcc tatagtgagt 	2640 

cgtattatac tatgccgata tactatgccg atgattaatt gtcaacacgt gctgcaggtc 	2700 

cgaggttcta gcgcgtggcc tccgcgccgg gttttggcgc ctcccgcggg cgcccccctc 	2760 

ctcacggcga gcgctgccac gtcagacgaa gggcgcagcg agcgtcctga tccttccgcc 	2820 

cggacgctca ggacagcggc ccgctgctca taagactcgg ccttagaacc ccagtatcag 	2880 

cagaaggaca ttttaggacg ggacttgggt gactctaggg cactggtttt ctttccagag 	2940 

agcggaacag gcgaggaaaa gtagtccctt ctcggcgatt ctgcggaggg atctccgtgg 3000 
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ggcggtgaac gccgatgatt atataaggac gcgccgggtg tggcacagct agttccgtcg 3060 

cagccgggat ttgggtcgcg gttcttgttt gtggatcgct gtgatcgtca cttggtgagt 	3120 

agcgggctgc tgggctggcc ggggctttcg tggccgccgg gccgctcggt gggacggaag 3180 

cgtgtggaga gaccgccaag ggctgtagtc tgggtccgcg agcaaggttg ccctgaactg 3240 

ggggttgggg ggagcgcagc aaaatggcgg ctgttcccga gtcttgaatg gaagacgctt 	3300 

gtgaggcggg ctgtgaggtc gttgaaacaa ggtggggggc atggtgggcg gcaagaaccc 	3360 

aaggtcttga ggccttcgct aatgcgggaa agctcttatt cgggtgagat gggctggggc 	3420 

accatctggg gaccctgacg tgaagtttgt cactgactgg agaactcggt ttgtcgtctg 	3480 

ttgcgggggc ggcagttatg gcggtgccgt tgggcagtgc acccgtacct ttgggagcgc 	3540 

gcgccctcgt cgtgtcgtga cgtcacccgt tctgttggct tataatgcag ggtggggcca 	3600 

cctgccggta ggtgtgcggt aggcttttct ccgtcgcagg acgcagggtt cgggcctagg 3660 

gtaggctctc ctgaatcgac aggcgccgga cctctggtga ggggagggat aagtgaggcg 3720 

tcagtttctt tggtcggttt tatgtaccta tcttcttaag tagctgaagc tccggttttg 	3780 

aactatgcgc tcggggttgg cgagtgtgtt ttgtgaagtt ttttaggcac cttttgaaat 	3840 

gtaatcattt gggtcaatat gtaattttca gtgttagact agtaaattgt ccgctaaatt 	3900 

ctggccgttt ttggcttttt tgttagacgc tagcctagcg gatccgaatt ctcgaaactt 	3960 

aagatgcacc cagaaacgct ggtgaaagta aaagatgctg aagatcagtt gggtgcacga 4020 

gtgggttaca tcgaactgga tctcaacagc ggtaagatcc ttgagagttt tcgccccgaa 	4080 

gaacgttttc caatgatgag cacttttaaa gttctgctat gtggcgcggt attatcccgt 	4140 

attgacgccg ggcaagagca actcggtcgc cgcatacact attctcagaa tgacttggtt 	4200 

gagtactcac cagtcacaga aaagcatctt acggatggca tgacagtaag agaattatgc 	4260 

agtgctgcca taaccatgag tgataacact gcggccaact tacttctgac aacgatcgga 	4320 

ggaccgaagg agctaaccgc ttttttgcac aacatggggg atcatgtaac tcgccttgat 	4380 

cgttgggaac cggagctgaa tgaagccata ccaaacgacg agcgtgacac cacgacgcct 	4440 

gtagcaatgg caacaacgtt gcgcaaacta ttaactggct ccggaggcgg cggctccggc 	4500 

ggcggcggct cgagcggcgg cggcggatcc ctacttactc tagcttcccg gcaacaatta 	4560 

atagactgga tggaggcgga taaagttgca ggaccacttc tgcgctcggc ccttccggct 	4620 

ggctggttta ttgctgataa atctggagcc ggtgagcgtg ggtctcgcgg tatcattgca 	4680 

gcactggggc cagatggtaa gccctcccgt atcgtagtta tctacacgac ggggagtcag 	4740 

gcaactatgg atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat 	4800 

tggtgagcag atctgcccac tagtgagtcg tattacatcc atcacactgg cggccgcaaa 	4860 

ttccgcccct ctccctcccc cccccctaac gttactggcc gaagccgctt ggaataaggc 	4920 

cggtgtgcgt ttgtctatat gttattttcc accatattgc cgtcttttgg caatgtgagg 	4980 

gcccggaaac ctggccctgt cttcttgacg agcattccta ggggtctttc ccctctcgcc 	5040 

aaaggaatgc aaggtctgtt gaatgtcgtg aaggaagcag ttcctctgga agcttcttga 	5100 

agacaaacaa cgtctgtagc gaccctttgc aggcagcgga accccccacc tggcgacagg 	5160 

tgcctctgcg gccaaaagcc acgtgtataa gatacacctg caaaggcggc acaaccccag 	5220 

tgccacgttg tgagttggat agttgtggaa agagtcaaat ggctctcctc aagcgtattc 	5280 
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aacaaggggc tgaaggatgc ccagaaggta ccccattgta tgggatctga tctggggcct 	5340 

cggtgcacat gctttacatg tgtttagtcg aggttaaaaa aacgtctagg ccccccgaac 	5400 

cacggggacg tggttttcct ttgaaaaaca cgataatacc atggccaccg agtacaagcc 	5460 

cacggtgcgc ctcgccaccc gcgacgacgt cccccgggcc gtacgcaccc tcgccgccgc 	5520 

gttcgccgac taccccgcca cgcgccacac cgtcgacccg gaccgccaca tcgagcgggt 	5580 

caccgagctg caagaactct tcctcacgcg cgtcgggctc gacatcggca aggtgtgggt 	5640 

cgcggacgac ggcgccgcgg tggcggtctg gaccacgccg gagagcgtcg aagcgggggc 	5700 

ggtgttcgcc gagatcggct cgcgcatggc cgagttgagc ggttcccggc tggccgcgca 	5760 

gcaacagatg gaaggcctcc tggcgccgca ccggcccaag gagcccgcgt ggttcctggc 	5820 

caccgtcggc gtctcgcccg accaccaggg caagggtctg ggcagcgccg tcgtgctccc 	5880 

cggagtggag gcggccgagc gcgctggggt gcccgccttc ctggagacct ccgcgccccg 	5940 

caacctcccc ttctacgagc ggctcggctt caccgtcacc gccgacgtcg aggtgcccga 	6000 

aggaccgcgc acctggtgca tgacccgcaa gcccggtgcc tgagttcgcg tctggaacaa 	6060 

tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact atgttgctcc 	6120 

ttttacgcta tgtggatacg ctgctttaat gcctttgtat catgctattg cttcccgtat 	6180 

ggctttcatt ttctcctcct tgtataaatc ctggttgctg tctctttatg aggagttgtg 	6240 

gcccgttgtc aggcaacgtg gcgtggtgtg cactgtgttt gctgacgcaa cccccactgg 	6300 

ttggggcatt gccaccacct gtcagctcct ttccgggact ttcgctttcc ccctccctat 	6360 

tgccacggcg gaactcatcg ccgcctgcct tgcccgctgc tggacagggg ctcggctgtt 	6420 

gggcactgac aattccgtgg tgttgtcggg gaagctgacg tcctttccat ggctgctcgc 	6480 

ctgtgttgcc acctggattc tgcgcgggac gtccttctgc tacgtccctt cggccctcaa 	6540 

tccagcggac cttccttccc gcggcctgct gccggctctg cggcctcttc cgcgtcttcg 	6600 

ccttcgccct cagacgagtc ggatctccct ttgggccgcc tccccgcctg gaattaattc 	6660 

tgcagtcgag acctagaaaa acatggagca atcacaagta gcaatacagc agctaccaat 	6720 

gctgattgtg cctggctaga agcacaagag gaggaggagg tgggttttcc agtcacacct 	6780 

caggtacctt taagaccaat gacttacaag gcagctgtag atcttagcca ctttttaaaa 	6840 

gaaaagaggg gactggaagg gctaattcac tcccaacgaa gacaagatct gctttttgct 	6900 

tgtactgggt ctctctggtt agaccagatc tgagcctggg agctctctgg ctaactaggg 	6960 

aacccactgc ttaagcctca ataaagcttg ccttgagtgc ttcaagtagt gtgtgcccgt 	7020 

ctgttgtgtg actctggtaa ctagagatcc ctcagaccct tttagtcagt gtggaaaatc 	7080 

tctagcagta gtagttcatg tcatcttatt attcagtatt tataacttgc aaagaaatga 	7140 

atatcagaga gtgagaggcc ttgacattgt ttaaacccgc tgatcagcct cgactgtgcc 	7200 

ttctagttgc cagccatctg ttgtttgccc ctcccccgtg ccttccttga ccctggaagg 	7260 

tgccactccc actgtccttt cctaataaaa tgaggaaatt gcatcgcatt gtctgagtag 	7320 

gtgtcattct attctggggg gtggggtggg gcaggacagc aagggggagg attgggaaga 	7380 

caatagcagg catgctgggg atgcggtggg ctctatggct tctgaggcgg aaagaaccag 	7440 

ctggggctct agggggtatc cccacgcgcc ctgtagcggc gcattaagcg cggcgggtgt 	7500 

ggtggttacg cgcagcgtga ccgctacact tgccagcgcc ctagcgcccg ctcctttcgc 	7560 

tttcttccct tcctttctcg ccacgttcgc cggctttccc cgtcaagctc taaatcgggg 	7620 
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gctcccttta gggttccgat ttagtgcttt acggcacctc gaccccaaaa aacttgatta 	7680 

gggtgatggt tcacgtagtg ggccatcgcc ctgatagacg gtttttcgcc ctttgacgtt 	7740 

ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac tcaaccctat 	7800 

ctcggtctat tcttttgatt tataagggat tttgccgatt tcggcctatt ggttaaaaaa 	7860 

tgagctgatt taacaaaaat ttaacgcgaa ttaattctgt ggaatgtgtg tcagttaggg 	7920 

tgtggaaagt ccccaggctc cccagcaggc agaagtatgc aaagcatgca tctcaattag 	7980 

tcagcaacca ggtgtggaaa gtccccaggc tccccagcag gcagaagtat gcaaagcatg 	8040 

catctcaatt agtcagcaac catagtcccg cccctaactc cgcccatccc gcccctaact 	8100 

ccgcccagtt ccgcccattc tccgccccat ggctgactaa ttttttttat ttatgcagag 	8160 

gccgaggccg cctctgcctc tgagctattc cagaagtagt gaggaggctt ttttggaggc 	8220 

ctaggctttt gcaaaaagct cccgggagct tgtatatcca ttttcggatc tgatcagcac 	8280 

gtgatgaaaa agcctgaact caccgcgacg tctgtcgaga agtttctgat cgaaaagttc 	8340 

gacagcgtct ccgacctgat gcagctctcg gagggcgaag aatctcgtgc tttcagcttc 	8400 

gatgtaggag ggcgtggata tgtcctgcgg gtaaatagct gcgccgatgg tttctacaaa 	8460 

gatcgttatg tttatcggca ctttgcatcg gccgcgctcc cgattccgga agtgcttgac 	8520 

attggggaat taattcagcg agagcctgac ctattgcatc tcccgccgtg cacagggtgt 	8580 

cacgttgcaa gacctgcctg aaaccgaact gcccgctgtt ctgcagccgg tcgcggaggc 	8640 

catggatgcg atcgctgcgg ccgatcttag ccagacgagc gggttcggcc cattcggacc 	8700 

gcaaggaatc ggtcaataca ctacatggcg tgatttcata tgcgcgattg ctgatcccca 	8760 

tgtgtatcac tggcaaactg tgatggacga caccgtcagt gcgtccgtcg cgcaggctct 	8820 

cgatgagctg atgctttggg ccgaggactg ccccgaagtc cggcacctcg tgcacgcgga 	8880 

tttcggctcc aacaatgtcc tgacggacaa tggccgcata acagcggtca ttgactggag 	8940 

cgaggcgatg ttcggggatt cccaatacga ggtcgccaac atcttcttct ggaggccgtg 	9000 

gttggcttgt atggagcagc agacgcgcta cttcgagcgg aggcatccgg agcttgcagg 	9060 

atcgccgcgg ctccgggcgt atatgctccg cattggtctt gaccaactct atcagagctt 	9120 

ggttgacggc aatttcgatg atgcagcttg ggcgcagggt cgatgcgacg caatcgtccg 	9180 

atccggagcc gggactgtcg ggcgtacaca aatcgcccgc agaagcgcgg ccgtctggac 	9240 

cgatggctgt gtagaagtac tcgccgatag tggaaaccga cgccccagca ctcgtccgag 	9300 

ggcaaaggaa tagcacgtgc tacgagattt cgattccacc gccgccttct atgaaaggtt 	9360 

gggcttcgga atcgttttcc gggacgccgg ctggatgatc ctccagcgcg gggatctcat 	9420 

gctggagttc ttcgcccacc ccaacttgtt tattgcagct tataatggtt acaaataaag 	9480 

caatagcatc acaaatttca caaataaagc atttttttca ctgcattcta gttgtggttt 	9540 

gtccaaactc atcaatgtat cttatcatgt ctgtataccg tcgacctcta gctagagctt 	9600 

ggcgtaatca tggtcatagc tgtttcctgt gtgaaattgt tatccgctca caattccaca 	9660 

caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag tgagctaact 	9720 

cacattaatt gcgttgcgct cactgcccgc tttccagtcg ggaaacctgt cgtgccagct 	9780 

gcattaatga atcggccaac gcgcggggag aggcggtttg cgtattgggc gctcttccgc 	9840 

ttcctcgctc actgactcgc tgcgctcggt cgttcggctg cggcgagcgg tatcagctca 	9900 
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<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 20 

catgcacacc aataaacttt tgcttttctt tttagccaat aatatgtttc cgtgtggttt 	60 

ttataggtta accacttatg gtgtaaagta ggatattcat agttattgaa aacatgggta 	120 

cacaatgtaa cactaaacta ctatccgcac taatagcaac tgcaatcatc ctaactgcca 	180 

ttctagctcc ggtactttta catgaacaag aaaaggcatt ttaccgacaa ctttttgcgc 	240 

aaagtcaaca tgtaaaaaca cccatcacgg tagttcaggg agatacagtt taccttaacg 	300 

ctagtaataa cccctgcaac tattccagct tctggaacta tggcgattgc gaactttgtg 	360 

gatggaacgg atacatacaa agacaatatc acgaaaacaa atcgtgctct ccacgattta 	420 

catgttttaa tgacaccaaa ggtcttagac tacataacgt tacgtttagc gattcaggaa 	480 

catacacaga atacatgtac gactgtgatt ttccatgtaa cacgagtgac tatgaatatg 	540 

acatactaaa ctattttgac aattgtacta ctaccataaa cagtaccaat tatattatca 	600 

ccgtattgtc tccacgtcat tctaaacaca ccgatttgca cgtatccgct cacgccggtt 	660 

tggcagctgc catggtgaca gtaattataa tttgcgtttt gatctacttt aacgttccgg 	720 

caacccggag acacagacta cgaactagaa ataacgttaa ccacatactg taattacaaa 	780 

gtatcgacgc tagtttattc aggataaatt tgtgctactt tgtgtagctc tcaaaaattg 	840 

taaggcccca cttttccact ccgtcatgaa agatcgtaat aagctactca tatgtattat 	900 

ccttattttc accatgtgcc tcatctgtct ttattttaaa cgccgttgta ttcctactcc 	960 

atctccagac aaggcagatc tgcgagtgga atttccttcg ttatctccgt gtgtcggcat 	1020 

acaatgcgct tcacgggaag atgcgtgata catagcgtac ccccagacgg tacggcttat 	1080 

gagaacacaa ttgaaggaaa gtacaggttc ctgttgatat gttattacag aaggtcacgg 	1140 

aacacaaacg ttttctgcgt gtgtttttat aaaagagcgt ctcgaagcag cttgagccac 	1200 

actacggtcc agatgacgag cgtgatcaaa aatatgccgc gcagtagtcg aaagccgtac 	1260 

tgagcgtgcg aggcgggtag ggtgccgaac gacggatatg cgtcgtcatc atctttgact 	1320 

ataaggatcg cgaccgaatc ttcggacatg gtaaaagcca cccactgtgg ctggtatgta 	1380 

gcgtatccgg tttggaatcg ttcggctccg gctcggggga tagtgaggaa ttctcagggg 	1440 

acgatatggg acccaatgac tggataaaag aagggttttt cccagtaaga tgatccccgt 	1500 

atcacatgag atctggatat gtataaatga ggagtgaaat aggcaaaggg tatcagacac 	1560 

cggccccgtc atgcagccgc tggttctctc agcggaggaa ctatcgtctc tgctgatttg 	1620 

caaatacatc ccaccttaag cgacgagtcc ataaagcatc gttatccggg tacggtgaaa 	1680 

gtgacccgga ttgcaccacg tccctttttt gtttttgcat cgtttatcgt caccactagt 	1740 

gcaatatttt tatcgtaagg ctgaaagagt atcgttatga tgcttagaat gtggagatta 	1800 

ttacagatgg tactgcttgc cacgtactgt tattatgttt ttgcgaattg ttcaatcagc 	1860 

acgacgactg ctcctgtgga atggaagtct cccaaccgtc agattcccaa gaatattacc 	1920 

tgcgctaatt actcagggac cgtcggcggt aacgttactt ttcagggtct caagaataaa 	1980 

acggaagact ttttatcttg gctactcggg tctggctata agtctatttg ctcgttcttc 	2040 

ccacaactcc ctggtgattc taatgagcag cattacagat atgaagtaac caacctcacg 	2100 
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tacaattgta cctatgaccg cctaacgtta ctgaatctaa cgatggaaaa cagcaggaat 	2160 

tactatttca gaagagaaga tgcgaattcc accttctact actcttgtta caacctgacc 	2220 

gtgtcctaga gaacgcacgt gaagttccac agagccgcgt ggctgtagct attgtttacg 	2280 

ttgcttttga aatgttaagc gtccctacga cgctaactcg ggggagtcca gggttttccc 	2340 

agtcacgacg ttgtaaaacg acggccagtg aattcgagct cggtacccgg ggatcttgaa 2400 

gttcctattc cgaagttcct attctctaga aagtatagga acttcagagc gcttttgaag 	2460 

cttggcgtaa tcatggtcat agctgtttcc tgtgtgaaat tgttatccgc tcacaattcc 	2520 

acacaacata cgagccggaa gacacaagac tgccactcca catacaacgt ggatcatacc 	2580 

cctggttatc attataacaa tcatcatttt aatttgtttc aaatttcccc agaaagcttg 	2640 

gaataaattc acacaatacc gatacagcga tatgctcgcc gctgcttaaa gaatcaacgt 	2700 

cgaggaaacc aaaacgcaaa cataatggat atgtacgtgt atttttcagc tcactgtttg 	2760 

aataccgtaa gaaaaatgac gtacatatac gtaataatac aacagttgct catgttatgc 	2820 

ggcgcctgat taactatatc gtgagtcatg gcctttttcc atggtccgtc atgaccgcaa 	2880 

tgatacttta caggtattcc gaaacctgta tggaggtcac cgttaaagta ggtgatccgg 	2940 

tcaccctcgg aagtggacac ggttatcatc ctggccaaag agtacactgg tataatcatt 	3000 

catgtgtcgg catcggtaac ggcgaaaatg cgcatcctat ctgtacctac gaccctccta 	3060 

aacctggtaa acataagacg atgaaaacca ctccgccgcc attaccgccg ttgtacgaat 	3120 

gtcataattc tacattaagt atccttcatg taaacgtttc agatcccaaa aactactgca 	3180 

gacgaaaatg tccatcaaat ggtaataact gtgagtttcc cacgtgtttt cagttatcgc 	3240 

ttatttatag aacgacgacc accaaaaaac ccggacaaaa aactacgtca ccgagattaa 	3300 

gaaccacgcc aaagaaacat acacagcaca aaagatccac aggaagaacg tcacctaaag 	3360 

attataatgt tacaggtctg ccaaaaggct ttgcggactc gtttaccggt aacgcagagg 	3420 

cacatagagc caaagatgcc gcacacagcg catggattat cattgtcatc atcattatca 	3480 

tagtcgtcat tttatttctc ttcaagattc ctcaaagact ccgagaaaaa tgggacacca 	3540 

ggggatactt ttacaaagga accgacggcc tgcccactac ggactaattg tcgtgagcgg 	3600 

atggatatct ccggtttcaa acccactgtt tgaatatagg gacagtccct acggaacctg 	3660 

agaacatgtg gaaattacct gtggtagaat gctgttcagg tacatcacct ttcatcgcga 	3720 

aaaggtactt tacctaacgg ctgcatgcat ctttggtggc tacatcagcc tccacgatgc 	3780 

ctgcataccg gtggttggca aaataggtac caacgtcacg ttgaacgcgg tagattttca 	3840 

tcccggtgat cacgttcgct ggtcttacgg tcccggtggg gcaggctaca tgctatgtgt 	3900 

ttacactggt agttggacag aatacaaaaa gccagacatc atttttaagt gtttatcaaa 	3960 

taacagtctt cttttaatta acgtaactgt aaattatacc aacacttacc gtaccttgac 	4020 

atcgttaaac aattgggttc acaatcaaca tcaccataaa tttcccggat ggaacttgga 	4080 

cacatgttac agtctcacag tgaacgaaaa cggtacattc cccactacca ccaccaaaaa 	4140 

acccactacg accacgagaa cgacaactac caccacaaca aagaaaacaa ccaccacgag 	4200 

aacaaccacc gccgccaaga agacgacgat aagcactacc catcataaac actccagtcc 	4260 

caaaaaatcc agcaccccta acagtcacgt agaacatcac gttggttttg aagccacagc 	4320 

agcggaaaca ccgttacaac caagcccaca gcaccaacac gtggctacac acgccctctg 	4380 

ggttttagcg gtcgtaatcg ttattatcat cattatcatt ttctactttc gaataccgca 	4440 
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aaagctgtgg ctgctctggc agcatgacaa gcacggcatc gtgctcatcc ctcaaaccga 	4500 

tctgtgagca agtcgcgtag gaaatgattg catgaaatca ctgtgaaacg ccaactccgt 	4560 

gccagctggc gcggcggaca ggcctttgac gtatttgaag ccaggcgcgc tctcgatacc 	4620 

gaaaggatcc gagggggctt tccaaagccg acgtccctga ttcccttcat aaagctgttg 	4680 

accggcccta gaaagaccaa gagcatgctg tgggcccact gcggtcgctt cttgcgttat 	4740 

catctgctcc cgctgctgct gtgtagactg ccattcttac tccttttcca gcggccgcag 	4800 

tgggcccacg gcttggacat tgtcgaggag gacgagtggc tacgggagat acaaggagcg 4860 

acgtaccagc tgtccatagt gcgccaagcc atgcagcacg ccggattcca agtcagagca 	4920 

gcgtcggtca tgacgcggcg aaacgccgtt gacctggacc gaccgccgct ttggtcggga 4980 

tcgctcccgc atttgcccgt ctacgatgtg cgttccccgc ggccgttgag accgccgtca 	5040 

tcacagcatc acgccgtatc acccgaactg ccgtcgcgag acgggatacg ttggcagtac 	5100 

caagagctgc agtatctggt ggaagaacaa cggcggcgaa atcagtcgcg caatgcgatt 	5160 

ccgagaccct cgttcccccc tccggatcca ccatcgcagc cggcagagga tgcacgagac 	5220 

gcggacgcag aacgtgccga atcaccacat agtgcagaaa gcaccgtcag gcacgacgcg 	5280 

agtgagaacg cagtgcggcg acggcacgaa agacggcgct ataacgctct gacggtccgc 	5340 

agccgggact cgctgctcct gacgcgaata cgcttctcca accaacggtg tttcggacgc 	5400 

gggcgtctga gacatcccgc gggaagcggt cccaacaccg gcggaccgcg acccggcggt 	5460 

gcgggactcc gtcaactacg ccaacaactg acggtccgct ggcagctgtt ccgcctacgg 	5520 

tgccacggtt ggacacagca ggtctctagc cagatcagaa cccgctggga ggaaagcaac 	5580 

gtcgtgagcc agacggccac gcgagtacgt acgtggttcg tgaaaagaac cacgttttgg 	5640 

cgtcgcacgt gggttccggg acagaacccg gcggccgaag cgcaagaact ggccgtcata 	5700 

ccgccggcac ccacggtgct ccggcagaac gaggaaccac gtcaacagct tacgggagag 	5760 

gagacaagaa attcaacgca cactcaacgt gaagaagtgg aggacgtttc gagagagggc 	5820 

gcgagagaag ggaatgatgg gagccgagca agtggaaacg acgagagaag gaataatgcg 	5880 

ggaagatatg atgatgatca tgaggttcaa gagccgcagg tcacttatcc agcgggacaa 	5940 

ggagaactga ataggaggtc acaggaggag aacgaggaag gtggaccgtg tgaatcgccg 	6000 

ccaatgacga caaatacgct gaccgtggcc tgtccgcccc gagaaccccc gcatcgtgcc 	6060 

ctgtttcgtc tatgcttagg actgtgggtc tcgagctacc tggttcgacg gcccatgacg 	6120 

atttagaata caccgagcca ttcctttatt tccccccatc cccggtcgct tatgcgtgtt 	6180 

aaacactacc aataaagata atctgccaat cgcaccttat atataatatg tggtcgcgtg 	6240 

tggtcttttt aaggagctct gaaacacaga caggtatggg cggtggtcgg ctgccgccgc 	6300 

tgtggctgcc gctactgatc gcctggagcg agtggggcaa ctgctgcctc gatgcgcctc 	6360 

cggtggtgcg ttcgccctgt ctgcagccgg tgcgcgaccg caaccgcgag cggaacccgg 	6420 

gctcaccgca gttgctgcct tacggcgacc gtctggaggt ggcctgcatc ttccccgcgc 	6480 

acgactggcc agaggtctct atccgagtcc acctctgcta ctggcccgag atcgtgcgtt 	6540 

cgctggtggt ggacgcacgc agcggtcagg tgttacacaa cgacgccagc tgttacatcg 	6600 

ccggcgggcg ctggcgcttc gaggacggcg gcgcggcgca gcggctgagc ctctcgtttc 	6660 

ggctcatcac cgagaccgcg ggcacctaca cctgcgtgct gggcaacgag acccacagcc 	6720 
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tggcgaccga gaccacggcg ctggtggccg acatgcacga cctgcgccac tcggaccgct 	6780 

cctgcgacct ggctttcgga tcgcgctcac agacgcggta cctgtggacg cccgatccct 	6840 

ccaggttgcg cagtataaac tgcggttggg agggtgaacg gcaccgcgta gtccactaca 	6900 

tccccggcac ctcgggtttg ctgccctcgt gcgaggagga cgagcgcgaa ctgtgcgtgc 	6960 

ccttcatcag ccagagcatt gcggacaaca actgcagccg ccggcatcga gttgacggcg 	7020 

ctaggcggcg ctatcatcta cggagggatt actggctgac ggatccgaag atcgggttgc 	7080 

tggccgcggg atcggtggcc ctgacctccc tctgccacct gctgtgctac tggtgttccg 	7140 

aatcgtaccg gcgtctgaac accgaggagg aaagcgaggc ggcggaggaa actgccgcgg 	7200 

gagaagcctc tgcggtagcg gcggcggccg tctctgagga agagcagcgg cgggagtaaa 	7260 

cgaggagagc catgaagcgg atgattcgca gtcacggcag gaaaacggaa tgtcagatga 	7320 

cgggcgccgg cgagcgacgc ggctccgccg tcggtgcgcc catctgcggc agcggtaccc 	7380 

gacgcggcag cggcgccaac gaacgccgcg actccgacgt cggtcccatc gcccacagta 	7440 

gcggtaccag acgcggttcg gcgaatgaaa cgtccgcctg tacgcggacc gatcaccaga 	7500 

aggcggacat tgggctgtgg ttcatgtttc tggtttttgg actgtgttcg tggttggcga 	7560 

tgcggtatcg cgcacaataa attttgaatc gatgtcaagg aacgcgtgtt ttgtatttta 	7620 

ttgggaatat tggcggggat aaaccggttt cggatgttta cccttaatct taccggggac 	7680 

ctcgttgtcc tctcctcctt cttcctcgga caccgggctc catgctgacg taggtaccga 	7740 

ctggggtcaa aagcctgggt acttatgagg agcgcgcaca aaggaccgtt aggcgccggc 	7800 

atggagcgtc gccgaggtac ggtaccgctg ggatgggtgt tttttgttct ttgcttatct 	7860 

gcctcttcct cgtgtgctgt tgacctgggt agcaagtcct ccaactcgac ctgccgcttg 	7920 

aatgtgacgg agttggcctc gatccatcct ggggaaacgt ggacgttaca cgggatgtgt 	7980 

atttctatct gctactacga gaatgtgacc gaggacgaga tcatcggcgt ggcttttact 	8040 

tggcagcata acgagtctgt ggttgacctg tggttgtacc agaacgacac ggtgatccgc 	8100 

aatttcagcg acatcaccac taacatcttg caagacggac tgaaaatgcg aaccgtccct 	8160 

gtgactaaac tgtacaccag ccgcatggtc actaatctta ccgtgggccg ctatgactgt 	8220 

ttacgctgcg agaacggtac gacgaaaata atcgagcgcc tctacgtccg attgggctcg 	8280 

ctatatccga gaccgcccgg atccgggctc gccaaacacc cctccgtaag cgccgacgag 	8340 

gaactgtccg cgaccttggc gagagacatc gtgttggtct cagccatcac tctgttcttc 	8400 

ttcttgttgg ccctacggat cccccagcga ctgtgtcagc ggctgcgcat tcgcctgccg 	8460 

catcgatacc agcggttacg caccgaggac tgaacggata accgcaaagg ccacgtgcaa 	8520 

cgttcacgct gctataagaa ggccatgtcc cccgtggacg ggtctctttg acacgagcgc 	8580 

ggcacgccgt tgccacgagc atggatcacg cgctcttcac acacttcgtc ggccgacccc 	8640 

gtcactgtcg gttggaaatg ttgattctgg acgaacaggt gtctaagaga tcctgggaca 	8700 

ccacggttta ccacaggcgc cgcaaacatc tacctcgacg tcgcgctccg tgcggccccc 	8760 

agaggcccgc cgagattccc aaaagaagaa aaaaggcggc cgtccttcta ttttggcacg 	8820 

atttgtgctg gctgtttcga cgacttttct ttcctcggga ggactcagag ccactgatgt 	8880 

cggatccggc acggtctccc gaagaggagg agtaaacaac acacggctaa gaggatacat 	8940 

catcaaagaa gataggaggg gtcaaaacgc ggactgaaag tatataacgc cgatcatgtc 	9000 

cgaggaactg ttaataaaac gccatgatga caatgtggtg tctgacgttg tttgtgctgt 	9060 
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tgtacaccat ctataaacaa tctaatttaa attacgaggt aattaacgta acagcgtatg 233160 

tcggtggata cgtcactctg caaaattgca ctagaacgga tacatggtat gatgtagaat 233220 

ggataaaata tggaactcgt acacaccaac tgtgcagaat tggaagttat cattcaacgt 233280 

ctccactaaa cggcatgtgt ctagactgta acagaacctc tctcaccatc tacaacgtaa 233340 

ccgtcgaaca cgctggaaaa tacgttttac atcgctacat tgacggtaaa aaggaaaact 233400 

actatctaac tgtattatgg ggaaccacaa catcgtctcc tatacctgac aaatgcaaaa 233460 

caaaagagga gtcagatcag cacaggcgcg gagcgtggga cgacgtaata acaactgtaa 233520 

aaaacactaa cattcccctg ggaattcatg ctgtatgggc gggtgtagtc gtatctgtgg 233580 

cacttgtagc cttatacatg ggtagccgtc gcgcttccag gaaaccgcgt tataaaaaac 233640 

ttcccaaata tgatccagat gagttttgga ctaaaacctg a 	 233681 

<210> SEQ ID NO 21 
<211> LENGTH: 4159 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 21 

ctaaattgta agcgttaata ttttgttaaa attcgcgtta aatttttgtt aaatcagctc 	60 

attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 	120 

gatagggttg agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggactc 	180 

caacgtcaaa gggcgaaaaa ccgtctatca gggcgatggc ccactacgtg aaccatcacc 	240 

ctaatcaagt tttttggggt cgaggtgccg taaagcacta aatcggaacc ctaaagggag 	300 

cccccgattt agagcttgac ggggaaagcc ggcgaacgtg gcgagaaagg aagggaagaa 	360 

agcgaaagga gcgggcgcta gggcgctggc aagtgtagcg gtcacgctgc gcgtaaccac 	420 

cacacccgcc gcgcttaatg cgccgctaca gggcgcgtcc cattcgccat tcaggctgcg 	480 

caactgttgg gaagggcgat cggtgcgggc ctcttcgcta ttacgccagc tggcgaaagg 	540 

gggatgtgct gcaaggcgat taagttgggt aacgccaggg ttttcccagt cacgacgttg 	600 

taaaacgacg gccagtgagc gcgcgtaata cgactcacta tagggcgaat tgggtaccgg 	660 

gccccccctc gaggtcgacg gtatcgataa gcttgatccc aagcttgata tcgaattcgg 	720 

atgggctccg gaatcggcgc agcaagcatg gaattttgtt ttgatgtatt caaggagctc 	780 

aaagtccacc atgccaatga gaacatcttc tactgcccca ttgccatcat gtcagctcta 	840 

gccatggtat acctgggtgc aaaagacagc accaggacac agataaataa ggttgttcgc 	900 

tttgataaac ttccaggatt cggagacagt attgaagctc agtgtggcac atctgtaaac 	960 

gttcactctt cacttagaga catcctcaac caaatcacca aaccaaatga tgtttattcg 	1020 

ttcagccttg ccagtagact ttatgctgaa gagagatacc caatcctgcc agaatacttg 	1080 

cagtgtgtga aggaactgta tagaggaggc ttggaaccta tcaactttca aacagctgca 	1140 

gatcaagcca gagagctcat caattcctgg gtagaaagtc agacaaatgg aattatcaga 	1200 

aatgtccttc agccaagctc cgtggattct caaactgcaa tggttctggt taatgccatt 	1260 

gtcttcaaag gactgtggga gaaaacattt aaggatgaag acacacaagc aatgcctttc 	1320 

agagtgactg agcaagaaag caaacctgtg cagatgatgt accagattgg tttatttaga 	1380 

gtggcatcaa tggcttctga gaaaatgaag atcctggagc ttccatttgc cagtgggaca 	1440 
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atgagcatgt tggtgctgtt gcctgatgaa gtctcaggcc ttgagcagct tgagagtata 	1500 

atcaactttg aaaaactgac tgaatggacc agttctaatg ttatggaaga gaggaagatc 	1560 

aaagtgtact tacctcgcat gaagatggag gaaaaataca acctcacatc tgtcttaatg 	1620 

gctatgggca ttactgacgt gtttagctct tcagccaatc tgtctggcat ctcctcagca 	1680 

gagagcctga agatatctca agctgtccat gcagcacatg cagaaatcaa tgaagcaggc 	1740 

agagaggtgg tagggtcagc agaggctgga gtggatgctg caagcgtctc tgaagaattt 	1800 

agggctgacc atccattcct cttctgtatc aagcacatcg caaccaacgc cgttctcttc 	1860 

tttggcagat gtgtttcccc ttaagcggcc gccgcatcga attcctgcag cccgggggat 	1920 

ccactagttc tagagcggcc gccaccgcgg tggagctcca gcttttgttc cctttagtga 	1980 

gggttaattg cgcgcttggc gtaatcatgg tcatagctgt ttcctgtgtg aaattgttat 	2040 

ccgctcacaa ttccacacaa catacgagcc ggaagcataa agtgtaaagc ctggggtgcc 	2100 

taatgagtga gctaactcac attaattgcg ttgcgctcac tgcccgcttt ccagtcggga 	2160 

aacctgtcgt gccagctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgcgt 	2220 

attgggcgct cttccgcttc ctcgctcact gactcgctgc gctcggtcgt tcggctgcgg 	2280 

cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 	2340 

gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 2400 

ttgctggcgt ttttccatag gctccgcccc cctgacgagc atcacaaaaa tcgacgctca 	2460 

agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcc ccctggaagc 	2520 

tccctcgtgc gctctcctgt tccgaccctg ccgcttaccg gatacctgtc cgcctttctc 	2580 

ccttcgggaa gcgtggcgct ttctcatagc tcacgctgta ggtatctcag ttcggtgtag 	2640 

gtcgttcgct ccaagctggg ctgtgtgcac gaaccccccg ttcagcccga ccgctgcgcc 	2700 

ttatccggta actatcgtct tgagtccaac ccggtaagac acgacttatc gccactggca 	2760 

gcagccactg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 2820 

aagtggtggc ctaactacgg ctacactaga aggacagtat ttggtatctg cgctctgctg 	2880 

aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct 	2940 

ggtagcggtg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 3000 

gaagatcctt tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 	3060 

gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa 	3120 

tgaagtttta aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc 	3180 

ttaatcagtg aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgcctga 	3240 

ctccccgtcg tgtagataac tacgatacgg gagggcttac catctggccc cagtgctgca 	3300 

atgataccgc gagacccacg ctcaccggct ccagatttat cagcaataaa ccagccagcc 	3360 

ggaagggccg agcgcagaag tggtcctgca actttatccg cctccatcca gtctattaat 	3420 

tgttgccggg aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc 	3480 

attgctacag gcatcgtggt gtcacgctcg tcgtttggta tggcttcatt cagctccggt 	3540 

tcccaacgat caaggcgagt tacatgatcc cccatgttgt gcaaaaaagc ggttagctcc 	3600 

ttcggtcctc cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg 	3660 

gcagcactgc ataattctct tactgtcatg ccatccgtaa gatgcttttc tgtgactggt 	3720 
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gagtactcaa ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctcttgcccg 	3780 

gcgtcaatac gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga 	3840 

aaacgttctt cggggcgaaa actctcaagg atcttaccgc tgttgagatc cagttcgatg 	3900 

taacccactc gtgcacccaa ctgatcttca gcatctttta ctttcaccag cgtttctggg 	3960 

tgagcaaaaa caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt 	4020 

tgaatactca tactcttcct ttttcaatat tattgaagca tttatcaggg ttattgtctc 	4080 

atgagcggat acatatttga atgtatttag aaaaataaac aaataggggt tccgcgcaca 	4140 

tttccccgaa aagtgccac 	 4159 

<210> SEQ ID NO 22 
<211> LENGTH: 6379 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 22 

ctcgagttta ccactcccta tcagtgatag agaaaagtga aagtcgagtt taccactccc 	60 

tatcagtgat agagaaaagt gaaagtcgag tttaccactc cctatcagtg atagagaaaa 	120 

gtgaaagtcg agtttaccac tccctatcag tgatagagaa aagtgaaagt cgagtttacc 	180 

actccctatc agtgatagag aaaagtgaaa gtcgagttta ccactcccta tcagtgatag 	240 

agaaaagtga aagtcgagtt taccactccc tatcagtgat agagaaaagt gaaagtcgag 	300 

ctcggtaccc gggtcgaggt aggcgtgtac ggtgggaggc ctatataagc agagctcgtt 	360 

tagtgaaccg tcagatcgcc tggagacgcc atccacgctg ttttgacctc catagaagac 	420 

accgggaccg atccagcctc cgcggccccg aattcgagct cggtacccgg ggatccacca 	480 

tgtaccccta cgacgtgccc gactacgcca cgtccagact atccgtgaaa agtttgagaa 	540 

gcatcagtag gttcgtccag tgggagtgtt gttggatgct cgtcaacaag agcgcgcgct 	600 

accgagagtt ccgcgccgtc accagccagt cgccggggct ggggaaggtc tcctccaccg 	660 

acgacgggag atgtctcgcc gcctccatga tgcttttcag acgtgacggt aattttgtcc 	720 

tctgtctggt cgtcaataag gagccggtgg gtcagttcgg ctgcagtggc atgcggcgcg 	780 

agaagatggt catcgatgga ctccaggagc ccgtctacgt gatgcgtctc ctggcccccc 	840 

tcatccccgt caagctagga ttctcgccct acatgttgcc gcctaagagc atcggcggct 	900 

ccggcggtct ggaccccagc gtcatctacc agaacgcgag tgtggtcacg cccgaagagg 	960 

ccgccaccgt cactatgcag ggttccggca tcgtgaccgt ggggctcagt ggcgttggct 	1020 

cctgggtgca gatcaaggat ggtgggaaca tgaagctctt cgtcttcgcc ctctgcttcg 	1080 

acgtctttac cgcctgctgc gatcggctcg ccttcccgtc cctggccaag atctacagcg 	1140 

aaactgtgtc ctgcgaggcc gacaagtgcg gattctgtcg agattccggt cggcacgtcg 	1200 

atcccaccgg ccgcttcgtc ggctgcgtcc ccgacagtgg cgtgtgtctc tgttactcgc 	1260 

cgtgtcgcgg gacggatgcc gcggtcagcg tcagaagctg gttaccttac ctggaactgg 	1320 

aagacggtgc gaacacgcac agcctcttcg tgcggcgcta cgacggcagg aaaggactgc 	1380 

cggccacgat atctgactac ctcggcgcca ggaacagcga gggcgacgag atcccgctga 	1440 

ggaccgagcc ctggcagctc ttgaagatag aaccgacgct gtccgccatg atcatcatgg 	1500 

cctgtccctt actcaaaaag atcgttctcg agcacatgtg aagtcgactc tagcgcggcc 	1560 
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gcatcgataa gcttgtcgac gatatctcta gagctgagaa cttcagggtg agtttgggga 	1620 

cccttgattg ttctttcttt ttcgctattg taaaattcat gttatatgga gggggcaaag 	1680 

ttttcagggt gttgtttaga atgggaagat gtcccttgta tcaccatgga ccctcatgat 	1740 

aattttgttt ctttcacttt ctactctgtt gacaaccatt gtctcctctt attttctttt 	1800 

cattttctgt aacttttttc gttaaacttt agcttgcatt tgtaacgaat ttttaaattc 	1860 

actttcgttt atttgtcaga ttgtaagtac tttctctaat cacttttttt tcaaggcaat 	1920 

cagggtaatt atattgtact tcagcacagt tttagagaac aattgttata attaaatgat 	1980 

aaggtagaat atttctgcat ataaattctg gctggcgtgg aaatattctt attggtagaa 	2040 

acaactacat cctggtaatc atcctgcctt tctctttatg gttacaatga tatacactgt 	2100 

ttgagatgag gataaaatac tctgagtcca aaccgggccc ctctgctaac catgttcatg 	2160 

ccttcttctt tttcctacag ctcctgggca acgtgctggt tgttgtgctg tctcatcatt 	2220 

ttggcaaaga attcactcct caggtgcagg ctgcctatca gaaggtggtg gctggtgtgg 2280 

ccaatgccct ggctcacaaa taccactgag atctttttcc ctctgccaaa aattatgggg 	2340 

acatcatgaa gccccttgag catctgactt ctgggtaata aaggaaattt attttcattg 	2400 

caatagtgtg tgggaatttt ttgtgtctct cactcggaag gacatatggg agggcaaatc 	2460 

atttaaaaca tcagaatgag tatttggttt agagtttggc aacatatgcc atatgctggc 	2520 

tgccatgaac aaaggtggct ataaagaggt catcagtata tgaaacagcc ccctgctgtc 	2580 

cattccttat tccatagaaa agccttgact tgaggttaga ttttttttat attttgtttt 	2640 

gtgttatttt tttctttaac atccctaaaa ttttccttac atgttttact agccagattt 	2700 

ttcctcctct cctgactact cccagtcata gctgtccctc ttctcttatg aactcgactg 	2760 

cattaatgaa tcggccaacg cgcggggaga ggcggtttgc gtattgggcg ctcttccgct 	2820 

tcctcgctca ctgactcgct gcgctcggtc gttcggctgc ggcgagcggt atcagctcac 	2880 

tcaaaggcgg taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga 2940 

gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg cgttgctggc gtttttccat 	3000 

aggctccgcc cccctgacga gcatcacaaa aatcgacgct caagtcagag gtggcgaaac 	3060 

ccgacaggac tataaagata ccaggcgttt ccccctggaa gctccctcgt gcgctctcct 	3120 

gttccgaccc tgccgcttac cggatacctg tccgcctttc tcccttcggg aagcgtggcg 	3180 

ctttctcaat gctcacgctg taggtatctc agttcggtgt aggtcgttcg ctccaagctg 	3240 

ggctgtgtgc acgaaccccc cgttcagccc gaccgctgcg ccttatccgg taactatcgt 	3300 

cttgagtcca acccggtaag acacgactta tcgccactgg cagcagccac tggtaacagg 	3360 

attagcagag cgaggtatgt aggcggtgct acagagttct tgaagtggtg gcctaactac 	3420 

ggctacacta gaaggacagt atttggtatc tgcgctctgc tgaagccagt taccttcgga 	3480 

aaaagagttg gtagctcttg atccggcaaa caaaccaccg ctggtagcgg tggttttttt 	3540 

gtttgcaagc agcagattac gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt 	3600 

tctacggggt ctgacgctca gtggaacgaa aactcacgtt aagggatttt ggtcatgaga 	3660 

ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa aatgaagttt taaatcaatc 	3720 

taaagtatat atgagtaaac ttggtctgac agttaccaat gcttaatcag tgaggcacct 	3780 

atctcagcga tctgtctatt tcgttcatcc atagttgcct gactccccgt cgtgtagata 	3840 
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actacgatac gggagggctt accatctggc cccagtgctg caatgatacc gcgagaccca 	3900 

cgctcaccgg ctccagattt atcagcaata aaccagccag ccggaagggc cgagcgcaga 	3960 

agtggtcctg caactttatc cgcctccatc cagtctatta attgttgccg ggaagctaga 	4020 

gtaagtagtt cgccagttaa tagtttgcgc aacgttgttg ccattgctac aggcatcgtg 	4080 

gtgtcacgct cgtcgtttgg tatggcttca ttcagctccg gttcccaacg atcaaggcga 	4140 

gttacatgat cccccatgtt gtgcaaaaaa gcggttagct ccttcggtcc tccgatcgtt 	4200 

gtcagaagta agttggccgc agtgttatca ctcatggtta tggcagcact gcataattct 	4260 

cttactgtca tgccatccgt aagatgcttt tctgtgactg gtgagtactc aaccaagtca 	4320 

ttctgagaat agtgtatgcg gcgaccgagt tgctcttgcc cggcgtcaat acgggataat 	4380 

accgcgccac atagcagaac tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga 	4440 

aaactctcaa ggatcttacc gctgttgaga tccagttcga tgtaacccac tcgtgcaccc 	4500 

aactgatctt cagcatcttt tactttcacc agcgtttctg ggtgagcaaa aacaggaagg 	4560 

caaaatgccg caaaaaaggg aataagggcg acacggaaat gttgaatact catactcttc 	4620 

ctttttcaat attattgaag catttatcag ggttattgtc tcatgagcgg atacatattt 	4680 

gaatgtattt agaaaaataa acaaataggg gttccgcgca catttccccg aaaagtgcca 	4740 

cctgacgtct aagaaaccat tattatcatg acattaacct ataaaaatag gcgtatcacg 	4800 

aggccctttc gtctcgaggc agtgaaaaaa atgctttatt tgtgaaattt gtgatgctat 	4860 

tgctttattt gtaaccatta taagctgcaa taaacaagtt aacaacaaca attgcattca 	4920 

ttttatgttt caggttcagg gggaggtgtg ggaggttttt taaagcaagt aaaacctcta 	4980 

caaatgtggt atggctgatt atgatcctct agaactctat tcctttgccc tcggacgagt 	5040 

gctggggcgt cggtttccac tatcggcgag tacttctaca cagccatcgg tccagacggc 	5100 

cgcgcttctg cgggcgattt gtgtacgccc gacagtcccg gctccggatc ggacgattgc 	5160 

gtcgcatcga ccctgcgccc aagctgcatc atcgaaattg ccgtcaacca agctctgata 	5220 

gagttggtca agaccaatgc ggagcatata cgcccggagc cgcggcgatc ctgcaagctc 	5280 

cggatgcctc cgctcgaagt agcgcgtctg ctgctccata caagccaacc acggcctcca 	5340 

gaagaagatg ttggcgacct cgtattggga atccccgaac atcgcctcgc tccagtcaat 	5400 

gaccgctgtt atgcggccat tgtccgtcag gacattgttg gagccgaaat ccgcgtgcac 	5460 

gaggtgccgg acttcggggc agtcctcggc ccaaagcatc agctcatcga gagcctgcgc 	5520 

gacggacgca ctgacggtgt cgtccatcac agtttgccag tgatacacat ggggatcagc 	5580 

aatcgcgcat atgaaatcac gccatgtagt gtattgaccg attccttgcg gtccgaatgg 	5640 

gccgaacccg ctcgtctggc taagatcggc cgcagcgatc gcatccatgg cctccgcgac 	5700 

cggctgcaga acagcgggca gttcggtttc aggcaggtct tgcaacgtga caccctgtgc 	5760 

acggcgggag atgcaatagg tcaggctctc gctgaattcc ccaatgtcaa gcacttccgg 	5820 

aatcgggagc gcggccgatg caaagtgccg ataaacataa cgatctttgt agaaaccatc 	5880 

ggcgcagcta tttacccgca ggacatatcc acgccctcct acatcgaagc tgaaagcacg 	5940 

agattcttcg ccctccgaga gctgcatcag gtcggagacg ctgtcgaact tttcgatcag 	6000 

aaacttctcg acagacgtcg cggtgagttc aggctttttc atggaagctt tttgcaaaag 	6060 

cctaggcctc caaaaaagcc tcctcactac ttctggaata gctcagaggc cgaggcggcc 	6120 

tcggcctctg cataaataaa aaaaattagt cagccatggg gcggagaatg ggcggaactg 	6180 
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ggcggagtta ggggcgggat gggcggagtt aggggcggga ctatggttgc tgactaattg 	6240 

agatgcatgc tttgcatact tctgcctgct ggggagcctg gggactttcc acacctggtt 	6300 

gctgactaat tgagatgcat gctttgcata cttctgcctg ctggggagcc tggggacttt 	6360 

ccacacccta actgacaca 	 6379 

<210> SEQ ID NO 23 
<211> LENGTH: 9400 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 23 

ttcccggaaa atcactcaaa actacgtcca tgacacatca actcccgata actacctccc 	60 

tttgaaatcg gatcccccca cgtaccaatc aatcacacaa cacacaggtt taaaaatcga 	120 

tcactcgtca attaggtttc aaaatcgata ccgtttatta tcaggaatct agactaattc 	180 

tacaatgaca gctctgaatt tctctctcgt cttccttgtc aggttctcat catcagttat 	240 

cacttccacc catcgaggag tcatcgtcgc tccaaaatcc tttggggtcg ctagttggaa 	300 

aagtctctga cacgatccag gcaccccgca cccagtccga ctgatctagc ttgcggagca 	360 

tctcaacagg catgagctgc agggccatgg ctgtcacggc actgtatcga tgtaacacta 	420 

gggactttct ttgcgatgta gccatcaaca cggcgtatgc cccatagttc gcgtgatacg 	480 

acgcatgatg ggttaaacgt tcccatccgg cagtgccgtc tcgggtccgt gcacacaaca 	540 

gctgcacggc attatgatgc ttaaaattaa ccataacgct ggggctactg atgaaggagt 	600 

agtaatgagc caggacgccg tacatcgaag gcagcaagaa agagtgacag cacaatagca 	660 

ccgggctctt atgtaggcga cagcttattt ttcctgacgt cggcaaaaag tacctaaatt 	720 

ccccacagat attcagacac ggttccgcaa agtgcttctt tttttagtgc aggaattgga 	780 

aaaaataata aaaaatatga acagctcatc tgtaattatc tgtgtgactt catcgtaccg 	840 

tgatgtaaaa acaacaacag gaagcttaca gggtgcggta gaaaattttg ccgattgagc 	900 

aacactgttg gcatctctca ctccgatagg cggctataag atagaaaatt aaaagtatga 	960 

tacccacgag aaagatgaag agggacaacc aggctagagt atgacgacca cttttccctt 	1020 

gtttgacggt tacatgtgcg gtatgatttt gtcgttgctt gtgatgttgg acgcctggaa 	1080 

cggacaacga cgtataattc ttagatgcgc atacggtgtt attagtggaa gtgcagttac 	1140 

gaattgtaac ctcagtgtca ctacactcag tgcaattggt acaattgtaa agccctgata 	1200 

catacgtacc gttagggcaa agtgtacatg ttgtactcgt atattgcgta cattgtcctg 	1260 

taacacgata tccttgttta catgggggac aacactgact tcctaattgc acttcttcgg 	1320 

gtttgcatat ttcagttttc cctatgcatg ccaatagcat actcagcaaa ataagcatca 	1380 

ccagaggctt catgcctcct accggaagaa taaaaataac tcatggggcc gaacggtatc 	1440 

atcctctccg cggtttgtaa tacgagatcg taaacgtaaa taaatgacat aacttcacta 	1500 

acccgcatac tgcaaagtcc acctacgacg ctgaaagctt ttccaggaca caacaggata 	1560 

gtcagccatc ttcacaggta accagtttct agtcacagta tagcgagcct aagagaccgc 	1620 

acacggtccc tgctggaaac acataccact acatcgattt gtcgtgtcgt acaaccgtca 	1680 

agttttccga acttttatac acgccaatgg cgttaggact atgtgtgctg ctgtgattgg 	1740 
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aggcttcgag agttatgtga cagctgtgat tacacctgtc gccaaggctg acagcgatta 	1800 

cccaggtaga gcacaatcac atagctgatg gacgttggtt gatccgttga ttcccatgga 	1860 

cattttaacg gcgacagtac agctcccgtt aaacattaga ttaatagacg ctagtggatg 	1920 

acagcatgtt attcgcccaa ttgtgatggt ggttatactt tcttgttttt tgctcatatg 	1980 

ctgtaaggtg ttcgaggatc gtggggagta tatgtgttaa atcggaatca tatttactga 	2040 

ccgcgccata cttcgtatac gaacctaacc ggcgtaaagt gttttccgat atataaactg 	2100 

gcgcctattg tggctgtagc gcccataggt atggcatata cccacggtga tgttgtgtta 	2160 

ttcgtttttt gtgataaaac gtagtttatg tttaacgtgt gttccgtcac gttatgtgtg 	2220 

tcgttaaaag acggcgtctg tacagtatgg ctttgagttg tatcttgaat tgttattgca 	2280 

tttggaggtg tgtacagagt ggttgttgtg tgctgaggtg ttgttacgtt ttgaggcaca 2340 

gttgtggtgt atacggactt caaggtgtag ttacggagtc tttctatgca ggtagtgttg 	2400 

agatatttgt gaatgctggt tatgttcgat tctgtgaggt taaagtgtgt actatttatg 	2460 

gcggtataat ttagacggtc ttgccatccc gaggatgtta gtgttaggta attcgtgttg 	2520 

tttacgtttg cttgatatgt ataggtaggt gtactgtttg tgaggtcgca agtgtgattt 	2580 

tcttgcagag attttatcca tcttgtgtga aaatattgag atacgcgatg aatgttttcg 	2640 

ctatctatat tgtaaagcgt ttcggtggta cttaggggtt gtttgctgta actcttattt 	2700 

tggacccagg atgtgaacca tgactccaat gtttgtatag taaggtgtcc tattaataaa 	2760 

gacgaactga ttcctaccgt aatgttatat cgcacaccta gggtgccgtt tacaaacacg 	2820 

gaaatgtttc cgttacaaac cacgttggca gatgaattag attccaggtg gtaacgatag 	2880 

gataatgacc gttcgctccc aacggatgac acaaagtatc cgaataacca acacgcccat 	2940 

tcaatccgca tattttaatc acactattca catttcacac actgcatttt ttaacatgtt 	3000 

atttttttat tttatgcgtg ttctcacctc ttcatctttt taacaccggg gtaactatcg 	3060 

taagtcggta ggcgtcgata gccctcacca cctcgtcgtc cccttcccgg cgtggggcac 	3120 

cagcgtccac agcactgcag gtaacacagg tagcatagga aacatacggt gaaaatactc 	3180 

caaaatccca aaaatgccgc gattccccga gtggcccagg gagacatccc ggtgtctatg 	3240 

tcggccggcg gtgctggcgt caccggtaaa aatttcggcg ggtgtggctg cgaacggtag 3300 

cagtcgccgg ggagccggta acgctgtatc actgtccaac agcggtcggg ttcctcgtcc 	3360 

ggacatgcgg gtttccagca atcctcggcg tcggcgcggc cgatatagaa gtagttgcgt 	3420 

tgaaaaccgc ggtacatccc gcagtcgtga ttccgtagac gccagggcgt cggcgaccag 	3480 

atctggtctc ccagcgagta acgacctaac gccggcgtgc agcaaggttc gtcgggccgg 	3540 

ctgagcgtct ccagttgcgt gagaattacg aagcgttgca tgatgaggcc gtggctgtag 3600 

ttgcgcagca cgcattcgta catgccggcc gtgtccgtcg atacgttgaa agtcagcgag 	3660 

aatatttggc cgagatgcaa ttgcgagaaa ttccaagtgg cgtacggcag gcggtactgg 3720 

agtccgttca tcagccgatg gcctttgacg gcgtccagga tgagctcgtc gctgccgtcg 	3780 

tgggaacgac agaaacgtgc gcgaatggag accatgggcc aggagtgtgt catgaccgtg 3840 

caggggatgg tataacttgc tctccctcgg cgaccaacac cggcgccggc gacgtggtct 	3900 

cataattctc ggcccacatc ttttcggcaa tgtcagcggt ggcgaagggg aacgaagagg 3960 

aagaatattc gaggagtcgc gggcagctca acagcaccca gaacagccac ggcagagttc 	4020 

ggagcgactc tcggcggcac atgatgattc tttctttccc tttttcgcag agacgctgcg 	4080 
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cgcctgctcc tgctccgtgt gtcggccgct caaacgtcgg gccggcgtgg tggtgaccac 	4140 

cgtgcgacgc agcttctcgc ccgggatgcc cgcgactgag cgtccggttt ttttgcaggt 	4200 

cttttttgct gcctcctcct cgccgtcgcc gtcgcggccg acgtggtgga ccagcaccgc 	4260 

gcaggaactc tcgcgtcgcc ggcggtacgc gacctgtctc attgctacct cggatgttta 	4320 

agaaggaacg ttcatctgcg tcacagggtc tgatgaagct gccaagagtc gtggctgtgg 4380 

cgcagcgcgt tctgtacggc gcgtttcacc gctttctgca tggccgctac cacgtcgggt 	4440 

gggagcggct ccggcggaag ctcgatgagc agttgctgcg agtctcggcg ctcggtgtcc 	4500 

gccgtttcgt cggacgtggc gtaaaaaacc gaggtggttg cccagtcgtc cacgctgtcg 	4560 

acggcctctg tcagtgccgg gttgtcaaaa ccgccatcgg acgcgggtga taaaagaacg 4620 

tacgatgaca cgctgttagt acgactctcg tcgtcgctct gggaacgacg tgatggacga 	4680 

cggtagatga cctcgtcttg ccacgcgtcg aagcggtcgc agcagcgctg gatccaagcg 	4740 

cagcgaagca gcttacggaa cacgtcgttg ttccaaaagt agagcataaa gagaaagaaa 4800 

agtagcgtaa taatgaagcc gaaaacgacg agggtcggca gggcactacc gccgctgccg 4860 

ttttttgtgt cgtgcgggtg cacggtggta gtggcgttag tctgagctgg ggtcatgaca 4920 

agtctgaaga gatgagagcg tgggtgctca tcaggaacag ttgaggtctc tccctaccga 4980 

agccttagcc tccacggtgt tttatgatca acgtgtctac gaacgtcatt gtgaaagtga 	5040 

cgtctcaggc tttccgaaac cgcgtcagat tcaacgtggg tttcggttta gcctgcgtca 	5100 

ccgaggcgga ggtggaaatg agccgtcctg tgggggagtg tacgaccctg tagtgcccat 	5160 

gggtaacgtc gcgtcggaag aagtgaatgc ggcattggtg tacgcgtggg ttgttttgct 	5220 

ctctgactcg gaggaattgc cgcagcagct gcagatttta cgtactaacc aaaagcagca 	5280 

aaagcagcag gtaaataaga gaaggagtcc agataatgtc cagccgctag cggcaagcag 	5340 

cgcgagctgt ggtactgtcc agctactgcc gttagaggca ttaatacatg tcgatacggt 	5400 

cgtgttggcg gtagcactag tagattgact ggaattagag ctggtacctg tagtggtttc 	5460 

actcgccgat gcggcgagtg caaataaaat taatatccac agcatgttta ttactatata 	5520 

attgatatac gaacccgtct gtcgtaacaa tcagcgttat acacgctgta tcggcatcgt 	5580 

tttaccggaa agtttatcgt aatgtaaccc gcgttgtgta cattcgtact gacagggaac 	5640 

ccccggtgat gtgcacatta tactctttca ttctggggtt tcccaatgac gtaaaaattt 	5700 

ccactacaca ataaaattac tgactcatgt gaaaagtgtg ctttttatta acagagcaga 	5760 

gggtttacag tagatatatg tttgccaggg ccaccgtttt ctaacaccga tcaccgccac 	5820 

cattaccacc cgttgaactc cacacccggg agccgcctga tcgccaggga ctcctcaccg 	5880 

tccatcgtcc gaacaagctc ccgccaccga tgctgccacc atcaccgaga gaaagaaccg 	5940 

cttgctgcag atacgcttgg gctcgcctcc gtgcggacgc cgtttcgtgc agacgctgag 	6000 

tagatcgagc agagaatgtc aaaacgacat taccgcgatc cgctcccctc ttttttcttt 	6060 

ttctcattca cgtgtattct tgatgataat gtaccatggc tacggtggtg aactgcgtcg 	6120 

cggatcccgt cacgggtttc aacagatcga cgtcggtcag cggcgccgtc accgccatgt 	6180 

ccggcggagg cacgctgttt ctctggttag cgacgtggac cgacgacgaa gacgatgaac 	6240 

ccgcgcggcg gtctgttatc cgcgacgacg cgtagctgca ctgggaagac acttcctccc 	6300 

aacggaccaa gatctcatcg ggccgttcgg agaaacggta tcgtctgtcc gactcccgcc 	6360 
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gtacggcgcc gaggcccagc gacgacaggt ccgcgaaccg gcgctcgtat tccccgtaca 	6420 

gctcgcaaca gcggatcagc cagcggtagc tcaaaaacat gcgcaccagt ttgaaggtgt 	6480 

cgtgccaatg gtaagctaga tagcagagaa tggccacgat cagcacgagc atcacgccga 	6540 

tgatgggtaa cccgacgttc agcggcagat cgtccatggt gaccgtcctc tgtccggatc 	6600 

tacgtcccag tctctctctt ttgtacagca ctcgcgcggg aacggccccc tcaaccctct 	6660 

tacgtagcgg gagatacggc gttctcccgc gggccactta cttgcacggt cgcttgaacg 	6720 

gcggcttgga ccgccacatg taccgcatcc atccattctg gcagcagcgc gttcgacgac 	6780 

gtcgtacgag tcgcggatga tgttaccccg ccagcacctc cgccggcaac cgcgtcgtcg 	6840 

ttgctatcgt cgccggtttc gggcgatgac agcgccggcg gcgcgggtct cgtctcgtcc 	6900 

accatttcca ccgtgtcgaa gcgacagccg ctgccgtagt acatggcccc gttcaacggc 	6960 

cggcgggccg ggtcgccgag ttccgggtcg ggcacatcca tggctcgccg tctgcttctc 	7020 

tgccgctcgt ggtgccgacg gcacttctca ggataatgac agccgcaaaa tagatcgtgg 	7080 

agcatgtctc gccaactgtc ctggtggtaa tatcttaagt acgcgatgag cgcgccgatg 	7140 

gccataatca taagcgtaag caaaacggca cagataacgt gaaacaccgc ggtcatccaa 	7200 

gtcgggcggc gtcggggacg cggtgggtcg gtttctctta cgccggcgtc actcagccac 	7260 

cacacccgta gtcgacattc ccagaaccgg tgaatgcgac tcagggcctt tcgacgccgc 	7320 

catttatttc caacgtccaa gtcccacgtc atttctggca tctccacgcc cttgactgac 	7380 

atactctctt tctctctctt agctgcggtg aaaaagaggg aaggcgtgtg ctgctataca 	7440 

actgtacaac ggacgcgctc gctgtttcgg tctcaggtca tctgcattga ctcggcgtcc 	7500 

ttcatgacgc tctgcaccgc cttttccaag agttcctcga tgtccgacca tcgaggaggc 	7560 

ggggctaact cggaaaccga cacgataggc agcgtggtcg gctccgtcgg cgtgcggggt 	7620 

cggggacagg gacacgagag tcccaccttc gagagattct ccagcccgac ggtgcgcggc 	7680 

agtctcggat tccgcggtgg cttttgtggc gtcggcgttt tcgggaaggg cctgggcgtc 	7740 

accggcggtg tccagccgac cggcttgggt ttcgtgggcg gcggtgtttt cttggtgggc 	7800 

ggcgtgctca ggttcttacg cggcgcgggt atcggcgtcg ggggcctgtg cgacgacagc 	7860 

cgcgtggtgg gggcccggac cggcggcgta ggcggccgct tcttgcgccc gggcggcgga 	7920 

ggtggcttcc aggatggcgg cggctgatgc agtaccgtgt cgacgctggc cgaggacgac 	7980 

aaagagctcg acgaggagca atgcgacgga gatcggccga tgctggtcgg cgttcccggc 	8040 

gtggatacgt cggggatctc gaatcgcgcc ggaggaaact cgggtttatc tatcggcaga 	8100 

ccatcctctc ctatgtagag cgacgtacac cgcggcacct gcggcgtcgg cgggtgggtg 	8160 

gccacccgca tgagccccag ttccagatcc agcggctcga cgacgtcttc tttcggaatt 	8220 

cgatagcagc acgcgcaggc accacgctta tcagaagcag cacccgggag ccggcctcgc 	8280 

gacgaagtct cgtcggatcg cttgcggcct cggcgctggg taaataagga aatggccagg 	8340 

accagggaag ccagtccggt accgccgagg agcccgacgc cgagccacag ccacaccatg 	8400 

atcttctctc ctgcttggaa tctcaaactc cgtgtcggga agggccggtg tacggacatt 	8460 

tatgccttgg atttctggaa acgtcatttt ttggcaagga atgtgtttat tgtccaaaca 	8520 

ctgaggaagg agatgtgagc caagtcggaa aattccttat cacaccgggg gcgggttacg 	8580 

ttccggtctg atgctgctgc tgttgttgta gagccgcggc catggccgcc tgcacggcag 	8640 

cttgtaccgc ctcggccacg ccgggtggca tctgcggcat ggcgggggga gacgcgtcgg 	8700 
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gcggaccgcc gggcatcgcc gtcggctgcg acggtggttg tgaactcacc gtcggctcgc 	8760 

acggaggttt gtccttcggt ttgctcttcg gtttatcttt cgccctacct ttcttcggtt 	8820 

tgggttccga tgtcggtgtt ggcggctgcg gtgggatgac gggctggtgg gactcctccg 	8880 

acggcggggg gacgaatact gtcggcgccg aaaccggggg actctcgact atctcgcaga 	8940 

tcaccctgtc gggatcgtcg ccgtgtccgg gacgccgtcg atgaccatat tgaaccatgt 	9000 

cgtaaatcat cgtctccttg taacacgctg aacagcagcg gctacaagga cccgaaatgc 	9060 

atttgcagct gcacttacag ctgcagctgc agtagcgcac ccatcggcag gtgaagacgt 	9120 

cgattacgga gtccttgaag aattcccggt aacggatgag atacgcgcag aggaaaatca 	9180 

tgaaaacaga acagccgact acggctgcga tgccgggtcc cgaaaacgta ttcggtgatc 	9240 

ctaccaaaca ccaaattccc agggccgcgc atgttatcca ggccacaata atcgtgggaa 	9300 

cgccccattg gcattgccac gaaggatcgt gcacgtcgca acccatcgct actgcgttct 	9360 

cccacaaacg ccatcgcact atttatccct acagcggctg 	 9400 

<210> SEQ ID NO 24 
<211> LENGTH: 387 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 24 

Met Gly Ser Gly Ile Gly Ala Ala Ser Met Glu Phe Cys Phe Asp Val 
1 	 5 	 10 	 15 

Phe Lys Glu Leu Lys Val His His Ala Asn Glu Asn Ile Phe Tyr Cys 
20 	 25 	 30 

Pro Ile Ala Ile Met Ser Ala Leu Ala Met Val Tyr Leu Gly Ala Lys 
35 	 40 	 45 

Asp Ser Thr Arg Thr Gln Ile Asn Lys Val Val Arg Phe Asp Lys Leu 
50 	 55 	 60 

Pro Gly Phe Gly Asp Ser Ile Glu Ala Gln Cys Gly Thr Ser Val Asn 
65 	 70 	 75 	 80 

Val His Ser Ser Leu Arg Asp Ile Leu Asn Gln Ile Thr Lys Pro Asn 
85 	 90 	 95 

Asp Val Tyr Ser Phe Ser Leu Ala Ser Arg Leu Tyr Ala Glu Glu Arg 
100 	 105 	 110 

Tyr Pro Ile Leu Pro Glu Tyr Leu Gln Cys Val Lys Glu Leu Tyr Arg 
115 	 120 	 125 

Gly Gly Leu Glu Pro Ile Asn Phe Gln Thr Ala Ala Asp Gln Ala Arg 
130 	 135 	 140 

Glu Leu Ile Asn Ser Trp Val Glu Ser Gln Thr Asn Gly Ile Ile Arg 
145 	 150 	 155 	 160 

Asn Val Leu Gln Pro Ser Ser Val Asp Ser Gln Thr Ala Met Val Leu 
165 	 170 	 175 

Val Asn Ala Ile Val Phe Lys Gly Leu Trp Glu Lys Thr Phe Lys Asp 
180 	 185 	 190 

Glu Asp Thr Gln Ala Met Pro Phe Arg Val Thr Glu Gln Glu Ser Lys 
195 	 200 	 205 

Pro Val Gln Met Met Tyr Gln Ile Gly Leu Phe Arg Val Ala Ser Met 

210 	 215 	 220 
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Ala Ser Glu Lys Met Lys Ile Leu Glu Leu Pro Phe Ala Ser Gly Thr 
225 	 230 	 235 	 240 

Met Ser Met Leu Val Leu Leu Pro Asp Glu Val Ser Gly Leu Glu Gln 
245 	 250 	 255 

Leu Glu Ser Ile Ile Asn Phe Glu Lys Leu Thr Glu Trp Thr Ser Ser 
260 	 265 	 270 

Asn Val Met Glu Glu Arg Lys Ile Lys Val Tyr Leu Pro Arg Met Lys 
275 	 280 	 285 

Met Glu Glu Lys Tyr Asn Leu Thr Ser Val Leu Met Ala Met Gly Ile 
290 	 295 	 300 

Thr Asp Val Phe Ser Ser Ser Ala Asn Leu Ser Gly Ile Ser Ser Ala 
305 	 310 	 315 	 320 

Glu Ser Leu Lys Ile Ser Gln Ala Val His Ala Ala His Ala Glu Ile 
325 	 330 	 335 

Asn Glu Ala Gly Arg Glu Val Val Gly Ser Ala Glu Ala Gly Val Asp 
340 	 345 	 350 

Ala Ala Ser Val Ser Glu Glu Phe Arg Ala Asp His Pro Phe Leu Phe 
355 	 360 	 365 

Cys Ile Lys His Ile Ala Thr Asn Ala Val Leu Phe Phe Gly Arg Cys 
370 	 375 	 380 

Val Ser Pro 
385 

<210> SEQ ID NO 25 
<211> LENGTH: 498 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 25 

Met Ser Gly Gln Gly Thr Lys Arg Ser Tyr Glu Gln Met Glu Thr Asp 
1 	 5 	 10 	 15 

Gly Glu Arg Gln Asn Ala Thr Glu Ile Arg Ala Ser Val Gly Lys Met 
20 	 25 	 30 

Ile Gly Gly Ile Gly Arg Phe Tyr Ile Gln Met Cys Thr Glu Leu Lys 
35 	 40 	 45 

Leu Ser Asp Tyr Glu Gly Arg Leu Ile Gln Asn Ser Leu Thr Ile Glu 
50 	 55 	 60 

Arg Met Val Leu Ser Ala Phe Asp Glu Arg Arg Asn Lys Tyr Leu Glu 
65 	 70 	 75 	 80 

Glu His Pro Ser Ala Gly Lys Asp Pro Lys Lys Thr Gly Gly Pro Ile 
85 	 90 	 95 

Tyr Arg Arg Val Asn Gly Lys Trp Met Arg Glu Leu Ile Leu Tyr Asp 
100 	 105 	 110 

Lys Glu Glu Ile Arg Arg Ile Trp Arg Gln Thr Asn Asn Gly Asp Asp 
115 	 120 	 125 

Ala Thr Ala Gly Leu Thr His Met Met Ile Trp His Ser Asn Leu Asn 
130 	 135 	 140 

Asp Ala Thr Tyr Gln Arg Thr Arg Ala Leu Val Arg Thr Gly Met Asp 
145 	 150 	 155 	 160 

Pro Arg Met Cys Ser Leu Met Gln Gly Ser Thr Leu Pro Arg Arg Ser 
165 	 170 	 175 

Gly Ala Ala Gly Ala Ala Val Lys Gly Val Gly Thr Met Val Met Glu 
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180 	 185 	 190 

Leu Val Arg Met Ile Lys Arg Gly Ile Asn Asp Arg Asn Phe Trp Arg 
195 	 200 	 205 

Gly Glu Asn Gly Arg Lys Thr Arg Ile Ala Tyr Glu Arg Met Cys Asn 
210 	 215 	 220 

Ile Leu Lys Gly Lys Phe Gin Thr Ala Ala Gin Lys Ala Met Met Asp 
225 	 230 	 235 	 240 

Gin Val Arg Glu Ser Arg Asn Pro Gly Asn Ala Glu Phe Glu Asp Leu 
245 	 250 	 255 

Thr Phe Leu Ala Arg Ser Ala Leu Ile Leu Arg Gly Ser Val Ala His 
260 	 265 	 270 

Lys Ser Cys Leu Pro Ala Cys Val Tyr Gly Pro Ala Val Ala Ser Gly 
275 	 280 	 285 

Tyr Asp Phe Glu Arg Glu Gly Tyr Ser Leu Val Gly Ile Asp Pro Phe 
290 	 295 	 300 

Arg Leu Leu Gin Asn Ser Gin Val Tyr Ser Leu Ile Arg Pro Asn Glu 
305 	 310 	 315 	 320 

Asn Pro Ala His Lys Ser Gin Leu Val Trp Met Ala Cys His Ser Ala 
325 	 330 	 335 

Ala Phe Glu Asp Leu Arg Val Leu Ser Phe Ile Lys Gly Thr Lys Val 
340 	 345 	 350 

Leu Pro Arg Gly Lys Leu Ser Thr Arg Gly Val Gin Ile Ala Ser Asn 
355 	 360 	 365 

Glu Asn Met Asp Ala Met Glu Ser Ser Thr Leu Glu Leu Arg Ser Arg 
370 	 375 	 380 

Tyr Trp Ala Ile Arg Thr Arg Ser Gly Gly Asn Thr Asn Gin Gin Arg 
385 	 390 	 395 	 400 

Ala Ser Ala Gly Gin Ile Ser Ile Gin Pro Thr Phe Ser Val Gin Arg 
405 	 410 	 415 

Asn Leu Pro Phe Asp Arg Thr Thr Ile Met Ala Ala Phe Asn Gly Asn 
420 	 425 	 430 

Thr Glu Gly Arg Thr Ser Asp Met Arg Thr Glu Ile Ile Arg Met Met 
435 	 440 	 445 

Glu Ser Ala Arg Pro Glu Asp Val Ser Phe Gin Gly Arg Gly Val Phe 
450 	 455 	 460 

Glu Leu Ser Asp Glu Lys Ala Ala Ser Pro Ile Val Pro Ser Phe Asp 
465 	 470 	 475 	 480 

Met Ser Asn Glu Gly Ser Tyr Phe Phe Gly Asp Asn Ala Glu Glu Tyr 
485 	 490 	 495 

Asp Asn 

<210> SEQ ID NO 26 
<211> LENGTH: 99 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 26 

Met Arg Ala Thr Val Gly Leu Val Glu Ala Ile Gly Ile Arg Glu Leu 
1 	 5 	 10 	 15 

Arg Gin His Ala Ser Arg Tyr Leu Ala Arg Val Glu Ala Gly Glu Glu 
20 	 25 	 30 
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Leu Gly Val Thr Asn Lys Gly Arg Leu Val Ala Arg Leu Ile Pro Val 
35 	 40 	 45 

Gln Ala Ala Glu Arg Ser Arg Glu Ala Leu Ile Glu Ser Gly Val Leu 
50 	 55 	 60 

Ile Pro Ala Arg Arg Pro Gln Asn Leu Leu Asp Val Thr Ala Glu Pro 
65 	 70 	 75 	 80 

Ala Arg Gly Arg Lys Arg Thr Leu Ser Asp Val Leu Asn Glu Met Arg 
85 	 90 	 95 

Asp Glu Gln 

<210> SEQ ID NO 27 
<211> LENGTH: 345 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 27 

Met Ala Trp Arg Ser Gly Leu Cys Glu Thr Asp Ser Arg Thr Leu Lys 
1 	 5 	 10 	 15 

Gln Phe Leu Gln Glu Glu Cys Met Trp Lys Leu Val Gly Lys Ser Arg 
20 	 25 	 30 

Lys His Arg Glu Tyr Arg Ala Val Ala Cys Arg Ser Thr Ile Phe Ser 
35 	 40 	 45 

Pro Glu Asp Asp Gly Ser Cys Ile Leu Cys Gln Leu Leu Leu Leu Tyr 
50 	 55 	 60 

Arg Asp Gly Glu Trp Ile Leu Cys Leu Cys Cys Asn Gly Arg Tyr Gln 
65 	 70 	 75 	 80 

Gly His Tyr Gly Val Gly His Val His Arg Arg Arg Arg Arg Ile Cys 
85 	 90 	 95 

His Leu Pro Thr Leu Tyr Gln Leu Ser Phe Gly Gly Pro Leu Gly Pro 
100 	 105 	 110 

Ala Ser Ile Asp Phe Leu Pro Ser Phe Ser Gln Val Thr Ser Ser Met 
115 	 120 	 125 

Thr Cys Asp Gly Ile Thr Pro Asp Val Ile Tyr Glu Val Cys Met Leu 
130 	 135 	 140 

Val Pro Gln Asp Glu Ala Lys Arg Ile Leu Val Lys Gly His Gly Ala 
145 	 150 	 155 	 160 

Met Asp Leu Thr Cys Gln Lys Ala Val Thr Leu Gly Gly Ala Gly Ala 
165 	 170 	 175 

Trp Leu Leu Pro Arg Pro Glu Gly Tyr Thr Leu Phe Phe Tyr Ile Leu 
180 	 185 	 190 

Cys Tyr Asp Leu Phe Thr Ser Cys Gly Asn Arg Cys Asp Ile Pro Ser 
195 	 200 	 205 

Met Thr Arg Leu Met Ala Ala Ala Thr Ala Cys Gly Gln Ala Gly Cys 
210 	 215 	 220 

Ser Phe Cys Thr Asp His Glu Gly His Val Asp Pro Thr Gly Asn Tyr 
225 	 230 	 235 	 240 

Val Gly Cys Thr Pro Asp Met Gly Arg Cys Leu Cys Tyr Val Pro Cys 
245 	 250 	 255 

Gly Pro Met Thr Gln Ser Leu Ile His Asn Asp Glu Pro Ala Thr Phe 
260 	 265 	 270 

Phe Cys Glu Ser Asp Asp Ala Lys Tyr Leu Cys Ala Val Gly Ser Lys 
275 	 280 	 285 
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Thr Ala Ala Gln Val Thr Leu Gly Asp Gly Leu Asp Tyr His Ile Gly 
290 	 295 	 300 

Val Lys Asp Ser Glu Gly Arg Trp Leu Pro Val Lys Thr Asp Val Trp 
305 	 310 	 315 	 320 

Asp Leu Val Lys Val Glu Glu Pro Val Ser Arg Met Ile Val Cys Ser 
325 	 330 	 335 

Cys Pro Val Leu Lys Asn Leu Val His 
340 	 345 

<210> SEQ ID NO 28 

<211> LENGTH: 12 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 28 

Val Thr Leu Gly Gly Ala Gly Ala Trp Leu Leu Pro 
1 	 5 	 10 

<210> SEQ ID NO 29 

<211> LENGTH: 190 

<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 29 

Met Gly Gly Glu Leu Cys Lys Arg Ile Cys Cys Glu Phe Gly Thr Thr 
1 	 5 	 10 	 15 

Ser Gly Glu Pro Leu Lys Asp Ala Leu Gly Arg Gln Val Ser Leu Arg 
20 	 25 	 30 

Ser Tyr Asp Asn Ile Pro Pro Thr Ser Ser Ser Asp Glu Gly Glu Asp 
35 	 40 	 45 

Asp Asp Asp Gly Glu Asp Asp Asp Asn Glu Glu Arg Gln Gln Lys Leu 
50 	 55 	 60 

Arg Leu Cys Gly Ser Gly Cys Gly Gly Asn Asp Ser Ser Ser Gly Ser 
65 	 70 	 75 	 80 

His Arg Glu Ala Thr His Asp Gly Pro Lys Lys Asn Ala Val Arg Ser 
85 	 90 	 95 

Thr Phe Arg Glu Asp Lys Ala Pro Lys Pro Ser Lys Gln Ser Lys Lys 
100 	 105 	 110 

Lys Lys Lys Pro Ser Lys His His His His Gln Gln Ser Ser Ile Met 
115 	 120 	 125 

Gln Glu Thr Asp Asp Leu Asp Glu Glu Asp Thr Ser Ile Tyr Leu Ser 
130 	 135 	 140 

Pro Pro Pro Val Pro Pro Val Gln Val Val Ala Lys Arg Leu Pro Arg 
145 	 150 	 155 	 160 

Pro Asp Thr Pro Arg Thr Pro Arg Gln Lys Lys Ile Ser Gln Arg Pro 
165 	 170 	 175 

Pro Thr Pro Gly Thr Lys Lys Pro Ala Ala Pro Leu Ser Phe 
180 	 185 	 190 

<210> SEQ ID NO 30 
<211> LENGTH: 345 

<212> TYPE: PRT 
<213> ORGANISM: artificial 
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-continued 

<220> FEATURE: 
<223> OTHER INFORMATION: syntehtic 

<400> SEQUENCE: 30 

Met Ala Thr Ser Arg Leu Ser Val Lys Ser Leu Arg Ser Ile Ser Arg 
1 	 5 	 10 	 15 

Phe Val Gln Trp Glu Cys Cys Trp Met Leu Val Asn Lys Ser Ala Arg 
20 	 25 	 30 

Tyr Arg Glu Phe Arg Ala Val Thr Ser Gln Ser Pro Gly Leu Gly Lys 
35 	 40 	 45 

Val Ser Ser Thr Asp Asp Gly Arg Cys Leu Ala Ala Ser Met Met Leu 
50 	 55 	 60 

Phe Arg Arg Asp Gly Asn Phe Val Leu Cys Leu Val Val Asn Lys Glu 
65 	 70 	 75 	 80 

Pro Val Gly Gln Phe Gly Cys Ser Gly Met Arg Arg Glu Lys Met Val 
85 	 90 	 95 

Ile Asp Gly Leu Gln Glu Pro Val Tyr Val Met Arg Leu Leu Ala Pro 
100 	 105 	 110 

Leu Ile Pro Val Lys Leu Gly Phe Ser Pro Tyr Met Leu Pro Pro Lys 
115 	 120 	 125 

Ser Ile Gly Gly Ser Gly Gly Leu Asp Pro Ser Val Ile Tyr Gln Asn 
130 	 135 	 140 

Ala Ser Val Val Thr Pro Glu Glu Ala Ala Thr Val Thr Met Gln Gly 
145 	 150 	 155 	 160 

Ser Gly Ile Val Thr Val Gly Leu Ser Gly Val Gly Ser Trp Val Gln 
165 	 170 	 175 

Ile Lys Asp Gly Gly Asn Met Lys Leu Phe Val Phe Ala Leu Cys Phe 
180 	 185 	 190 

Asp Val Phe Thr Ala Cys Cys Asp Arg Leu Ala Phe Pro Ser Leu Ala 
195 	 200 	 205 

Lys Ile Tyr Ser Glu Thr Val Ser Cys Glu Ala Asp Lys Cys Gly Phe 
210 	 215 	 220 

Cys Arg Asp Ser Gly Arg His Val Asp Pro Thr Gly Arg Phe Val Gly 
225 	 230 	 235 	 240 

Cys Val Pro Asp Ser Gly Val Cys Leu Cys Tyr Ser Pro Cys Arg Gly 
245 	 250 	 255 

Thr Asp Ala Ala Val Ser Val Arg Ser Trp Leu Pro Tyr Leu Glu Leu 
260 	 265 	 270 

Glu Asp Gly Ala Asn Thr His Ser Leu Phe Val Arg Arg Tyr Asp Gly 
275 	 280 	 285 

Arg Lys Gly Leu Pro Ala Thr Ile Ser Asp Tyr Leu Gly Ala Arg Asn 
290 	 295 	 300 

Ser Glu Gly Asp Glu Ile Pro Leu Arg Thr Glu Pro Trp Gln Leu Leu 
305 	 310 	 315 	 320 

Lys Ile Glu Pro Thr Leu Ser Ala Met Ile Ile Met Ala Cys Pro Leu 
325 	 330 	 335 

Leu Lys Lys Ile Val Leu Glu His Met 
340 	 345 

<210> SEQ ID NO 31 
<211> LENGTH: 353 
<212> TYPE: PRT 
<213> ORGANISM: artificial 
<220> FEATURE: 
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-continued 

<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 31 

Met Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Thr Ser Arg Leu Ser Val 
1 	 5 	 10 	 15 

Lys Ser Leu Arg Ser Ile Ser Arg Phe Val Gln Trp Glu Cys Cys Trp 
20 	 25 	 30 

Met Leu Val Asn Lys Ser Ala Arg Tyr Arg Glu Phe Arg Ala Val Thr 
35 	 40 	 45 

Ser Gln Ser Pro Gly Leu Gly Lys Val Ser Ser Thr Asp Asp Gly Arg 
50 	 55 	 60 

Cys Leu Ala Ala Ser Met Met Leu Phe Arg Arg Asp Gly Asn Phe Val 
65 	 70 	 75 	 80 

Leu Cys Leu Val Val Asn Lys Glu Pro Val Gly Gln Phe Gly Cys Ser 
85 	 90 	 95 

Gly Met Arg Arg Glu Lys Met Val Ile Asp Gly Leu Gln Glu Pro Val 
100 	 105 	 110 

Tyr Val Met Arg Leu Leu Ala Pro Leu Ile Pro Val Lys Leu Gly Phe 
115 	 120 	 125 

Ser Pro Tyr Met Leu Pro Pro Lys Ser Ile Gly Gly Ser Gly Gly Leu 
130 	 135 	 140 

Asp Pro Ser Val Ile Tyr Gln Asn Ala Ser Val Val Thr Pro Glu Glu 
145 	 150 	 155 	 160 

Ala Ala Thr Val Thr Met Gln Gly Ser Gly Ile Val Thr Val Gly Leu 
165 	 170 	 175 

Ser Gly Val Gly Ser Trp Val Gln Ile Lys Asp Gly Gly Asn Met Lys 
180 	 185 	 190 

Leu Phe Val Phe Ala Leu Cys Phe Asp Val Phe Thr Ala Cys Cys Asp 
195 	 200 	 205 

Arg Leu Ala Phe Pro Ser Leu Ala Lys Ile Tyr Ser Glu Thr Val Ser 
210 	 215 	 220 

Cys Glu Ala Asp Lys Cys Gly Phe Cys Arg Asp Ser Gly Arg His Val 
225 	 230 	 235 	 240 

Asp Pro Thr Gly Arg Phe Val Gly Cys Val Pro Asp Ser Gly Val Cys 
245 	 250 	 255 

Leu Cys Tyr Ser Pro Cys Arg Gly Thr Asp Ala Ala Val Ser Val Arg 
260 	 265 	 270 

Ser Trp Leu Pro Tyr Leu Glu Leu Glu Asp Gly Ala Asn Thr His Ser 
275 	 280 	 285 

Leu Phe Val Arg Arg Tyr Asp Gly Arg Lys Gly Leu Pro Ala Thr Ile 
290 	 295 	 300 

Ser Asp Tyr Leu Gly Ala Arg Asn Ser Glu Gly Asp Glu Ile Pro Leu 
305 	 310 	 315 	 320 

Arg Thr Glu Pro Trp Gln Leu Leu Lys Ile Glu Pro Thr Leu Ser Ala 
325 	 330 	 335 

Met Ile Ile Met Ala Cys Pro Leu Leu Lys Lys Ile Val Leu Glu His 
340 	 345 	 350 

Met 

<210> SEQ ID NO 32 
<211> LENGTH: 179 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
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-continued 

<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 32 

gaccgcgcca cagcagagcc agcaccagca gaagagccag caccagcggg cccagagtcg 	60 

caaagcgcgc gggcagccac ggcccagact gcggtcgcga tggcccggag cgcgctcgcc 	120 

accacgatga cggtgcccaa cgataaccag tccgctcccg caccgacgcc accgccgat 	179 

<210> SEQ ID NO 33 
<211> LENGTH: 38 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 33 

atgtctagcg ttttctcaac agcattcgtg cgccttga 	 38 

<210> SEQ ID NO 34 
<211> LENGTH: 	252 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 34 

cacggcctgg cccagcgagc cctgcgggac cggttccaaa acttcgaggc cgtgctggcc 60 

cggggcatgc acgtggaggc cggccggcag gagcccgaga ccccccgggt gagcggccgg 120 

cggctgccct tcgacgacct gtgatccgga ggacgacggc tcgtgtatct tgtgccaatt 180 

gctgttgctc taccgcgacg gcgaatggat cctctgtctt tgctgcaacg gccgttatca 240 

aggccactat gg 252 

<210> SEQ ID NO 35 
<211> LENGTH: 67 
<212> TYPE: DNA 
<213> ORGANISM: artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: synthetic 

<400> SEQUENCE: 35 

ctgggtcgcc aacagcgcca acgagtacgt cgtcagctcc gtgccccgcc ccgtcagtcc 	60 

gtagaag 	 67 

1. A beta-herpesvirus, preferably a recombinant beta-her 
pesvirus, wherein the beta-herpesvirus is spread-deficient. 

2. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus is endotheliotropic and/or has a wild type-
like virion surface. 

3. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus is endotheliotropic and has a wild type-like 
virion surface. 

4. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus is suitable to or capable of inducing an 
immune response, wherein preferably the immune response 
comprises neutralizing antibodies against beta-herpesvirus 
and CD4 and CD8 T-cells directed against epitopes of beta-
herpesvirus. 

5. The beta-herpesvirus according to claim 4, wherein the 
immune response comprises neutralizing antibodies, wherein 
beta-herpesvirus is prevented from infecting endothelial cells 
and/or epithelial cells by the neutralizing antibodies. 

6. The beta-herpesvirus according to claim 5, wherein 
beta-herpesvirus which is prevented from infecting endothe-
lial cells and/or epithelial cells by the neutralizing antibodies, 
is a pathogen, preferably a human pathogen. 

7. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus is a human beta-herpesvirus. 

8. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus is a cytomegalovirus. 

9. The beta-herpesvirus according to claim 7, wherein the 
beta-herpesvirus is a human cytomegalovirus. 
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10. The beta-herpesvirus according to claim 1, preferable 
claim 9, wherein the beta-herpesvirus is deficient in at least 
one gene product involved in primary and/or secondary 
envelopment. 

11. The beta-herpesvirus according to claim 10, wherein 
the at least one gene product is involved in primary envelop-
ment 

12. The beta-herpesvirus according to claim 11, wherein 
the at least one gene product is encoded by a gene selected 
from the group comprising UL50 and UL 53 and homologs of 
each thereof. 

13. The beta-herpesvirus according to claim 10, wherein 
the at least one gene product is involved in secondary envel-
opment. 

14. The beta-herpesvirus according to claim 13, wherein 
the at least one gene product is encoded by a gene selected 
from the group comprising UL94 and UL99 and homologs 
each thereof. 

15. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
181652 of the nucleotide sequence according to SEQ.ID.NO:  
20 and a third nucleotide sequence represented by nucleotides 
189192 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 123668 of the nucleotide sequence 
according to SEQ.ID.NO:20  and wherein nucleotide 181652 
of the nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to nucleotide 189192 of the nucleotide 
sequence according to SEQ.ID.NO:20. 

16. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
181652 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides 
189192 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20  and a fourth nucleotide sequence comprising 
a nucleotide sequence according to SEQ.ID.NO:34. 

17. The beta-herpesvirus according to claim 16, wherein 
nucleotide 122630 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 34, wherein 
nucleotide 252 of the nucleotide sequence according to SEQ. 
ID.No: 34 is covalently linked to nucleotide 123668 of the 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

18. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
130670 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides  

131243 to 181652 of the nucleotide sequence according to 
SEQ.ID.NO:20  and a fourth nucleotide sequence represented 
by nucleotides 189192 to 233681 of the nucleotide sequence 
according to SEQ.ID.NO:20  and wherein nucleotide 122630 
of the nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to nucleotide 123668 of the nucleotide 
sequence according to SEQ.ID.NO:20, wherein the nucle-
otide 130670 of the nucleotide sequence according to SEQ. 
ID.NO:20  is covalently linked to the nucleotide 131243 of the 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein the nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to the nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

19. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
130670 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides 
131243 to 181652 of the nucleotide sequence according to 
SEQ.ID.NO:20, a fourth nucleotide sequence represented by 
nucleotides 189192 to 233681 of the nucleotide sequence 
according to SEQ.ID.NO:20, a fifth nucleotide sequence 
comprising a nucleotide sequence according to SEQ.ID.No: 
34 and a sixth nucleotide sequence comprising a nucleotide 
sequence according to SEQ.ID.No: 35. 

20. The beta-herpesvirus according to claim 19, wherein 
nucleotide 122630 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 34, wherein 
nucleotide 252 of the nucleotide sequence according to SEQ. 
ID.No: 34 is covalently linked to nucleotide 123668 of the 
nucleotide sequence according to SEQ.ID.NO:20, wherein 
nucleotide 130670 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 35, wherein 
nucleotide 67 of the nucleotide sequence according to SEQ. 
ID.NO:35  is covalently linked to nucleotide 131243 of the 
nucleotide sequence according to SEQ.ID.No: 20, and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

21. Thebeta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 181652 
ofthenucleotide sequence according to SEQ.ID.NO:20  and a 
third nucleotide sequence represented by nucleotides 189192 
to 233681 of the nucleotide sequence according to SEQ.ID. 
NO:20 and wherein nucleotide 58442 of the nucleotide 
sequence according to SEQ.ID.NO:20  is covalently linked to 
nucleotide 59623 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein nucleotide 181652 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to the nucleotide 189192 of the nucleotide sequence 
according to SEQ.ID.NO:20. 

22. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
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the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 58442 of the nucle-
ofide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 181652 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
third nucleotide sequence represented by nucleotides 189192 
to 233681 of the nucleotide sequence according to SEQ.ID. 
NO:20 and a fourth nucleotide sequence comprising a nucle-
otide sequence according to SEQ.ID.No: 32. 

23. The beta-herpesvirus according to claim 22, wherein 
nucleotide 58442 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 32, wherein 
nucleotide 179 of the nucleotide sequence according to SEQ. 
ID.No: 32 is covalently linked to nucleotide 59623 of the 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

24. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 62129 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 63261 to 181652 
of the nucleotide sequence according to SEQ.ID.NO:20  and a 
third nucleotide sequence represented by nucleotides 189192 
to 233681 of the nucleotide sequence according to SEQ.ID. 
NO:20 and wherein nucleotide 62129 of the nucleotide 
sequence according to SEQ.ID.NO:20  is covalently linked to 
nucleotide 63261 of the nucleotide sequence according to 
SEQ.ID.NO:20  and wherein the nucleotide 181652 of the 
nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to the nucleotide 189192 of the nucleotide 
sequence according to SEQ.ID.NO:20. 

25. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 62129 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 63261 to 181652 
of the nucleotide sequence according to SEQ.ID.NO:20, a 
third nucleotide sequence represented by nucleotides 189192 
to 233681 of the nucleotide sequence according to SEQ.ID. 
NO:20 and a fourth nucleotide sequence comprising a nucle-
otide sequence according to SEQ.ID.No: 33. 

26. The beta-herpesvirus according to claim 25, wherein 
nucleotide 62129 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 33, wherein 
nucleotide 38 of the nucleotide sequence according to SEQ. 
ID.No: 33 is covalently linked to nucleotide 63261 of the 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

27. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 58442 of the nucle-
ofide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 62129 of  

the nucleotide sequence according to SEQ.ID.NO:20, a third 
nucleotide sequence represented by nucleotides 632161 to 
181652 of the nucleotide sequence according to SEQ.ID.NO:  
20 and a fourth nucleotide sequence represented by nucle-
otides 189192 to 233681 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20  and wherein nucleotide 58442 of the 
nucleotide sequence according to SEQ.ID.NO:20  is 
covalently linked to nucleotide 59623 of the nucleotide 
sequence according to SEQ.ID.NO:20, wherein the nucle-
otide 62129 of the nucleotide sequence according to SEQ.ID. 
NO:20 is covalently linked to the nucleotide 63261 of the 
nucleotide sequence according to SEQ.ID.NO:20  and 
wherein the nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to the nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

28. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises a nucleotide sequence, wherein 
the nucleotide sequence comprises a first nucleic acid 
sequence represented by nucleotides 1 to 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 62129 of 
the nucleotide sequence according to SEQ.ID.NO:20, a third 
nucleotide sequence represented by nucleotides 63261 to 
181652 of the nucleotide sequence according to SEQ.ID.NO:  
20, a fourth nucleotide sequence represented by nucleotides 
189192 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20, a fifth nucleotide sequence comprising a 
nucleotide sequence according to SEQ.ID.No: 32 and a sixth 
nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 33. 

29. The beta-herpesvirus according to claim 28, wherein 
nucleotide 58442 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 32, wherein 
nucleotide 179 of the nucleotide sequence according to SEQ. 
ID.No: 32 is covalently linked to nucleotide 59623 of the 
nucleotide sequence according to SEQ.ID.NO:20, wherein 
nucleotide 62129 of the nucleotide sequence according to 
SEQ.ID.NO:20  is covalently linked to nucleotide 1 of the 
nucleotide sequence according to SEQ.ID.No: 33, wherein 
nucleotide 38 of the nucleotide sequence according to SEQ. 
ID.NO:33  is covalently linked to nucleotide 63261 of the 
nucleotide sequence according to SEQ.ID.No: 20, and 
wherein nucleotide 181652 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

30. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus comprises one or more genes selected from 
the group comprising UL133, UL134, UL135, UL136, 
UL137, UL138, UL139, UL140, UL141, UL142, UL143, 
UL144 and UL145 

31. The beta-herpesvirus according to claim 1, wherein the 
beta herpesvirus comprises the nucleotide sequence accord-
ing to SEQ.ID.NO:23. 

32. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus is deficient in at least one gene product 
encoded by an immune evasive gene. 

33. The beta-herpesvirus according to claim 32, wherein 
the at least one gene product encoded by an immune evasive 
gene is selected from the group comprising gene products 
regulating MHC class I presentation and gene products regu-
lating NK cell response. 
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34. The beta-herpesvirus according to claim 33, wherein 
the at least one gene product encoded by an immune evasive 
gene is a gene product regulating MHC class I presentation. 

35. The beta-herpesvirus according to claim 34, wherein 
the gene product regulating MHC class I presentation is 
selected from the group comprising US6, US3, US2, UL18, 
US11, UL83 and UL40. 

36. The beta-herpesvirus according to claim 33, wherein 
the at least one gene product encoded by an immune evasive 
gene is a gene product regulating NK cell response. 

37. The beta-herpesvirus according to claim 36, wherein 
the gene product regulating NK cell response is selected from 
the group comprising gene products encoded by the genes 
UL40, UL16 and UL18. 

38. The beta-herpesvirus according to claim 1, wherein the 
beta-herpesvirus encodes a heterologous nucleic acid. 

39. The beta-herpesvirus according to claim 41, wherein 
the heterologous nucleic acid is a functional nucleic acid, 
preferably selected from the group comprising anti sense mol-
ecules, ribozymes and RNA interference mediating nucleic 
acids. 

40. The beta-herpesvirus according to claim 38, wherein 
the nucleic acid is a nucleic acid coding for a peptide, oli-
gopeptide, polypeptide or protein. 

41. The beta-herpesvirus according to claim 40, wherein 
the peptide, oligopeptide, polypeptide or protein comprises at 
least one antigen. 

42. The beta-herpesvirus according to claim 41, wherein 
the antigen is an antigen selected from the group comprising 
viral antigens, bacterial antigens and parasite antigens. 

43. The beta-herpesvirus according to claim 1 for or suit-
able for use in a method for the treatment of a subject and/or 
for use in a method for the vaccination of a subject. 

44. The beta-herpesvirus according to claim 43, wherein 
the subject is a mammal, preferably a human. 

45. The beta-herpesvirus according to claim 43, wherein 
the beta-herpesvirus is human cytomegalovirus. 

46. The beta-herpesvirus according to claim 43, wherein 
the subject is suffering from a disease or is at risk of suffering 
from a disease. 

47. The beta-herpesvirus according to claim 43, wherein 
the vaccination is a vaccination against a disease. 

48. The beta-herpesvirus according to claim 46, wherein 
the disease is a disease or condition which is associated with 
beta-herpesvirus infection, preferably human cytomegalovi-
rus infection. 

49. The beta-herpesvirus according to claim 48, wherein 
the disease or condition is selected from the group comprising 
congenital inclusion disease. 

50. The beta-herpesvirus according to claim 43, wherein 
the subject is a pregnant female or female of reproductive age, 
preferably a pregnant woman or a woman of reproductive 
age. 

51. The beta-herpesvirus according to claim 50, wherein 
the treatment is or is suitable for or capable of preventing the 
transfer of a beta-herpesvirus, preferably human cytomega-
lovirus, from the female to a fetus and/or to an embryo carried 
or to be carried in the future by the female. 

52. The beta-herpesvirus according to claim 50, wherein 
the treatment is for or is suitable for the generation of or 
capable of generating an immune response in the female body 
or the immune response in the female body, whereby prefer-
ably such immune response confers protection to a fetus 
and/or to an embryo carried or to be carried in the future by the  

female against beta-herpesvirus, preferably human cytome-
galovirus, and/or a disease or condition associated with beta-
herpesvirus infection, preferably human cytomegalovirus 
infection. 

53. Use of a beta-herpesvirus according to claim 1, for the 
manufacture of a medicament. 

54. Use according to claim 53, wherein the medicament is 
for the treatment and/or prevention of beta-herpesvirus infec-
tion. 

55. Use according to claim 53, wherein the medicament is 
for the treatment and/or prevention of a disease or condition 
associated with beta-herpesvirus infection, preferably human 
cytomegalovirus infection. 

56. Use of a beta-herpesvirus according to claim 1, for the 
manufacture of a vaccine. 

57. Use according to claim 56, wherein the vaccine is for 
the treatment and/or prevention of beta-herpesvirus infection. 

58. Use according to claim 57, wherein the vaccine is for 
the treatment and/or prevention of a disease or condition 
associated with beta-herpesvirus infection, preferably human 
cytomegalovirus infection. 

59. Use according to claim 56, wherein the vaccine is or is 
suitable for the administration to a subject, whereby the sub-
ject is selected form the group comprising a pregnant female, 
a female of reproductive age, a donor of a transplant, a recipi-
ent of a transplant and a subject being infected with HIV or 
being at risk of being infected with HIV. 

60. Use according to claim 59, wherein the donor is a 
potential donor and/or the recipient is a potential recipient. 

61. A nucleic acid coding for a beta-herpesvirus according 
to claim 1. 

62. A vector comprising the nucleic acid according to claim 
61. 

63. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and wherein nucleotide 122630 of the nucleotide sequence 
according to SSQ.ID.NO:20  is covalently linked to nucle-
otide 123688 of the nucleotide sequence according to SEQ. 
ID.NO:20. 

64. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and a third nucleotide sequence comprising a nucleotide 
sequence according to SEQ.ID.No: 34. 

65. The vector according to claim 64, wherein nucleotide 
122630 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 34 and wherein nucle-
otide 252 of the nucleotide sequence according to SEQ.ID. 
No: 34 is covalently linked to nucleotide 123668 of the nucle-
otide sequence according to SEQ.ID.NO:  20. 

66. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 122630 of the 



US 2013/0202638 Al 
	

Aug. 8, 2013 
163 

nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
130670 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides 
131243 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:  20 and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 123668 of the nucleotide sequence 
according to SEQ.ID.NO:20  and wherein the nucleotide 
130670 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to the nucleotide 131243 of the nucle-
otide sequence according to SEQ.ID.NO:20. 

67. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 122630 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 123668 to 
130670 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides 
131243 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20, a third nucleotide sequence comprising a 
nucleotide sequence according to SEQ.ID.No: 34 and a 
fourth nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 35 

68. The vector according to claim 67, wherein nucleotide 
122630 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 34, wherein nucleotide 
252 of the nucleotide sequence according to SEQ.ID.No: 34 
is covalently linked to nucleotide 123668 of the nucleotide 
sequence according to SEQ.ID.NO:20, wherein nucleotide 
130670 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 35 and wherein nucle-
otide 67 ofthenucleotide sequence according to SEQ.ID.NO:  
35 is covalently linked to nucleotide 131243 of the nucleotide 
sequence according to SEQ.ID.No:20 

69. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 58442 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 59623 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and wherein nucleotide 58442 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 59623 of the nucleotide sequence according to SEQ.ID. 
NO:20. 

70. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 58442 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 59623 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and a third nucleotide sequence comprising a nucleotide 
sequence according to SEQ.ID.No: 32. 

71. The vector according to claim 70, wherein nucleotide 
58442 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 32 and wherein nucle-
otide 179 of the nucleotide sequence according to SEQ.ID. 

No: 32 is covalently linked to nucleotide 59623 of the nucle-
otide sequence according to SEQ.ID.NO:  20. 

72. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 62129 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 63261 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and wherein nucleotide 62129 of the nucleotide sequence 
according to SEQ.ID.NO:20  is covalently linked to nucle-
otide 63261 of the nucleotide sequence according to SEQ.ID. 
NO:20. 

73. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 62129 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 63261 to 
233681 of the nucleotide sequence according to SEQ.ID.NO:  
20 and a third nucleotide sequence comprising a nucleotide 
sequence according to SEQ.ID.No: 33 

74. The vector according to claim 73, wherein nucleotide 
62129 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 33 and wherein nucle-
otide 38 of the nucleotide sequence according to SEQ.ID.No: 
33 is covalently linked to nucleotide 63261 of the nucleotide 
sequence according to SEQ.ID.NO:  20. 

75. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 58442 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 59623 to 
62129 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides 
63261 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:  20 and wherein nucleotide 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20  is covalently 
linked to nucleotide 59623 of the nucleotide sequence 
according to SEQ.ID.NO:20  and wherein the nucleotide 
62129 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to the nucleotide 63261 of the nucle-
otide sequence according to SEQ.ID.NO:20. 

76. A vector comprising the nucleic acid according to claim 
62, wherein the vector comprises a nucleotide sequence, 
wherein the nucleotide sequence comprises a first nucleic 
acid sequence represented by nucleotides 1 to 58442 of the 
nucleotide sequence according to SEQ.ID.NO:20, a second 
nucleotide sequence represented by nucleotides 59623 to 
62129 of the nucleotide sequence according to SEQ.ID.NO:  
20, a third nucleotide sequence represented by nucleotides 
63261 to 233681 of the nucleotide sequence according to 
SEQ.ID.NO:20, a fourth nucleotide sequence comprising a 
nucleotide sequence according to SEQ.ID.No: 32 and a fifth 
nucleotide sequence comprising a nucleotide sequence 
according to SEQ.ID.No: 33. 

77. The vector according to claim 76, wherein nucleotide 
58442 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 32, wherein nucleotide 
179 of the nucleotide sequence according to SEQ.ID.No: 32 
is covalently linked to nucleotide 59623 of the nucleotide 



US 2013/0202638 Al 
	

Aug. 8, 2013 

sequence according to SEQ.ID.NO:20, wherein nucleotide 
62129 of the nucleotide sequence according to SEQ.ID.NO:  
20 is covalently linked to nucleotide 1 of the nucleotide 
sequence according to SEQ.ID.No: 33 and wherein nucle-
otide 38 of the nucleotide sequence according to SEQ.ID.NO:  
33 is covalently linked to nucleotide 632161 of the nucleotide 
sequence according to SEQ.ID.No: 20. 

78. A host cell comprising a nucleic acid according to claim 
61. 

79. A pharmaceutical composition comprising a beta-her-
pesvirus, preferably a recombinant beta-herpesvirus, wherein 
the beta-herpesvirus is spread-deficient, and a pharmaceuti-
cally acceptable carrier. 

80. The pharmaceutical composition of claim 79, further 
comprising a nucleic acid encoding from a beta-herpesvirus 
and/or a vector encoding the nucleic acid encoding for beta-
herpesvirus. 
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