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TERMINAL MODIFICATIONS OF POLYNUCLEOTIDES

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/025,985 filed July 17, 2014, entitled Terminal Modifications of Polynucleotides, the contents
of each of which are herein incorporated by reference in its entirety.

REFERENCE TO THE SEQUENCE LISTING

[0002] The present application isbeing filed along with a Sequence Listing in electronic
format. The Sequence Listing is provided as afile entitled M | 19PCTSL.txt created on July 17,
2015 which is 181,234 bytes in size. The information in the electronic format of the sequence
listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0003] The invention relates to polynucleotides comprising & least one terminal
modification, methods, processes, kits and devices using the polynucleotides comprising at least
oneterminal modification.

BACKGROUND OF THE INVENTION

[0004] Inthe early 1990's Bloom and colleagues successfully rescued vasopressin-deficient
rats by injecting in vitro-transcribed vasopressin mRNA into the hypothalamus (Science 255:
996-998; 1992). However, the low levels of trandation and the immunogenicity of the
molecules hampered the development of mRNA as atherapeutic and efforts have since focused
on aternative applications that could instead exploit these pitfals, i.e. immunization with
MRNASs coding for cancer antigens.

[0005] More recently, others have investigated the use of mMRNA to deliver a construct
encoding apolypeptide of interest and have shown that certain chemical modifications of MRNA
molecules, particularly pseudouridine and 5-methyl-cytosine, have reduced immunostimulatory
effect.

[0006] Notwithstanding these reports which are limited to a selection of chemical
modifications including pseudouridine and 5-methyl-cytosine where the modifications are
uniformly present in the RNA, there remains aneed in the art for therapeutic modalities to
address the myriad of barriers surrounding the efficacious modulation of intracellular trandlation
and processing of polynucleotides encoding polypeptides including the barrier to selective
incorporation of different chemical modifications or incorporation of chemical modifications not

previously possible in order to fine tune or tailor physiologic responses and outcomes.
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[0007] The present invention addresses provides nucleic acid based compounds or
polynucleotides (both coding and non-coding and combinations thereof) and formulations
thereof which have structural and/or chemical features that avoid one or more of the problems in
the art, for example, features which are useful for optimizing nucleic acid-based therapeutics
while retaining structural and functiona integrity, overcoming the threshold of expression,
improving expression rates, half life and/or protein concentrations, optimizing protein
localization, and avoiding deleterious bio-responses such as the immune response and/or

degradation pathways. These barriers may be reduced or eliminated using the present invention.

SUMMARY OF THE INVENTION

[0008] Described herein are polynucleotides comprising at least one termina modification,
methods, processes, kits and devices using the polynucleotides comprising at least one terminal
modification in one or more untransglated regions. Such untranslated regions may bea5' or 3'
untrandlated region.

[0009] In some aspects, the untransated region is a synthetic 5' untranslated region having a
length of 3- 13 nucleotides.

[00010]  In some aspects the length of the synthetic 5' untranslated region is 10-12 nucleotides
in length.

[00011] In some aspects the 3' untrandated region has alength of 20-50 nucleotides in length.
[00012]  In some aspects the length of the 3' untranslated region is 30 nucleotides.

[00013]  In some aspects the untranglated region is apolyA tailing region of approximately 80
nucleotides in length.

[00014] In some aspects, the tailing region comprises & least one miR sequence.

[00015] In some aspects the miR sequence is located at a position selected from the group
consisting of the beginning of the polyA tail, the middle of the polyA tail and the end of the
polyA tail.

[00016] In some aspects a second terminal region comprises a least one miR sequence.
[00017]  In some aspects, the second terminal region comprises a 3' untranslated region and
said 3' untranslated region comprises the a least one miR sequence.

[00018] In some aspects the at least one miR sequence is selected from the group consisting of
MiR-142-3p, miR-122, miR-133, miR-1, miR-206, miR-126, miR-132, miR-125, miR-124, miR-
21, miR-484, miR- 17, miR-34a and fragments thereof.

[00019] In some aspects the a least one miR sequence is specific for atissue selected from

the group consisting of muscle, endothelium, lung, ovarian, colorectal, prostate, liver and spleen.
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[00020] In some aspects, the tissue is muscle and the at least one miR sequence is selected
from the group consisting of miR-133, miR-1 and miR-206.

[00021] In some aspects, the at least one miR sequence is miR-206.

[00022] In some aspects, the tissue is endothelium and the at least one miR sequence is miR-
126.

[00023] In some aspects, the tissue is lung and the at least one miR sequence is miR-21.
[00024] In some aspects, the tissue is ovarian and the at least one miR sequence is miR-484.
[00025] In some aspects, the tissue is colorectal and the at least one miR sequence is miR-17.
[00026] In some aspects, the tissue is prostate and the a least one miR sequence is miR-34a.
[00027] In some aspects, the at least one miR sequence is specific for the central nervous
system.

[00028] In some aspects, the at least one miR sequence is selected from the group consisting
of miR- 132, miR-125 and miR- 124.

[00029] In some aspects, the 5' untrandated region comprises at least one miR sequence.
[00030] In some aspects, the at least one miR sequence is miR- 10a.

[00031] In some aspects, the polynucleotides comprising the untranslated region comprises a
least one chemical modification.

[00032] In some aspects, amethod of producing apolypeptide of interest in acell or tissue
comprising contacting said cell or tissue with the polynuclectide having an untranslated region
disclosed herein is provided.

[00033] In some aspects, the contacting is aroute of administration selected from the group
consisting of intramuscular, intravenous, intradermal, and subcutaneous.

[00034] The details of various embodiments of the invention are set forth in the description
below. Other features, objects, and advantages of the invention will be apparent from the
description and the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[00035] The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, asillustrated in the
accompanying drawings in which like reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of various embodiments of the invention.

[00036] FIG. 1comprises Figure 1A and Figure 1B showing schematics of an IVT
polynucleotide construct. Figure 1A is aschematic of apolynucleotide construct taught in

commonly owned co-pending U S Patent Application 13/791,922 filed March 9, 2013, the
3
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contents of which are incorporated herein by reference. Figure 1B is a schematic of a
polynucleotide construct.

[00037] FIG. 2isaschematic of aseries of chimeric polynucleotides of the present invention.
[00038] FIG. 3isaschematic of aseries of chimeric polynucleotides illustrating various
patterns of positional modifications and showing regions analogous to those regions of an
MRNA polynucleotide.

[00039] FIG. 4isaschematic of aseries of chimeric polynucleotides illustrating various
patterns of positional maodifications based on Formula 1.

[00040] FIG. 5isaisaschematic of aseries of chimeric polynucleotides illustrating various
patterns of positional modifications based on Formula | and further illustrating a blocked or
structured 3' terminus.

[00041] FIG. 6 comprises Figure 6A-6G which are schematics of acircular polynucleotide
construct of the present invention. Figure 6A and 6B are circular polynucleotides with and
without anon-nucleic acid moiety. Figure 6C is acircular polynucleotide with & least one spacer
region. Figure 6D is acircular polynucleotide with at least one sensor region. Figure 6E is a
circular polynucleotide with at least one spacer and sensor region. Figures 6F and 6G are non-
coding circular polynucleotides.

DETAILED DESCRIPTION

[00042] Itis of great interest in the fields of therapeutics, diagnostics, reagents and for
biological assaysto be able design, synthesize and deliver anucleic acid, e.g., aribonucleic acid
(RNA) inside acell, whether in vitro, in vivo, in situ or ex vivo, such asto effect physiologic
outcomes which are beneficial to the cell, tissue or organ and ultimately to an organism. One
beneficial outcome isto cause intracellular translation of the nucleic acid and production of at
least one encoded peptide or polypeptide of interest. In like manner, non-coding RNA has
become afocus of much study; and utilization of non-coding polynucleotides, alone and in
conjunction with coding polynucleotides, could provide beneficial outcomes in therapeutic
scenarios.

[00043] Described herein are compositions (including pharmaceutical compositions) and
methods for the design, preparation, manufacture and/or formulation of nucleic acids comprising
a least one terminal modification. The nucleic acids comprising at least one terminal
modification may be IVT polynucleotides, chimeric polynucleotides and/or circular
polynucleotides. The terminal modification of anucleic acid is located in one or more terminal

regions of the nucleic acid. Such terminal region include regions tothe 5' or 3' of the coding
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region such as, but not limited to, the 5'untranslated region (UTR), and 3UTR, the capping
region e.g., the 5'cap and tailing region of the nucleic acid.

[00044] Also provided are systems, processes, devices and kits for the selection, design and/or
utilization of the polynucleotides described herein.

[00045]  According to the present invention, the polynucleotides may be modified in amanner
asto avoid the deficiencies of other molecules of the art.

[00046] The use of polynucleotides encoding polypeptides (e.g., polynuclectides, modified
polynucleotides or modified mRNA) in the fields of human disease, antibodies, viruses, and a
variety of in vivo settings has been explored previously and polypeptides of interest are disclosed
in for example, in Table 6 of International Publication Nos. W02013151666, W02013151668,
W02013151663, W02013151669, W02013151670, W02013151664, W0O2013151665,
WQ02013151736; Tables 6 and 7 International Publication No. W02013151672; Tables 6, 178
and 179 of International Publication No. W02013151671; Tables 6, 185 and 186 of International
Publication No W02013 15 1667; the contents of each of which are herein incorporated by
reference in their entireties. Any of the foregoing may be synthesized as an IVT polynucleotide,
chimeric polynucleotide or acircular polynucleotide, and each may comprise at least one
terminal modification and such embodiments are contemplated by the present invention.

[00047]  Provided herein in part are polynucleotides encoding polypeptides capable of
modulating acell's status, function and/or activity, and methods of making and using these
nucleic acids and polypeptides. As described herein and in co-pending and co-owned
International Publication No W02012019168 filed August 5, 201 1, International Publication No
W02012045082 filed October 3, 201 1, International Publication No W02012045075 filed
October 3, 2011, International Publication N o W02013052523 filed October 3, 2012, and
International Publication No. W02013090648 filed December 14, 2012, the contents of each of
which are incorporated by reference herein in their entirety, these polynucleotides are capable of
reducing the innate immune activity of apopulation of cells into which they are introduced, thus
increasing the efficiency of protein production in that cell population.

[00048]  In one embodiment, the polynucleotides described herein may comprise at least one
terminal modification and may also comprise at least one chemical modification such as, but not
limited to, anon-natural nucleoside and nucleotide. Non-limiting examples of chemical
modifications are described in International Patent Publication No. W02012045075, filed
October 3, 201 1, USPatent Publication No US201301 15272, filed October 3, 2012 and
International Patent Publication No. W02014093924 (Attorney Docket No. M036.20), filed

December 13, 2013, the contents of each of which are herein incorporated by reference in its
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entirety. In one embodiment, the utilization of at least one terminal modification and at least one
chemical modification may increase protein production from acell population.

[00049] Provided herein, therefore, are polynucleotides which have been designed to improve
one or more of the stability and/or clearance in tissues, receptor uptake and/or kinetics, cellular
access, engagement with translational machinery, mRNA half-life, trandation efficiency,
immune evasion, immune induction (for vaccines), protein production capacity, secretion
efficiency (when applicable), accessibility to circulation, protein half-life and/or modulation of a
cell's status, function and/or activity.

|. Compositions of the Invention

Polynucleotides

[00050] The present invention provides nucleic acid molecules, specifically polynucleotides
which, in some embodiments, encode one or more peptides or polypeptides of interest. The term
"nucleic acid,” in its broadest sense, includes any compound and/or substance that comprise a
polymer of nucleotides. These polymers are often referred to as polynucleotides.

[00051] Exemplary nucleic acids or polynucleotides of the invention include, but are not
limited to, ribonucleic acids (RNAS), deoxyribonucleic acids (DNAS), threose nucleic acids
(TNAS), glycal nucleic acids (GNAS), peptide nucleic acids (PNAS), locked nucleic acids
(LNAs, including LNA having a - D-ribo configuration, aLNA having an a-L-ribo
configuration (a diastereomer of LNA), 2'-amino-LNA having a2'-amino functionalization, and
2'-amino- aLNA having a2'-amino functionalization), ethylene nucleic acids (ENA),
cyclohexenyl nucleic acids (CeNA) or hybrids or combinations thereof.

[00052]  In one embodiment, polynucleotides of the present invention which are made using
only in vitro transcription (1VT) enzymatic synthesis methods are referred to as"IVT
polynucleotides." Methods of making IVT polynucleotides are known in the art and are
described in co-pending International Publication Nos. W02013 151666, W020 13 151668,
W02013151663, W02013151669, W02013151670, W02013151664, W0O2013151665,
WO20 13151671, WO20 13151672, WO20 13151667 and WO20 13151736; the contents of each
of which are herein incorporated by reference in their entireties.

[00053]  Inanother embodiment, the polynucleotides of the present invention which have
portions or regions which differ in size and/or chemical modification pattern, chemical
modification position, chemical modification percent or chemical modification population and
combinations of the foregoing are known as "chimeric polynucleotides.” A "chimera' according

to the present invention is an entity having two or more incongruous or heterogeneous parts or
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regions. Asused herein a"part" or "region" of apolynucleotide is defined as any portion of the
polynucleotide which is less than the entire length of the polynucleotide.

[00054] Inyet another embodiment, the polynucleotides of the present invention that are
circular are known as "circular polynucleotides’ or "circP." Asused herein, "circular
polynucleotides" or "circP" means a single stranded circular polynucleotide which acts
substantially like, and has the properties of, an RNA. Theterm "circular” is also meant to
encompass any secondary or tertiary configuration of the circP.

[00055] In some embodiments, the polynucleotide includes from about 30 to about 100,000
nucleotides (e.g., from 30to 50, from 30 to 100, from 30to 250, from 30to 500, from 30 to
1,000, from 30 to 1,500, from 30 to 3,000, from 30 to 5,000, from 30 to 7,000, from 30 to
10,000, from 30 to 25,000, from 30 to 50,000, from 30 to 70,000, from 100 to 250, from 100 to
500, from 100 to 1,000, from 100 to 1,500, from 100 to 3,000, from 100 to 5,000, from 100 to
7,000, from 100 to 10,000, from 100 to 25,000, from 100 to 50,000, from 100 to 70,000, from
100 to 100,000, from 500 to 1,000, from 500 to 1,500, from 500 to 2,000, from 500 to 3,000,
from 500 to 5,000, from 500 to 7,000, from 500 to 10,000, from 500 to 25,000, from 500 to
50,000, from 500 to 70,000, from 500 to 100,000, from 1,000 to 1,500, from 1,000 to 2,000,
from 1,000 to 3,000, from 1,000 to 5,000, from 1,000 to 7,000, from 1,000 to 10,000, from 1,000
to 25,000, from 1,000 to 50,000, from 1,000 to 70,000, from 1,000 to 100,000, from 1,500 to
3,000, from 1,500 to 5,000, from 1,500 to 7,000, from 1,500 to 10,000, from 1,500 to 25,000,
from 1,500 to 50,000, from 1,500 to 70,000, from 1,500 to 100,000, from 2,000 to 3,000, from
2,000 to 5,000, from 2,000 to 7,000, from 2,000 to 10,000, from 2,000 to 25,000, from 2,000 to
50,000, from 2,000 to 70,000, and from 2,000 to 100,000).

[00056] In one embodiment, the polynucleotides of the present invention may encode at |east
one peptide or polypeptide of interest. In another embodiment, the polynucleotides of the
present invention may be non-coding.

[00057] In one embodiment, the length of aregion encoding at least one peptide polypeptide
of interest of the polynucleotides present invention is greater than about 30 nucleotides in length
(e.g., & least or greater than about 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160, 180,
200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500,
1,600, 1,700, 1,800, 1,900, 2,000, 2,500, and 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000,
10,000, 20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000 or up to and including
100,000 nucleotides). Asused herein, such aregion may bereferred to as a"coding region” or

"region encoding."
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[00058]  In one embodiment, the polynucleotides of the present invention is or functions as a
messenger RNA (mRNA). Asused herein, the term "messenger RNA" (mMRNA) refersto any
polynucleotide which encodes at |east one peptide or polypeptide of interest and which is
capable of being translated to produce the encoded peptide polypeptide of interest in vitro, in
ViVo, in Situ or ex vivo.

[00059] In one embodiment, the polynucleotides of the present invention may be structurally
modified or chemically modified. Asused herein, a"structura” modification is one in which
two or more linked nucleosides are inserted, deleted, duplicated, inverted or randomized in a
polynucleotide without significant chemical modification to the nucleotides themselves. Because
chemical bonds will necessarily be broken and reformed to effect a structural modification,
structural modifications are of achemical nature and hence are chemical modifications.
However, structural modifications will result in a different sequence of nucleotides. For example,
the polynucleotide "ATCG" may be chemically modified to "AT-5meC-G". The same
polynucleotide may be structurally modified from "ATCG" to "TATCCCG". Here, the
dinucleotide "CC" has been inserted, resulting in a structural modification to the polynucleotide.
[00060] In one embodiment, the polynucleotides of the present invention, such as IVT
polynucleotides or circular polynucleotides, may have auniform chemical modification of al or
any of the same nucleoside type or apopulation of modifications produced by mere downward
titration of the same starting modification in al or any of the same nucleoside type, or a
measured percent of achemical modification of all any of the same nucleoside type but with
random incorporation, such as where all uridines are replaced by auridine analog, e.g.,
pseudouridine. In another embodiment, the polynuclectides may have auniform chemical
modification of two, three, or four of the same nucleoside type throughout the entire
polynucleotide (such as al uridines and all cytosines, etc. are modified in the same way).
[00061] When the polynucleotides of the present invention are chemically and/or structurally
modified the polynucleotides may bereferred to as "modified polynucleoctides.”

[00062] In one embodiment, the polynuclectides of the present invention may include a
sequence encoding a self-cleaving peptide. The self-cleaving peptide may be, but is not limited
to, a2A peptide. Asanon-limiting example, the 2A peptide may have the protein sequence:
GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 1), fragments or variants thereof. 1n one
embodiment, the 2A peptide cleaves between the last glycine and last proline. A s another non-
limiting example, the polynucleotides of the present invention may include a polynucleotide
sequence encoding the 2A peptide having the protein sequence
GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 1) fragments or variants thereof.

8
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[00063] One such polynucleotide sequence encoding the 2A peptide is
GGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAA
CCCTGGACCT (SEQ ID NO: 2). Further, the polynucleotide sequence of the 2A peptide may
be modified or codon optimized by the methods described herein and/or are known in the art.
[00064] In one embodiment, this sequence may be used to separate the coding region of two
or more polypeptides of interest. Asanon-limiting example, the sequence encoding the 2A
peptide may be between afirst coding region A and a second coding region B (A-2Apep-B).

The presence of the 2A peptide would result in the cleavage of one long protein into protein A,
protein B and the 2A peptide. Protein A and protein B may be the same or different peptides or
polypeptides of interest. 1n another embodiment, the 2A peptide may beused in the
polynucleotides of the present invention to produce two, three, four, five, six, seven, eight, nine,
ten or more proteins.

IVT PolynucleotideArchitecture

[00065] Traditionally, the basic components of an mMRNA molecule include at least acoding
region, a5UTR, a3UTR, a5' cap and apoly-A tail. The IVT polynucleotides of the present
invention may function as mMRNA but are distinguished from wild-type mRNA in their functional
and/or structural design features which serve to overcome existing problems of effective
polypeptide production using nucleic-acid based therapeutics.

[00066] Figure 1shows aprimary construct 100 of an IVT polynucleotide of the present
invention. Asused herein, "primary construct" refers to apolynucleotide of the present invention
which encodes one or more polypeptides of interest and which retains sufficient structural and/or
chemical featuresto allow the polypeptide of interest encoded therein to be translated.

[00067] According to FIG. 1A and IB, the primary construct 100 of an IVT polynucleotide
here contains afirst region of linked nucleotides 102 that is flanked by afirst flanking region 104
and a second flaking region 106. The first flanking region 104 may include a sequence of linked
nucleosides which function asa5' untrandated region (UTR) such asthe 5' UTR of any of the
nucleic acids encoding the native 5UTR of the polypeptide or anon-native 5UTR such as, but
not limited to, aheterologous 5UTR or asynthetic 5UTR. The polypeptide of interest may
comprise a its 5' terminus one or more signal sequences encoded by the signal sequence region
103 of the polynucleotide. The flanking region 104 may comprise aregion of linked nucleotides
comprising one or more complete or incomplete 5' UTRs sequences which may be completely
codon optimized or partially codon optimized. The flanking region 104 may include &t least one
nucleic acid sequence including, but not limited to, miR sequences, TERZAK™ sequences and

trandation control sequences. The flanking region 104 may also comprise a5' terminal cap 108.
9
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The 5' terminal capping region 108 may include a naturally occurring cap, a synthetic cap or an
optimized cap. Non-limiting examples of optimized caps include the caps taught by Rhoads in
US Patent No. US7074596 and International Patent Publication No. WO2008 157668,
W02009149253 and W0O2013 103659, the contents of each of which are herein incorporated by
reference in its entirety. The second flanking region 106 may comprise aregion of linked
nucleotides comprising one or more complete or incomplete 3' UTRs which may encode the
native 3' UTR of the polypeptide or anon-native 3UTR such as, but not limited to, a
heterologous 3'UTR or asynthetic 3' UTR. The flanking region 106 may also comprise a 3'
tailing sequence 110. The second flanking region 106 may be completely codon optimized or
partially codon optimized. The flanking region 106 may include at least one nucleic acid
sequence including, but not limited to, miR sequences and translation control sequences. The 3'
tailing sequence 110 may be, but is not limited to, apolyA tail, apolyC tail, apolyA-G quartet
and/or a stem loop sequence.

[00068] Bridging the 5' terminus of the first region 102 and the first flanking region 104 is a
first operational region 105. Traditionally this operational region comprises a Start codon. The
operational region may alternatively comprise any translation initiation sequence or signal
including a Start codon.

[00069] Bridging the 3' terminus of the first region 102 and the second flanking region 106 is
a second operational region 107. Traditionally this operational region comprises a Stop codon.
The operational region may alternatively comprise any translation initiation sequence or signa
including a Stop codon. Multiple serial stop codons may also beused inthe IVT polynucleotide.
In one embodiment, the operation region of the present invention may comprise two stop codons.
The first stop codon may be "TGA" or "UGA" and the second stop codon may be selected from
the group consisting of "TAA," "TGA," "TAG," "UAA," "UGA" or "UAG."

[00070]  Figure 1shows arepresentative IVT polynucleotide primary construct 100 of the
present invention. VT polynuclectide primary construct refers to a polynucleotide transcript
which encodes one or more polypeptides of interest and which retains sufficient structural and/or
chemical features to alow the polypeptide of interest encoded therein to be translated. Non-
limiting examples of polypeptides of interest and polynucleotides encoding polypeptide of
interest are described in Table 6 of International Publication Nos. W02013151666,
W02013151668, W0O2013151663, W02013151669, W02013151670, W02013151664,
W02013151665, W02013151736; Tables 6 and 7 International Publication No.
W02013151672; Tables 6, 178 and 179 of International Publication No. W02013151671;

10
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Tables 6, 185 and 186 of International Publication No W02013151667, the contents of each of
which are incorporated herein by reference in their entirety.

[00071] Returning to FIG. 1, the IVT polynucleotide primary construct 130 here contains a
first region of linked nucleotides 132 that is flanked by afirst flanking region 134 and a second
flaking region 136. Asused herein, the "first region” may be referred to as a"coding region” or
"region encoding” or simply the "first region." This first region may include, but is not limited
to, the encoded polypeptide of interest. In one aspect, the first region 132 may include, but is not
limited to, the open reading frame encoding & least one polypeptide of interest. The open
reading frame may be codon optimized in whole or in part. The flanking region 134 may
comprise aregion of linked nucleotides comprising one or more complete or incomplete 5' UTRs
sequences which may be completely codon optimized or partially codon optimized. The flanking
region 134 may include at least one nucleic acid sequence including, but not limited to, miR
sequences, TERZAK™ sequences and translation control sequences. The flanking region 134
may also comprise a5'terminal cap 138. The 5'terminal capping region 138 may include a
naturally occurring cap, a synthetic cap or an optimized cap. Non-limiting examples of
optimized caps include the caps taught by Rhoads in US Patent No. US7074596 and
International Patent Publication No. WO2008157668, WW(02009149253 and W02013 103659.
The second flanking region 106 may comprise aregion of linked nucleotides comprising one or
more complete or incomplete 3' UTRs. The second flanking region 136 may be completely
codon optimized or partially codon optimized. The flanking region 134 may include at least one
nucleic acid sequence including, but not limited to, miR sequences and translation control
sequences. After the second flanking region 136 the IVT polynucleotide primary construct may
comprise a3'tailing sequence 140. The 3' tailing sequence 140 may include a synthetic tailing
region 142 and/or achain terminating nucleoside 144. Non-liming examples of asynthetic
tailing region include apolyA sequence, apolyC sequence, apolyA-G quartet. Non-limiting
examples of chain terminating nucleosides include 2'-0 methyl, F and locked nucleic acids
(LNA).

[00072]  Bridging the 5' terminus of the first region 132 and the first flanking region 134 isa
first operational region 144. Traditionally this operational region comprises a Start codon. The
operational region may alternatively comprise any trandation initiation sequence or signal
including a Start codon.

[00073]  Bridging the 3'terminus of the first region 132 and the second flanking region 136 is
a second operational region 146. Traditionally this operational region comprises a Stop codon.

The operational region may alternatively comprise any trandation initiation sequence or signal
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including a Stop codon. According to the present invention, multiple serial stop codons may also
be used.

[00074] The shortest length of the first region of the primary construct of the IVT
polynucleotide of the present invention can bethe length of anucleic acid sequence that is
sufficient to encode for a dipeptide, atripeptide, atetrapeptide, apentapeptide, ahexapeptide, a
heptapeptide, an octapeptide, a nonapeptide, or a decapeptide. In another embodiment, the length
may be sufficient to encode apeptide of 2-30 amino acids, e.g. 5-30, 10-30, 2-25, 5-25, 10-25, or
10-20 amino acids. The length may be sufficient to encode for apeptide of at least 11, 12, 13,
14, 15, 17, 20, 25 or 30 amino acids, or apeptide that is no longer than 40 amino acids, e.g. no
longer than 35, 30, 25, 20, 17, 15, 14, 13, 12, 11 or 10 amino acids. Examples of dipeptides that
the polynucleotide sequences can encode or include, but are not limited to, carnosine and
anserine.

[00075] The length of the first region of the primary construct of the IVT polynucleotide
encoding the polypeptide of interest of the present invention is greater than about 30 nucleotides
in length (e.g., a least or greater than about 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160,
180, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 1,400,
1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,500, and 3,000, 4,000, 5,000, 6,000, 7,000, 8,000,
9,000, 10,000, 20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000 or up to and
including 100,000 nucleotides).

[00076] In some embodiments, the IVT polynucleotide includes from about 30 to about
100,000 nuclectides (e.g., from 30to 50, from 30 to 100, from 30 to 250, from 30 to 500, from
30to 1,000, from 30to 1,500, from 30 to 3,000, from 30to 5,000, from 30to 7,000, from 30 to
10,000, from 30 to 25,000, from 30 to 50,000, from 30 to 70,000, from 100 to 250, from 100 to
500, from 100 to 1,000, from 100 to 1,500, from 100 to 3,000, from 100 to 5,000, from 100 to
7,000, from 100 to 10,000, from 100 to 25,000, from 100 to 50,000, from 100 to 70,000, from
100 to 100,000, from 500 to 1,000, from 500 to 1,500, from 500 to 2,000, from 500 to 3,000,
from 500 to 5,000, from 500 to 7,000, from 500 to 10,000, from 500 to 25,000, from 500 to
50,000, from 500 to 70,000, from 500 to 100,000, from 1,000 to 1,500, from 1,000 to 2,000,
from 1,000 to 3,000, from 1,000 to 5,000, from 1,000 to 7,000, from 1,000 to 10,000, from 1,000
to 25,000, from 1,000 to 50,000, from 1,000 to 70,000, from 1,000 to 100,000, from 1,500 to
3,000, from 1,500 to 5,000, from 1,500 to 7,000, from 1,500 to 10,000, from 1,500 to 25,000,
from 1,500 to 50,000, from 1,500 to 70,000, from 1,500 to 100,000, from 2,000 to 3,000, from
2,000 to 5,000, from 2,000 to 7,000, from 2,000 to 10,000, from 2,000 to 25,000, from 2,000 to
50,000, from 2,000 to 70,000, and from 2,000 to 100,000).

12



WO 2016/011306 PCT/US2015/040835

[00077]  According tothe present invention, the first and second flanking regions of the IVT
polynucleotide may range independently from 15-1,000 nucleotides in length (e.g., greater than
30, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450, 500,
600, 700, 800, and 900 nucleotides or at least 30, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140,
160, 180, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, and 1,000 nucleotides).

[00078]  According tothe present invention, the tailing sequence of the IVT polynucleotide
may range from absent to 500 nucleotides in length (e.g., at least 60, 70, 80, 90, 120, 140, 160,
180, 200, 250, 300, 350, 400, 450, or 500 nucleotides). Where the tailing region is apolyA tail,
the length may be determined in units of or as afunction of polyA Binding Protein binding. In
this embodiment, the polyA tail is long enough to bind at least 4 monomers of PolyA Binding
Protein. PolyA Binding Protein monomers bind to stretches of approximately 38 nucleotides. As
such, it has been observed that polyA tails of about 80 nucleotides and 160 nuclectides are
functional.

[00079] According tothe present invention, the capping region of the IVT polynuclectide may
comprise asingle cap or aseries of nucleotides forming the cap. In this embodiment the capping
region may be from 1to 10, e.qg. 2-9, 3-8, 4-7, 1-5, 5-10, or at least 2, or 10 or fewer nucleotides
in length. In some embodiments, the cap is absent.

[00080] According to the present invention, the first and second operational regions of the
IVT polynucleotide may range from 3to 40, e.g., 5-30, 10-20, 15, or at least 4, or 30 or fewer
nucleotides in length and may comprise, in addition to a Start and/or Stop codon, one or more
signal and/or restriction sequences.

[00081] In one embodiment, the IVT polynuclectides of the present invention may be
structurally modified or chemically modified. When the IVT polynucleotides of the present
invention are chemically and/or structurally modified the polynucleotides may bereferred to as
"modified IVT polynucleotides."

[00082] In one embodiment, if the IVT polynucleotides of the present invention are
chemically modified they may have auniform chemical modification of all or any of the same
nucleoside type or apopulation of modifications produced by mere downward titration of the
same starting modification in all or any of the same nucleoside type, or a measured percent of a
chemical modification of all any of the same nucleoside type but with random incorporation,
such aswhere all uridines are replaced by auridine analog, e.g., pseudouridine. In another
embodiment, the IVT polynucleotides may have auniform chemical modification of two, three,
or four of the same nucleoside type throughout the entire polynuclectide (such as all uridines and

all cytosines, etc. are modified in the same way).
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[00083]  In one embodiment, the IVT polynucleotides of the present invention may include a
sequence encoding a self-cleaving peptide, described herein, such as but not limited to the 2A
peptide. The polynuclectide sequence of the 2A peptide inthe IVT polynucleotide may be
modified or codon optimized by the methods described herein and/or are known in the art.
[00084] In one embodiment, this sequence may be used to separate the coding region of two
or more polypeptides of interest in the IVT polynucleotide.

[00085]  In one embodiment, the IVT polynuclectide of the present invention may be
structurally and/or chemically modified. When chemically modified and/or structurally modified
the IVT polynucleotide may be referred to as a"modified IVT polynucleotide.”

[00086]  In one embodiment, the IVT polynuclectide may encode at least one peptide or
polypeptide of interest. 1n another embodiment, the IVT polynucleotide may encode two or
more peptides or polypeptides of interest. Non-limiting examples of peptides or polypeptides of
interest include heavy and light chains of antibodies, an enzyme and its substrate, alabel and its
binding molecule, a second messenger and its enzyme or the components of multimeric proteins
or complexes.

[00087]  In one embodiment, the IVT polynucleotide may include modified nucleosides such
as, but not limited to, the modified nucleosides described in US Patent Publication No.
US201301 15272 including pseudouridine, 1-methylpseudouridine, 5-methoxyuridine and 5-
methylcytosine. Asanon-limiting example, the IVT polynucleotide may include 1-
methylpseudouridine and 5-methylcytosine. As another non-limiting example, the IVT
polynucleotide may include 1-methylpseudouridine. Asyet another non-limiting example, the
IVT polynucleotide may include 5-methoxyuridine and 5-methylcytosine. Asanon-limiting
example, the IVT polynucleotide may include 5-methoxyuridine.

[00088] IVT polynucleotides (such as, but not limited to, primary constructs), formulations
and compositions comprising IVT polynucleotides, and methods of making, using and
administering VT polynucleotides are described in co-pending International Publication Nos.
W02013151666, W02013151668, W02013151663, W02013151669, W02013151670,
W02013151664, W0O2013151665, W02013151671, W0O2013151672, W0O2013151667 and
W02013 15 1736; the contents of each of which are herein incorporated by reference in their
entireties.

Chimeric Polynucleotide Architecture

[00089] The chimeric polynucleotides or RNA constructs of the present invention maintain a
modular organization similar to IVT polynucleotides, but the chimeric polynucleotides comprise

one or more structural and/or chemical modifications or alterations which impart useful
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properties to the polynucleotide. As such, the chimeric polynucleotides which are modified
MRNA molecules of the present invention are termed "chimeric modified mRNA" or "chimeric
MRNA."
[00090] Chimeric polynucleotides have portions or regions which differ in size and/or
chemical modification pattern, chemical modification position, chemical modification percent or
chemical modification population and combinations of the foregoing.
[00091] Examples of parts or regions, where the chimeric polynucleotide functions as an
MRNA and encodes a polypeptide of interest include, but are not limited to, untranslated regions
(UTRs, such asthe 5' UTR or 3' UTR), coding regions, cap regions, polyA tail regions, start
regions, stop regions, signal sequence regions, and combinations thereof. Figure 2 illustrates
certain embodiments of the chimeric polynucleotides of the invention which may be used as
MRNA. Figure 3illustrates a schematic of a series of chimeric polynucleotides identifying
various patterns of positional modifications and showing regions analogous to those regions of
an mMRNA polynucleotide. Regions or parts that join or lie between other regions may also be
designed to have subregions. These are shown in the figure.
[00092] In some embodiments, the chimeric polynuclectides of the invention have a structure
comprising Formula I.

5' [A ]y _LI-[Bo], L2-[Cp],-L3 3

Formula |

[00093]  wherein:
[00094] each of A and B independently comprise aregion of linked nucleosides;
[00095] Cisan optional region of linked nucleosides;
[00096] &t least one of regions A, B, or C is positionally modified, wherein the positionally
modified region comprises at least two chemically modified nucleosides of one or more of the
same nucleoside type of adenosine, thymidine, guanosine, cytidine, or uridine, and wherein at
least two of the chemical modifications of nucleosides of the same type are different chemical
modifications;
[00097] n, 0and p are independently an integer between 15-1000;
[00098] x andy areindependently 1-20;
[00099] zisO0-5;
[000100] L1 and L2 are independently optional linker moieties, the linker moieties being either
nucleic acid based or non-nucleic acid based; and
[000101] L3isan optiona conjugate or an optional linker moiety, the linker moiety being

either nucleic acid based or non-nucleic acid based.
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[000102] In some embodiments the chimeric polynucleotide of Formula | encodes one or more
peptides or polypeptides of interest. Such encoded molecules may be encoded across two or
more regions.
[000103]  Also provided are methods of making and using the chimeric polynucleotides in
research, diagnostics and therapeutics.
[000104] In another aspect, the invention features achimeric polynucleotide encoding a
polypeptide, wherein the polynucleotide has a sequence including Formula 1I:

[A ). -[B]

Formula Il
[000105] wherein each A and B is independently any nucleoside;
[000106] n and o are, independently 10 to 10,000, e.g., 10to 1000 or 10 to 2000; and
[000107] L1has the structure of Formula Ill:

AR DR 2R3 RARO AR - RS
Formula Il

[000108] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000109] each of RL, R, RS, and R, is, independently, selected from optionally substituted Ci-
C¢ alkylene, optionally substituted C1-C6 heteroalkylene, O, S, and NR®;
[000110] R2and R are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;
[000111] R#isoptionaly substituted Ci-Cio akylene, optionaly substituted C2-C1,
alkenylene, optionally substituted C2-C10 alkynylene, optionally substituted C2-C9
heterocyclylene, optionally substituted ce-C12 arylene, optionally substituted C2-C1,
polyethylene glycolene, or optionally substituted c;-C1 heteroalkylene, or abond linking (RY),-
(R%),-(R*)cto (R’)d-(R%)e-(R))f, wherein if a, b, ¢, d, e, and f are 0, R4 is not abond; and
[000112] R?®ishydrogen, optionally substituted C1-C4 alkyl, optionally substituted C2-C4
alkenyl, optionally substituted C2-C4 akynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted ce-C12 aryl, or optionally substituted C1-C7 heteroakyl;
[000113] wherein L1isattached to [A] and [B] at the sugar of one of the nucleosides (e.g., a
the 3" position of afive-membered sugar ring or 4 position of asix membered sugar ring of a
nucleoside of [A,] and the 5' position of afive-membered sugar ring or 6" position of of a six
membered sugar ring of anucleoside of [B] or at the 5 position of afive-membered sugar ring
or 6" position of of a six membered sugar ring of anucleoside of [A,] and the 3" position of a

fiveemembered sugar ring or 4' position of asix membered sugar ring of anucleoside of [B ).
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[000114] In some embodiments, at least one of [A ] and [B ] includes the structure of Formula
1V:

Formula 1V

[000115] wherein each of N1and N2 is independently anucleobase;
[000116] each of R9, R0, R11, R12, R13, R14, R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-C zakyl, optionally substituted Ci-C ;heteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-C1, aryl;
[000117] each of gand h is, independently, O or 1;
[000118] each X1and X4 is, independently, O, NH, or S;
[000119] each X2isindependently O or S; and
[000120] each X3is OH or SH, or asalt thereof.
[000121] In another aspect, the invention features achimeric polynucleotide encoding a
polypeptide, wherein the polynucleotide has a sequence including Formula I1:

[A r]]-'i;l- B,

Formula Il
[000122] wherein each A and B is independently any nucleoside;
[000123] nand Oare, independently 10 to 10,000, e.g., 10 to 1000 or 10 to 2000; and
[000124] Llisabond or hasthe structure of Formula lll:

AR )R 2R - RER) (RO -(R TS
Formula Il
[000125] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000126] each of R, R3, R5, and R, is, independently, selected from optionally substituted
C1-C6 akylene, optionally substituted C1-C6 heteroalkylene, O, S, and NR:
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[000127] R2 and R® are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl,
or phosphoryl;

[000128] R*is optionally substituted Ci-Cio akylene, optionally substituted C2-C1,,
akenylene, optionally substituted C2-C1, alkynylene, optionally substituted C2-C9
heterocyclylene, optionally substituted c 6-C12 arylene, optionally substituted C2-C1,
polyethylene glycolene, or optionally substituted c';-C1 , heteroalkylene, or abond linking (RY),-
(RY)-(R7): t0 (R%)-(R)e-(R")y; and

[000129] R® is hydrogen, optionally substituted c;- c 4 akyl, optionally substituted C2-C4
alkenyl, optionally substituted C2-C4 alkynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted c-C12 aryl, or optionally substituted C1-C7 heteroakyl;

[000130] wherein L1is attached to [A o, and [B] at the sugar of one of the nucleosides (e.g., a
the 3' position of afive-membered sugar ring or 4' position of asix membered sugar ring of a
nucleoside of [A ] andthe 5" position of afive-membered sugar ring or 6" position of of asix
membered sugar ring of anucleoside of [B ] or a the 5° position of afive-membered sugar ring
or 6 position of of a six membered sugar ring of anucleoside of [A ] and the 3" position of a
five-membered sugar ring or 4° position of asix membered sugar ring of anucleoside of [B ).

[000131] wherein at least one of [A ] or [B] includes the structure of Formula IV:

Formula IV

[000132] wherein each of N1and N2 is independently anucleobase;

[000133] each of R9, R0, R11, R12, R13, R14, R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted C1-C6 alkyl, optionally substituted C1-C6 heteroakyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-C1, aryl;

[000134] each of gand h is, independently, O or 1;

[000135] each X1and X4 is, independently, O, NH, or S; and

[000136] each X2isindependently O or S; and
18
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[000137] each X3is OH or SH, or asalt thereof;

[000138] wherein at least one of X1, X2, or X4isNH or S.

[000139] In some embodiments, X1isNH. In other embodiments, X4 is NH. In certain
embodiments, X2is S.

[000140] In some embodiments, the polynucleotide includes: (a) acoding region; (b) a5 UTR
including a least one Kozak sequence; () a3’ UTR; and (d) a least one 5 cap structure. In
other embodiments, the polynucleotide further includes (e) apoly-A tail.

[000141] In some embodiments, one of the coding region, the 5' UTR including at least one
Kozak sequence, the 3 UTR, the 5’ cap structure, or the poly-A tail includes [A ]-L1[B,j].
[000142] In other embodiments, one of the coding region, the 5' UTR including a least one
Kozak sequence, the 3' UTR, the 5’ cap structure, or the poly-A tail includes [A ] and another of
the coding region, the 5' UTR including at least one Kozak sequence, the 3' UTR, the 5' cap
structure, or the poly-A tail includes [B .

[000143] In certain embodiments, the polynucleotide includes a least one modified nucleoside
(e.g., anucleoside described herein).

[000144] In some embodiments, R* is optionally substituted c2.9 heterocyclylene, for example,

the heterocycle may have the structure:

fré\N"\!\
— N
;\N’N\\
N
Sy
aYoor M

[000145] In certain embodiments, L is attached to [A ] & the 3" position of a five-membered
sugar ring or 4' position of asix membered sugar ring of one of the nucleosides and to [B ] & the
5' position of afive-membered sugar ring or 6' position of of asix membered sugar ring of one
of the nucleosides.

[000146] In some embodiments, the polynucleotide is circular.

[000147] In another aspect, the invention features amethod of producing a composition
including a chimeric polynucleotide encoding a polypeptide, wherein the polynucleotide includes

the structure of Formula VVaor Vb:
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Formula Va Formula Vb
[000148] This method includes reacting acompound having the structure of Formula Via or
Vlb:

Formula Via Formula VIb

with a compound having the structure of Formula V1l:

Formula VII

[000149] wherein each of N1and N2is, independently, anucleobase;

[000150] each of R9, R0, Ri1, R2, R13, R14 R15, and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-C 4 alkyl, optionally substituted Ci-C zheteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-C1, aryl;

[000151] each of g and his, independently, O or 1;

[000152] each X1land X4 is, independently, O, NH, or S;

[000153] each X2isOor S; and

[000154] each X3isindependently OH or SH, or asalt thereof;
20
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[000155] each of R and R" is, independently, aregion of linked nucleosides; and

[000156] R8s ahaogen.
[000157] In another aspect, the invention features a method of producing a composition

including achimeric polynucleotide encoding apolypeptide, wherein the polynucleotide includes

the structure of Formula Villa or VIIIb:

Formula Villa Formula VIIIb

[000158] This method includes reacting a compound having the structure of Formula 1Xa or

IXb:
R20
‘O R11
o
g
\‘: z N1
N3 R10 or

Formula | Xa Formula I Xb

with acompound having the structure of Formula Xaor Xb:

Formula Xa Formula Xb

[000159] wherein each of N1and N2 is, independently, anucleobase;
[000160] each of RY, R0, R11, R12, R13, R¥ R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-Cgalkyl, optionaly substituted Ci-C sheteroalkyl, optionally
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substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally

substituted amino, azido, or optionally substituted ce-Clyaryl;

[000161] each of gand his, independently, O or 1;

[000162] each X4is, independently, O, NH, or S; and

[000163] each X1and X2isindependently O or S;

[000164] each X3isindependently OH, SH, or a salt thereof;

[000165] each of R and R?’ is, independently, aregion of linked nucleosides; and

[000166] each of R2! and R22 is, independently, optionally substituted Ci-Ce alkoxy.

[000167] In another aspect, the invention features a method of producing a composition
including a chimeric polynucleotide encoding a polypeptide, wherein the polynucleotide includes

the structure of Formula Xla, XIb, XIla, or XIIb:
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Formula Xlla Formula XllIb.
[000168] This method includes reacting acompound having the structure of Formula Xllla,
XHIib, XIVa, or XIVb:

[000169]
Formula Xllla Formula XHIb

[000170] , Or
Formula XIVa Formula XIVb
[000171] with acompound having the structure of Formula XVa or XVb:

[000172] R?! or
FormulaXVa Formula XVb

[000173] wherein each of N1and N2 is, independently, anucleobase;
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[000174] each of R, R, Rl R22 R13 R4 RI15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-Cgalkyl, optionally substituted Ci-C gheteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted ce-Cljaryl;
[000175] each of gand his, independently, O or 1;
[000176] each X1and X4 is, independently, absent, O, NH, or Sor a salt thereof;
[000177] each of R?* and R?’ is, independently, aregion of linked nucleosides; and
[000178] each of R25 and R?%6 is absent or optionally substituted Ci-Ce alkylene or optionally
substituted Ci-Ce heteroalkylene or R2 and the alkynyl group together form optionally
substituted cycloalkynyl.
[000179] In another aspect, the invention features a method of producing a composition
including a chimeric polynuclectide encoding a polypeptide, wherein the polynucleotide has a
sequence including Formula Il:
[A r]]-'ipl- Bl
Formula Il
[000180] This method includes reacting acompound having the structure of Formula XVI
[An-(RY £ (R?)-(R7)e-N

Formula XVI

with acompound having the structure of Formula XVII:
R”-(R)4(R%e(R))r[B]

Formula XVII
[000181] wherein each A and B is independently any nucleoside;
[000182] nand Oare, independently 10 to 10,000, e.g., 10to 1000 or 10 to 2000; and
[000183] L1has the structure of Formula Ill:

AR )R 2R - RER) (RO -R T

Formula Il
[000184] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000185] R R®, RS, and R7 each, independently, is selected from optionally substituted Ci-Ce
alkylene, optionally substituted Ci-Ce heteroakylene, O, S, and NR®:
[000186] RZand RS are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;
[000187] R#isan optionally substituted triazolene; and
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[000188] R ishydrogen, optionally substituted C1-C4 alkyl, optionally substituted cs.ca
alkenyl, optionally substituted C2-C4 alkynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted cs-C12 aryl, or optionally substituted C1-C7 heteroalkyl; and
[000189] R? isan optionally substituted C2-C3 alkynyl or an optionally substituted Cs-Ci»
cycloakynyl,

[000190] wherein L1isattached to [A,] and [B] a the sugar of one of the nucleosides.

[000191] In some embodiments, the optionally substituted triazolene has the structure:

o or M
[000192] The details of various embodiments of the invention are set forth in the description
below. Other features, objects, and advantages of the invention will be apparent from the
description and the drawings, and from the claims.
[000193] In one embodiment, at least one of the regions of linked nucleosides of A may
comprise a sequence of linked nucleosides which can function as a5' untrandated region (UTR).
The sequence of linked nucleosides may be anatural or synthetic 5' UTR. Asanon-limiting
example, the chimeric polynuclectide may encode a polypeptide of interest and the sequence of
linked nucleosides of A may encode the native 5' UTR of apolypeptide encoded by the chimeric
polynucleotide or the sequence of linked nucleosides may be a non-heterologous 5' UTR such
as, but not limited to a synthetic UTR.
[000194] In another embodiment, at least one of the regions of linked nucleosides of A may be
acap region. The cap region may be located 5' to aregion of linked nucleosides of A
functioning asa5'UTR. The cap region may comprise at least one cap such as, but not limited
to, CapO, Capl, ARCA, inosine, NI-methyl-guanosine, 2'fluoro-guanosine, 7-deaza-guanosine,
8-0x0-guanosing, 2-amino-guanosine, LNA-guanosine, 2-azido-guanosine, Cap2 and Cap4.
[000195] In one embodiment, at least one of the regions of linked nucleosdies of B may
comprise a least one open reading frame of anucleic acid sequence. The nucleic acid sequence
may be codon optimized and/or comprise & least one modification.
[000196] In one embodiment, at least one of the regions of linked nucleosides of C may
comprise a sequence of linked nucleosides which can function as a3' UTR. The sequence of
linked nucleosides may be anatura or synthetic 3' UTR. Asanon-limiting example, the

chimeric polynucleotide may encode apolypeptide of interest and the sequence of linked
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nucleosides of C may encode the native 3' UTR of apolypeptide encoded by the chimeric
polynucleotide or the sequence of linked nucleosides may be a non-heterologous 3' UTR such
as, but not limited to a synthetic UTR.
[000197] In one embodiment, at least one of the regions of linked nucleosides of A comprises a
sequence of linked nucleosides which functions asa5' UTR and at least one of the regions of
linked nucleosides of C comprises a sequence of linked nucleosides which functions asa 3'
UTR. In one embodiment, the 5' UTR and the 3' UTR may be from the same or different
species. In another embodiment, the 5' UTR and the 3' UTR may encode the native untranslated
regions from different proteins from the same or different species.
[000198] In one aspect the chimeric polynucleotides has a sequence or structure comprising
Formula I,
5' [Anlx_LI-[Bgly L2-[C.],-L3 3

Formula |
[000199] wherein:
[000200] each of A and B independently comprise aregion of linked nucleosides;
[000201] Cisan optional region of linked nucleosides;
[000202] at least one of regions A, B, or C is positionally modified, wherein said positionally
modified region comprises at least two chemically modified nucleosides of one or more of the
same nucleoside type of adenosine, thymidine, guanosine, cytidine, or uridine, and wherein a
least two of the chemical modifications of nucleosides of the same type are different chemical
modifications;
[000203] n, 0 and p are independently an integer between 15-1000;
[000204] x andy are independently 1-20;
[000205] zis0-5;
[000206] L land L2 areindependently optional linker moieties, said linker moieties being
either nucleic acid based or non-nucleic acid based; and
[000207] L3isan optiona conjugate or an optional linker moiety, said linker moiety being
either nucleic acid based or non-nucleic acid based.
[000208] In some embodiments, the chimeric polynucleotides of the invention have a sequence
comprising Formula I1:

[An]-'i'}-[Bo]

Formula I1
[000209] wherein each A and B is independently any nucleoside;
[000210] nand o are, independently 15 to 1000; and

26



WO 2016/011306 PCT/US2015/040835

[000211] L1has the structure of Formula Ill:
AR AR 2R 3), - RAR YRRV

Formula 1
[000212] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000213] each of RL, R, RS, and R, is, independently, selected from optionally substituted Ci-
C¢ alkylene, optionally substituted Ci-Ce heteroalkylene, O, S, and NR;
[000214] R2and R® are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;
[000215] R#isoptionaly substituted Ci-Cio akylene, optionally substituted C2-C1,
akenylene, optionaly substituted C2-C1, akynylene, optionally substituted C2-C9
heterocyclylene, optionally substituted ce-C12 arylene, optionally substituted C2-C1,
polyethylene glycolene, or optionally substituted c;-C1 heteroalkylene, or abond linking (RY),-
(RY),-(RY)cto (R%)a-(R%e-(R')f, wherein if ¢, d, e, f, g, and h are 0, R*is not abond; and
[000216] R®ishydrogen, optionally substituted C1-C4 alkyl, optionally substituted C2-C4
alkenyl, optionally substituted C2-C4 akynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted ce-C12 aryl, or optionally substituted C1-C7 heteroalkyl;
[000217] wherein L1isattached to [A] and [B] at the sugar of one of the nucleosides (e.g., a
the 3' position of asugar of anucleoside of [A] and the 5' position of a sugar of anucleoside of
[Bo] or at the 5' position of asugar of anucleoside of [A] and the 3' position of a sugar of a
nucleoside of [B]).
[000218] In other embodiments, the chimeric polynucleotides of the invention have a sequence
comprising Formula II:

A r]]-'ipl-[B o

Formula Il
[000219] wherein each A and B is independently any nucleoside;
[000220] n and Oare, independently 15 to 1000; and
[000221] Llisabond or has the structure of Formula IlI:

E- R1).-(R 2)b-(R3)cR 4-(R 5)d-(R6)e(R7)f—§
Formula 1
[000222] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000223] each of RL, R, RS, and R, is, independently, selected from optionally substituted Ci-
Cs alkylene, optionally substituted C1-C6 heteroalkylene, O, S, and NRS;
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[000224] RZ2and R® are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;

[000225] R“is optionally substituted Ci-Cio alkylene, optionally substituted C2-C1,,
akenylene, optionally substituted C2-C1, alkynylene, optionally substituted C2-C9
heterocyclylene, optionally substituted c ¢-C12 arylene, optionally substituted C2-C1,,
polyethylene glycolene, or optionally substituted c';-C1 , heteroalkylene, or abond linking (RY),-
(R?-(R7). t0 (R*)-(R)e-(R")y; and

[000226] R*ishydrogen, optionally substituted C1-C4 alkyl, optionally substituted C2-C4
alkenyl, optionally substituted C2-C4 alkynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted c-C12 aryl, or optionally substituted C1-C7 heteroakyl;

[000227] wherein L1is attached to [A.] and [B] at the sugar of one of the nucleosides (e.g., a
the 3" position of asugar of anucleoside of [A ] and the 5' position of a sugar of anucleoside of
[B,] or a the 5" position of asugar of anucleoside of [A ] and the 3' position of a sugar of a
nucleoside of [Bj]);

[000228] wherein at least one of [A ] or [B ] comprises the structure of Formula IV:

Formula 1V

[000229] wherein each of N1and N2 is independently anucleobase;

[000230] each of R9, R0, R11, R2, R13, R14 R15, and R is, independently, H, halo, hydroxy,
thiol, optionally substituted C1-C6 alkyl, optionally substituted C1-C6heteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted ¢ 6-C1, aryl;

[000231] each of gand h is, independently, O or 1;

[000232] each X1and X4 is, independently, O, NH, or S; and

[000233] each X2isindependently O or S; and

[000234] each X3is OH or SH, or a salt thereof;

[000235] wherein at least one of X1, X2, or X4isNH or S.
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[000236] For example, in some embodiments, the chimeric polynucleotides of the invention

;
< ! 53
o o o

include the structure:

O OH O OH
’W{O N oy N
NH o OH S ©oH
R’ 2 p"o
-0, N _o K N2
HN OH 0 OH
o W
N=n
AN
H
H =
~,
j\ /\/O\/\ [An]\_ 'N:N
_ N
o N OB A Bl

[000237] In other embodiments, the chimeric polynuclectides of the invention have asequence
comprising Formula I1:
[A -8l
Formula 1l
[000238] wherein each A and B is independently any nucleoside;
[000239] nand o are, independently 15 to 1000; and
[000240] L 1has the structure of Formula lll:

AR 1R 2R 3)- R-RO),(R),-(RT
Formula |11

[000241] wherein a, b, c, d, e, and f are each, independently, 0 or 1;
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[000242] each of RL, R®, RS, and R, is, independently, selected from optionally substituted Ci-
Cs alkylene, optionally substituted Ci-Ce heteroalkylene, O, S, and NR®;

[000243] R2and R® are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;

[000244] R#isoptionally substituted Ci-Cio alkylene, optionally substituted C2-C1,
akenylene, optionally substituted C2-C1, alkynylene, optionaly substituted C2-C9
heterocyclylene, optionally substituted ce-C12 arylene, optionally substituted C2-Cl,
polyethylene glycolene, or optionally substituted C,- C1, heteroalkylene, or abond linking (RY),-
(Rz)b—(R3)ct0 (Rs)d—(R6)e(R7)f, wherein if c, d, e, f, g, and h are 0, R4 is not abond; and
[000245] R?®ishydrogen, optionally substituted C1-C4 alkyl, optionally substituted C2-C4
alkenyl, optionally substituted C2-C4 akynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted ce-C12 aryl, or optionally substituted C1-C7 heteroalkyl;

[000246] wherein L1isattached to [A] and [B] at the sugar of one of the nucleosides (e.g., a
the 3' position of afive-membered sugar ring or 4' position of asix membered sugar ring of a
nucleoside of [A] and the 5' position of afive-membered sugar ring or 6' position of of asix
membered sugar ring of anucleoside of [B] or at the 5' position of afive-membered sugar ring
or 6' position of of a six membered sugar ring of anucleoside of [A ] and the 3' position of a
five-membered sugar ring or 4' position of a six membered sugar ring of anucleoside of [B]).
[000247] In some embodiments, at least one of [A] and [B] includes the structure of Formula

1V:

Formula IV

[000248] wherein each of N1and N2 isindependently a nucleobase;

[000249] each of RY, R0, R11, R12 R13 R R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted C1-C6 alkyl, optionally substituted C1-C6heteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally

substituted amino, azido, or optionally substituted ce6-C10 aryl;
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[000250] each of g and h is, independently, O or 1;

[000251] each X1and X4 is, independently, O, NH, or S;

[000252] each X2isindependently O or S; and

[000253] each X3is OH or SH, or a salt thereof.

[000254] In another aspect, the invention features achimeric polynuclectide encoding a

polypeptide, wherein the polynucleotide has a sequence including Formula I1:
[A - [B ]
Formula Il

[000255] wherein each A and B is independently any nucleoside;

[000256] nand o are, independently 15 to 1000; and

[000257] Llisabond or hasthe structure of Formula Ill:

AR (R (R 9 RR O RE),-R T
Formula [l
[000258] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000259] each of R%, R, R5, and R, is, independently, selected from optionally substituted
C1-C6 akylene, optionally substituted C1-C6 heteroalkylene, O, S, and NR:

[000260] R2 and R are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl,
or phosphoryl;
[000261] R*is optionally substituted Ci-Cio akylene, optionally substituted C2-C1,,

akenylene, optionally substituted C2-C1, alkynylene, optionally substituted C2-C9
heterocyclylene, optionally substituted c 6-C12 arylene, optionally substituted C2-C1,
polyethylene glycolene, or optionally substituted c;-C1 , heteroakylene, or abond linking (RY),-
(R)y-(R): to (R)(RYe(R); and

[000262] R® ishydrogen, optionally substituted c;- c4 alkyl, optionally substituted C2-C4
alkenyl, optionally substituted C2-C4 alkynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted Cs-Ci2 aryl, or optionally substituted C1-C7 heteroakyl;

[000263] wherein L1is attached to [A o and [B] at the sugar of one of the nucleosides (e.g., a
the 3' position of afive-membered sugar ring or 4' position of asix membered sugar ring of a
nucleoside of [A ] and the 5' position of afive-membered sugar ring or 6' position of of asix
membered sugar ring of anucleoside of [B] or & the 5' position of afive-membered sugar ring
or 6' position of of a six membered sugar ring of anucleoside of [A ] and the 3' position of a
five-membered sugar ring or 4' position of a six membered sugar ring of anucleoside of [B ).
[000264] wherein at least one of [A ] or [B] includes the structure of Formula IV:
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Formula IV

[000265] wherein each of N1and N2 isindependently anucleobase;

[000266] each of R9, R19, Rl R22, R13, R¥ R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-C 4 akyl, optionally substituted Ci-C heteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted ¢ 6-C1, aryl;

[000267] each of gand his, independently, O or 1;

[000268] each X1and X4is, independently, O, NH, or S; and

[000269] each XZ2isindependently O or S; and

[000270] each X3is OH or SH, or a salt thereof;

[000271] wherein at least one of X1, X2, or X4isNH or S.

[000272] In some embodiments, X1isNH. In other embodiments, X4isNH. In certain
embodiments, X2is S.

[000273] In some embodiments, the polynucleotide includes. (a) acoding region; (b) a5' UTR
including at least one Kozak sequence; (c) a3' UTR; and (d) at least one 5' cap structure. In
other embodiments, the polynucleotide further includes (e) apoly-A tail.

[000274] In some embodiments, one of the coding region, the 5' UTR including at least one
Kozak sequence, the 3' UTR, the 5' cap structure, or the poly-A tail includes [A]-L-[B].
[000275] In other embodiments, one of the coding region, the 5' UTR including at least one
Kozak sequence, the 3' UTR, the 5' cap structure, or the poly-A tail includes [A,] and another of
the coding region, the 5' UTR including at least one Kozak sequence, the 3' UTR, the 5' cap
structure, or the poly-A tail includes [B].

[000276] In certain embodiments, the polynucleotide includes at least one modified nucleoside
(e.g., anucleoside described herein).

[000277] In some embodiments, R4 is optionally substituted C2-9 heterocyclylene, for example,

the heterocycle may have the structure:
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N N}
N
=~
AN
A x
~ H
H
s oor M

[000278] In certain embodiments, L1is attached to [A,] a the 3' position of afive-membered
sugar ring or 4' position of asix membered sugar ring of one of the nucleosides and to [B ] a the
5' position of afive-membered sugar ring or 6' position of of asix membered sugar ring of one
of the nucleosides.

[000279] In some embodiments, the polynucleotide is circular.

[000280] In another aspect, the invention features a method of producing a composition
including a chimeric polynucleotide encoding a polypeptide, wherein the polynuclectide includes

the structure of Formula V :

FormulaV

[000281] This method includes reacting a compound having the structure of Formula VI:

Formula VI

with acompound having the structure of Formula VII:
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Formula VII

[000282] wherein each of N1and N2 is, independently, anucleobase;

[000283] each of R9, R0, R11, R2, R13, R14, R15, and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-C 4 alkyl, optionally substituted Ci-C zheteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-C1, aryl;

[000284] each of g and his, independently, O or 1;

[000285] each X1and X4 is, independently, O, NH, or S; and

[000286] each X3isindependently OH or SH, or asalt thereof;

[000287] each of RY7 and R is, independently, aregion of linked nucleosides; and
[000288] R isahalogen.

[000289] In another aspect, the invention features a method of producing a composition

including a chimeric polynucleotide encoding a polypeptide, wherein the polynucleotide includes
the structure of Formula VI11:

Formula VIII

[000290] This method includes reacting acompound having the structure of Formula IX:

Ny R0
Formula I X
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with a compound having the structure of Formula X:

R21
“p-x2

Formula X
[000291] wherein each of N1and N2 is, independently, a nucleobase;
[000292] each of RY, R0, R1, R12 R13 R¥ R15 and R s, independently, H,halo, hydroxy,
thiol, optionaly substituted Ci-C,alkyl, optionaly substituted Ci-Cheteroalkyl, optionaly
substituted C..ce heteroalkenyl, optionaly substituted C,.ce heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c6-C10aryl;
[000293] each of g and h is, independently, 0 or 1;
[000294] each X4 is, independently, O, NH, or S; and
[000295] each XZ2isindependently O or S;
[000296] each X3isindependently OH, SH, or a salt thereof;
[000297] each of R20 and R23 is, independently, aregion of linked nucleosides; and
[000298] each of R2! and R22 is, independently, optionally substituted Ci-Ce alkoxy.
[000299] In another aspect, the invention features a method of producing acomposition
including a chimeric polynucleotide encoding a polypeptide, wherein the polynuclectide includes

the structure of Formula XI:

Formula XI

[000300] This method includes reacting acompound having the structure of Formula XII:
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Formula XI|1

with a compound having the structure of Formula XI11:

Formula XI11

[000301] wherein each of N1and NZ2is, independently, anucleobase;
[000302] each of R9, R0, R11, R2, R13, R14 R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-Calkyl, optionaly substituted Ci-Cheteroalkyl, optionally
substituted C..cs heteroalkenyl, optionally substituted C..cs heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-C, aryl;
[000303] each of g and his, independently, O or 1;
[000304] each X4 is, independently, O, NH, or S; and
[000305] each X2isindependently O or S;
[000306] each X3isindependently OH, SH, or a salt thereof;
[000307] each of R2* and R% is, independently, aregion of linked nucleosides; and
[000308] R is optionally substituted C,.cs alkylene or optionally substituted C,.cs
heteroalkylene or R?> and the alkynyl group together form optionally substituted cycloalkynyl.
[000309] In another aspect, the invention features a method of producing a composition
including a chimeric polynucleotide encoding a polypeptide, wherein the polynucleotide has a
sequence including Formula l1:
(AL B,
Formula Il
[000310] This method includes reacting acompound having the structure of Formula X1V
A J-(RY;- (R, (RN
Formula X1V
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with acompound having the structure of Formula XV:
R?-(R’) -(R%)e(R)+[B]
Formula XV
[000311] wherein each A and B is independently any nucleoside;
[000312] nand o are, independently 15 to 1000; and
[000313] L' has the structure of Formula I1I:

§I‘ R1a-(R2b-(R 3)c-RA(R5)-R®)e-(RVi }

Formula 111
[000314] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000315] wherein each A and B is independently any nucleoside;
[000316] n and o are, independently 15 to 1000;
[000317] RZ R?, RS, and R7 each, independently, is selected from optionally substituted Ci-Ce
alkylene, optionally substituted Ci-Ce heteroakylene, O, S, and NR8;
[000318] RZand RS are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;
[000319] R#isan optionally substituted triazolene; and
[000320] R®ishydrogen, optionally substituted C1-C4 alkyl, optionally substituted c3-c4
alkenyl, optionally substituted C2-C4 akynyl, optionally substituted C2-C6 heterocyclyl,
optionally substituted ce-C12 aryl, or optionally substituted C1-C7 heteroalkyl; and
[000321] R?isan optionally substituted C2-C3 alkynyl or an optionally substituted Cs-C,,
cycloakynyl,
[000322] wherein L1isattached to [A] and [B] at the sugar of one of the nucleosides.

[000323] In some embodiments, the optionaly substituted triazolene has the structure:

f\N’N\\
— N
’;\N’N\\
~ H
H
~Yoor M,

[000324] Figures 4 and 5 provide schematics of aseries of chimeric polynucleotides illustrating
various patterns of positional modifications based on Formula | aswell asthose having ablocked
or structured 3' terminus.

[000325] Chimeric polynuclecotides, including the parts or regions thereof, of the present

invention may be classified ashemimers, gapmers, wingmers, or blockmers.
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[000326] Asused herein, a"hemimer" is chimeric polynucleotide comprising aregion or part
which comprises half of one pattern, percent, position or population of achemical

modification(s) and half of asecond pattern, percent, position or population of a chemical
modification(s). Chimeric polynucleotides of the present invention may also comprise hemimer
subregions. In one embodiment, apart or region is 50% of one and 50% of another.

[000327] In one embodiment the entire chimeric polynucleotide can be 50% of one and 50% of
the other. Any region or part of any chimeric polynuclectide of the invention may be a hemimer.
Types of hemimers include pattern hemimers, population hemimers or position hemimers. By
definition, hemimers are 50:50 percent hemimers.

[000328] Asused herein, a"gapmer" isachimeric polynucleotide having at least three parts or
regions with a gap between the parts or regions. The "gap" can comprise aregion of linked
nucleosides or asingle nucleoside which differs from the chimeric nature of the two parts or
regions flanking it. The two parts or regions of a gapmer may be the same or different from each
other.

[000329] Asused herein, a"wingmer" is achimeric polynucleotide having at least three parts
or regions with a gap between the parts or regions. Unlike a gapmer, the two flanking parts or
regions surrounding the gap in awingmer are the same in degree or kind. Such similarity may be
in the length of number of units of different maodifications or in the number of modifications. The
wings of awingmer may be longer or shorter than the gap. The wing parts or regions may be 20,
30, 40, 50, 60 70, 80, 90 or 95% greater or shorter in length than the region which comprises the
gap-

[000330] Asused herein, a"blockmer" is apatterned polynucleotide where parts or regions are
of equivalent size or number and type of modifications. Regions or subregions in a blockmer
may be 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 6162, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232,
233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270,
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271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289,
290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 310, 320, 330, 340, 350, 360, 370, 380,
390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490 or 500, nuclesides long.

[000331] Chimeric polynucleatides, including the parts or regions thereof, of the present
invention having a chemical modification pattern are referred to as "pattern chimeras." Pattern
chimeras may aso be referred to as blockmers. Pattern chimeras are those polynucleotides
having a pattern of modifications within, across or among regions or parts.

[000332] Patterns of modifications within apart or region are those which start and stop within
adefined region. Patterns of modifications across apart or region are those patterns which start
in on part or region and end in another adjacent part or region. Patterns of modifications among
parts or regions are those which begin and end in one part or region and are repeated in a
different part or region, which is not necessarily adjacent to the first region or part.

[000333] Theregions or subregions of pattern chimeras or blockmers may have simple
aternating patterns such as ABAB[AB]n where each "A" and each "B" represent different
chemical modifications (at at |east one of the base, sugar or backbone linker), different types of
chemical modifications (e.g., naturally occurring and non-naturally occurring), different
percentages of modifications or different populations of modifications. The pattern may repeat n
number of times where n=3-300. Further, each A or B can represent from 1-2500 units (e.g.,
nucleosides) in the pattern. Patterns may also be alternating multiples such as
AABBAABB[AABBI]n (an aternating double multiple) or AAABBBAAABBB[AAABBB]n (an
alternating triple multiple) pattern. The pattern may repeat n number of times where n=3-300.
[000334] Different patterns may aso be mixed together to form a second order pattern. For
example, asingle alternating pattern may be combined with atriple alternating pattern to form a
second order alternating pattern A'B'.  One example would be
[ABABAB][AAABBBAAABBB] [ABABAB][AAABBBAAABBB]
[ABABAB][AAABBBAAABBB], where [ABABAB] isA' and [AAABBBAAABBB] isB'. In
like fashion, these patterns may be repeated n number of times, where n=3-300.

[000335] Patterns may include three or more different modifications to form an
ABCABC[ABC]n pattern. These three component patterns may also be multiples, such as
AABBCCAABBCC[AABBCC]n and may be designed as combinations with other patterns such
as ABCABCAABB CCABCABCAABBCC, and may be higher order patterns.

[000336] Regions or subregions of position, percent, and population modifications need not
reflect an equal contribution from each modification type. They may form series such as "1-2-3-

4", "1-2-4-8", where each integer represents the number of units of a particular modification
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type. Alternatively, they may be odd only, such as ' 1-3-3-1-3-1-5" or even only "2-4-2-4-6-4-8"
or amixture of both odd and even number of units such as "1-3-4-2-5-7-3-3-4".

[000337] Pattern chimeras may vary in their chemical modification by degree (such asthose
described above) or by kind (e.g., different modifications).

[000338] Chimeric polynucleotides, including the parts or regions thereof, of the present
invention having at least one region with two or more different chemical modifications of two or
more nucleoside members of the same nucleoside type (A, C, G, T, or U) are referred to as
"positionally modified" chimeras. Positionally modified chimeras are also referred to herein as
"selective placement” chimeras or "selective placement polynucleotides’. Asthe name implies,
selective placement refers to the design of polynucleotides which, unlike polynucleotides in the
art where the modificationto any A, C, G, T or U is the same by virtue of the method of
synthesis, can have different modifications to the individual As, Cs, Gs, Tsor Usin a
polynucleotide or region thereof. For example, in apositionally modified chimeric
polynucleotide, there may betwo or more different chemical modifications to any of the
nucleoside types of As, Cs, Gs, Ts, or Us. There may also be combinations of two or more to any
two or more of the same nucleoside type. For example, apositionally modified or selective
placement chimeric polynucleotide may comprise 3 different modifications to the population of
adenines in the molecule and also have 3 different modifications to the population of cytosines in
the construct—all of which may have aunique, non-random, placement.

[000339] Chimeric polynucleotides, including the parts or regions thereof, of the present
invention having a chemical modification percent are referred to as "percent chimeras.” Percent
chimeras may have regions or parts which comprise at least 1%, at least 2%, &t least 5%, & |east
8%, at least 10%, a least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, a least 90%, at least 95%, or a least 99% positional, pattern or population of
modifications. Alternatively, the percent chimera may be completely modified as to modification
position, pattern, or population. The percent of modification of apercent chimera may be split
between naturally occurring and non-naturally occurring modifications.

[000340] Chimeric polynucleotides, including the parts or regions thereof, of the present
invention having achemical modification population are referred to as "population chimeras." A
population chimera may comprise aregion or part where nucleosides (their base, sugar or
backbone linkage, or combination thereof) have a select population of modifications. Such
modifications may be selected from functional populations such as modifications which induce,
alter or modulate a phenotypic outcome. For example, afunctional population may be a

population or selection of chemical modifications which increase the level of a cytokine. Other
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functional populations may individually or collectively function to decrease the level of one or
more cytokines. Use of a selection of these like-function modifications in achimeric
polynucleotide would therefore constitute a "functional population chimera." Asused herein, a
"functional population chimera' may be one whose unique functional feature is defined by the
population of modifications as described above or the term may apply to the overall function of
the chimeric polynucleotide itself. For example, as awhole the chimeric polynucleotide may
function in a different or superior way as compared to an unmodified or non-chimeric
polynucleotide.

[000341] It should be noted that polynucleotides which have auniform chemical modification
of al of any of the same nucleoside type or apopulation of modifications produced by mere
downward titration of the same starting modification in al of any of the same nucleoside type, or
ameasured percent of achemical modification of all any of the same nucleoside type but with
random incorporation, such as where all uridines are replaced by auridine analog, e.g.,
pseudouridine, are not considred chimeric. Likewise, polynucleotides having auniform chemical
modification of two, three, or four of the same nucleoside type throughout the entire
polynucleotide (such as all uridines and all cytosines, etc. are modified in the same way) are not
considered chimeric polynucleotides. One example of apolynucleotide which is not chimeric is
the canonical pseudouridine/5-methyl cytosine modified polynucleotide of the prior art. These
uniform polynucleotides are arrived a entirely viain vitro transcription (IVT) enzymatic
synthesis; and due to the limitations of the synthesizing enzymes, they contain only one kind of
modification at the occurrence of each of the same nucleoside type, i.e., adenosine (A),
thymidine (T), guanosine (G), cytidine (C) or uradine (U), found in the polynucleotide. Such
polynucleotides may be characterized as IVT polynucleotides.

[000342] The chimeric polynucleotides of the present invention may be structurally modified
or chemically modified. When the chimeric polynucleotides of the present invention are
chemically and/or structurally modified the polynucleotides may bereferred to as "modified
chimeric polynucleotides.”

[000343] In some embodiments of the invention, the chimeric polynucleotides may encode two
or more peptides or polypeptides of interest. Such peptides or polypeptides of interest include the
heavy and light chains of antibodies, an enzyme and its substrate, alabel and its binding
molecule, a second messenger and its enzyme or the components of multimeric proteins or

complexes.
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[000344] The regions or parts of the chimeric polynucleotides of the present invention may be
separated by alinker or spacer moiety. Such linkers or spaces may be nucleic acid based or non-
nucleosidic.
[000345] In one embodiment, the chimeric polynucleotides of the present invention may
include a sequence encoding a self-cleaving peptide described herein, such as, but not limited to,
a2A peptide. The polynucleotide sequence of the 2A peptide in the chimeric polynucleotide
may be modified or codon optimized by the methods described herein and/or are known in the
art.
[000346] Notwithstanding the foregoing, the chimeric polynucleotides of the present invention
may comprise aregion or part which is not positionally modified or not chimeric as defined
herein.
[000347] For example, aregion or part of achimeric polynucleotide may be uniformly
modified a one or more A, T, C, G, or U but according to the invention, the polynucleotides will
not be uniformly modified throughout the entire region or part.
[000348] Regions or parts of chimeric polynucleotides may be from 15-1000 nucleosides in
length and a polynucleotide may have from 2-100 different regions or patterns of regions as
described herein.
[000349] In one embodiment, chimeric polynucleotides encode one or more polypeptides of
interest. In another embodiment, the chimeric polynucleotides are substantially non-coding. In
another embodiment, the chimeric polynucleotides have both coding and non-coding regions and
parts.
[000350] Figure 4 illustrates the design of certain chimeric polynucleotides of the present
invention when based on the scaffold of the polynucleotide of Figure 1. Shown in the figure are
the regions or parts of the chimeric polynucleotides where patterned regions represent those
regions which are positionally modified and open regions illustrate regions which may or may
not be modified but which are, when modified, uniformly modified. Chimeric polynuclectides of
the present invention may be completely positionally modified or partially positionally modified.
They may aso have subregions which may be of any pattern or design. Shown in Figure 2 are a
chimeric subregion and ahemimer subregion.
[000351] In one embodiment, the shortest length of aregion of the chimeric polynucleotide of
the present invention encoding apeptide can bethe length that is sufficient to encode for a
dipeptide, atripeptide, atetrapeptide, apentapeptide, ahexapeptide, aheptapeptide, an
octapeptide, anonapeptide, or a decapeptide. In another embodiment, the length may be
sufficient to encode a peptide of 2-30 amino acids, e.g. 5-30, 10-30, 2-25, 5-25, 10-25, or 10-20
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amino acids. The length may be sufficient to encode for a peptide of at least 11, 12, 13, 14, 15,
17, 20, 25 or 30 amino acids, or a peptide that is no longer than 40 amino acids, e.g. no longer
than 35, 30, 25, 20, 17, 15, 14, 13, 12, 11 or 10 amino acids. Examples of dipeptides that the
polynucleotide sequences can encode or include, but are not limited to, carnosine and anserine.
[000352] In one embodiment, the length of aregion of the chimeric polynucleotide of the
present invention encoding the peptide or polypeptide of interest is greater than about 30
nucleotides in length (e.g., a least or greater than about 35, 40, 45, 50, 55, 60, 70, 80, 90, 100,
120, 140, 160, 180, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1,000, 1,100, 1,200,
1,300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,500, and 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000 or
up to and including 100,000 nucleotides). Asused herein, such aregion may be referred to as a
"coding region” or "region encoding.”
[000353] In some embodiments, the chimeric polynucleotide includes from about 30 to about
100,000 nucleotides (e.g., from 30to 50, from 30 to 100, from 30to 250, from 30 to 500, from
30to 1,000, from 30to 1,500, from 30 to 3,000, from 30 to 5,000, from 30to 7,000, from 30 to
10,000, from 30to 25,000, from 30 to 50,000, from 30to 70,000, from 100 to 250, from 100 to
500, from 100 to 1,000, from 100 to 1,500, from 100 to 3,000, from 100 to 5,000, from 100 to
7,000, from 100 to 10,000, from 100 to 25,000, from 100 to 50,000, from 100 to 70,000, from
100 to 100,000, from 500 to 1,000, from 500 to 1,500, from 500 to 2,000, from 500 to 3,000,
from 500 to 5,000, from 500 to 7,000, from 500 to 10,000, from 500 to 25,000, from 500 to
50,000, from 500 to 70,000, from 500 to 100,000, from 1,000 to 1,500, from 1,000 to 2,000,
from 1,000 to 3,000, from 1,000 to 5,000, from 1,000 to 7,000, from 1,000 to 10,000, from 1,000
to 25,000, from 1,000 to 50,000, from 1,000 to 70,000, from 1,000 to 100,000, from 1,500 to
3,000, from 1,500 to 5,000, from 1,500 to 7,000, from 1,500 to 10,000, from 1,500 to 25,000,
from 1,500 to 50,000, from 1,500 to 70,000, from 1,500 to 100,000, from 2,000 to 3,000, from
2,000 to 5,000, from 2,000 to 7,000, from 2,000 to 10,000, from 2,000 to 25,000, from 2,000 to
50,000, from 2,000 to 70,000, and from 2,000 to 100,000).
[000354] According to the present invention, regions or subregions of the chimeric
polynucleotides may also range independently from 15-1,000 nucleotides in length (e.g., greater
than 30, 40, 45, 50, 55, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600, 650, 700, 750, 800, 850,
900 and 950 nucleotides or at least 30, 40, 45, 50, 55, 60, 70, 80, 90, 100, 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950 and 1,000 nucleotides).
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[000355] According tothe present invention, regions or subregions of chimeric polynucleotides
may range from absent to 500 nucleotides in length (e.g., a least 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, or 500 nucleotides). Where the
region is apolyA tail, the length may be determined in units of or as a function of polyA Binding
Protein binding. In this embodiment, the polyA tail islong enough to bind e least 4 monomers
of PolyA Binding Protein. PolyA Binding Protein monomers bind to stretches of approximately
38 nucleotides. As such, it has been observed that polyA tails of about 80 nucleotides to about
160 nucleotides are functional. The chimeric polynucleotides of the present invention which
function as an mMRNA need not comprise apolyA tail.

[000356] According to the present invention, chimeric polynuclectides which function as an
MRNA may have acapping region. The capping region may comprise a single cap or a series of
nucleotides forming the cap. In this embodiment the capping region may be from 1to 10, e.g. 2-
9, 3-8, 4-7, 1-5, 5-10, or at least 2, or 10 or fewer nucleotides in length. In some embodiments,
the cap is absent.

[000357] The present invention contemplates chimeric polynucleotides which are circular or
cyclic. Asthe name implies circular polynucleotides are circular in nature meaning that the
termini arejoined in some fashion, whether by ligation, covalent bond, common association with
the same protein or other molecule or complex or by hybridization. Any of the circular
polynucleotides astaught in, for example, co-pending International Application No.
PCT/US2014/053904, filed September 3, 2014 (Attorney Docket No. M051.20), the contents of
each of which are incorporated herein by reference in their entirety, may be made chimeric
according to the present invention.

[000358] Chimeric polynucleotides, formulations and compositions comprising chimeric
polynucleotides, and methods of making, using and administering chimeric polynucleotides are
also described in co-pending International Application No. PCT/US20 14/053907, filed
September 3, 2014 (Attorney Docket No. M057.20); each of which is incorporated by reference
in its entirety.

Circular PolynucleotideArchitecture

[000359] The present invention contemplates polynucleotides which are circular or cyclic. As
the name implies circular polynucleotides are circular in nature meaning that the termini are
joined in some fashion, whether by ligation, covalent bond, common association with the same
protein or other molecule or complex or by hybridization. Any of the circular polynucleotides as

taught in, for example, co-pending International Publication No. W02015034925, (Attorney
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Docket No. M05 1.20), the contents of each of which are incorporated herein by reference in their
entirety.

[000360] Circular polynucleotides of the present invention may be designed according to the
circular RNA construct scaffolds shown in Figures 6A-6G. These figures are also described in
co-pending International Application No. W02015034925, (Attorney Docket No. M051.20), the
contents of each of which are incorporated herein by reference in their entirety. Such
polynucleotides may be referred to as cicular polynucleotides or circular constructs.

[000361] The circular polynucleotides or circPs of the present invention which encode at least
one peptide or polypeptide of interest are known as circular RNAs or circRNA. Asused herein,
"circular RNA" or "circRNA" means acircular polynucleotide that can encode at least one
peptide or polypeptide of interest. The circPs of the present invention which comprise at least
one sensor sequence and do not encode a peptide or polypeptide of interest are known as circular

sponges or circSP. Asused herein, "circular sponges,” "circular polynucleotide sponges' or
"circSP" means acircular polynucleotide which comprises at least one sensor sequence and does
not encode a polypeptide of interest. Asused herein, "sensor sequence’ means areceptor or
pseudo-receptor for endogenous nucleic acid binding molecules. Non-limiting examples of
sensor sequences include, microRNA binding sites, microRNA seed sequences, microRNA
binding sites without the seed sequence, transcription factor binding sites and artificial binding
sites engineered to act as pseudo-receptors and portions and fragments thereof.

[000362] The circPs of the present invention which comprise a least one sensor sequence and
encode a least one peptide or polypeptide of interest are known as circular RNA sponges or
CircRNA-SP. Asused herein, "circular RNA sponges’ or "circRNA-SP' means acircular
polynucleotide which comprises at least one sensor sequence and a least one region encoding at
least one peptide or polypeptide of interest.

[000363] Figures 6A-6G show arepresentative circular construct 200 of the circular
polynucleotides of the present invention. Asused herein, the term "circular construct” refersto a
circular polynucleotide transcript which may act substantially similar to and have properties of a
RNA molecule. In one embodiment the circular construct acts as an mRNA. If the circular
construct encodes one or more peptides or polypeptides of interest (e.g., acircRNA or circRNA-
SP) then the polynucleotide transcript retains sufficient structural and/or chemical features to
allow the polypeptide of interest encoded therein to betranslated. Circular constructs may be
polynucleotides of the invention. When structurally or chemically modified, the construct may
bereferred to as amodified circP, modified circSP, modified circRNA or modified circRNA-SP.
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[000364] Turning to Figure 6A, the circular construct 200 here contains afirst region of linked
nucleotides 202 that is flanked by afirst flanking region 204 and a second flanking region 206.
Asused herein, the "first region” may bereferred to as a"coding region," a"non-coding region”
or "region encoding” or smply the "first region." In one embodiment, this first region may
comprise nucleotides such as, but is not limited to, encoding a least one peptide or polypeptide
of interest and/or nucleotides encoding a sensor region. The peptide or polypeptide of interest
may comprise & its 5' terminus one or more signal peptide sequences encoded by a signal
peptide sequence region 203. The first flanking region 204 may comprise aregion of linked
nucleosides or portion thereof which may act similarly to an untranslated region (UTR) in a
MRNA and/or DNA sequence. The first flanking region may also comprise aregion of polarity
208. The region of polarity 208 may include an IRES sequence or portion thereof. Asanon-
limiting example, when linearlized this region may be split to have afirst portion be on the 5'
terminus of the first region 202 and second portion be on the 3' terminus of the first region 202.
The second flanking region 206 may comprise atailing sequence region 210 and may comprise a
region of linked nucleotides or portion thereof 212 which may act similarly toaUTR in an
MRNA and/or DNA.

[000365] Bridging the 5' terminus of the first region 202 and the first flanking region 204 is a
first operational region 205. In one embodiment, this operational region may comprise a start
codon. The operational region may alternatively comprise any translation initiation sequence or
signal including a start codon.

[000366] Bridging the 3' terminus of the first region 202 and the second flanking region 206 is
asecond operational region 207. Traditionally this operational region comprises a stop codon.
The operational region may alternatively comprise any translation initiation sequence or signa
including a stop codon. According to the present invention, multiple serial stop codons may also
beused. 1n one embodiment, the operation region of the present invention may comprise two
stop codons. The first stop codon may be "TGA" or "UGA" and the second stop codon may be
selected from the group consisting of "TAA," "TGA," "TAG," "UAA," "UGA" or "UAG."
[000367] Turning to Figure 6B, a least one non-nucleic acid moiety 201 may be used to
prepare acircular construct 200 where the non-nucleic acid moiety 201 is used to bring the first
flanking region 204 near the second flanking region 206. Non-limiting examples of non-nucleic
acid moieties which may be used in the present invention are described herein. The circular
construct 200 may comprise more than one non-nucleic acid moiety wherein the additional non-

nucleic acid moieties may be heterologous or homologous to the first non-nucleic acid moiety.
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[000368] Turning to Figure 6C, the first region of linked nucleosides 202 may comprise a
spacer region 214. This spacer region 214 may be used to separate the first region of linked
nucleosides 202 so that the circular construct can include more than one open reading frame,
non-coding region or an open reading frame and anon-coding region.

[000369] Turning to Figure 6D, the second flanking region 206 may comprise one or more
sensor regions 216 inthe 3UTR 212. These sensor sequences as discussed herein operate as
pseudo-receptors (or binding sites) for ligands of the local microenvironment of the circular
construct. For example, microRNA bindng sites or miRNA seeds may be used as sensors such
that they function as pseudoreceptors for any microRNAS present in the environment of the
circular polynucleotide. Asshown in Figure 6D, the one or more sensor regions 216 may be
separated by a spacer region 214.

[000370] Asshown in Figure 6E, acircular construct 200, which includes one or more sensor
regions 216, may aso include a spacer region 214 in the first region of linked nucleosides 202.
As discussed above for Figure 6B, this spacer region 214 may be used to separate the first region
of linked nucleosides 202 so that the circular construct can include more than one open reading
frame and/or more than one non-coding region.

[000371] Turning to Figure 6F, acircular construct 200 may be a non-coding construct known
as acircSP comprising at least one non-coding region such as, but not limited to, a sensor region
216. Each of the sensor regions 216 may include, but are not limited to, amiR sequence, amiR
seed, amiR binding site and/or amiR sequence without the seed.

[000372] Turning to Figure 6G, at least one non-nucleic acid moiety 201 may beused to
prepare acircular construct 200 which is anon-coding construct. The circular construct 200
which is anon-coding construct may comprise more than one non-nucleic acid moiety wherein
the additional non-nucleic acid moieties may be heterologous or homologous to the first non-
nucleic acid moiety.

[000373] Circular polynucleotides, formulations and compositions comprising circular
polynucleotides, and methods of making, using and administering circular polynucleotides are
also described in co-pending International Patent Publication No. W02015034925, the contents
of which is incorporated by reference in its entirety.

Multimers of Polynucleotides

[000374] According to the present invention, multiple distinct polynucleotides such as chimeric
polynucleotides and/or IVT polynucleotides may be linked together through the 3'-end using
nucleotides which are modified at the 3'-terminus. Chemical conjugation may be used to control

the stoichiometry of delivery into cells. For example, the glyoxylate cycle enzymes, isocitrate
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lyase and malate synthase, may be supplied into cells at a 1:1ratio to alter cellular fatty acid
metabolism. This ratio may be controlled by chemically linking chimeric polynucleotides and/or
IVT polynucleotides using a 3'-azido terminated nucleotide on one polynucleotides species and a
C5-ethynyl or alkynyl-containing nucleotide on the opposite polynucleotide species. The
modified nucleotide is added post-transcriptionally using termina transferase (New England
Biolabs, Ipswich, MA) according to the manufacturer's protocol. After the addition of the 3'-
modified nucleotide, the two polynucleotides species may be combined in an aqueous solution,
in the presence or absence of copper, to form anew covalent linkage via aclick chemistry
mechanism as described in the literature.

[000375] In another example, more than two polynucleotides such as chimeric polynucleotides
and/or IVT polynucleotides may be linked together using afunctionalized linker molecule. For
example, afunctionalized saccharide molecule may be chemically modified to contain multiple
chemical reactive groups (SH-, NH,-, N, etc. ..) to react with the cognate moiety on a 3'-
functionalized mRNA molecule (i.e,, a3-maleimide ester, 3'-NHS-ester, alkynyl). The number
of reactive groups on the modified saccharide can be controlled in astoichiometric fashion to
directly control the stoichiometric ratio of conjugated chimeric polynucleotides and/or IVT
polynucleotides.

[000376] In one embodiment, the chimeric polynucleotides and/or IVT polynucleotides may be
linked together in apattern. The pattern may be a simple alternating pattern such as CD[CD] x
where each "C" and each "D" represent achimeric polynucleotide, IVT polynucleotide, different
chimeric polynucleotides or different IVT polynucleotides. The pattern may repeat x number of
times, where x= 1-300. Paterns may also be alternating multiples such as CCDD[CCDD] , (an
aternating double multiple) or CCCDDD[CCCDDD] , (an aternating triple multiple) pattern.
The aternating double multiple or alternating triple multiple may repeat x humber of times,
where x= 1-300.

Conjugates and Combinations of Polynucleotides

[000377] In order to further enhance protein production, polynucleotides of the present
invention can be designed to be conjugated to other polynucleotides, dyes, intercalating agents
(e.g. acridines), cross-linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin,
Sapphyrin), polycyclic aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial
endonucleases (e.g. EDTA), akylating agents, phosphate, amino, mercapto, PEG (e.g., PEG-
40K), MPEG, [MPEG]2, polyamino, alkyl, substituted alkyl, radiolabeled markers, enzymes,
haptens (e.g. biotin), transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid),
synthetic ribonucleases, proteins, e.g., glycoproteins, or peptides, e.g., molecules having a
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specific affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type
such as acancer cell, endothelial cell, or bone cdll, hormones and hormone receptors, non-
peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors, or a drug.

[000378] Conjugation may result in increased stability and/or half life and may be particularly
useful in targeting the polynucleotides to specific sites in the cell, tissue or organism.

[000379] According to the present invention, the polynucleotides may be administered with,
conjugated to or further encode one or more of RNAI agents, sSIRNAs, shRNAs, miRNAS,
mMiRNA binding sites, antisense RNAS, ribozymes, catalytic DNA, tRNA, RNAs that induce
triple helix formation, aptamers or vectors, and the like.

Bifunctional Polynucleotides

[000380] In one embodiment of the invention are bifunctional polynuclectides (e.g.,
bifunctional IVT polynucleotides, bifunctional chimeric polynucleotides or bifunctional circular
polynucleotides). Asthe name implies, bifunctional polynucleotides are those having or capable
of at least two functions. These molecules may also by convention bereferred to as multi-
functional. Bifunctional polynucleotides are described in paragraphs [000176] - [000178] of
copending International Publication No. WO20 1503 8892, the contents of which are herein
incorporated by reference in its entirety.

Noncoding Polynucleotides

[000381] Asdescribed herein, provided are polynucleotides having sequences that are partially
or substantialy not trandatable, e.g., having anoncoding region. A s one non-limiting example,
the noncoding region may bethe first region of the IVT polynucleotide or the circular
polynucleotide. Alternatively, the noncoding region may be aregion other than the first region.
As another non-limiting example, the noncoding region may bethe A, B and/or C region of the
chimeric polynucleotide.

[000382] Such molecules are generally not trandated, but can exert an effect on protein
production by one or more of binding to and sequestering one or more trandational machinery
components such as aribosomal protein or atransfer RNA (tRNA), thereby effectively reducing
protein expression in the cell or modulating one or more pathways or cascades in acell which in
turn alters protein levels. The polynucleotide may contain or encode one or more long
noncoding RNA (IncRNA, or lincRNA) or portion thereof, a small nucleolar RNA (sno-RNA),
micro RNA (miRNA), small interfering RNA (SIRNA) or Piwi-interacting RNA (piRNA).
Examples of such IncRNA molecules and RNAI constructs designed to target such IncRNA any
of which may be encoded in the polynucleotides are taught in International Publication,

W02012/018881 A2, the contents of which are incorporated herein by reference in their entirety.
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Polypeptides of Interest

[000383] Polynucleotides of the present invention may encode one or more peptides or
polypeptides of interest. They may also affect the levels, signaling or function of one or more
peptides or polypeptides. Polypeptides of interest, according to the present invention include any
of those taught in, for example, those listed in Table 6 of International Publication Nos.
WQ02013151666, W0O2013151668, W02013151663, W02013151669, W02013151670,
W02013151664, W02013151665, W02013151736; Tables 6 and 7 International Publication
No. W0O2013151672; Tables 6, 178 and 179 of International Publication No. W0O2013151671;
Tables 6, 185 and 186 of International Publication No W02013151667; the contents of each of
which are herein incorporated by reference in their entireties.

[000384] According to the present invention, the polynucleotide may be designed to encode
one or more polypeptides of interest or fragments thereof. Such polypeptide of interest may
include, but is not limited to, whole polypeptides, aplurality of polypeptides or fragments of
polypeptides, which independently may be encoded by one or more regions or parts or the whole
of apolynucleotide. Asused herein, the term "polypeptides of interest" refer to any polypeptide
which is selected to be encoded within, or whose function is affected by, the polynucleotides of
the present invention.

[000385] Asused herein, "polypeptide” means apolymer of amino acid residues (natural or
unnatural) linked together most often by peptide bonds. The term, as used herein, refers to
proteins, polypeptides, and peptides of any size, structure, or function. In some instances the
polypeptide encoded is smaller than about 50 amino acids and the polypeptide is then termed a
peptide. If the polypeptide is apeptide, it will be at least about 2, 3, 4, or at least 5 amino acid
residues long. Thus, polypeptides include gene products, naturally occurring polypeptides,
synthetic polypeptides, homologs, orthologs, paralogs, fragments and other equivalents, variants,
and analogs of the foregoing. A polypeptide may be a single molecule or may be amulti-
molecular complex such as adimer, trimer or tetramer. They may also comprise single chain or
multichain polypeptides such as antibodies or insulin and may be associated or linked. Most
commonly disulfide linkages are found in multichain polypeptides. The term polypeptide may
also apply to amino acid polymers in which one or more amino acid residues are an artificial
chemical analogue of acorresponding naturally occurring amino acid.

[000386] Theterm "polypeptide variant” refers to molecules which differ in their amino acid
sequence from anative or reference sequence. The amino acid sequence variants may possess
substitutions, deletions, and/or insertions at certain positions within the amino acid sequence, as

compared to anative or reference sequence. Ordinarily, variants will possess at |east about 50%
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identity (homology) to anative or reference sequence, and preferably, they will be at least about
80%, more preferably at least about 90% identical (homologous) to a native or reference
sequence.

[000387] In some embodiments "variant mimics' are provided. Asused herein, the term
"variant mimic" is onewhich contains one or more amino acids which would mimic an activated
sequence. For example, glutamate may serve as amimic for phosphoro-threonine and/or
phosphoro-serine.  Alternatively, variant mimics may result in deactivation or in an inactivated
product containing the mimic, e.g., phenylalanine may act as an inactivating substitution for
tyrosine; or alanine may act as an inactivating substitution for serine.

[000388] "Homology" as it appliesto amino acid sequences is defined as the percentage of
residues in the candidate amino acid sequence that are identical with the residues in the amino
acid sequence of a second sequence after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent homology. Methods and computer programs for the
alignment arewell known in the art. It is understood that homology depends on acalculation of
percent identity but may differ in value dueto gaps and penalties introduced in the calculation.
[000389] By "homologs' as it appliesto polypeptide sequences means the corresponding
sequence of other species having substantial identity to a second sequence of a second species.
[000390] "Analogs' is meant to include polypeptide variants which differ by one or more
amino acid alterations, e.g., substitutions, additions or deletions of amino acid residues that il
maintain one or more of the properties of the parent or starting polypeptide.

[000391] The present invention contemplates several types of compositions which are
polypeptide based including variants and derivatives. These include substitutional, insertional,
deletion and covalent variants and derivatives. The term "derivative" isused synonymously with
theterm "variant" but generaly refers to a molecule that has been modified and/or changed in
any way relative to areference molecule or starting molecule.

[000392] Assuch, polynucleotides encoding peptides or polypeptides containing substitutions,
insertions and/or additions, deletions and covalent modifications with respect to reference
sequences, in particular the polypeptide sequences disclosed herein, are included within the
scope of this invention. For example, sequence tags or amino acids, such as one or more lysines,
can be added to the peptide sequences of the invention (e.g., & the N-terminal or C-termina
ends). Sequence tags can beused for peptide purification or localization. Lysines can beused to
increase peptide solubility or to allow for biotinylation. Alternatively, amino acid residues
located at the carboxy and amino terminal regions of the amino acid sequence of a peptide or

protein may optionally be deleted providing for truncated sequences. Certain amino acids (e.g.,
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C-terminal or N-terminal residues) may aternatively be deleted depending on the use of the
sequence, as for example, expression of the sequence as part of alarger sequence which is
soluble, or linked to a solid support.

[000393] "Substitutional variants' when referring to polypeptides are those that have at |east
one amino acid residue in anative or starting sequence removed and a different amino acid
inserted in its place a the same position. The substitutions may be single, where only one amino
acid in the molecule has been substituted, or they may be multiple, where two or more amino
acids have been substituted in the same molecule.

[000394] Asused herein the term "conservative amino acid substitution” refers to the
substitution of an amino acid that is normally present in the sequence with a different amino acid
of similar size, charge, or polarity. Examples of conservative substitutions include the
substitution of anon-polar (hydrophobic) residue such as isoleucine, valine and leucine for
another non-polar residue. Likewise, examples of conservative substitutions include the
substitution of one polar (hydrophilic) residue for another such as between arginine and lysine,
between glutamine and asparagine, and between glycine and serine. Additionaly, the
substitution of abasic residue such as lysine, arginine or histidine for another, or the substitution
of one acidic residue such as aspartic acid or glutamic acid for another acidic residue are
additional examples of conservative substitutions. Examples of non-conservative substitutions
include the substitution of anon-polar (hydrophobic) amino acid residue such as isoleucine,
valine, leucine, alanine, methionine for apolar (hydrophilic) residue such as cysteine, glutamine,
glutamic acid or lysine and/or apolar residue for anon-polar residue.

[000395] “Insertional variants' when referring to polypeptides are those with one or more
amino acids inserted immediately adjacent to an amino acid at aparticular position in anative or
starting sequence. "Immediately adjacent” to an amino acid means connected to either the apha-
carboxy or apha-amino functional group of the amino acid.

[000396] "Deletional variants' when referring to polypeptides are those with one or more
amino acids in the native or starting amino acid sequence removed. Ordinarily, deletional
variants will have one or more amino acids deleted in aparticular region of the molecule.
[000397] "Covalent derivatives' when referring to polypeptides include modifications of a
native or starting protein with an organic proteinaceous or non-proteinaceous derivatizing agent,
and/or post-translational modifications. Covalent modifications are traditionally introduced by
reacting targeted amino acid residues of the protein with an organic derivatizing agent that is
capable of reacting with selected side-chains or terminal residues, or by harnessing mechanisms

of post-translational modifications that function in selected recombinant host cells. The resultant
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covalent derivatives are useful in programs directed at identifying residues important for
biological activity, for immunoassays, or for the preparation of anti-protein antibodies for
immunoaffinity purification of the recombinant glycoprotein. Such modifications are within the
ordinary skill in the art and are performed without undue experimentation.

[000398] Certain post-translational modifications are the result of the action of recombinant
host cells on the expressed polypeptide. Glutaminyl and asparaginyl residues are frequently post-
tranglationally deamidated to the corresponding glutamyl and aspartyl residues. Alternatively,
these residues are deamidated under mildly acidic conditions. Either form of these residues may
be present in the polypeptides produced in accordance with the present invention.

[000399] Other post-translational modifications include hydroxylation of proline and lysine,
phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation of the alpha-amino
groups of lysine, arginine, and histidine side chains (T. E. Creighton, Proteins. Structure and
Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)).

[000400] "Features' when referring to polypeptides are defined as distinct amino acid
sequence-based components of amolecule. Features of the polypeptides encoded by the
polynucleotides of the present invention include surface manifestations, local conformational
shape, folds, loops, half-loops, domains, half-domains, sites, termini or any combination thereof.
[000401] Asused herein when referring to polypeptides the term "surface manifestation” refers
to apolypeptide based component of aprotein appearing on an outermost surface.

[000402] Asused herein when referring to polypeptides the term "local conformational shape™
means apolypeptide based structural manifestation of aprotein which is located within a
definable space of the protein.

[000403] Asused herein when referring to polypeptides the term "fold" refers to the resultant
conformation of an amino acid sequence upon energy minimization. A fold may occur & the
secondary or tertiary level of the folding process. Examples of secondary level folds include beta
sheets and apha helices. Examples of tertiary folds include domains and regions formed due to
aggregation or separation of energetic forces. Regions formed in this way include hydrophobic
and hydrophilic pockets, and the like.

[000404] Asused herein the term "turn" as it relates to protein conformation means a bend
which aters the direction of the backbone of apeptide or polypeptide and may involve one, two,
three or more amino acid residues.

[000405] Asused herein when referring to polypeptides the term "loop” refersto a structural
feature of apolypeptide which may serveto reverse the direction of the backbone of a peptide or

polypeptide. Where the loop is found in a polypeptide and only alters the direction of the
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backbone, it may comprise four or more amino acid residues. Oliva et al. have identified at least
5 classes of protein loops (J. Mol Biol 266 (4): 814-830; 1997). Loops may be open or closed.
Closed loops or "cyclic" loops may comprise 2, 3, 4, 5, 6, 7, 8,9, 10 or more amino acids
between the bridging moieties. Such bridging moieties may comprise a cysteine-cysteine bridge
(Cys-Cys) typical in polypeptides having disulfide bridges or alternatively bridging moieties may
be non-protein based such asthe dibromozylyl agents used herein.

[000406] Asused herein when referring to polypeptides the term "half-loop” refers to aportion
of an identified loop having a least half the number of amino acid resides asthe loop from
which it is derived. It isunderstood that loops may not always contain an even number of amino
acid residues. Therefore, in those cases where aloop contains or is identified to comprise an odd
number of amino acids, ahalf-loop of the odd-numbered loop will comprise the whole number
portion or next whole number portion of the loop (number of amino acids of the loop/2+/-0.5
amino acids). For example, aloop identified as a7 amino acid loop could produce half-loops of
3 amino acids or 4 amino acids (7/2=3.5+/-0.5 being 3 or 4).

[000407] Asused herein when referring to polypeptides the term "domain” refersto a motif of
apolypeptide having one or more identifiable structural or functional characteristics or
properties (e.g., binding capacity, serving as a site for protein-protein interactions).

[000408] Asused herein when referring to polypeptides the term "half-domain” means a
portion of an identified domain having a least half the number of amino acid resides as the
domain from which it is derived. It is understood that domains may not aways contain an even
number of amino acid residues. Therefore, in those cases where a domain contains or is
identified to comprise an odd number of amino acids, a half-domain of the odd-numbered
domain will comprise the whole number portion or next whole number portion of the domain
(number of amino acids of the domain/2+/-0.5 amino acids). For example, a domain identified as
a7 amino acid domain could produce half-domains of 3 amino acids or 4 amino acids
(7/2=3.5+/-0.5 being 3 or 4). It is also understood that sub-domains may be identified within
domains or half-domains, these subdomains possessing less than all of the structural or
functional properties identified in the domains or half domains from which they were derived. It
is also understood that the amino acids that comprise any of the domain types herein need not be
contiguous aong the backbone of the polypeptide (i.e., nonadjacent amino acids may fold
structurally to produce a domain, half-domain or subdomain).

[000409] Asused herein when referring to polypeptides the terms "site" as it pertains to amino
acid based embodiments is used synonymously with "amino acid residue" and "amino acid side

chain." A site represents aposition within apeptide or polypeptide that may be modified,
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manipulated, altered, derivatized or varied within the polypeptide based molecules of the present
invention.

[000410] Asused herein the terms "termini” or "terminus’ when referring to polypeptides
refers to an extremity of apeptide or polypeptide. Such extremity is not limited only to the first
or final site of the peptide or polypeptide but may include additional amino acids in the terminal
regions. The polypeptide based molecules of the present invention may be characterized as
having both an N-terminus (terminated by an amino acid with afree amino group (NH2)) and a
C-terminus (terminated by an amino acid with afree carboxyl group (COOH)). Proteins of the
invention are in some cases made up of multiple polypeptide chains brought together by
disulfide bonds or by non-covalent forces (multimers, oligomers). These sorts of proteins will
have multiple N- and C-termini. Alternatively, the termini of the polypeptides may be modified
such that they begin or end, asthe case may be, with a non-polypeptide based moiety such as an
organic conjugate.

[000411] Once any of the features have been identified or defined as a desired component of a
polypeptide to be encoded by the polynucleotide of the invention, any of several manipulations
and/or modifications of these features may be performed by moving, swapping, inverting,
deleting, randomizing or duplicating. Furthermore, it isunderstood that manipulation of features
may result in the same outcome as a modification to the molecules of the invention. For
example, a manipulation which involved deleting a domain would result in the ateration of the
length of amoleculejust as modification of anucleic acid to encode less than afull length
molecule would.

[000412] Modifications and manipulations can be accomplished by methods known in the art
such as, but not limited to, site directed mutagenesis or apriori incorporation during chemical
synthesis. The resulting modified molecules may then be tested for activity using in vitro or in
vivo assays such asthose described herein or any other suitable screening assay known in the art.
[000413] According to the present invention, the polypeptides may comprise a consensus
sequence which is discovered through rounds of experimentation. Asused herein a"consensus'
sequence is a single sequence which represents a collective population of sequences allowing for
variability a one or more sites.

[000414] Asrecognized by those skilled in the art, protein fragments, functional protein
domains, and homologous proteins are also considered to bewithin the scope of polypeptides of
interest of this invention. For example, provided herein is any protein fragment (meaning a
polypeptide sequence a least one amino acid residue shorter than areference polypeptide
sequence but otherwise identical) of areference protein 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or
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greater than 100 amino acids in length. In another example, any protein that includes a stretch of
about 20, about 30, about 40, about 50, or about 100 amino acids which are about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about 95%, or about 100% identical to any
of the sequences described herein can be utilized in accordance with the invention. In certain
embodiments, apolypeptide to be utilized in accordance with the invention includes 2, 3, 4, 5, 6,
7, 8, 9, 10, or more mutations as shown in any of the sequences provided or referenced herein.

Types of Polypeptides of Interest

[000415] The polynucleotides of the present invention may be designed to encode polypeptides
of interest selected from any of several target categories including, but not limited to, biologies,
antibodies, vaccines, therapeutic proteins or peptides, cell penetrating peptides, secreted proteins,
plasma membrane proteins, cytoplasmic or cytoskeletal proteins, intracellular membrane bound
proteins, nuclear proteins, proteins associated with human disease, targeting moieties or those
proteins encoded by the human genome for which no therapeutic indication has been identified
but which nonetheless have utility in areas of research and discovery.

[000416] In one embodiment, polynucleotides may encode variant polypeptides which have a
certain identity with areference polypeptide sequence. Asused herein, a"reference polypeptide
sequence” refers to astarting polypeptide sequence. Reference sequences may be wild type
sequences or any sequence to which reference is made in the design of another sequence. A
"reference polypeptide sequence’ may, e.g., be any one of those polypeptides disclosed in Table
6 and 7 of U.S. Provisional Patent Application Nos. 61/681,720, 61/737,213, 61/681,742; Table
6 of International Publication Nos. W02013151666, W02013151668, W02013151663,
W02013151669, W02013151670, W02013151664, W0O2013151665, W02013151736; Tables
6 and 7 International Publication No. W02013151672; Tables 6, 178 and 179 of International
Publication No. W02013151671; Tables 6, 185 and 186 of International Publication No
WO2013 15 1667; the contents of each of which are herein incorporated by reference in their
entireties.

[000417] Reference molecules (polypeptides or polynucleotides) may share a certain identity
with the designed molecules (polypeptides or polynucleotides). The term "identity" asknown in
the art, refers to arelationship between the sequences of two or more peptides, polypeptides or
polynucleotides, as determined by comparing the sequences. In the art, identity also means the
degree of sequence relatedness between them as determined by the number of matches between
strings of two or more amino acid residues or nucleosides. Identity measures the percent of
identical matches between the smaller of two or more sequences with gap alignments (if any)

addressed by aparticular mathematical model or computer program (i.e., "algorithms"). Identity
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of related peptides can bereadily calculated by known methods. Such methods include, but are
not limited to, those described in Computational Molecular Biology, Lesk, A. M., ed., Oxford
University Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D.
W., ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin,
A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press, 1987; Sequence Analysis Primer, Gribskov,
M . and Devereux, J., eds., M. Stockton Press, New York, 1991; and Carillo et a, SIAM J.
Applied Math. 48, 1073 (1988).

[000418] In some embodiments, the encoded polypeptide variant may have the same or a
similar activity asthe reference polypeptide. Alternatively, the variant may have an altered
activity (e.g., increased or decreased) relative to areference polypeptide. Generally, variants of a
particular polynucleotide or polypeptide of the invention will have at least about 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% but less than 100% sequence identity to that particular reference polynucleotide or
polypeptide as determined by sequence alignment programs and parameters described herein and
known to those skilled inthe art. Such tools for alignment include those of the BLAST suite
(Stephen F. Altschul, Thomas L. Madden, Algandro A. Schaffer, Jinghui Zhang, Zheng Zhang,
Webb Miller, and David J. Lipman (1997), "Gapped BLAST and PSI-BLAST: anew generation
of protein database search programs’, Nucleic Acids Res. 25:3389-3402.) Other tools are
described herein, specifically inthe definition of "ldentity."

[000419] Default parameters inthe BLAST agorithm include, for example, an expect threshold
of 10, Word size of 28, Match/Mismatch Scores 1, -2, Gap costs Linear. Any filter can be
applied aswell as a selection for species specific repeats, e.g., Homo sapiens.

Polynucleotide Regions

[000420] In some embodiments, polynucleotides may be designed to comprise regions,
subregions or parts which function in asimilar manner as known regions or parts of other nucleic
acid based molecules. Such regions include those polynucleoctide regions discussed herein as
well as noncoding regions. Noncoding regions may be at the level of a single nucleoside such as
the case when the region is or incorporates one or more cytotoxic nucleosides.

Cytotoxic Nucleosides

[000421] In one embodiment, the polynucleotides of the present invention may incorporate one
or more cytotoxic nucleosides. For example, cytotoxic nucleosides may be incorporated into

polynucleotides such as bifunctional modified RNAs or mRNAs. Cytotoxic nucleosides are
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described in paragraphs [000223] - [000227] of copending International Publication No.
W02015038892, the contents of which are herein incorporated by reference in its entirety.
Polynucleotides having Untranslated Regions (UTRs)

[000422] The polynucleotides of the present invention may comprise one or more regions or
parts which act or function as an untranslated region. Where polynucleotides are designed to
encode a |east one polypeptide of interest, the polynucleotides may comprise one or more of
these untranslated regions.
[000423] By definition, wild type untranslated regions (UTRS) of agene are transcribed but not
trandated. In mRNA, the 5UTR starts a the transcription start site and continues to the start
codon but does not include the start codon; whereas, the 3UTR starts immediately following the
stop codon and continues until the transcriptional termination signal. There is growing body of
evidence about the regulatory roles played by the UTRs in terms of stability of the nucleic acid
molecule and transation. The regulatory features of aUTR can beincorporated into the
polynucleotides of the present invention to, among other things, enhance the stability of the
molecule. The specific features can also be incorporated to ensure controlled down-regulation of
the transcript in case they are misdirected to undesired organs sites. The untrandlated regions
may beincorporated into avector system which can produce mRNA and/or be delivered to a
cell, tissue and/or organism to produce a polypeptide of interest.
[000424] Nucleotides may be mutated, replaced and/or removed from the 5' (or 3') UTRs. For
example, one or more nucleotides upstream of the start codon may be replaced with another
nucleotide. The nucleotide or nucletides to be replaced may be 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60 or more than 60
nucleotides upstream of the start codon. As another example, one or more nucleotides upstream
of the start codon may be removed from the UTR.
[000425] In one embodiment, at least one purine upstream of the start codon may be replaced
with apyrimidine. The purine to bereplaced may be 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60 or more than 60 nucleotides
upstream of the start codon. Asanon-limiting example, an adenine which is three nucleotides
upstream of the start codon may be replaced with athymine. As another non-limiting example,
an adenine which is nine nucleotides upstream of the start codon may be replaced with a
thymine.
[000426] In one embodiment, at least one nucleotide upstream of the start codon may be
removed from the UTR. In one aspect, 1, 2, 3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60 or more than 60 nucleotides upstream of the
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start codon may be removed from the UTR of the polynucleotides described herein. Asanon-
limiting example, the 9 nucleotides upstream of the start codon may be removed from the UTR
(See eg., SUTR-038 described in Table 2). Asanother non-limiting example, the 2 1 nucleotides
upstream of the start codon may be removed from the UTR (See e.g., SUTR-040 described in
Table 2).

[000427] In one embodiment, a5'UTR of the polynucleotide comprising akozak sequence
may comprise a least one substitution. Asanon-limiting example the kozak sequence prior to
substitution may be GCCACC and after substitution it is GCCTCC.

[000428] In one embodiment, the 5UTR of the polynucleotides described herein may not
include akozak sequence (See e.g. SUTR-040 described in Table 2).

5' UTR and Trandlation Initiation

[000429] Natural 5UTRs bear features which play roles in trandation initiation. They harbor
signatures like Kozak sequences which are commonly known to be involved in the process by
which the ribosome initiates translation of many genes. Kozak sequences have the consensus
CCR(A/G)CCAUGG, where R is apurine (adenine or guanine) three bases upstream of the start
codon (AUG), which is followed by another 'G'. 5UTR also have been known to form secondary
structures which are involved in elongation factor binding.

[000430] 5'UTR secondary structures involved in elongation factor binding can interact with
other RNA binding molecules in the 5UTR or 3'UTR to regulate gene expression. For example,
the elongation factor EIF4A2 binding to a secondarily structured element inthe 5UTR is
necessary for microRNA mediated repression (Meijer HA et a, Science, 2013, 340, 82-85,
herein incorporated by reference in its entirety). The different secondary structures in the 5UTR
can be incorporated into the flanking region to either stabilize or selectively destalized mRNAs
in specific tissues or cells.

[000431] By engineering the features typically found in abundantly expressed genes of specific
target organs, one can enhance the stability and protein production of the polynucleotides of the
invention. For example, introduction of 5' UTR of liver-expressed mRNA, such as albumin,
serum amyloid A, Apolipoprotein A/B/E, transferrin, alpha fetoprotein, erythropoietin, or Factor
VII1, could be used to enhance expression of anucleic acid molecule, such as polynucleotides, in
hepatic cell lines or liver. Likewise, use of 5' UTR from other tissue-specific mMRNA to improve
expression in that tissue is possible for muscle (MyoD, Myosin, Myoglobin, Myogenin,
Herculin), for endothelial cells (Tie-1, CD36), for myeloid cells (C/EBP, AML1, G-CSF, GM-
CSF, CD11b, MSR, Fr-1, i-NOS), for leukocytes (CD45, CD 18), for adipose tissue (CD36,
GLUT4, ACRP30, adiponectin) and for lung epithelia cells (SP-A/B/C/D). Untranslated regions
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useful in the design and manufacture of polynucleotides include, but are not limited, to those
disclosed in co-pending, co-owned International Patent Publication No. W02014164253
(Attorney Docket Number M42.20), the contents of which are incorporated herein by reference
in its entirety.

[000432] Other non-UTR sequences may also be used as regions or subregions within the
polynucleotides. For example, introns or portions of introns sequences may be incorporated into
regions of the polynucleotides of the invention. Incorporation of intronic sequences may increase
protein production aswell as polynucleoctide levels.

[000433] Combinations of features may be included in flanking regions and may be contained
within other features. For example, the ORF may be flanked by a5' UTR which may contain a
strong Kozak trandationa initiation signal and/or a3' UTR which may include an oligo(dT)
sequence for templated addition of apoly-A tail. 5'UTR may comprise afirst polynucleotide
fragment and a second polynucleotide fragment from the same and/or different genes such asthe
5'UTRs described in US Patent Application Publication No. 20100293625, herein incorporated
by reference in its entirety.

[000434] Co-pending, co-owned International Patent Publication No. W02014164253
(Attorney Docket Number M42.20), provides alisting of exemplary UTRs which may be utilized
in the polynucleotide of the present invention as flanking regions. Variants of 5' or 3' UTRs may
be utilized wherein one or more nucleotides are added or removed to the termini, including A, T,
CorG.

[000435] It should be understood that any UTR from any gene may be incorporated into the
regions of the polynucleotide. Furthermore, multiple wild-type UTRs of any known gene may be
utilized. It is also within the scope of the present invention to provide artificial UTRs which are
not variants of wild type regions. These UTRS or portions thereof may be placed in the same
orientation as in the transcript from which they were selected or may be altered in orientation or
location. Hence a5' or 3' UTR may beinverted, shortened, lengthened, made with one or more
other 5' UTRs or 3' UTRs. Asused herein, the term "altered" asit relatesto aUTR sequence,
means that the UTR has been changed in some way in relation to areference sequence. For
example, a3' or 5' UTR may be atered relative to awild type or native UTR by the change in
orientation or location as taught above or may be altered by the inclusion of additional
nucleotides, deletion of nucleotides, swapping or transposition of nucleotides. Any of these
changes producing an "altered" UTR (whether 3' or 5') comprise avariant UTR.

[000436] In one embodiment, a double, triple or quadruple UTR such asa5' or 3' UTR may be

used. Asused herein, a"double” UTR is one in which two copies of the same UTR are encoded
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either in series or substantially in series. For example, adouble beta-globin 3' UTR may be used
as described in US Patent publication 20100129877, the contents of which are incorporated
herein by reference in its entirety.

[000437] It is alsowithin the scope of the present invention to have patterned UTRs. Asused
herein "patterned UTRS" are those UTRs which reflect arepeating or aternating pattern, such as
ABABAB or AABBAABBAABB or ABCABCABC or variants thereof repeated once, twice, or
more than 3times. In these patterns, each letter, A, B, or C represent adifferent UTR at the
nucleotide level.

[000438] In one embodiment, flanking regions are selected from afamily of transcripts whose
proteins share acommon function, structure, feature of property. For example, polypeptides of
interest may belong to afamily of proteins which are expressed in aparticular cell, tissue or at
some time during development. The UTRs from any of these genes may be swapped for any
other UTR of the same or different family of proteins to create anew polynucleotide. Asused
herein, a"family of proteins' isused in the broadest sense to refer to a group of two or more
polypeptides of interest which share at least one function, structure, feature, localization, origin,
or expression pattern.

[000439] In one embodiment, flanking regions may be heterologous.

[000440] In one embodiment, the 5' untransated region may be derived from a different
species than the 3' untranslated region.

[000441] The untrandated region may also include translation enhancer elements (TEE). Asa
non-limiting example, the TEE may include those described in US Application No.
20090226470, herein incorporated by reference in its entirety, and those known in the art.

5'UTR and Histone Stem Loops

[000442] In one embodiment, the polynucleotides may include anucleic acid sequence which
is derived from the 5UTR of a5'-terminal oligopyrimidine (TOP) gene and & least one histone
stem loop. Non-limiting examples of nucleic acid sequences which are derived from the 5UTR
of aTOP gene aretaught in International Patent Publication No. W02013 143699, the contents
of which are herein incorporated by reference in its entirety.

5'UTR and GTX gene sequences

[000443] In one embodiment, &t least one fragment of the IRES sequences from a GTX gene
may beincluded in the 5UTR. Asanon-limiting example, the fragment may be an 18
nucleotide sequence from the IRES of the GTX gene. While not wishing to be bound by theory,
the addition of at least one fragment of the IRES sequence from the GTX gene in the 5UTR

may assist in the ribosome docking tothe 5UTR which may increase protein expression. As
61



WO 2016/011306 PCT/US2015/040835

another non-limiting example, an 18 nucleotide sequence fragment from the IRES sequence of a
GTX gene may betandemly repeated in the 5UTR of apolynucleotide described herein. The 18
nucleotide sequence may berepeated inthe 5UTR a least one, & least twice, a least three
times, a least four times, at least fivetimes, at least six times, a least seven times, at least eight
times, at least nine times or more than ten times

[000444] In one embodiment, apolynucleotide may include at least one 18 nucleotide fragment
of the IRES sequences from aGTX genein the 5UTR. In another embodiment, a
polynucleotide may include at least five 18 nucleotide fragments of the IRES sequences from a
GTX geneinthe 5UTR. In one embodiment the 18 nucleotide fragment may be
AATTCTGACATCCGGCGG (SEQ ID NO: 3) or afragment or variant thereof.

[000445] In one embodiment, apolynucleotide may include at least one 18 nucleotide fragment
of the IRES sequences from a GTX genein the 5UTR in order to increase expression of the
protein encoded by the polynucleotide.

[000446] In one embodiment, apolynucleotide may include at least one fragment of the IRES
sequences from a GTX gene may beincluded in the 5UTR where the a least one fragment of
the IRES sequence from the GTX gene include at least one chemical modification. Asanon-
limiting example, the at least one chemical modification may be 5-methylcytosine.

[000447] In one embodiment, apolynucleotide may include at |least one fragment of the IRES
sequences from a GTX gene and at least one translation enhancer element sequence or fragment
thereof in the 5UTR.

5'UTR and Purines at the Start Stefor Translation

[000448] In one embodiment, the polynucleotides described herein comprise at least one purine
residue (adenine or guanine) at the start site for translation of the polynucleotide. In another
embodiment, the polynucleotides described herein comprise a least two consecutive purine
residues (adenine or guanine) at the start site for translation of the polynucleotide.

[000449] In one embodiment, the polynucleotides described herein comprise at least one purine
residue (adenine or guanine) at the T7 start site for tranglation of the polynucleotide. In another
embodiment, the polynucleotides described herein comprise a least two consecutive purine
residues (adenine or guanine) at the T7 start site for translation of the polynucleotide.

[000450] In one embodiment, the polynucleotides described herein comprise three consecutive
guanine (G) residues at the start site for trandation. In another embodiment, the polynucleotides
described herein comprise two consecutive guanine (G) residues at the start site for translation.

In yet another embodiment, the polynucleotides described herein comprise one guanine (G)
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residues at the start site for trandation. Inyet another embodiment, the polynucleotides
described herein do not comprise a guanine (G) residue a the start site for tranglation.

[000451] In one embodiment, the polynucleotides described herein comprise three consecutive
guanine (G) residues a the T7 start site for trandation. In another embodiment, the
polynucleotides described herein comprise two consecutive guanine (G) residues a the T7 start
site for tranglation. 1nyet another embodiment, the polynucleotides described herein comprise
one guanine (G) residues at the T7 start site for tranglation. 1nyet another embodiment, the
polynucleotides described herein do not comprise aguanine (G) residue at the T7 start site for
trandlation.

[000452] In one embodiment, the polynucleotides described herein comprise at |east one
pyrimidine residue (cytosine, thymine or uracil) at the start site for translation of the
polynucleotide. In another embodiment, the polynucleotides described herein comprise a least
two consecutive pyrimidine residues (cytosine, thymine or uracil) at the start site for translation
of the polynucleotide.

[000453] In one embodiment, the polynucleotides described herein comprise at |east one
pyrimidine residue (cytosine, thymine or uracil) at the T7 start site for translation of the
polynucleotide. In another embodiment, the polynucleotides described herein comprise a least
two consecutive pyrimidine residues (cytosine, thymine or uracil) a the T7 start site for
translation of the polynucleotide.

[000454] In one embodiment, the polynucleotides described herein comprise three consecutive
cytosine (C) residues a the start site for trandation. In another embodiment, the polynucleotides
described herein comprise two consecutive cytosine (C) residues at the start site for translation.
In yet another embodiment, the polynucleotides described herein comprise one cytosine (C)
residues at the start site for trandation. Inyet another embodiment, the polynucleotides
described herein do not comprise a cytosine (C) residue at the start site for translation.

[000455] In one embodiment, the polynucleotides described herein comprise three consecutive
cytosine (C) residues a the T7 start site for trandlation. 1n another embodiment, the
polynucleotides described herein comprise two consecutive cytosine (C) residues a the T7 start
site for tranglation. 1nyet another embodiment, the polynucleotides described herein comprise
one cytosine (C) residues & the T7 start site for translation. 1nyet another embodiment, the
polynucleotides described herein do not comprise a cytosine (C) residue at the T7 start site for
tranglation.

[000456] In one embodiment, the polynucleotides described herein comprise three consecutive
thymine (T) residues at the start site for translation. 1n another embodiment, the polynucleotides

63



WO 2016/011306 PCT/US2015/040835

described herein comprise two consecutive thymine (T) residues at the start site for translation.
In yet another embodiment, the polynucleotides described herein comprise one thymine (T)
residues at the start site for trandation. Inyet another embodiment, the polynucleotides
described herein do not comprise athymine (T) residue & the start site for trandlation.

[000457] In one embodiment, the polynucleotides described herein comprise three consecutive
thymine (T) residues a the T7 start site for trandation. In another embodiment, the
polynucleotides described herein comprise two consecutive thymine (T) residues a the T7 start
site for tranglation. 1nyet another embodiment, the polynucleotides described herein comprise
one thymine (T) residues at the T7 start site for tranglation. 1nyet another embodiment, the
polynucleotides described herein do not comprise athymine (T) residue at the T7 start site for
trandlation.

[000458] In one embodiment, the polynucleotides described herein comprise three consecutive
uracil (U) residues at the start site for translation. 1n another embodiment, the polynucleotides
described herein comprise two consecutive uracil (U) residues a the start site for trandlation. In
yet another embodiment, the polynucleotides described herein comprise one uracil (U) residues
a the start site for trandation. In yet another embodiment, the polynucleotides described herein
do not comprise an uracil (U) residue at the start site for trandation.

[000459] In one embodiment, the polynucleotides described herein comprise three consecutive
uracil (U) residues a the T7 start site for trandation. I1n another embodiment, the
polynucleotides described herein comprise two consecutive uracil (U) residues at the T7 start site
for trandation. Inyet another embodiment, the polynucleotides described herein comprise one
uracil (U) residues a the T7 start site for trandation. In yet another embodiment, the
polynucleotides described herein do not comprise an uracil (U) residue a the T7 start site for
translation.

[000460] In one embodiment, the polynucleotides described herein do not comprise a guanine
(G), cytosine (C), thymine (T) or uracil (U) residue at the start site for tranglation.

5'UTR, 3'UTR and Translation Enhancer Elements (TEES)

[000461] In one embodiment, the 5'UTR of the polynucleotides may include a least one
translational enhancer polynucleotide, translation enhancer element, translational enhancer
elements (collectively referred to as "TEE"s). Asanon-limiting example, the TEE may be
located between the transcription promoter and the start codon. The polynucleotides with at least
one TEE inthe 5'UTR may include acap at the 5’UTR. Further, at least one TEE may be
located in the 5'UTR of polynucleotides undergoing cap-dependent or cap-independent

trandl ation.
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[000462] Theterm "trandational enhancer element” or "trandation enhancer element” (herein
collectively referred to as"TEE") refers to sequences that increase the amount of polypeptide or
protein produced from anucleic acid. TEEs are described in paragraphs [001 16] - [00140] of
copending International Publication No. W02014081507, the contents of which are herein in
corproated by reference in its entirety.

Heterologous 5'UTRs
[000463] A 5 UTR may beprovided as aflanking region to the polynucleotides of the

invention. 5'UTR may be homologous or heterologous to the coding region found in the
polynucleotides of the invention. Multiple 5" UTRs may be included in the flanking region and
may bethe same or of different sequences. Any portion of the flanking regions, including none,
may be codon optimized and any may independently contain one or more different structura or
chemical modifications, before and/or after codon optimization.

[000464] Shown in Lengthy Table 21in US Provisional Application No 61/775,509, filed
March 9, 2013, entitled Heterologous Untranslated Regions for mRNA, in Table 2, Table 21 and
in Table 22 in US Provisional Application No 61/829,372, filed May 31, 2013, entitled
Heterologous Untransdated Regions for mRNA, and in Table 2, Table 21 and in Table 22 in
International Patent Application No PCT/US2014/021522, filed March 7, 2014, entitled
Heterologous Untranslated Regions for mRNA the contents of each of which is herein
incorporated by reference in its entirety, is alisting of the start and stop site of the
polynucleotides of the invention. In Table 21 each 5UTR (5'UTR-005 to 5UTR 6851 1) is
identified by its start and stop site relative to its native or wild type (homologous) transcript
(ENST; the identifier used inthe ENSEMBL database).

[000465] Additional 5UTR which may be used with the polynucleotides of the invention are
shown in the present disclosure in Table 2.

[000466] To ater one or more properties of the polynucleotides, primary constructs or
mmRNA of the invention, 5'UTRs which are heterologous to the coding region of the
polynucleotides of the invention are engineered into compounds of the invention. The
polynucleotides are then administered to cells, tissue or organisms and outcomes such as protein
level, localization and/or half life are measured to evaluate the beneficial effects the heterologous
5'UTR may have on the polynucleotides of the invention. Variants of the 5' UTRs may be
utilized wherein one or more nucleoctides are added or removed to the termini, including A, T, C
or G. 5'UTRs may aso be codon-optimized or modified in any manner described herein.

5'UTR and Riboswitches
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[000467] Riboswitches are commonly found inthe 5' UTR of mRNA and comprise an aptamer
domain and an expression platform. While not wishing to be bound by theory, riboswitches
exert regulatory control over atranscript in acis-fashion by directly binding asmall molecule
ligand (Garst et al. Cold Spring Harb Perspect Biol 201 1;3:a003533, 1-13, the contents of which
are herein incorporated by reference in its entirety). The aptamer domain recognizes the effector
molecule and the expression platform contains a structural switch that interfaces with the
transcriptional or translational machinery. The overlap between the aptamer domain and the
expression platform is called the switching sequence which regulates the folding of RNA into
either the on or off state of the mMRNA (see Figure 1B described in Garst et a. Cold Spring Harb
Perspect Biol 201 1;3:a003533, 1-13, the contents of which are herein incorporated by reference
in its entirety). Asanon-limiting example, the riboswitch may be any of the riboswitches
described in Table 1 Garst et a. Cold Spring Harb Perspect Biol 201 1;3:a003533, 1-13, the
contents of which are herein incorporated by reference in its entirety. Asanother non-limiting
example, the riboswitch may be a synthetic RNA switch which can direct expression machinery.
[000468] In one embodiment, the polynucleotides described herein may comprise at least one
riboswitch or fragment or variant thereof, which may be located an untranslated region of the
polynucleotide. Asanon-limiting example, a least one riboswitch may be located in the 5'
untranslated region of the polynucleotide. Asanother non-limiting example, at least one
riboswitch may be located in the 3' untranslated region of the polynucleotide.

[000469] In one embodiment, the polynucleotides described herein may comprise a least 1, a
least 2, at least 3, at least 4, a least 5, at least 6, at least 7, at least 8, a least 9, at least 10, at least
11, a least 12, at least 13, a least 14, a least 15, at least 16, at least 17, a least 18, a least 19, at
least 20 or more than 20 riboswitches.

[000470] In one embodiment, the order of the riboswitches in the polynucleotides described
herein may be atered in order to form abranched or rod structure (see e.g., Figure 6A in Garst et
a. Cold Spring Harb Perspect Biol 2011;3:a003533, 1-13, the contents of which are herein
incorporated by reference in its entirety).

[000471] In one embodiment, the polynucleotides described herein may comprise a least two
riboswitches in order to form abranched structure in the 5' untranslated region of the
polynucleotide. 1n another embodiment, the polynucleotides described herein may comprise at
least four riboswitches in order to form two branched structures in the 5' untranslated region of
the polynucleatide.

[000472] In one embodiment, the polynucleotides described herein may comprise a least two

riboswitches in order to form arod structure in the 5' untranslated region of the polynucleotide.
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In another embodiment, the polynucleotides described herein may comprise a least four
riboswitches in order to form arod structure in the 5' untranslated region of the polynucleotide.
3' UTR and the AU Rich Elements

[000473] Natural or wild type 3' UTRs are known to have stretches of Adenosines and Uridines
embedded in them. These AU rich signatures are particularly prevalent in genes with high rates
of turnover. Based on their sequence features and functional properties, the AU rich elements
(ARES) can be separated into three classes (Chen et al, 1995): Class | AREs contain several
dispersed copies of an AUUUA motif within U-rich regions. C-Myc and MyoD contain class |
AREs. Class |1 ARES possess two or more overlapping UUAUUUA(U/A)(U/A) nonamers.
Molecules containing this type of AREs include GM-CSF and TNF-a. Class Il ARES are less
well defined. These U rich regions do not contain an AUUUA moetif. c-Jun and Myogenin are
two well-studied examples of this class. Most proteins binding to the ARES are known to
destabilize the messenger, whereas members of the ELAV family, most notably HUR, have been
documented to increase the stability of mMRNA. HuR binds to AREs of all the three classes.
Engineering the HUR specific binding sites into the 3' UTR of nucleic acid molecules will lead to
HuR binding and thus, stabilization of the message in vivo.

[000474] Introduction, removal or modification of 3' UTR AU rich elements (ARES) can be
used to modulate the stability of polynucleotides of the invention. When engineering specific
polynucleotides, one or more copies of an ARE can be introduced to make polynucleotides of the
invention less stable and thereby curtail translation and decrease production of the resultant
protein. Likewise, AREs can beidentified and removed or mutated to increase the intracellular
stability and thus increase translation and production of the resultant protein. Transfection
experiments can be conducted in relevant cell lines, using polynucleotides of the invention and
protein production can be assayed at various time points post-transfection. For example, cells
can betransfected with different ARE-engineering molecules and by using an ELISA kit to the
relevant protein and assaying protein produced at 6 hour, 12 hour, 24 hour, 48 hour, and 7 days
post-transfection.

Untrandated Regions and microRNA Binding Stes

[000475] microRNASs (or miRNA) are 19-25 nucleotide long noncoding RNAS that bind to the
3'UTR of nucleic acid molecules and down-regulate gene expression either by reducing nucleic
acid molecule stahility or by inhibiting trandation. The polynucleotides of the invention may
comprise one or more microRNA target sequences, microRNA segences, or microRNA seeds.
Such sequences may correspond to any known microRNA such as those taught inUS
Publication US2005/0261218 and U S Publication US2005/0059005, the contents of which are
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incorporated herein by reference in their entirety. Asanon-limiting embodiment, known
microRNAS, their sequences and seed sequences in human genome are listed in Table 11of US
Patent Publication No. US20140147454, the contents of which are herein incorporated by
reference in its entirety. The miR sequence which may be used with the polynucleotides
described herein may be any of SEQ ID NO: 171-1 191 or 2213-3233 listed in Table 110of US
Patent Publication No. US20140147454, the contents of which are herein incorporated by
reference in its entirety. The miR binding site (miR BS) sequence which may be used with the
polynuclectides described herein may be any of SEQ ID NO: 1192-2212 or 3234-4254 listed in
Table 11 of US Patent Publication No. US20140147454, the contents of which are herein
incorporated by reference in its entirety.

[000476] microRNASs are differentially expressed in different tissues and cells as described in
Table 12 of US Patent Publication No. US20140147454, the contents of which are herein
incorporated by reference in its entirety.

[000477] microRNAs enriched in specific types of immune cells are listed in Table 1of US
Provisional Application No. 62/025,985, the contents of which are herein incorporated by
reference in its entirety below. Asanon-limiting example, microRNAs enriched in specific
types of immune cells are described in Table 13 of U S Patent Publication No. US20140147454,
the contents of which are herein incorporated by reference in its entirety. Furthermore, novel
miroRNAs are discovered in the immune cells in the art through micro-array hybridization and
microtome analysis (JimaDD « al, Blood, 2010, 116:€l 18-€l27; Vaz C & a, BMC Genomics,
2010, 11,288, the content of each of which isincorporated herein by reference in its entirety).
[000478] A microRNA sequence comprises a"seed" region, i.e., asequence in the region of
positions 2-8 of the mature microRNA, which sequence has perfect Watson-Crick
complementarity tothe miRNA target sequence. A microRNA seed may comprise positions 2-8
or 2-7 of the mature microRNA. In some embodiments, amicroRNA seed may comprise 7
nucleotides (e.g., nucleotides 2-8 of the mature microRNA), wherein the seed-complementary
site in the corresponding miRNA target is flanked by an adenine (A) opposed to microRNA
position 1. In some embodiments, amicroRNA seed may comprise 6 nuclectides (e.g.,
nucleotides 2-7 of the mature microRNA), wherein the seed-complementary site in the
corresponding miRNA target is flanked byan adenine (A) opposed to microRNA position 1. See
for example, Grimson A, Farh KK, Johnston WK, Garrett-Engele P, Lim LP, Bartel DP; Mol
Cell. 2007 Jul 6;27(1):91-105; each of which is herein incorporated by reference in their entirety.
The bases of the microRNA seed have complete complementarity with the target sequence. By

engineering microRNA target sequences into the polynuclectides (e.g., in a3'UTR like region or
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other region) of the invention one can target the molecule for degradation or reduced translation,
provided the microRNA in question is available. This process will reduce the hazard of off target
effects upon nucleic acid molecule delivery. Identification of microRNA, microRNA target
regions, and their expression patterns and role in biology have been reported (Bonauer e a,
Curr Drug Targets 2010 11:943-949; Anand and Cheresh Curr Opin Hematol 201 1 18: 171-176;
Contreras and Rao Leukemia 2012 26:404-413 (201 1 Dec 20. doi: 10.1038/leu.201 1.356); Bartel
Cell 2009 136:215-233; Landgraf et al, Cell, 2007 129:1401-1414; each of which is herein
incorporated by reference in its entirety).

[000479] microRNASs are are differentially expressed in different tissues and cells, and often
associated with different types of dieases (e.g.cancer cells). The decision of removal or insertion
of microRNA binding sites, or any combination, is dependent on microRNA expression patterns
and their profilings in cancer cells. Various microRNAs and the tissue, the associated disease
and biological function are described in Table 12 of International Patent Application No.
PCT/US 13/62943 (Attorney Docket No. M39.21), the contents of which are herein incorporated
by reference in its entirety.

[000480] Examples of tissues where microRNA are known to regulate mRNA, and thereby
protein expression, include, but are not limited to, liver (miR-122), muscle (miR-133, miR-206,
miR-208), endothelial cells (MiR-17-92, miR-126), myeloid cells (miR-142-3p, miR-142-5p,
mMiR-16, miR-21, miR-223, miR-24, miR-27), adipose tissue (let-7, miR-30c), heart (miR-1d,
miR-149), kidney (miR-192, miR-194, miR-204), and lung epithelial cells (let-7, miR-133, miR-
126). MicroRNA can also regulate complex biological processes such as angiogenesis (miR-
132) (Anand and Cheresh Curr Opin Hematol 201 1 18:171-176; herein incorporated by
reference in its entirety).

[000481] MicroRNAs may also be enriched in specific types of immune cells. A non-
exhaustive listing of the microRNAs enriched in immune cells is described in Table 13 of
International Patent Application No. PCT/US 13/62943 (Attorney Docket No. M39.21), the
contents of which are herein incorporated by reference in its entirety. Furthermore, novel
miroRNAs are discovered in the immune cells in the art through micro-array hybridization and
microtome analysis (JimaDD € al, Blood, 2010, 116:€l 18-€l27; Vaz C & a, BMC Genomics,
2010, 11,288, the content of each of which is incorporated herein by reference in its entirety).
[000482] In one embodiment, polynucleotides of the invention would not only encode a
polypeptide but also a microRNA sequence or a sensor sequences. Sensor sequences include, for
example, microRNA binding sites, transcription factor binding sites, structured mRNA

sequences and/or motifs, artificial binding sites engineered to act as pseudo-receptors for
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endogenous nucleic acid binding molecules. Non-limiting examples, of polynucleotides
comprising at least one sensor sequence are described in co-pending and co-owned U.S.
Provisional Patent Application Nos. US 61/753,661, US 61/754,159, US61/781.097, US
61/829,334, US 61/839,893, US 61/842,733, US 61/857,304, and International Patent
Application No. PCT/US13/62531, filed September 30, 2013, entitled Signal-Sensor
Polynucleotides for the Alteration of Cellular Phenotypes, the contents of each of which are
herein incorporated by reference in its entirety.

[000483] In one embodiment, microRNA (miRNA) profiling of the target cells or tissues is
conducted to determine the presence or absence of miRNA in the cells or tissues.

[000484] For example, if the polynuclectide and is not intended to be delivered to the liver but
ends up there, then miR-122, amicroRNA abundant in liver, can inhibit the expression of the
gene of interest if one or multiple target sites of miR-122 are engineered into the 3' UTR region
of the polynucleotides. Introduction of one or multiple binding sites for different microRNA can
be engineered to further decrease the longevity, stability, and protein translation of
polynucleotides.

[000485] Asused herein, the term "microRNA site" refersto amicroRNA target site or a
microRNA recognition site, or any nucleotide sequence to which amicroRNA binds or
associates. It should beunderstood that "binding" may follow traditional Watson-Crick
hybridization rules or may reflect any stable association of the microRNA with the target
sequence a or adjacent to the microRNA site.

[000486] Conversely, for the purposes of the polynucleotides of the present invention,
microRNA binding sites can be engineered out of (i.e. removed from) sequences in which they
occur, e.g., in order to increase protein expression in specific tissues. For example, miR-122
binding sites may be removed to improve protein expression in the liver. Regulation of
expression in multiple tissues can be accomplished through introduction or removal or one or
several microRNA binding sites.

[000487] In one embodiment, the polynucleotides of the present invention may include at least
one miRNA-binding site inthe 3'UTR in order to direct cytotoxic or cytoprotective mRNA
therapeutics to specific cells such as, but not limited to, normal and/or cancerous cells (e.g.,
HEP3B or SNU4409).

[000488] In another embodiment, the polynucleotides of the present invention may include
three miRNA-binding sites inthe 3'UTR in order to direct cytotoxic or cytoprotective mRNA
therapeutics to specific cells such as, but not limited to, normal and/or cancerous cells (e.g.,
HEP3B or SNU4409).
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[000489] Expression profiles, microRNA and cell lines useful in the present invention include
those taught in for example, in International Patent Publication Nos. W020141 13089 (Attorney
Docket Number M37) and W0O2014081507 (Attorney Docket Number M39), the contents of
each of which are incorporated by reference in their entirety.

[000490] Inthe polynucleotides of the present invention, binding sites for microRNAS that are
involved in such processes may beremoved or introduced, in order to tailor the expression of the
polynucleotides expression to biologically relevant cell types or to the context of relevant
biological processes. A listing of microRNA, miR sequences and miR binding sites is listed in
Table 9 of U.S. Provisional Application No. 61/753,661 filed January 17, 2013, in Table 9 of
U.S. Provisional Application No. 61/754,159 filed January 18, 2013, and in Table 7 of U.S.
Provisional Application No. 61/758,921 filed January 31, 2013, each of which are herein
incorporated by reference in their entireties.

[000491] Examples of use of microRNA to drive tissue or disease-specific gene expression are
listed (Getner and Naldini, Tissue Antigens. 2012, 80:393-403; herein incorporated by reference
in its entirety). In addition, microRNA seed sites can be incorporated into mRNA to decrease
expression in certain cells which results in abiological improvement. An example of thisis
incorporation of miR- 142 sites into aUGTIAl-expressing lentiviral vector. The presence of
miR- 142 seed sites reduced expression in hematopoietic cells, and as a consequence reduced
expression in antigen-presenting cells, leading to the absence of an immune response against the
virally expressed UGT1A1 (Schmitt et a, Gastroenterology 2010; 139:999-1007; Gonzalez-
Asequinolaza et a. Gastroenterology 2010, 139:726-729; both herein incorporated by reference
in its entirety) . Incorporation of miR- 142 sites into polynucleotides such as modified mMRNA
could not only reduce expression of the encoded protein in hematopoietic cells, but could also
reduce or abolish immune responses to the mRNA-encoded protein. Incorporation of miR- 142
seed sites (one or multiple) into MRNA would be important in the case of treatment of patients
with complete protein deficiencies (UGT1A1 type |, LDLR-deficient patients, CRIM-negative
Pompe patients, etc.).

[000492] Specifically, microRNAs are known to be differentially expressed in immune cells
(also called hematopoietic cells), such as antigen presenting cells (APCs) (e.g. dendritic cells and
macrophages), macrophages, monocytes, B lymphocytes, T lymphocytes, granuocytes, natural
killer cells, etc. Immune cell specific microRNASs are involved in immunogenicity,
autoimmunity, the immune -response to infection, inflammation, aswell as unwanted immune
response after gene therapy and tissue/organ transplantation. Immune cells specific microRNAs

also regulate many aspects of development, proliferation, differentiation and apoptosis of
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hematopoietic cells (immune cells). For example, miR-142 and miR-146 are exclusively
expressed in the immune cells, particularly abundant in myeloid dendritic cells. It was
demonstrated in the art that the immune response to exogenous nucleic acid molecules was shut-
off by adding miR-142 binding sitesto the 3UTR of the delivered gene construct, enabling more
stable gene transfer in tissues and cells. miR-142 efficiently degrades the exogenous mRNA in
antigen presenting cells and suppresses cytotoxic elimination of transduced cells (Annoni A et
a, blood, 2009, 114, 5152-5161; Brown BD, et al, Nat med. 2006, 12(5), 585-591; Brown BD,
et a, blood, 2007, 110(13): 4144-4152, each of which is herein incorporated by reference in its
entirety).
[000493] An antigen-mediated immune response can refer to an immune response triggered by
foreign antigens, which, when entering an organism, are processed by the antigen presenting
cells and displayed on the surface of the antigen presenting cells. T cells can recognize the
presented antigen and induce acytotoxic elimination of cells that express the antigen.
[000494] Introducing the miR-142 binding site into the 3-UTR of apolynucleotide of the
present invention can selectively repress the gene expression in the antigen presenting cells
through miR-142 mediated mRNA degradation, limiting antigen presentation in APCs (e.g.
dendritic cells) and thereby preventing antigen-mediated immune response after the delivery of
the polynucleotides. The polynucleotides are therefore stably expressed in target tissues or cells
without triggering cytotoxic elimination.
[000495] In one embodiment, microRNAS binding sites that are known to be expressed in
immune cells, in particular, the antigen presenting cells, can be engineered into the
polynucleotide to suppress the expression of the sensor-signal polynucleotide in APCs through
microRNA mediated RNA degradation, subduing the antigen-mediated immune response, while
the expression of the polynucleotide is maintained in non-immune cells where the immune cell
specific microRNASs are not expressed. For example, to prevent the immunogenic reaction
caused by aliver specific protein expression, the miR-122 binding site can be removed and the
miR-142 (and/or mirR-146) binding sites can be engineered into the 3-UTR of the
polynucleotide.
[000496] To further drive the selective degradation and suppression of mRNA in APCs and
macrophage, the polynucleotide may include another negative regulatory element inthe 3-UTR,
either alone or in combination with mir-142 and/or mir-146 binding sites. As a non-limiting
example, one regulatory element isthe Constitutive Decay Elements (CDES).
[000497] Immune cells specific microRNAS include, but are not limited to, hsa-let-7a-2-3p,
hsa-let-7a-3p, hsa-7a-5p, hsa-let-7c, hsa-let-7e-3p, hsa-let-7e-5p, hsa-let-7g-3p, hsa-let-7g-5p,
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hsa-let-7i-3p, hsa-let-7i-5p, MiR-10a-3p, miR-10a-5p, miR-1 184, hsa-let-7f-— 3p, hsa-let-7f-2—
5p, hsa-let-7f-5p, miR- 125b-1-3p, MiR-125b-2-3p, miR-125b-5p, MiR-1279, miR-130a-3p, miR-
130a-5p, miR-132-3p, MiR-132-5p, MiR-142-3p, MiR-142-5p, miR-143-3p, miR-143-5p, miR-
146a-3p, miR-146a-5p, miR-146b-3p, MiR-146b-5p, miR- 147a, miR- 147b, miR-148a-5p, miR-
148a-3p, miR-150-3p, MiR-150-5p, miR- 151b, MiR-155-3p, miR-155-5p, miR-15a-3p, miR-
15a-5p, miR-15b-5p, miR-15b-3p, miR-16-1-3p, MiR-16-2-3p, MiR-16-5p, MiR-17-5p, MiR-
181a-3p, miR-181a-5p, miR-181a-2-3p, miR-182-3p, miR-182-5p, miR-197-3p, miR-197-5p,
miR-21-5p, MiR-21-3p, miR-214-3p, miR-214-5p, miR-223-3p, MiR-223-5p, MiR-221-3p, miR-
221-5p, miR-23b-3p, mMiR-23b-5p, MiR-24-1-5p,miR-24-2-5p, mMiR-24-3p, MiR-26a-1-3p, miR-
26a-2-3p, miR-26a-5p, MiR-26b-3p, MiR-26b-5p, MiR-27a-3p, MiR-27a-5p, MiR-27b-3p,miR-
27b-5p, miR-28-3p, MiR-28-5p, MmiR-2909, miR-29a-3p, MiR-29a-5p, MiR-29b-1-5p, miR-29b-
2-5p, miR-29¢-3p, miR-29¢c-5p, mMiR-30e-3p, MiR-30e-5p, MiR-331-5p, MiR-339-3p, MiR-339-
5p, MiR-345-3p, MiR-345-5p, miR-346, miR-34a-3p, miR-34a-5p, , MiR-363-3p, MiR-363-5p,
mMiR-372, miR-377-3p, miR-377-5p, MiR-493-3p, MiR-493-5p, miR-542, miR-548b-5p,
mMiR548c-5p, MiR-548i, MiR-548j, MiR-548n, miR-574-3p, MiR-598, MiR-718, miR-935, miR-
99a-3p, MiR-99a-5p, MiR-99b-3p and miR-99b-5p. microRNASs that are enriched in specific
types of immune cells are listed in Table 13 of US Patent Application No. 14/043,927 (Attorney
Docket No. M039. 11), filed on October 2, 2013, the contents of which are herein incorporated
by reference in its entirety. Furthermore, novel miroRNAs are discovered in the immune cells in
the art through micro-array hybridization and microtome analysis (Jima DD & al, Blood, 2010,
116:€l18-el27; Vaz C et a, BMC Genomics, 2010, 11,288, the content of each of which is
incorporated herein by reference in its entirety).

[000498] MicroRNAs that are known to be expressed in the liver include, but are not limited to,
mMiR-107, miR-122-3p, miR-122-5p, miR-1228-3p, miR-1228-5p, miR-1249, miR-129-5p, miR-
1303, miR-151a-3p, MiR-151a-5p, MiR- 152, miR-194-3p, MiR-194-5p, MiR-199a-3p, MiR-
199a-5p, miR-199b-3p, MiR-199b-5p, MiR-296-5p, MiR-557, MiR-581, miR-939-3p, MiR-939-
5p. MicroRNA binding sites from any liver specific microRNA can be introduced to or removed
from the polynuclectides to regulate the expression of the polynucleotides in the liver. Liver
specific microRNAs binding sites can be engineered alone or further in combination with
immune cdlls (e.g. APCs) microRNA binding sites in order to prevent immune reaction against
protein expression in the liver.

[000499] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in the liver. Asanon-limiting example, the polynucleotides

described herein may include at least one miR- 122 sequence or fragment thereof. The miR- 122
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sequence may include the seed sequence or it may bewithout the seed sequence. Asanon-
limiting example, the polynucleotides described herein may include at least one miR-122
sequence or fragment thereof inthe 3'UTR.
[000500] MicroRNAS that are known to be expressed in the lung include, but are not limited
to, let-7a-2-3p, let-7a-3p, let-7a-5p, MiR-126-3p, MiR-126-5p, miR-127-3p, miR-127-5p, miR-
130a-3p, miR-130a-5p, MiR-130b-3p, MiR-130b-5p, MiR-133a, MiR-133b, MiR-134, miR-18a
3p, MiR-18a-5p, MiR-18b-3p, MiR-18b-5p, MiR-24-1-5p, miR-24-2-5p, MiR-24-3p, MiR-296-
3p, MiR-296-5p, MiR-32-3p, MiR-337-3p, MiR-337-5p, MiR-381-3p, MiR-381-5p and mir-21.
MicroRNA binding sites from any lung specific microRNA can be introduced to or removed
from the polynucleotide to regulate the expression of the polynucleotide in the lung. Lung
specific microRNASs binding sites can be engineered alone or further in combination with
immune cdlls (e.g. APCs) microRNA binding sites in order to prevent an immune reaction
against protein expression in the lung.
[000501] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in the lung. As anon-limiting example, the polynucleotides
described herein may include at least one miR-21 sequence or fragment thereof. The miR-21
sequence may include the seed sequence or it may bewithout the seed sequence. Asanon-
limiting example, the polynucleotides described herein may include at least one miR-21
sequence or fragment thereof inthe 3'UTR.
[000502] MicroRNAS that are known to be expressed in the heart include, but are not limited
to, miR-1, miR-133a, miR-133b, MiR-149-3p, MiR-149-5p, miR-186-3p, miR-186-5p, MiR-
208a, miR-208b, miR-210, miR-296-3p, MiR-320, miR-451a, miR-451b, miR-499a-3p, MiR-
499a-5p, MiR-499b-3p, mMiR-499b-5p, MiR-744-3p, MiR-744-5p, miR-92b-3p and miR-92b-5p.
MicroRNA binding sites from any heart specific microRNA can be introduced to or removed
from the polynucleotides to regulate the expression of the polynucleotides in the heart. Heart
specific microRNASs binding sites can be engineered alone or further in combination with
immune cdlls (e.g. APCs) microRNA binding sites to prevent an immune reaction against protein
expression in the heart.
[000503] MicroRNAS that are known to be expressed in the nervous system include, but are not
limited to, miR-124-5p, miR-125a-3p, miR-125a-5p, miR-125b- [-3p, miR-125b-2-3p, MiR-
125b-5p, miR-1271-3p, miR-1271-5p, miR-128, miR-132-5p, miR-135a-3p, miR-135a-5p, miR-
135b-3p, MiR-135b-5p, MiR-137, miR-139-5p, MiR-139-3p, MiR-149-3p, MiR-149-5p, miR-
153, miR-181c-3p, miR-181c-5p, miR-183-3p, MiR-183-5p, miR-190a, miR-190b, miR-212-3p,
mMiR-212-5p, MiR-219-1-3p, mMiR-219-2-3p, miR-23a-3p, miR-23a-5p,miR-30a-5p, miR-30b-3p,
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miR-30b-5p, miR-30c-I-3p, MiR-30c-2-3p, MiR-30c-5p, MiR-30d-3p, miR-30d-5p, miR-329,
mMiR-342-3p, miR-3665, MiR-3666, miR-380-3p, miR-380-5p, miR-383, miR-410, miR-425-3p,
mMiR-425-5p, miR-454-3p, miR-454-5p, miR-483, miR-510, miR-516a-3p, miR-548b-5p, miR-
548c-5p, MiR-571, miR-7-1-3p, mMiR-7-2-3p, miR-7-5p, MiR-802, miR-922, miR-9-3p, miR-9-
5p, miR-132-3p and miR-132-5p. MicroRNAS enriched in the nervous system further include
those specifically expressed in neurons, including, but not limited to, miR-132-3p, miR-132-5p,
mMiR-148b-3p, miR-148b-5p, miR-151a-3p, MiR-151a-5p, miR-212-3p, miR-212-5p, miR-320b,
mMiR-320e, miR-323a-3p, miR-323a-5p, MiR-324-5p, miR-325, miR-326, miR-328, miR-922 and
those specifically expressed in glia cells, including, but not limited to, miR-1250, miR-219-1-
3p, MiR-219-2-3p, miR-219-5p, miR-23a-3p, MiR-23a-5p, MiR-3065-3p, MmiR-3065-5p, miR-
30e-3p, miR-30e-5p, miR-32-5p, miR-338-5p, miR-657. MicroRNA binding sites from any CNS
specific microRNA can beintroduced to or removed from the polynucleotides to regulate the
expression of the polynucleotide in the nervous system. Nervous system specific microRNAs
binding sites can be engineered alone or further in combination with immune cells (e.g. APCs)
microRNA binding sites in order to prevent immune reaction against protein expression in the
nervous system.

[000504] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in tissue associated with the central nervous system or in the
central nervous system. Asanon-limiting example, the polynucleotides described herein may
include & least one miR seugence or fragment thereof such as miR-132-3p, miR-132-5p, miR-
124-5p, miR-125a-3p, miR-125a-5p, miR-125b-1-3p, miR-125b-2-3p and miR-125b-5p. The
miR sequence may include the seed sequence or it may bewithout the seed sequence. Asanon-
limiting example, the polynucleotides described herein may include at least one miR sequence or
fragment thereof that can target the central nervous system in the 3'UTR.

[000505] MicroRNAS that are known to be expressed in the pancreas include, but are not
limited to, miR-105-3p, miR-105-5p, MiR-184, miR-195-3p, miR-195-5p, miR-196a-3p, MiR-
196a-5p, miR-214-3p, miR-214-5p, miR-216a-3p, miR-216a-5p, MmiR-30a-3p, MmiR-33a-3p, MR-
33a-5p, miR-375, miR-7-1-3p, MiR-7-2-3p, MiR-493-3p, miR-493-5p and miR-944. MicroRNA
binding sites from any pancreas specific microRNA can be introduced to or removed from the
polynucleotide to regulate the expression of the polynucleotide in the pancreas. Pancreas specific
microRNAS binding sites can be engineered alone or further in combination with immune cells
(e.g. APCs) microRNA binding sites in order to prevent an immune reaction against protein

expression in the pancreas.
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[000506] MicroRNAS that are known to be expressed in the kidney further include, but are not
limited to, miR-122-3p, miR-145-5p, miR-17-5p, miR-192-3p, MiR-192-5p, miR-194-3p, miR-
194-5p, miR-20a-3p, miR-20a-5p, MiR-204-3p, miR-204-5p, miR-210, miR-216a-3p, miR-
216a-5p, MiR-296-3p, MiR-30a-3p, miR-30a-5p, MiR-30b-3p, miR-30b-5p, MiR-30c-I-3p, MiR-
30c-2-3p, miR30c-5p, MiR-324-3p, miR-335-3p, miR-335-5p, MiR-363-3p, miR-363-5p and
miR-562. MicroRNA hinding sites from any kidney specific microRNA can be introduced to or
removed from the polynucleotide to regulate the expression of the polynucleotide in the kidney.
Kidney specific microRNAS binding sites can be engineered alone or further in combination with
immune cells (e.g. APCs) microRNA binding sitesto prevent an immune reaction against protein
expression in the kidney.
[000507] MicroRNAs that are known to be expressed in the muscle further include, but are not
limited to, let-7g-3p, let-7g-5p, miR-1, miR-1286, miR-133a, miR-133b, miR-140-3p, miR-143-
3p, MiR-143-5p, miR-145-3p, miR-145-5p, miR-188-3p, miR-188-5p, miR-206, miR-208a,
mMiR-208b, miR-25-3p, miR-25-5p, and miR-1 MicroRNA binding sites from any muscle
specific microRNA can be introduced to or removed from the polynucleotide to regulate the
expression of the polynucleotide in the muscle. Muscle specific microRNASs binding sites can be
engineered alone or further in combination with immune cells (e.g. APCs) microRNA binding
sites to prevent an immune reaction against protein expression in the muscle.
[000508] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in muscle tissue. Asanon-limiting example, the
polynucleotides described herein may include at least one miR sequence or fragment thereof
such as miR-133a, miR-133b, miR-1 and miR-206. The miR sequence may include the seed
sequence or it may bewithout the seed sequence. Asanon-limiting example, the
polynucleotides described herein may include at least one miR sequence or fragment thereof that
can target the muscle tissue in the 3UTR.
[000509] MicroRNAs are differentially expressed in different types of cells, such as endothelial
cells, epithelial cells and adipocytes. For example, microRNAS that are expressed in endothelial
cells include, but are not limited to, let-7b-3p, let-7b-5p, miR-100-3p, miR-100-5p, miR-101-3p,
mMiR-101-5p, miR-126-3p, miR-126-5p, MiR-1236-3p, miR-1236-5p, miR-130a-3p, MiR-130a
5p, miR-17-5p, miR-17-3p, miR-18a-3p, miR-18a-5p, , miR-19a-3p, miR-19a-5p, miR- 19b- 1-
5p, MiR-19b-2-5p, miR-19b-3p, MiR-20a-3p, MiR-20a-5p, MiR-217, miR-210, miR-21-3p, miR-
21-5p, miR-221-3p, miR-221-5p, miR-222-3p, miR-222-5p, miR-23a-3p, miR-23a-5p, miR-296-
5p, miR-361-3p, miR-361-5p, MiR-421, miR-424-3p, miR-424-5p, miR-513a-5p, miR-92a-I-
5p, miR-92a-2-5p, miR-92a-3p, miR-92b-3p and miR-92b-5p. Many novel microRNAs are
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discovered in endothelial cells from deep-sequencing analysis (Voellenkle C et a, RNA, 2012,
18, 472-484, herein incorporated by reference in its entirety) microRNA binding sites from any
endothelial cell specific microRNA can be introduced to or removed from the polynucleotide to
modulate the expression of the polynucleotide in the endothelia cells in various conditions.
[000510] For further example, microRNAS that are expressed in epithelial cells include, but are
not limited to, let-7b-3p, let-7b-5p, miR- 1246, miR-200a-3p, miR-200a-5p, miR-200b-3p, miR-
200b-5p, miR-200c-3p, MiR-200c-5p, MiR-338-3p, miR-429, miR-451a, miR-451b, miR-494,
mMiR-802 and miR-34a, miR-34b-5p , miR-34c-5p, miR-449a, miR-449b-3p, miR-449b-5p
specific in respiratory ciliated epithelia cells; let-7 family, miR-133a, miR-133b, miR-126
specific in lung epithelial cells; miR-382-3p, miR-382-5p specific in rena epithelial cells and
miR-762 specific in corneal epithelial cells. MicroRNA binding sites from any epithelial cell
specific MicroRNA can beintroduced to or removed from the polynucleotide to modulate the
expression of the polynucleotide in the epithelia cells in various conditions.

[000511] In addition, alarge group of microRNAs are enriched in embryonic stem cells,
controlling stem cell self-renewal as well asthe development and/or differentiation of various
cell lineages, such as neura cells, cardiac, hematopoietic cells, skin cells, osteogenic cells and
muscle cells (Kuppusamy KT et al, Curr. Mol Med, 2013, 13(5), 757-764; Vidigal JA and
Ventura A, Semin Cancer Biol. 2012, 22(5-6), 428-436; Goff LA et a, PL0S One, 2009,
4:e7192; Morin RD et a, Genome Res,2008,18, 610-621; Yoo JK e a, Stem Cells Dev. 2012,
21(1 1), 2049-2057, each of which is herein incorporated by reference in its entirety).
MicroRNAs abundant in embryonic stem cells include, but are not limited to, let-7a-2-3p, let-a
3p, let-7a-5p, let7d-3p, let-7d-5p, miR-103a-2-3p, miR-103a-5p, miR-106b-3p, MiR-106b-5p,
MiR-1246, miR-1275, miR-138-1-3p, miR-138-2-3p, miR-138-5p, miR-154-3p, miR-154-5p,
miR-200c-3p, miR-200c-5p, MiR-290, miR-301a-3p, miR-301a-5p, MiR-302a-3p, miR-302a-
5p, miR-302b-3p, miR-302b-5p, MiR-302c-3p, miR-302c-5p, miR-302d-3p, miR-302d-5p, miR-
302e, miR-367-3p, miR-367-5p, miR-369-3p, MiR-369-5p, MiR-370, miR-371, miR-373, miR-
380-5p, miR-423-3p, miR-423-5p, miR-486-5p, miR-520c-3p, miR-548e, miR-548f, miR-548g-
3p, MiR-548g-5p, MiR-548i, miR-548k, miR-5481, miR-548m, miR-548n, miR-5480-3p, MiR-
5480-5p, miR-548p, MiR-664a-3p, MiR-664a-5p, MiR-664b-3p, MiR-664b-5p, miR-766-3p,
MiR-766-5p, miR-885-3p, miR-885-5p,miR-93-3p, miR-93-5p, miR-941,miR-96-3p, miR-96-
5p, miR-99b-3p and MiR-99b-5p. Many predicted novel microRNAS are discovered by deep
sequencing in human embryonic stem cells (Morin RD et a, Genome Res,2008,18, 610-621,;
Goff LA & a, PL0S One, 2009, 4:€7192; Bar M et al, Stem cells, 2008, 26, 2496-2505, the

content of each of which isincorporated herein by references in its entirety).
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[000512] In one embodiment, the binding sites of embryonic stem cell specific microRNAS can
be included in or removed from the 3-UTR of the polynucleotide to modulate the development
and/or differentiation of embryonic stem cells, to inhibit the senescence of stem cellsin a
degenerative condition (e.g. degenerative diseases), or to stimulate the senescence and apoptosis
of stem cells in a disease condition (e.g. cancer stem cells).

[000513] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in the spleen. Asanon-limiting example, the polynucleotides
described herein may include at least one miR sequence or fragment thereof such as miR-142-3p.
The miR sequence may include the seed sequence or it may be without the seed sequence. Asa
non-limiting example, the polynucleotides described herein may include at least one miR
sequence or fragment thereof that can target the tissue of the spleen in the 3UTR.

[000514] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in the endothelium. Asanon-limiting example, the
polynuclectides described herein may include at least one miR sequence or fragment thereof
such as miR- 126. The miR sequence may include the seed sequence or it may bewithout the
seed sequence. Asanhon-limiting example, the polynucleotides described herein may include a
least one miR sequence or fragment thereof that can target the tissue of the endothelium in the
3UTR.

[000515] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in ovarian tissue. Asanon-limiting example, the
polynuclectides described herein may include a least one miR sequence or fragment thereof
such as miR-484. The miR sequence may include the seed sequence or it may bewithout the
seed sequence. Asanhon-limiting example, the polynucleotides described herein may include a
least one miR sequence or fragment thereof that can target ovarian tissue in the 3UTR.

[000516] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in colorectal tissue. Asanon-limiting example, the
polynuclectides described herein may include a least one miR sequence or fragment thereof
such asmiR-17. The miR sequence may include the seed sequence or it may be without the seed
sequence. Asanon-limiting example, the polynucleotides described herein may include at least
one MiR sequence or fragment thereof that can target colorectal tissue inthe 3'UTR.

[000517] In one embodiment, the polynucleotides described herein comprise at least one miR
sequence known to be expressed in prostate tissue. Asanon-limiting example, the
polynuclectides described herein may include a least one miR sequence or fragment thereof

such as miR-34a. The miR sequence may include the seed sequence or it may be without the
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seed sequence. Asanon-limiting example, the polynucleotides described herein may include at
least one miR sequence or fragment thereof that can target prostate tissue in the 3UTR.
[000518] Many microRNA expression studies are conducted in the art to profile the differentia
expression of microRNAs in various cancer cells /tissues and other diseases. Some microRNASs
are abnormally over-expressed in certain cancer cells and others are under-expressed. For
example, microRNAs are differentially expressed in cancer cells (W0O2008/154098,
US2013/0059015, US2013/0042333, WO201 1/157294); cancer stem cells (US20 12/0053224);
pancreatic cancers and diseases (US2009/0131348, US201 1/0171646, US2010/0286232,
US8389210); asthma and inflammation (US8415096); prostate cancer (US2013/0053264);
hepatocellular carcinoma (W02012/151212, US20 12/0329672, W02008/054828, US8252538);
lung cancer cells (WO201 1/076143, W02013/033640, W0O2009/070653, US2010/0323357);
cutaneous T cell lymphoma (W02013/01 1378); colorectal cancer cells (WO201 1/0281756,
WO201 1/076142); cancer positive lympho nodes (W0O2009/1 00430, US2009/0263803);
nasopharyngeal carcinoma (EP2 112235); chronic obstructive pulmonary disease

(US20 12/0264626, US2013/0053263); thyroid cancer (WO2013/066678); ovarian cancer cells (
US2012/0309645, WO201 1/095623); breast cancer cells (W02008/154098, W0O2007/081740,
US20 12/02 14699), leukemia and lymphoma (W02008/073915, US2009/0092974,

US2012/03 16081, US2012/0283310, W02010/018563, the content of each of which is
incorporated herein by reference in their entirety.)

[000519] Asanon-limiting example, microRNA sites that are over-expressed in certain cancer
and/or tumor cells can be removed from the 3-UTR of the polynucleotide encoding the
polypeptide of interest, restoring the expression suppressed by the over-expressed microRNAS in
cancer cells, thus ameliorating the corresponsive hiological function, for instance, transcription
stimulation and/or repression, cell cycle arrest, apoptosis and cell death. Normal cells and
tissues, wherein microRNAS expression is not up-regulated, will remain unaffected.

[000520] MicroRNA can also regulate complex biological processes such as angiogenesis
(miR-132) (Anand and Cheresh Curr Opin Hematol 2011 18:171-176). In the polynucleotides of
the invention, binding sites for microRNAs that are involved in such processes may be removed
or introduced, in order to tailor the expression of the polynucleotides expression to biologically
relevant cell types or to the context of relevant biological processes. In this context, the mRNA
are defined as auxotrophic mRNA.

[000521] MicroRNA gene regulation may be influenced by the sequence surrounding the
microRNA such as, but not limited to, the species of the surrounding sequence, the type of

sequence (e.g., heterologous, homologous and artificial), regulatory elements in the surrounding
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sequence and/or structural elements in the surrounding sequence. The microRNA may be
influenced by the 5UTR and/or the 3UTR. Asanon-limiting example, anon-human 3UTR
may increase the regulatory effect of the microRNA sequence on the expression of apolypeptide
of interest compared to ahuman 3UTR of the same sequence type.

[000522] In one embodiment, other regulatory elements and/or structural elements of the 5'-
UTR can influence microRNA mediated gene regulation. One example of aregulatory element
and/or structural element is astructured IRES (Internal Ribosome Entry Site) in the 5UTR,
which is necessary for the binding of translational elongation factors to initiate protein
translation. EIF4A2 binding to this secondarily structured element in the 5UTR is necessary for
microRNA mediated gene expression (Meijer HA e a, Science, 2013, 340, 82-85, herein
incorporated by reference in its entirety). The polynucleotides of the invention can further be
modified to include this structured 5-UTR in order to enhance microRNA mediated gene
regulation.

[000523] At least one microRNA site can be engineered into the 3' UTR of the polynucleotides
of the present invention. In this context, at least two, at least three, a least four, at least five, a
least six, at least seven, a least eight, at least nine, at least ten or more microRNA sites may be
engineered into the 3' UTR of the ribonucleic acids of the present invention. In one
embodiment, the microRNA sites incorporated into the polynucleotides may be the same or may
be different microRNA sites. In another embodiment, the microRNA sites incorporated into the
polynucleotides may target the same or different tissues in the body. Asanon-limiting example,
through the introduction of tissue-, cell-type-, or disease-specific microRNA binding sites in the
3' UTR of polynucleotides, the degree of expression in specific cell types (e.g. hepatocytes,
myeloid cells, endothelia cells, cancer cells, etc.) can be reduced.

[000524] In one embodiment, amicroRNA site can be engineered near the 5' terminus of the
3UTR, about halfway between the 5' terminus and 3'terminus of the 3'UTR and/or near the
3'terminus of the 3UTR. Asanon-limiting example, amicroRNA site may be engineered near
the 5' terminus of the 3UTR and about halfway between the 5' terminus and 3'terminus of the
3UTR. Asanother non-limiting example, amicroRNA site may be engineered near the
3'terminus of the 3UTR and about halfway between the 5' terminus and 3'terminus of the
3UTR. Asyet another non-limiting example, amicroRNA site may be engineered near the 5'
terminus of the 3UTR and near the 3' terminus of the 3UTR.

[000525] In another embodiment, a3'UTR can comprise 4 microRNA sites. The microRNA
sites may be complete microRNA binding sites, microRNA seed sequences and/or microRNA
binding site sequences without the seed sequence.
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[000526] In one embodiment, apolynucleotide of the invention may be engineered to include
a least one microRNA in order to dampen the antigen presentation by antigen presenting cells.
The microRNA may be the complete microRNA sequence, the microRNA seed sequence, the
microRNA sequence without the seed or a combination thereof. Asanon-limiting example, the
microRNA incorporated into the nucleic acid may be specific to the hematopoietic system. As
another non-limiting example, the microRNA incorporated into the nucleic acid of the invention
to dampen antigen presentation is miR-142-3p.

[000527] In one embodiment, apolynucleotide may be engineered to include microRNA sites
which are expressed in different tissues of a subject. Asanon-limiting example, a polynucleotide
of the present invention may be engineered to include miR-192 and miR-122 to regulate
expression of the polynucleotide in the liver and kidneys of asubject. In another embodiment, a
polynucleotide may be engineered to include more than one microRNA sites for the same tissue.
For example, apolynucleotide of the present invention may be engineered to include miR- 17-92
and miR-126 to regulate expression of the polynucleotide in endothelial cells of a subject.
[000528] In one embodiment, the therapeutic window and or differential expression associated
with the target polypeptide encoded by the polynucleotide invention may be altered. For
example, polynucleotides may be designed whereby adeath signal is more highly expressed in
cancer cells (or asurvival signal in anormal cell) by virtue of the miRNA signature of those
cells. Where a cancer cell expresses alower level of aparticular miRNA, the polynucleotide
encoding the binding site for that miRNA (or miRNAS) would be more highly expressed. Hence,
the target polypeptide encoded by the polynucleoctide is selected as a protein which triggers or
induces cell death. Neigboring noncancer cells, harboring ahigher expression of the same
mMiRNA would be less affected by the encoded death signal as the polynucleotide would be
expressed a alower level due to the affects of the miRNA binding to the binding site or "sensor"
encoded in the 3'UTR. Conversely, cell survival or cytoprotective signals may be delivered to
tissues containing cancer and non cancerous cells where amiRNA has ahigher expression in the
cancer cells—the result being alower survival signal tothe cancer cell and alarger survival
signature to the normal cell. Multiple polynucleotides may be designed and administered having
different signals according to the previous paradigm.

[000529] In one embodiment, the polynucleotides of the present invention comprise a3' UTR
and at least one miR sequence located in the 3' UTR. The miR sequence may be located
anywhere in the 3' UTR such as, but not limited to, at the beginning of the 3' UTR, near the 5'
end of the poly-A tailing region, in the middle of the 3' UTR, halfway between the 5' end and
the 3'end of the 3' UTR, at the end of the 3' UTR and/or at the 3' end of the 3' UTR.
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[000530] In one embodiment, the polynucleotides of the present invention comprise a3' UTR
and more than one miR sequences located inthe 3' UTR. Asanon-limiting example, the 3UTR
may comprise two miR sequences. As another non-limiting example, the 3'UTR may comprise
three miR sequences. Asyet another non-limiting example, the 3UTR may comprise four miR
seguences.

[000531] In one embodiment, the expression of anucleic acid may be controlled by
incorporating at least one sensor sequence in the nucleic acid and formulating the nucleic acid.
Asanon-limiting example, anucleic acid may betargeted to an orthotopic tumor by having a
nucleic acid incorporating a miR- 122 binding site and formulated in alipid nanoparticle
comprising the cationic lipid DLin-KC2-DMA.

[000532] Through an understanding of the expression patterns of microRNA in different cell
types, polynucleotides can be engineered for more targeted expression in specific cell types or
only under specific biological conditions. Through introduction of tissue-specific microRNA
binding sites, polynucleotides could be designed that would be optimal for protein expression in
atissue or inthe context of abiological condition.

[000533] Transfection experiments can be conducted in relevant cell lines, using
polynucleotides and protein production can be assayed at various time points post-transfection.
For example, cells can betransfected with different microRNA binding site- polynucleotides and
by using an ELISA kit to the relevant protein and assaying protein produced at 6 hr, 12 hr, 24 hr,
48 hr, 72 hr and 7 days post-transfection. In vivo experiments can also be conducted using
microRNA-binding site-engineered molecules to examine changes in tissue-specific expression
of formulated polynuclectides.

[000534] Non-limiting examples of cell lines which may be useful in these investigations
include those from ATCC (Manassas, VA) including MRC-5, A549, T84, NCI-H2126
[H2126], NCI-H1688 [H1688], WI-38, WI-38 VA-13 subline 2RA, WI-26 VA4, C3A
[HepG2/C3A, derivative of Hep G2 (ATCC HB-8065)], THLE-3, H69AR, NCI-H292 [H292],
CFPAC-I, NTERA-2 cl.DI [NT2/D1], DMS 79, DMS 53, DMS 153, DMS 114, MSTO-21 1H,
SW 1573 [SW-1573, SW1573], SW 1271 [SW-1271, SW1271], SHP-77, SNU-398, SNU-449,
SNU-182, SNU-475, SNU-387, SNU-423, NL20, NL20-TA [NL20T-A], THLE-2, HBE135-
E6E7, HCC827, HCC4006, NCI-H23 [H23], NCI-H1299, NCI-H187 [H187], NCI-H358 [H-
358, H358], NCI-H378 [H378], NCI-H522 [H522], NCI-H526 [H526], NCI-H727 [H727], NCI-
H810 [H810], NCI-H889 [H889], NCI-H1155 [HI 155], NCI-H1404 [H1404], NCI-N87 [N8&7],
NCI-H196 [H196], NCI-H21 1[H211], NCI-H220 [H220], NCI-H250 [H250], NCI-H524
[H524], NCI-H647 [H647], NCI-H650 [H650], NCI-H71 1 [H71 1], NCI-H719 [H719], NCI-
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H740 [H740], NCI-H748 [H748], NCI-H774 [H774], NCI-H838 [H838], NCI-H841 [H841],
NCI-H847 [H847], NCI-H865 [H865], NCI-H920 [H920], NCI-H1048 [H1048], NCI-H1092
[H1092], NCI-H1 105 [HI 105], NCI-H1 184 [HI 184], NCI-H1238 [H1238], NCI-H1341
[H1341], NCI-H1385 [H1385], NCI-H1417 [H1417], NCI-H1435 [H1435], NCI-H1436
[H1436], NCI-H1437 [H1437], NCI-H1522 [H1522], NCI-H1563 [H1563], NCI-H1568
[H1568], NCI-H1573 [H1573], NCI-H1581 [H1581], NCI-H1618 [H1618], NCI-H1623
[H1623], NCI-H1650 [H-1650, H1650], NCI-H1651 [H1651], NCI-H1666 [H-1666, H1666],
NCI-H1672 [H 1672], NCI-H 1693 [H1693], NCI-H1694 [H1694], NCI-H1703 [H1703], NCI-
H1734 [H-1734, H1734], NCI-H1755 [H1755], NCI-H1755 [H1755], NCI-H1770 [H1770],
NCI-H1793 [H1793], NCI-H1836 [H1836], NCI-H1838 [H1838], NCI-H1869 [H1869], NCI-
H1876 [H1876], NCI-H1882 [H1882], NCI-H1915 [H1915], NCI-H1930 [H1930], NCI-H1944
[H1944], NCI-H1975 [H-1975, H1975], NCI-H1993 [H1993], NCI-H2023 [H2023], NCI-H2029
[H2029], NCI-H2030 [H2030], NCI-H2066 [H2066], NCI-H2073 [H2073], NCI-H2081
[H2081], NCI-H2085 [H2085], NCI-H2087 [H2087], NCI-H2106 [H2106], NCI-H2110
[H2110], NCI-H2135 [H2135], NCI-H2141 [H2141], NCI-H2171 [H2171], NCI-H2172
[H2172], NCI-H2195 [H2195], NCI-H2196 [H2196], NCI-H2198 [H2198], NCI-H2227
[H2227], NCI-H2228 [H2228], NCI-H2286 [H2286], NCI-H2291 [H2291], NCI-H2330
[H2330], NCI-H2342 [H2342], NCI-H2347 [H2347], NCI-H2405 [H2405], NCI-H2444
[H2444], UMC-11, NCI-H64 [H64], NCI-H735 [H735], NCI-H735 [H735], NCI-H1963
[H1963], NCI-H2107 [H2107], NCI-H2108 [H2108], NCI-H2122 [H2122], Hs573.T, Hs
573.Lu, PLC/PRF/5, BEAS-2B, Hep G2, Teral, Tera-2, NCI-H69 [H69], NCI-H128 [H128],
ChaGo-K-1, NCI-H446 [H446], NCI-H209 [H209], NCI-H 146 [H146], NCI-H441 [H441],
NCI-H82 [H82], NCI-H460 [H460], NCI-H596 [H596], NCI-H676B [H676B], NCI-H345
[H345], NCI-H820 [H820], NCI-H520 [H520], NCI-H661 [H661], NCI-H510A [H510A, NCI-
H510], SK-HEP-1, A-427, Cau-1, Cau-3, Cau-6, SK-LU-1, SK-MES-1, SW 900 [SW-900,
SW900], Malme-3M, and Capan-1.

[000535] In some embodiments, polynucleotides can be designed to incorporate microRNA
binding region sites that either have 100% identity to known seed sequences or have less than
100% identity to seed sequences. The seed sequence can be partially mutated to decrease
microRNA binding affinity and as such result in reduced downmodulation of that mRNA
transcript. In essence, the degree of match or mis-match between the target mMRNA and the
microRNA seed can act as arheostat to more finely tune the ability of the microRNA to
modulate protein expression. In addition, mutation in the non-seed region of a microRNA

binding site may also impact the ability of microRNA to modulate protein expression.
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[000536] In one embodiment, amiR sequence may be incorporated into the loop of astem
loop.

[000537] In another embodiment, amiR seed sequence may be incorporated in the loop of a
stem loop and amiR binding site may be incorporated into the 5' or 3' stem of the stem loop.
[000538] In one embodiment, a TEE may be incorporated on the 5'end of the stem of a stem
loop and amiR seed may be incorporated into the stem of the stem loop. In another
embodiment, a TEE may be incorporated on the 5'end of the stem of a stem loop, amiR seed
may be incorporated into the stem of the stem loop and amiR binding site may be incorporated
into the 3'end of the stem or the sequence after the stem loop. The miR seed and the miR
binding site may be for the same and/or different miR sequences.

[000539] In one embodiment, the incorporation of amiR sequence and/or a TEE sequence
changes the shape of the stem loop region which may increase and/or descrease tranglation. (see
e.g, Kedde et a. A Pumilio-induced RNA structure switch in p27-3UTR controls miR-221 and
miR-22 accessibility. Nature Cell Biology. 2010, herein incorporated by reference in its
entirety).

[000540] In one embodiment, the incorporation of amiR sequence and/or a TEE sequence
changes the shape of the stem loop region which may increase and/or descrease translaion. (see
e.g, Kedde et a. A Pumilio-induced RNA structure switch in p27-3UTR controls miR-221 and
miR-22 accessibility. Nature Cell Biology. 2010, herein incorporated by reference in its
entirety).

[000541] In one embodiment, the 5UTR may comprise a least one microRNA sequence. The
microRNA sequence may be, but is not limited to, a 19 or 22 nucleotide sequence and/or a
microRNA sequence without the seed.

[000542] In one embodiment the microRNA sequence in the 5UTR may be used to stabilize
the polynucleotides described herein.

[000543] In another embodiment, amicroRNA sequence in the 5'UTR may be used to decrease
the accessibility of the site of trandlation initiation such as, but not limited to a start codon.
Matsuda et al (PLoS One. 2010 11(5):el5057; herein incorporated by reference in its entirety)
used antisense locked nucleic acid (LNA) oligonucleotides and exon-junctino complexes (EJCs)
around a start codon (-4 to +37 where the A of the AUG codons is +1) in order to decrease the
accessibility tothe first start codon (AUG). Matsuda showed that atering the sequence around
the start codon with an LNA or EJC the efficiency, length and structural stability of the
polynucleotides is affected. The polynucleotides of the present invention may comprise a

microRNA sequence, instead of the LNA or EJC sequence described by Matsuda et al, near the
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site of trandlation initiation in order to decrease the accessibility to the site of trandation
initiation. The site of trandation initiation may be prior to, after or within the microRNA
sequence. Asanon-limiting example, the site of trandlation initiation may be located within a
microRNA sequence such as a seed sequence or binding site. As another non-limiting example,
the site of trandation initiation may be located within a miR- 122 sequence such as the seed
sequence or the mir-122 binding site.

[000544] In one embodiment, the polynucleotides of the present invention may include at least
one microRNA in order to dampen the antigen presentation by antigen presenting cells. The
microRNA may bethe complete microRNA sequence, the microRNA seed sequence, the
microRNA sequence without the seed or a combination thereof. Asanon-limiting example, the
microRNA incorporated into the polynucleotides of the present invention may be specific to the
hematopoietic system. As another non-limiting example, the microRNA incorporated into the
nucleic acids or mRNA of the present invention to dampen antigen presentation is miR-142-3p.
[000545] In one embodiment, the polynucleotides of the present invention may include at least
one microRNA in order to dampen expression of the encoded polypeptide in acell of interest.
Asanon-limiting example, the polynucleotides of the present invention may include a least one
miR- 122 binding site in order to dampen expression of an encoded polypeptide of interest in the
liver. Asanother non-limiting example, the polynucleotides of the present invention may
include &t least one miR-142-3p binding site, miR-142-3p seed sequence, miR-142-3p binding
site without the seed, miR-142-5p binding site, miR-142-5p seed sequence, miR-142-5p binding
site without the seed, miR-146 binding site, miR-146 seed sequence and/or miR-146 binding site
without the seed sequence.

[000546] In one embodiment, the polynucleotides of the present invention may comprise at
least one miR sequence to dampen expression of the encoded polypeptide in muscle. Asanon-
limiting example, the polynucleotides of the present invention may comprise a miR- 133
sequence, fragment or variant thereof. As another non-limiting example, the polynucleotides of
the present invention may comprise amiR-206 sequence, fragment or variant thereof. Asyet
another non-limiting example, the polynucleotides of the present invention may comprise amiR-
1 sequence, fragment or variant thereof.

[000547] In one embodiment, the polynucleotides of the present invention may comprise at
least one miR sequence to dampen expression of the encoded polypeptide in endotherlium. Asa
non-limiting example, the polynucleotides of the present invention may comprise amiR- 126

sequence, fragment or variant thereof.
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[000548] In one embodiment, the polynucleotides of the present invention may comprise at
least one miR sequence to dampen expression of the encoded polypeptide in the central nervous
system (CNS). Asanon-limiting example, the polynucleotides of the present invention may
comprise amiR-132 sequence, fragment or variant thereof. As another non-limiting example,
the polynucleotides of the present invention may comprise amiR- 125 sequence, fragment or
variant thereof. Asyet another non-limiting example, the polynucleotides of the present
invention may comprise amiR- 124 sequence, fragment or variant thereof.

[000549] In one embodiment, the polynucleotides of the present invention may comprise at
least one miR sequence which is ahematopoietic lineage specific miR sequence or fragment or
variant thereof. Asanon-limiting example, the hematopietic lineage specific miR sequence is
miR-142-3p or afragment thereof.

[000550] In one embodiment, the polynuclectides of the present invention may comprise at
least one microRNA binding site in the 3'UTR in order to selectively degrade mRNA
therapeutics in the immune cells to subdue unwanted immunogenic reactions caused by
therapeutic delivery. Asanon-limiting example, the microRNA binding site may make the
polynucleotides more unstable in antigen presenting cells. Non-limiting examples of these
microRNASs include mir-142-5p, mir-142-3p, mir-146a-5p and mir-146-3p.

[000551] In one embodiment, the polynucleotides of the present invention comprises at least
one microRNA sequence in aregion of the polynucleotides which may interact with a RNA

binding protein.

5'UTR, miR binding sites, translation enhancement and translational specificity

[000552] In one embodiment, the polynucleotides described herein comprise at least one
microRNA binding site in the 5UTR in order to enhance transation of the polynucleotide. Asa
non-limiting example, the polynucleotides described herein may comprise at least one miR- 10a
sequence or fragment thereof.

[000553] In one embodiment, the polynucleotides described herein comprise at least one
microRNA binding site in the 5'UTR in order to reduce translational repression of the ribosomal
protein mRNASs during amino acid starvation (see e.g., Orom & a. Mol Cell (2008) 30, 160-471,
the contents of which are herein incorporated by reference in its entirety).

[000554] In one embodiment, the polynucleotides described herein comprise at least one
sequence for miR- 10a or miR- 10b or afragment thereof in the 5UTR.

[000555] In one embodiment, the polynucleotides described herein comprise at least oen miR

sequence to initiate trandation of the polynucleotide in a specific tissue.
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[000556] In one embodiment, the polynucleotides described herein comprise at least one
sequence in the SUTR in order to slow down translation of the polynucleotide in order to
improve the changes of proper folding of the encoded polypeptide. In another embodiment, the
polynucleotides described herein comprise & least one sequence in the SUTR in order to slow
translation of the polynucleotide in order to reduce errors in the translation process.

[000557] In one embodiment, the polynucleotides described herein comprise at least one
sequence in the 5UTR to slow tranglation in tissues where expression of the encoded

polypeptide is not desired.

3'UTR and Hetero-miRs

[000558] 3'UTRs of the polynucleotides described herein may comprise a least two miR
sequences which are not the same. The miR sequences may down-regulate expression of the
polynucleotide in the same tissue and/or organ or miR sequences may down-regulate the
expression of the polynucleotide in different tissues and/or organs. When an UTR of the
polynucleotides described herein comprise a least two miR sequences which are not the same
sequence these miR sequences are known as hetero-miRs.

[000559] In one embodiment, the polynucleotides described herein comprise at least two
different miR sequences inthe 3UTR. Each miR sequence may down-regulate expression of
the polynucleotide in adifferent organ and/or tissue. Asanon-limiting example, the 3UTR of
the polynucleotides described herein may comprise a least one miR sequence to down-regulate
expression of the polynucleotide in organ A and a least one miR sequence to down-regulate
expression of the polynucleotide in organ B. As another non-limiting example, the 3UTR of the
polynucleotides described herein may comprise a least one miR sequence to down-regulate
expression of the polynucleotide in organ A and at least one miR sequence to down-regulate
expression of the polynucleotide in organ B.

[000560] In one embodiment, the polynucleotides described herein comprise at least one miR-
122 sequence and at least one miR-142 sequence in the 3UTR.

[000561] In one embodiment, the polynucleotides described herein may comprise at least two
different miR sequences which can reduce or suppress protein expression in the same cell type.
[000562] In one embodiment, the polynucleotides described herein comprise at least two
different miR sequences in the 3UTR which can reduce or suppress protein expression in the
same cell type. Each miR sequence may down-regulate expression of the polynucleotide in the

same tissue.
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[000563] In one embodiment, the polynucleotides described herein comprise a least amiR-
142-3p sequence and amiR-142-5p sequence or variant thereof in the 3'UTR which can reduce

or suppress protein expression in the same cell type.

3'UTR and Albumin Variants

[000564] 3' UTRs of the polynucleotides described herein may comprise anucleic acid
sequence which is derived from the 3' UTR of an albumin gene or from avariant of the 3UTR
of the albumin gene. 3'UTRs and albumin variants are described in paragraphs [000256] -
[000257] in International Publication No. WO2015038892, the contents of which are herein
incorporated by reference in its entirety.

3' UTR and TripleHelices

[000565] In one embodiment, polynucleotides of the present invention may include atriple
helix onthe 3' end of the polynucleotides. The 3' end of the polynucleotides of the present
invention may include atriple helix alone or in combination with aPoly-A tail.

[000566] In one embodiment, the polynucleotides of the present invention may comprise a
least afirst and a second U-rich region, aconserved stem loop region between the first and
second region and an A-rich region. The first and second U-rich region and the A-rich region
may associate to form atriple helix on the 3' end of the nucleic acid. This triple helix may
stabilize the polynucleotides, enhance the translational efficiency of the polynucleotides and/or
protect the 3' end from degradation. Exemplary triple helices include, but are not limited to, the
triple helix sequence of metastasis-associated lung adenocarcinoma transcript 1 (MALAT1),
MEN -B and polyadenylated nuclear (PAN) RNA (See Wilusz et al, Genes & Development 2012
26:2392-2407; herein incorporated by reference in its entirety). In one embodiment, the 3' end
of the polynucleotides of the present invention comprises a first U-rich region, a second U-rich
region and an A-rich region. Asanon-limiting example, the first U-rich region is SEQ ID: 4 as
described in U.S. Provisional Application No. 62/025,985, the second U-rich region is SEQ ID
NO: 5 or 6 as described in U.S. Provisional Application No. 62/025,985 and the A-rich region
has SEQ ID NO: 7 as described in U.S. Provisional Application No. 62/025,985, the contents of
which is herein incorporated by reference in its entirety. In another embodiment, the 3' end of
the polynucleotides of the present invention comprises atriple helix formation structure
comprising afirst U-rich region, aconserved region, a second U-rich region and an A-rich
region.

[000567] In one embodiment, the triple helix may be formed from the cleavage of aMALAT 1
sequence prior to the cloverleaf structure. While not meaning to be bound by theory, MALAT 1

is along non-coding RNA which, when cleaved, forms atriple helix and atRNA-like cloverleaf
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structure. The MALATI transcript then localizes to nuclear speckles and the tRNA-like
cloverleaf localizes tothe cytoplasm (Wilusz et a. Cell 2008 135(5): 919-932; the contents of
which is herein incorporated by reference in its entirety).

[000568] Asanon-limiting example, the terminal end of the polynucleotides of the present
invention comprising the MALATI sequence can then form atriple helix structure, after RNaseP
cleavage from the cloverleaf structure, which stabilizes the nucleic acid (Peart et al. Non-mRNA
3'endformation: how the other half lives; WIREs RNA 2013; the contents of which is herein
incorporated by reference in its entirety).

[000569] In one embodiment, the polynucleotides described herein comprise aMALATI
sequence. In another embodiment, the polynucleotides may be polyadenylated. 1nyet another
embodiment, the polynucleotides is not polyadenylated but has an increased resistance to
degradation compared to unmodified nucleic acids or mRNA.

[000570] In one embodiment, the polynucleotides of the present invention may comprise a
MALATI sequence in the second flanking region (e.g., the 3UTR). Asanon-limiting example,
the MALAT 1 sequence may behuman or mouse.

[000571] In another embodiment, the cloverleaf structure of the MALATI sequence may also
undergo processing by RNaseZ and CCA adding enzyme to form atRNA-like structure called
mascRNA (MALAT l-associated small cytoplasmic RNA). Asanon-limiting example, the
mascRNA may encode aprotein or afragment thereof and/or may comprise a microRNA
sequence. The mascRNA may comprise at least one chemical modification described herein.
[000572] In one embodiment, the polynucleotides of the invention may be comprise ahybrid
nucleic acid including an RNA molecule that lacks apoly-A tail. In anon-limiting example, the
polynucleotides lacking apoly-A tail may be linked to a 3' termina sequence, which in some
instances has atriple helical structure, and that functions to stabilize the RNA, astaught in
International Patent Publication No. WO20 14062801 or may be produced using the vector
constructs described in W02014062801, the contents of which is herein incorporated by
reference in its entirety.

Other regulatory elements in 3'UTR

[000573] In addition to microRNA binding sites, other regulatory sequences inthe 3'-UTR of
natural mRNA, which regulate mRNA stability and trandation in different tissues and cells, can
be removed or introduced into polynuclectides. Such cis-regulatory elements may include, but
are not limited to, Cis- RNP (Ribonucleoprotein)/RBP (RNA binding protein) regulatory
elements, AU-rich element (AUE), structured stem-loop, constitutive decay elements (CDEs),
GC-richness and other structured mRNA motifs (Parker BJ et a, Genome Research, 201 1, 21,
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1929-1943, which is herein incorporated by reference in its entirety). For example, CDEs are a
class of regulatory motifs that mediate mMRNA degradation through their interaction with Roquin
proteins. In particular, CDEs are found in many mRNAs that encode regulators of development
and inflammation to limit cytokine production in macrophage (Leppek K et a, 2013, Cell, 153,
869-881, which is herein incorporated by reference in its entirety).

[000574] In one embodiment, aparticular CDE can be introduced to the polynucleotides when
the degradation of polypeptides in acell or tissue is desired. A particular CDE can also be
removed from the nucleic acids or mRNA to maintain amore stable mMRNA in acell or tissue for
sustaining protein expression.

3' UTR and Viral Sequences

[000575] Additional viral sequences such as, but not limited to, the trandation enhancer
sequence of the barley yellow dwarf virus (BYDV-PAV), the Jaagsiekte sheep retrovirus (JSRV)
and/or the Enzootic nasal tumor virus (See e.g., International Pub. No. W02012129648; herein
incorporated by reference in its entirety) can be engineered and inserted in the polynucleotides of
the invention and can stimulate the trandation of the construct in vitro and in vivo. Transfection
experiments can be conducted in relevant cell lines a and protein production can be assayed by
ELISA a 12hr, 24hr, 48hr, 72 hr and day 7 post-transfection.

Length d UTR

[000576] In one embodiment, the polynucleotides described herein may include a5'UTR
and/or a3'UTR. The polynuclectide may further include atailing region such as, but not limited
to, apolyA tail, and/or acapping region.

[000577] In one embodiment, the polynucleotides described herein may include a5'UTR and
do not include a3UTR. The polynuclectide may further include atailing region such as, but not
limited to, apolyA tail.

[000578] In one embodiment, the polynucleotides described herein may include a 3'UTR and
do not include a5'UTR. The polynuclectide may further include atailing region such as, but not
limited to, apolyA tail.

[000579] In one embodiment, the polynucleotides described herein may include a5'UTR of at
least one nucleotide. The 5UTR may be 1, 2, 3,4,5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100 or more than 100 nucleotides in length. Asanon-limiting example, the

5'UTR may be 3- 13 nuclectides in length. A s another non-limiting example, the 5UTR may
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be 10 - 12 nucleotides in length. Asyet another non-limiting example, the 5UTR may be 13
nucleotides in length. Asyet another non-limiting example, the 5UTR may be 42 - 47
nucleotides in length.

[000580] In one embodiment, the polynucleotides described herein may include a5'UTR that
does not invoke circularization of the polynucleotide. The 5UTR that does not invoke
circularlization may be 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100 or more than 100 nucleotides in length. Asanon-limiting example, the 5UTR that does not
invoke circularlization may be 3- 13 nucleotides in length. As another non-limiting example,
the 5UTR that does not invoke circularlization may be 10 - 12 nucleotides in length. Asyet
another non-limiting example, the SUTR that does not invoke circularlization may be 13
nucleotides in length. Asyet another non-limiting example, the 5'UTR that does not invoke
circularlization may be 42 - 47 nucleotides in length.

[000581] In one embodiment, the polynucleotides described herein may include a5'UTR that
has alength sufficient to have the ribosome associate with the polynucleotide and begin the
translation of the polynucleotide. The 5UTR may be 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92
93, 94, 95, 96, 97, 98, 99, 100 or more than 100 nucleotides in length. Asanon-limiting
example, the 5UTR may be 3- 13 nucleotides in length. As another non-limiting example, the
5UTR may be 10 - 12 nucleotides in length. Asyet another non-limiting example, the 5UTR
may be 13 nucleotides in length. Asyet another non-limiting example, the 5UTR may be 42 -
47 nucleotides in length.

[000582] In one embodiment, the polynucleotides described herein may include a5'UTR that
is approximately 47 nucleotides in length and a3'UTR that is approximately 110 nucleotides in
length.

[000583] In one embodiment, the polynucleotides described herein may include a5'UTR that
is approximately 13 nucleotides in length and a3'UTR that is approximately 31 nucleotides in
length.

[000584] In one embodiment, the polynucleotides described herein do not include a sequence

of nucleotides which may function as a5'UTR.
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[000585] In one embodiment, the polynuclectides described herein do not include a sequence
of nucleotides which may function asa3'UTR.

[000586] In one embodiment, the polynucleotides described herein may include a3UTR. The
3UTR may be 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 123, 124, 125 or more than 125 nucleotides in length. Asanon-limiting example, the
3'UTR may be 30 nuclectides in length. As another non-limiting example, the 3UTR may be 31
nucleotides in length. As another non-limiting example, the 3'UTR may be 110 nucleotides in
length. A s another non-limiting example, the 3UTR may be 119 nuclectides in length.

RNA Motifsfor RNA Binding Proteins (RBPS)

[000587] In one embodiment, the polynucleotides described herein may encode e least one
RNA binding protein and/or fragment thereof. RNA binding proteins and RNA motifs for RNA
binding proteins are described i paragraphs [00201] - [00215] and Example 23 of co-pending
International Patent Publication No. W02014081507 (Attorney Docket No. M039.21), the
contents of which are herein incorporated by reference in its entirety. Asanon-limiting
example, Table 26 in Example 23 of co-pending International Patent Publication No.
W02014081507 (Attorney Docket No. M039.21), the contents of each of which are herein
incorporated by reference in its entirety, describe RNA binding proteins and related nucleic acid
and protein sequences.

Stem Loop

[000588] In one embodiment, the polynuclectides of the present invention may include a stem
loop such as, but not limited to, ahistone stem loop. Stem loops are described in paragraphs
[00230] - [00241] of copending International Patent Publication No. W02014081507, the
contents of which are herein incorporated by reference in its entirety. The stem loop may bea
nucleotide sequence that is about 25 or about 26 nucleotides in length such as, but not limited to,
SEQ ID NOs. 7-17 as described in International Patent Publication No. W02013 103659, herein
incorporated by reference in its entirety. The histone stem loop may be located 3' relative to the
coding region (e.g., a the 3' terminus of the coding region). Asanon-limiting example, the
stem loop may be located at the 3' end of apolynucleotide described herein.

Regions having a 5' Cap
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[000589] The 5' cap structure of anatural MRNA isinvolved in nuclear export, increasing
MRNA stability and binds the mRNA Cap Binding Protein (CBP), which is responsible for
MRNA stability in the cell and translation competency through the association of CBP with
poly(A) binding protein to form the mature cyclic mMRNA species. The cap further assists the
removal of 5' proximal introns removal during mRNA splicing.
[000590] Endogenous mRNA molecules may be 5'-end capped generating a 5'-ppp-5'-
triphosphate linkage between aterminal guanosine cap residue and the 5'-terminal transcribed
sense nucleotide of the MRNA molecule. This 5'-guanylate cap may then be methylated to
generate an N7-methyl-guanylate residue. The ribose sugars of the terminal and/or anteterminal
transcribed nucleotides of the 5' end of the mMRNA may optionally also be 2'-0-methylated. 5'-
decapping through hydrolysis and cleavage of the guanylate cap structure may target anucleic
acid molecule, such as an mRNA molecule, for degradation.
[000591] In some embodiments, polynucleotides may be designed to incorporate acap moiety.
Modifications to the polynucleotides of the present invention may generate anon-hydrolyzable
cap structure preventing decapping and thus increasing mRNA half-life. Because cap structure
hydrolysis requires cleavage of 5-ppp-5' phosphorodiester linkages, modified nucleotides may
be used during the capping reaction. For example, aVaccinia Capping Enzyme from New
England Biolabs (Ipswich, MA) may be used with a-thio-guanosine nucleotides according to the
manufacturer's instructions to create a phosphorothioate linkage in the 5'-ppp-5' cap. Additional
modified guanosine nucleotides may be used such as amethyl-phosphonate and seleno-
phosphate nucleotides.
[000592] Additional modifications include, but are not limited to, 2'-0-methylation of the
ribose sugars of 5'-termina and/or 5'-anteterminal nucleotides of the polynucleotide (as
mentioned above) on the 2'-hydroxyl group of the sugar ring. Multiple distinct 5'-cap structures
can be used to generate the 5'-cap of anucleic acid molecule, such as apolynucleotide which
functions as an mMRNA molecule.
[000593] Cap analogs, which herein are also referred to as synthetic cap analogs, chemical
caps, chemical cap analogs, or structural or functional cap analogs, differ from natura (i.e.
endogenous, wild-type or physiological) 5'-caps in their chemica structure, while retaining cap
function. Cap analogs may be chemically (i.e. non-enzymatically) or enzymatically synthesized
and/or linked to the polynucleotides of the invention.
[000594] For example, the Anti-Reverse Cap Analog (ARCA) cap contains two guanines
linked by a5'-5'-triphosphate group, wherein one guanine contains an N7 methyl group aswell
as a 3-0-methyl group (i.e., N7,3-0-dimethyl-guanosine-5-triphosphate-5'-guanosine  (m’G-
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3'mppp-G; which may equivaliently be designated 3' 0-Me-m7G(5)ppp(5)G). The 3-0 atom
of the other, unmodified, guanine becomes linked to the 5'-terminal nucleotide of the capped
polynucleotide. The N7- and 3-0-methlyated guanine provides the terminal moiety of the
capped polynucleotide.

[000595] Another exemplary cap is mCAP, which is similar to ARCA but has a 2'-0-methyl
group on guanosine (i.e., N7,2'-0-dimethyl-guanosine-5'-triphosphate-5'-guanosine, m’Gm-ppp-
G).

[000596] In one embodiment, the cap is adinucleotide cap analog. Asanon-limiting example,
the dinucleotide cap analog may be modified a different phosphate positions with a
boranophosphate group or aphophoroselenoate group such as the dinucleotide cap analogs
described in US Patent No. US 8,5 19, 110, the contents of which are herein incorporated by
reference in its entirety.

[000597] In another embodiment, the cap is acap analog is aN7-(4-chlorophenoxyethyl)
substituted dicucleotide form of acap analog known in the art and/or described herein. Non-
limiting examples of aN7-(4-chlorophenoxyethyl) substituted dicucleotide form of a cap analog
include aN7-(4-chlorophenoxyethyl)-G(5)ppp(5)G  and aN7-(4-chlorophenoxyethyl)-m*
°G(5)ppp(5)G cap analog (See e.g., the various cap analogs and the methods of synthesizing
cap analogs described in Kore et al. Bioorganic & Medicinal Chemistry 2013 21:4570-4574; the
contents of which are herein incorporated by reference in its entirety). In another embodiment, a
cap analog of the present invention is a4-chloro/bromophenoxyethyl analog.

[000598] While cap analogs allow for the concomitant capping of a polynucleotide or aregion
thereof, in an in vitro transcription reaction, up to 20% of transcripts can remain uncapped. This,
aswell asthe structural differences of acap analog from an endogenous 5'-cap structures of
nucleic acids produced by the endogenous, cellular transcription machinery, may lead to reduced
translational competency and reduced cellular stability.

[000599] Polynucleotides of the invention may also be capped post-manufacture (whether IVT
or chemical synthesis), using enzymes, in order to generate more authentic 5'-cap structures. As
used herein, the phrase "more authentic” refers to a feature that closely mirrors or mimics, either
structurally or functionally, an endogenous or wild type feature. That is, a"more authentic"
feature is better representative of an endogenous, wild-type, natural or physiological cellular
function and/or structure as compared to synthetic features or analogs, etc., of the prior art, or
which outperforms the corresponding endogenous, wild-type, natural or physiological feature in
one or more respects. Non-limiting examples of more authentic 5'cap structures of the present

invention are those which, among other things, have enhanced binding of cap binding proteins,
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increased half life, reduced susceptibility to 5' endonucleases and/or reduced 5'decapping, as
compared to synthetic 5'cap structures known in the art (or to awild-type, natural or
physiological 5'cap structure). For example, recombinant Vaccinia Virus Capping Enzyme and
recombinant 2'-0-methyltransferase enzyme can create acanonical 5'-5'-triphosphate linkage
between the 5'-terminal nucleotide of a polynucleotide and a guanine cap nuclectide wherein the
cap guanine contains an N7 methylation and the 5'-terminal nucleotide of the mMRNA contains a
2'-0-methyl. Such a structure istermed the Capl structure. This cap results in ahigher
translational-competency and cellular stability and areduced activation of cellular pro-
inflammatory cytokines, as compared, e.g., to other 5'cap analog structures known in the art.
Cap structures include, but are not limited to, 7mG(5)ppp(5)N,pN2p (cap 0),
7mG(5)ppp(5)NIMpNp (cap 1), and 7mG(5)-ppp(5)MmpN2mp (cap 2).

[000600] Asanon-limiting example, capping polynucleotides post-manufacture may be more
efficient as nearly 100% of the polynucleotides may be capped. This isin contrast to -80% when
acap analog is linked to apolynucleotide in the course of an in vitro transcription reaction.
[000601] According to the present invention, 5'terminal caps may include endogenous caps or
cap analogs. According to the present invention, a5'terminal cap may comprise a guanine
analog. Useful guanine analogs include, but are not limited to, inosing, NI-methyl-guanosine,
2'fluoro-guanosine, 7-deaza-guanosine, 8-0x0-guanosing, 2-amino-guanosinge, LNA-guanosine,
and 2-azido-guanosine.

[000602] In one embodiment, the polynucleotides described herein may contain a modified
5'cap. A modification on the 5'cap may increase the stability of polynucleotide, increase the
half-life of the polynucleotide, and could increase the polynucleotide trandational efficiency.
The modified 5'cap may include, but is not limited to, one or more of the following
modifications: modification at the 2' and/or 3' position of acapped guanosine triphosphate
(GTP), areplacement of the sugar ring oxygen (that produced the carbocyclic ring) with a
methylene moiety (CH,), amodification at the triphosphate bridge moiety of the cap structure, or
amodification at the nucleobase (G) moiety.

[000603] In one embodiment, the polynucleotides described herein may contain a5'cap such
as, but not limited to, CAP-001 to CAP-225, described in International Patent Publication No.
W02014081507 (Attorney Docket No. M039.21), the contents of which are herein incorporated
by reference in its entirety.

[000604] In another non-limiting example, of the modified capping structure substrates CAP-

112 - CAP-225 could be added in the presence of vaccinia capping enzyme with a component to
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create enzymatic activity such as, but not limited to, S-adenosylmethionine (AdoMet), to form a
modified cap for the polynucleotides described herein.

[000605] In one embodiment, the replacement of the sugar ring oxygen (that produced the
carbocyclic ring) with amethylene moiety (Cl%2) could create greater stability to the C-N bond
against phosphorylases asthe C-N bond isresistant to acid or enzymatic hydrolysis. The
methylene moiety may also increase the stability of the triphosphate bridge moiety and thus
increasing the stability of the polynucleotide. Asanon-limiting example, the cap substrate
structure for cap dependent translation may have the structure such as, but not limited to, CAP-
014 and CAP-015 and/or the cap substrate structure for vaccinia mRNA capping enzyme such
as, but not limited to, CAP-123 and CAP-124. In another example, CAP-112 - CAP-122 and/or
CAP-125 - CAP-225, can be modified by replacing the sugar ring oxygen (that produced the
carbocyclic ring) with amethylene moiety (CH.).

[000606] In another embodiment, the triphophosphate bridge may be modified by the
replacement of at least one oxygen with sulfur (thio), aborane (BH,;) moiety, amethyl group, an
ethyl group, a methoxy group and/or combinations thereof. This modification could increase the
stability of the mRNA towards decapping enzymes. As anon-limiting example, the cap substrate
structure for cap dependent translation may have the structure such as, but not limited to, CAP-
016 - CAP-021 and/or the cap substrate structure for vaccinia mMRNA capping enzyme such as,
but not limited to, CAP-125 - CAP-130. In another example, CAP-003 - CAP-015, CAP-022 -
CAP-124 and/or CAP-131- CAP-225, can be modified on the triphosphate bridge by replacing
a least one of the triphosphate bridge oxygens with sulfur (thio), aborane (BHs;) moiety, a
methyl group, an ethyl group, amethoxy group and/or combinations thereof.

[000607] In one embodiment, CAP-001 - 134 and/or CAP-136 - CAP-225 may be modified to
be athioguanosine analog similar to CAP-135. The thioguanosine analog may comprise
additional modifications such as, but not limited to, a modification a the triphosphate moiety
(e.g., thio, BH3, CHS, Csz, OCH3, Sand Swith OCHS), amodification at the 2' and/or 3'
positions of 6-thio guanosine as described herein and/or areplacement of the sugar ring oxygen
(that produced the carbocyclic ring) as described herein.

[000608] In one embodiment, CAP-001 - 121 and/or CAP-123 - CAP-225 may be modified to
be amodified 5'cap similar to CAP-122. The modified 5'cap may comprise additional
modifications such as, but not limited to, amodification at the triphosphate moiety (e.g., thio,
BH3, CHS, C2H5, OCH 5, Sand Swith OCHS), amodification at the 2' and/or 3' positions of 6-
thio guanosine as described herein and/or areplacement of the sugar ring oxygen (that produced

the carbocyclic ring) as described herein.
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[000609] In one embodiment, the 5'cap modification may bethe attachment of biotin or
conjufation a the 2' or 3' position of aGTP.

[000610] In another embodiment, the 5' cap modification may include a CF, modified
triphosphate moiety.

IRES Sequences

[000611] Further, provided are polynucleotides which may contain an internal ribosome entry
site (IRES). First identified as a feature Picorna virus RNA, IRES plays an important role in
initiating protein synthesis in absence of the 5' cap structure. An IRES may act asthe sole
ribosome binding site, or may serve as one of multiple ribosome binding sites of an mRNA.
Polynucleotides containing more than one functional ribosome binding site may encode severa
peptides or polypeptides that are trandlated independently by the ribosomes ("multicistronic
nucleic acid molecules"). When polynucleotides are provided with an IRES, further optionally
provided is a second translatable region. Examples of IRES sequences that can be used according
to the invention include without limitation, those from picornaviruses (e.g. FMDV), pest viruses
(CFFV), polio viruses (PV), encephalomyocarditis viruses (ECMV), foot-and-mouth disease
viruses (FMDV), hepatitis C viruses (HCV), classical swine fever viruses (CSFV), murine
leukemia virus (MLV), simian immune deficiency viruses (SIV) or cricket paralysis viruses
(CrPV).

[000612] In one embodiment, the polynucleotides described herein may comprise an IRES,
fragment or variant thereof. In one embodiment, the polynuclectide may comprise an IRES
sequence or fragment thereof which comprises at least one point mutation.

Tailing Regions

Poly-A tails

[000613] During RNA processing, along chain of adenine nucleotides (poly-A tail) may be
added to apolynucleotide such as an mMRNA molecule in order to increase stability. Immediately
after transcription, the 3' end of the transcript may be cleaved to free a 3' hydroxyl. Then poly-A
polymerase adds achain of adenine nucleotides to the RNA. The process, called

polyadenylation, adds apoly-A tail that can be between, for example, approximately 80 to
approximately 250 residues long, including approximately 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 210, 220, 230, 240 or 250 residues long. As anon-limiting example, the
poly-A tail of polynuclectides of the present invention may be approximately 160 nucleotides in
length. Asanother non-limiting example, the poly-A tail of the polynucleotides of the present

invention may be approximately 140 nucleotides in length. Asyet another non-limiting
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example, the poly-A tail of the polynucleotides of the present invention may be approximately
80 nucleotides in length.

[000614] PolyA tails may also be added after the construct is exported from the nucleus.
[000615] According tothe present invention, terminal groups on the poly A tail may be
incorporated for stabilization. Polynucleotides of the present invention may incude des-3'
hydroxyl tails. They may also include structural moieties or 2'-Omethyl modifications as taught
by Junjie Li, & a. (Current Biology, Vol. 15, 1501-1507, August 23, 2005, the contents of
which are incorporated herein by reference in its entirety).

[000616] The polynucleotides of the present invention may be desiged to encode transcripts
with alternative polyA tail structures including histone mRNA. According to Norbury, "Termina
uridylation has also been detected on human replication-dependent histone mRNAs. The
turnover of these MRNAS isthought to be important for the prevention of potentially toxic
histone accumulation following the completion or inhibition of chromosomal DNA replication.
These mRNAs are distinguished by their lack of a3’ poly(A) tail, the function of which is
instead assumed by a stable stem-loop structure and its cognate stem-loop binding protein
(SLBP); the latter carries out the same functions asthose of PABP on polyadenylated mRNAS"
(Norbury, "Cytoplasmic RNA: acase of the tail wagging the dog," Nature Reviews Molecular
Cell Biology; AOP, published online 29 August 2013; doi:10.1038/nrm3645) the contents of
which are incorporated herein by reference in its entirety.

[000617] Unique poly-A tail lengths provide certain advantages to the polynucleotides of the
present invention.

[000618] Generdly, the length of apoly-A tail, when present, is greater than 30 nucleotides in
length. In another embodiment, the poly-A tail is greater than 35 nucleotides in length (e.g., at
least or greater than about 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250,
300, 350, 400, 450, 500, 600, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500, 1,600,
1,700, 1,800, 1,900, 2,000, 2,500, and 3,000 nucleotides). In some embodiments, the
polynucleotide or region thereof includes from about 30 to about 3,000 nucleotides (e.g., from 30
to 50, from 30to 100, from 30 to 250, from 30 to 500, from 30to 750, from 30 to 1,000, from 30
to 1,500, from 30 to 2,000, from 30 to 2,500, from 50 to 100, from 50 to 250, from 50 to 500,
from 50 to 750, from 50 to 1,000, from 50 to 1,500, from 50 to 2,000, from 50 to 2,500, from 50
to 3,000, from 100 to 500, from 100 to 750, from 100 to 1,000, from 100 to 1,500, from 100 to
2,000, from 100 to 2,500, from 100 to 3,000, from 500 to 750, from 500 to 1,000, from 500 to
1,500, from 500 to 2,000, from 500 to 2,500, from 500 to 3,000, from 1,000 to 1,500, from 1,000
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to 2,000, from 1,000 to 2,500, from 1,000 to 3,000, from 1,500 to 2,000, from 1,500 to 2,500,
from 1,500 to 3,000, from 2,000 to 3,000, from 2,000 to 2,500, and from 2,500 to 3,000).
[000619] In one embodiment, the poly-A tail is designed relative to the length of the overall
polynucleotide or the length of aparticular region of the polynucleotide. This design may be
based on the length of acoding region, the length of a particular feature or region or based on the
length of the ultimate product expressed from the polynucleotides.

[000620] Inthis context the poly-A tail may be 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100%
greater in length than the polynucleotide or feature thereof. The poly-A tail may also be designed
as afraction of the polynucleotides to which it belongs. In this context, the poly-A taill may be
10, 20, 30, 40, 50, 60, 70, 80, or 90% or more of the total length of the construct, a construct
region or the total length of the construct minus the poly-A tail. Further, engineered binding
sites and conjugation of polynucleotides for Poly-A binding protein may enhance expression.
[000621] In one embodiment, engineered binding sites and/or the conjugation of
polynucleotides for Poly-A binding protein may be used to enhance expression. The engineered
binding sites may be sensor sequences which can operate as binding sites for ligands of the local
microenvironment of the polynucleotides. Asanon-limiting example, the polynucleotides may
comprise & least one engineered binding site to alter the binding affinity of Poly-A binding
protein (PABP) and analogs thereof. The incorporation of at least one engineered binding site
may increase the binding affinity of the PABP and anal ogs thereof.

[000622] Additionally, multiple distinct polynucleotides may be linked together viathe PABP
(Poly-A binding protein) through the 3'-end using modified nucleotides at the 3'-terminus of the
poly-A tail. Transfection experiments can be conducted in relevant cell lines a and protein
production can be assayed by ELISA a 12hr, 24hr, 48hr, 72 hr and day 7 post-transfection. Asa
non-limiting example, the transfection experiments may be used to evaluate the effect on PABP
or analogs thereof binding affinity as aresult of the addition of at |east one engineered binding
site.

[000623] In one embodiment, apolyA tail may be used to modulate translation initiation.
While not wishing to be bound by theory, the polyA til recruits PABP which in turn can interact
with trandation initiation complex and thus may be essential for protein synthesis.

[000624] In another embodiment, apolyA tail may also be used in the present invention to
protect against 3'-5' exonuclease digestion.

Poly-A Tail and miR Sequences
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[000625] In one embodiment, the polynucleotides of the present invention comprise a poly-A
tail and a least one miR sequence. The miR sequence may belocated in the 5UTR, the 3UTR
and/or the polyA tailing region.

[000626] In one embodiment, the polynucleotides of the present invention comprise a poly-A
tail and a least one miR sequence located in the poly-A tailing region. The miR sequence may
be located anywhere in the poly-A tailing region such as, but not limited to, at the beginning of
the poly-A tailing region, near the 5' end of the poly-A tailing region, in the middle of the poly-
A tailing region, halfway between the 5' end and the 3'end of the poly-A tailing region, at the
end of the poly-A tailing region and/or a the 3' end of the poly-A tailing region.

[000627] In one embodiment, the polynucleotides of the present invention comprise a poly-A
tail and a least one miR-142-3p sequence or fragment thereof. Asanon-limiting example, the
polynucleotide may comprise amiR-142-3p sequence inthe 3UTR and apoly-A tail without a
miR sequence. A s another non-limiting example, the polynucleotide may comprise amiR- 142-
3p sequence at the beginning of the poly-A tail. Asyet another non-limiting example, the
polynucleotide may comprise a miR-142-3p sequence in the middle of the poly-A tail. Asyet
another non-limiting example, the polynucleotide may comprise a miR-142-3p sequence a the
end of the poly-A tail.

[000628] In one embodiment, the polynucleotides of the present invention may comprise a
poly-A tail of approximately 80 nucleotides where the poly-A tail also comprises & least one
miR sequence or fragment thereof.

Poly A-G Quartet

[000629] In one embodiment, the polynucleotides of the present invention are designed to
include apolyA-G Quartet region. The G-quartet is acyclic hydrogen bonded array of four
guanine nucleotides that can be formed by G-rich sequences in both DNA and RNA. Inthis
embodiment, the G-quartet is incorporated at the end of the poly-A tail. The resultant
polynucleotide is assayed for stability, protein production and other parameters including half-
life a various time points. It has been discovered that the polyA-G quartet results in protein
production from an mRNA equivalent to a least 75% of that seen using apoly-A tail of 120
nucleotides alone.

[000630] In another embodiment, the polynucleotides which comprise apolyA tail or apolyA-
G Quartet may be stabilized by amodification to the 3'region of the nucleic acid that can prevent
and/or inhibit the addition of oligio(U) (see e.g., International Patent Publication No.

W0O2013 103659, herein incorporated by reference in its entirety).

Poly-A tails and Chain Terminating Nucleosides
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[000631] In one embodiment, the polynucleotides of the present invention may comprise a
polyA tail and may be stabilized by the addition of achain terminating nucleoside. The
polynucleotides with apolyA tail may further comprise a5'cap structure.

[000632] In another embodiment, the polynucleotides of the present invention may comprise a
polyA-G Quartet and may be stabilized by the addition of a chain terminating nucleoside. The
polynucleotides with apolyA-G Quartet may further comprise a’5'cap structure.

[000633] In one embodiment, the chain terminating nucleoside which may be used to stabilize
the polynucleotides comprising apolyA tail or polyA-G Quartet may be, but is not limited to,
those described in International Patent Publication No. W0O2013 103659, herein incorporated by
reference in its entirety. In another embodiment, the chain terminating nucleosides which may
be used with the present invention includes, but is not limited to, 3'-deoxyadenosine
(cordycepin), 3-deoxyuridine, 3'-deoxycytosine, 3-deoxyguanosine, 3'-deoxythymine, 2',3-
dideoxynucleosides, such as 2',3"- dideoxyadenosine, 2',3-dideoxyuridine, 2',3'-dideoxycytosine,
2',3'- dideoxyguanosine, 2',3-dideoxythymine, a2'-deoxynucleoside, or a-O- methylnucleoside.
[000634] Inyet another embodiment, the nucleic acid such as, but not limited to mMRNA, which
comprise apolyA tail or apolyA-G Quartet may be stabilized by the addition of an chain
terminating nucleoside that terminates in a 3'-deoxynucleoside, 2',3'-dideoxynucleoside 3'-0-
methylnucleosides, 3'-0-ethylnucleosides, 3-arabinosides, and other modified nucleosides known
in the art and/or described herein.

Sart codon region

[000635] In some embodiments, the polynucleotides of the present invention may have regions
that are analogous to or function like a start codon region.

[000636] In one embodiment, the translation of apolynucleotide may initiate on a codon which
is not the start codon AUG. Trandlation of the polynucleotide may initiate on an aternative start
codon such as, but not limited to, ACG, AGG, AAG, CTG/CUG, GTG/GUG, ATA/AUA,
ATT/AUU, TTG/UUG (see Touriol et a. Biology of the Cell 95 (2003) 169-178 and Matsuda
and Mauro PLoS ONE, 2010 5:11; the contents of each of which are herein incorporated by
reference in its entirety). Asanon-limiting example, the trandlation of apolynuclectide begins
on the alternative start codon ACG. As another non-limiting example, polynucleotide translation
begins on the aternative start codon CTG or CUG. Asyet another non-limiting example, the
trandation of apolynuclectide begins on the aternative start codon GTG or GUG.

[000637] Nucleotides flanking acodon that initiates translation such as, but not limited to, a
start codon or an alternative start codon, are known to affect the trandation efficiency, the length

and/or the structure of the polynucleotide. (See e.g., Matsuda and Mauro PLoS ONE, 2010 5:11;
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the contents of which are herein incorporated by reference in its entirety). Masking any of the
nucleotides flanking a codon that initiates transation may be used to alter the position of
trandation initiation, trandation efficiency, length and/or structure of apolynucleotide.

[000638] In one embodiment, amasking agent may be used near the start codon or alternative
start codon in order to mask or hide the codon to reduce the probability of translation initiation at
the masked start codon or alternative start codon. Non-limiting examples of masking agents
include antisense locked nucleic acids (LNA) polynucleotides and exon-junction complexes
(EJCs) (See e.g., Matsuda and Mauro describing masking agents LNA polynucleotides and EJCs
(PLoS ONE, 2010 5:11); the contents of which are herein incorporated by reference in its
entirety).

[000639] In another embodiment, a masking agent may be used to mask a start codon of a
polynucleotide in order to increase the likelihood that translation will initiate on an alternative
start codon.

[000640] In one embodiment, a masking agent may be used to mask afirst start codon or
alternative start codon in order to increase the chance that translation will initiate on a start
codon or alternative start codon downstream to the masked start codon or alternative start codon.
[000641] In one embodiment, astart codon or aternative start codon may be located within a
perfect complement for amiR binding site. The perfect complement of amiR binding site may
help control the translation, length and/or structure of the polynucleotide similar to a masking
agent. Asanon-limiting example, the start codon or alternative start codon may be located in
the middle of aperfect complement for amiR- 122 binding site. The start codon or alternative
start codon may be located after the first nucleotide, second nucleotide, third nucleotide, fourth
nucleotide, fifth nucleotide, sixth nucleotide, seventh nucleotide, eighth nuclectide, ninth
nucleotide, tenth nucleotide, e eventh nucleotide, twelfth nucleotide, thirteenth nucleotide,
fourteenth nucleotide, fifteenth nucleotide, sixteenth nucleotide, seventeenth nucleotide,
eighteenth nucleotide, nineteenth nucleotide, twentieth nucleotide or twenty-first nucleotide.
[000642] In another embodiment, the start codon of apolynucleotide may be removed from the
polynucleotide sequence in order to have the translation of the polynucleotide begin on a codon
which is not the start codon. Translation of the polynucleotide may begin on the codon following
the removed start codon or on a downstream start codon or an alternative start codon. In anon-
limiting example, the start codon ATG or AUG is removed asthe first 3 nucleotides of the
polynucleotide sequence in order to have trandlation initiate on a downstream start codon or
aternative start codon. The polynucleotide sequence where the start codon was removed may

further comprise a least one masking agent for the downstream start codon and/or alternative
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start codons in order to control or attempt to control the initiation of trandation, the length of the
polynucleotide and/or the structure of the polynucleotide.

Sop Codon Region

[000643] In one embodiment, the polynucleotides of the present invention may include & least
one, a least two or more than two stop codons before the 3" untranslated region (UTR). The
stop codon may be selected from TGA, TAA and TAG. In one embodiment, the polynucleotides
of the present invention include the stop codon TGA and one additional stop codon. In afurther
embodiment the addition stop codon may be TAA. In another embodiment, the polynucleotides
of the present invention include three stop codons.

Sgnal Sequences

[000644] The polynucleotides may also encode additional features which facilitate trafficking
of the polypeptides to therapeutically relevant sites. One such feature which aids in protein
trafficking isthe signal sequence. Asused herein, a"signal sequence” or "signa peptide” isa
polynucleotide or polypeptide, respectively, which is from about 9 to 200 nucleotides (3-60
amino acids) in length which is incorporated at the 5' (or N-terminus) of the coding region or
polypeptide encoded, respectively. Addition of these sequences result in trafficking of the
encoded polypeptide to the endoplasmic reticulum through one or more secretory pathways.
Some signal peptides are cleaved from the protein by signal peptidase after the proteins are
transported.

[000645] Additional signal sequences which may beutilized in the present invention include
those taught in, for example, databases such as those found a www.signal peptide.de/ or
http://proline.bic.nus.edu.sg/spdb/. Those described in US Patents 8,124,379; 7,413,875 and
7,385,034 are also within the scope of the invention and the contents of each are incorporated
herein by reference in their entirety.

Target Selection

[000646] According to the present invention, the polynucleotides may comprise at least a first
region of linked nucleosides encoding at least one polypeptide of interest. Non limiting examples
of polypeptides of interest or "Targets" of the present invention are listed in Table 6 of
International Publication Nos. W02013151666, WO20 13 151668, W02013151663,
W02013151669, W02013151670, W02013151664, W02013151665, W02013151736; Tables
6 and 7 International Publication No. W02013151672; Tables 6, 178 and 179 of International
Publication No. W02013151671; Tables 6, 185 and 186 of International Publication No
WO2013 15 1667; the contents of each of which are herein incorporated by reference in their

entireties.
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Protein Cleavage Sgnals and Stes

[000647] In one embodiment, the polypeptides of the present invention may include at least
one protein cleavage signal containing at least one protein cleavage site. Protein cleavage
signals and sites are described in paragraphs [00339] - [00348] of copending International
Publication No. W02014081507, the contents of which are herein incorporated by reference in
its entirety.

Insertions and Substitutions

[000648] In one embodiment, the UTR of the polynucleotide may be replaced by the insertion
of a least one region and/or string of nucleosides of the same base. The region and/or string of
nucleotides may include, but is not limited to, a least 1, a least 2, a least 3, a least 4, a least 5,
a least 6, a least 7 or a least 8 nucleotides and the nucleotides may be natural and/or unnatural.
Asanon-limiting example, the group of nucleotides may include 5-8 adenine, cytosine, thymine,
astring of any of the other nucleotides disclosed herein and/or combinations thereof.

[000649] In one embodiment, the UTR of the polynucleotide may be replaced by the insertion
of a least two regions and/or strings of nucleotides of two different bases such as, but not limited
to, adenine, cytosine, thymine, any of the other nucleotides disclosed herein and/or combinations
thereof. Asanon-limiting example, the 5’'UTR may bereplaced by inserting 5-8 adenine bases
followed by the insertion of 5-8 cytosine bases. In another example, the 5’'UTR may bereplaced
by inserting 5-8 cytosine bases followed by the insertion of 5-8 adenine bases.

[000650] In one embodiment, the polynucleotide may include at least one substitution and/or
insertion downstream of the transcription start site which may be recognized by an RNA
polymerase. Asanon-limiting example, at least one substitution and/or insertion may occur
downstream the transcription start site by substituting at least one nucleic acid in the region just
downstream of the transcription start site (such as, but not limited to, +1to +6). Changes to
region of nucleotides just downstream of the transcription start site may affect initiation rates,
increase apparent nucleotide triphosphate (NTP) reaction constant values, and increase the
dissociation of short transcripts from the transcription complex curing initial transcription
(Brieba et al, Biochemistry (2002) 41: 5144-5149; herein incorporated by reference in its
entirety). The modification, substitution and/or insertion of at least one nucleoside may cause a
silent mutation of the sequence or may cause a mutation in the amino acid sequence.

[000651] In one embodiment, the polynucleotide may include the substitution of at least 1, at
least 2, at least 3, at least 4, a least 5, at least 6, a least 7, a least 8, at least 9, a least 10, a least

11, a least 12 or a least 13 guanine bases downstream of the transcription start site.
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[000652] In one embodiment, the polynucleotide may include the substitution of at least 1, at
least 2, at least 3, at least 4, & least 5 or & least 6 guanine bases in the region just downstream of
the transcription start site. Asanon-limiting example, if the nucleotides in the region are
GGGAGA the guanine bases may be substituted by at least 1, a least 2, a least 3 or &t least 4
adenine nucleotides. In another non-limiting example, if the nucleotides in the region are
GGGAGA the guanine bases may be substituted by at least 1, a least 2, a least 3 or &t least 4
cytosine bases. In another non-limiting example, if the nucleotides in the region are GGGAGA
the guanine bases may be substituted by &t least 1, & least 2, at least 3 or at least 4 thymine,
and/or any of the nucleotides described herein.

[000653] In one embodiment, the polynucleotide may include at least one substitution and/or
insertion upstream of the start codon. For the purpose of clarity, one of skill in the art would
appreciate that the start codon isthe first codon of the protein coding region whereas the
transcription start site is the site where transcription begins. The polynucleotide may include,
but is not limited to, at least 1, at least 2, a least 3, at least 4, a least 5, a least 6, at least 7 or a
least 8 substitutions and/or insertions of nucleotide bases. The nucleotide bases may be inserted
or substituted at 1, a least 1, a least 2, a least 3, at least 4 or a least 5 locations upstream of the
start codon. The nucleotides inserted and/or substituted may be the same base (e.g., al A or al
Coradl Toral G), two different bases (eg., A and C, A and T, or C and T), three different
bases (eg., A,Cand Tor A, Cand T) or at least four different bases. Asanon-limiting example,
the guanine base upstream of the coding region in the polynucleotide may be substituted with
adenine, cytosine, thymine, or any of the nucleotides described herein. In another non-limiting
example the substitution of guanine bases in the polynucleotide may be designed so asto leave
one guanine base in the region downstream of the transcription start site and before the start
codon (see Esvelt et a/. Nature (201 1) 472(7344):499-503; the contents of which is herein
incorporated by reference in its entirety). Asanon-limiting example, at least 5 nucleotides may
beinserted at 1location downstream of the transcription start site but upstream of the start codon
and the a least 5 nucleotides may bethe same base type.

Incorporating Post Transcriptional Control Modulators

[000654] In one embodiment, the polynucleotides of the present invention may include & least
one post transcriptional control modulator. These post transcriptional control modulators may
be, but are not limited to, small molecules, compounds and regulatory sequences. Asanon-
limiting example, post transcriptional control may be achieved using small molecules identified
by PTC Therapeutics Inc. (South Plainfield, NJ) using their GEMS™ (Gene Expression
Modulation by Small-Molecules) screening technology.
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[000655] The post transcriptional control modulator may be a gene expression modulator
which is screened by the method detailed in or a gene expression modulator described in
International Publication No. WO2006022712, herein incorporated by reference in its entirety.
Methods identifying RNA regulatory sequences involved in tranglational control are described in
International Publication No. W0O2004067728, herein incorporated by reference in its entirety;
methods identifying compounds that modulate untranslated region dependent expression of a
gene are described in International Publication No. WO2004065561, herein incorporated by
reference in its entirety.

[000656] In one embodiment, the polynucleotides of the present invention may include at |east
one post transcriptional control modulator is located in the 5' and/or the 3' untranslated region of
the polynucleotides of the present invention.

[000657] In another embodiment, the polynucleotides of the present invention may include a
least one post transcription control modulator to modulate premature transl ation termination.
The post transcription control modulators may be compounds described in or a compound found
by methods outlined in International Publication Nos. W02004010106, W02006044456,
W02006044682, W02006044503 and W0O2006044505, each of which is herein incorporated by
reference in its entirety. Asanon-limiting example, the compound may bind to aregion of the
28S ribosomal RNA in order to modulate premature translation termination (See e.g.,
W02004010106, herein incorporated by reference in its entirety).

[000658] In one embodiment, polynucleotides of the present invention may include at least one
post transcription control modulator to alter protein expression. Asanon-limiting example, the
expression of VEGF may be regulated using the compounds described in or acompound found
by the methods described in International Publication Nos. W02005118857, W0O2006065480,
W02006065479 and WO2006058088, each of which is herein incorporated by reference in its
entirety.

[000659] The polynucleotides of the present invention may include at least one post
transcription control modulator to control trandation. In one embodiment, the post transcription
control modulator may be a RNA regulatory sequence. Asanon-limiting example, the RNA
regulatory sequence may beidentified by the methods described in International Publication No.
WQ02006071903, herein incorporated by reference in its entirety.

Il. Design, Synthesis and Quantitation of Polynucleotides

Design-Codon Optimization

[000660] The polynucleotides, their regions or parts or subregions may be codon optimized.

Codon optimization methods are known in the art and may beuseful in efforts to achieve one or
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more of several goals. These goals include to match codon frequencies in target and host
organisms to ensure proper folding, bias GC content to increase mMRNA stability or reduce
secondary structures, minimize tandem repeat codons or base runs that may impair gene
construction or expression, customize transcriptional and trandational control regions, insert or
remove protein trafficking sequences, remove/add post translation modification sites in encoded
protein (e.g. glycosylation sites), add, remove or shuffle protein domains, insert or delete
restriction sites, modify ribosome binding sites and mRNA degradation sites, to adjust
trandlational rates to alow the various domains of the protein to fold properly, or to reduce or
eliminate problem secondary structures within the polynucleotide. Codon optimization tools,
algorithms and services are known in the art, non-limiting examples include services from
GeneArt (Life Technologies), DNA2.0 (Menlo Park CA) and/or proprietary methods. In one
embodiment, the ORF sequence is optimized using optimization algorithms. Codon options for
each amino acid are given in Table 1.

Table 1. Codon Options

Amino Acid Single Letter Code Codon Options
Isoleucine 1 ATT, ATC, ATA
Leucine L CTT, CTC, CTA, CTG, TTA, TTG
Valine )\ GTT, GTC, GTA, GTG
Phenylalanine F TTT, TTC
Methionine M ATG
Cysteine C TGT, TGC
Alanine A GCT, GCC, GCA, GCG
Glycine G GGT, GGC, GGA, GGG
Proline P CCT, CCC, CCA, CCG
Threonine T ACT, ACC, ACA, ACG
Serine S TCT, TCC, TCA, TCG, AGT, AGC
Tyrosine Y TAT, TAC
Tryptophan W TGG
Glutamine Q CAA, CAG
Asparagine N AAT, AAC
Histidine H CAT, CAC
Glutamic acid E GAA, GAG
Aspartic acid D GAT, GAC
Lysine K AAA, AAG
Arginine R CGT, CGC, CGA, CGG, AGA, AGG
Selenocysteine Sec UGA in mRNA in presence of
Selenocysteine insertion element (SECIS)
Stop codons Stop TAA, TAG, TGA

[000661] Features, which may be considered beneficial in some embodiments of the present
invention, may be encoded by regions of the polynucleotide and such regions may be upstream
(5) or downstream (3') to aregion which encodes apolypeptide. These regions may be

incorporated into the polynucleotide before and/or after codon optimization of the protein
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encoding region or open reading frame (ORF). It isnot required that a polynucleotide contain
both a5' and 3' flanking region. Examples of such features include, but are not limited to,
untrandated regions (UTRs), Kozak sequences, an oligo(dT) sequence, and detectable tags and
may include multiple cloning sites which may have Xba recognition.

[000662] In some embodiments, a5 UTR and/or a3' UTR region may be provided as flanking
regions. Multiple 5 or 3' UTRs may beincluded in the flanking regions and may bethe same or
of different sequences. Any portion of the flanking regions, including none, may be codon
optimized and any may independently contain one or more different structural or chemical
modifications, before and/or after codon optimization.

[000663] Tables 2 and 3 provide alisting of exemplary UTRs which may beutilized in the
polynucleotides of the present invention. Shown in Table 2 isalisting of a 5'-untrandated region
of the invention. Variants of 5' UTRs may be utilized wherein one or more nucleotides are added
or removed to the termini, including A, T, C or G.

Table 2. 5'-Untranslated Regions

Igerlftﬁ:?ar Name/ Description Slil%l D
5UTR-001 Upstream UTR 4
5UTR-002 Upstream UTR 5
5UTR-003 Upstream UTR 6
5UTR-004 Upstream UTR 7
5UTR-005 Upstream UTR 5
5UTR-006 Upstream UTR 6
5UTR-007 Upstream UTR 7
5UTR-008 Upstream UTR 8
5UTR-009 Upstream UTR 9
5UTR-010 Upstream UTR 10
5UTR-01 1 Upstream UTR 11
5UTR-012 Upstream UTR 12
5UTR-013 Upstream UTR 13
5UTR-014 Upstream UTR 14
5UTR-015 Upstream UTR 15
5UTR-016 Upstream UTR 16
5UTR-017 Upstream UTR 17
5UTR-018 Upstream UTR 5
5UTR-019 Upstream UTR 6
5UTR-020 Upstream UTR 7
5UTR-021 Upstream UTR 8
5UTR-022 Upstream UTR 9
5UTR-023 Upstream UTR 10
5UTR-024 Upstream UTR 18
5UTR-025 Upstream UTR 12
5UTR-026 Upstream UTR 13
5UTR-027 Upstream UTR 14
5UTR-028 Upstream UTR 15
5UTR-029 Upstream UTR 16
5UTR-030 Upstream UTR 17
5UTR-031 Synthetic UTR 19
5UTR-032 Synthetic UTR 20
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5UTR-033 Synthetic UTR 21
5UTR-034 Synthetic UTR 4
5UTR-035 Synthetic UTR (no kozak) 22
5UTR-036 Synthetic UTR (3t5") 19
5UTR-037 Synthetic UTR (9t5") 20
5UTR-038 Synthetic UTR (9del5") 21
5UTR-039 Synthetic UTR (6t5") 23
5UTR-040 Synthetic UTR (21del5") 24
5UTR-041 Synthetic UTR (13nt5') 4
5UTR-042 Synthetic UTR (ggg-5) GGG -

[000664] Shown in Table 3isalisting of 3'-untranslated regions of the invention. Variants of
3' UTRs may be utilized wherein one or more nuclectides are added or removed to the termini,
including A, T, Cor G.

Table 3. 3'-Untrandated Regions

3'UTR . SEQ
Identifier Name/ Description D
NO.
3UTR-001 Creatine Kinase 25
3UTR-002 Myoglobin 26
3UTR-003 o-actin 27
3UTR-004 Albumin 28
3UTR-005 o-globin 29
3UTR-006 G-CSF 30
3UTR-007 Colla2; collagen, type I, alpha 2 31
3UTR-008 Coléa2; collagen, type VI, alpha 2 32
3UTR-009 RPNI; ribophorin I 33
3UTR-010 LRP1; low density lipop.rotein receptor- 34
related protein 1
3UTR-011 Nntl; cardiotrophin-like cytokine factor 1 35
3UTR-012 Coléal; collagen, type VI, alpha 1 36
3UTR-013 Calr; calreticulin 37
3UTR-014 Collal; collagen, type I, alpha 1 38
3UTR-015 Plod1; procollag.en-lysine, 2-oxoglutarate 5- 39
dioxygenase 1
3UTR-016 Nucb1; nucleobindin 1 40
3UTR-017 o-globin 41

[000665] It should be understood that those listed in the previous tables are examples and that
any UTR from any gene may beincorporated into the respective first or second flanking region
of the primary construct. Furthermore, multiple wild-type UTRs of any known gene may be
utilized. It is also within the scope of the present invention to provide artificial UTRs which are
not variants of wild type genes. These UTRs or portions thereof may beplaced in the same
orientation as in the transcript from which they were selected or may be altered in orientation or
location. Hence a5' or 3' UTR may be inverted, shortened, lengthened, made chimeric with one
or more other 5' UTRs or 3' UTRs. Asused herein, the term "dtered" asit relates to aUTR

sequence, means that the UTR has been changed in some way in relation to areference
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sequence. For example, a3' or 5' UTR may be altered relative to awild type or native UTR by
the change in orientation or location as taught above or may be altered by the inclusion of
additional nucleotides, deletion of nucleotides, swapping or transposition of nucleotides. Any of
these changes producing an "altered" UTR (whether 3' or 5') comprise avariant UTR.

[000666] In one embodiment, adouble, triple or quadruple UTR such asa%' or 3' UTR may be
used. Asused herein, a"double” UTR is one in which two copies of the same UTR are encoded
either in series or substantially in series. For example, adouble beta-globin 3' UTR may be used
as described in U S Patent publication 20100129877, the contents of which are incorporated
herein by reference in its entirety.

[000667] It is alsowithin the scope of the present invention to have patterned UTRs. Asused
herein "patterned UTRS" are those UTRs which reflect arepeating or aternating pattern, such as
ABABAB or AABBAABBAABB or ABCABCABC or variants thereof repeated once, twice, or
more than 3times. In these patterns, each letter, A, B, or C represent adifferent UTR at the
nucleotide level.

[000668] In one embodiment, flanking regions are selected from afamily of transcripts whose
proteins share acommon function, structure, feature of property. For example, polypeptides of
interest may belong to afamily of proteins which are expressed in aparticular cell, tissue or at
some time during development. The UTRs from any of these genes may be swapped for any
other UTR of the same or different family of proteins to create anew primary transcript. Asused
herein, a"family of proteins' isused in the broadest sense to refer to a group of two or more
polypeptides of interest which share at least one function, structure, feature, localization, origin,
or expression pattern.

[000669] After optimization (if desired), the polynucleotides components are reconstituted and
transformed into avector such as, but not limited to, plasmids, viruses, cosmids, and artificia
chromosomes. For example, the optimized polynucleotide may be reconstituted and transformed
into chemically competent E. coli, yeast, neurospora, maize, drosophila, etc. where high copy
plasmid-like or chromosome structures occur by methods described herein.

[000670] Synthetic polynucleotides and their nucleic acid analogs play an important role in the
research and studies of biochemical processes. Various enzyme-assisted and chemical-based
methods have been developed to synthesize polynucleotides and nucleic acids.

Synthesis Methods

[000671] Synthetic polynucleotides and their nucleic acid analogs play an important role in the

research and studies of biochemical processes. Various enzyme-assisted and chemical-based

methods have been developed to synthesize polynucleotides and nucleic acids.
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[000672] Enzymatic methods include in vitro transcription which uses RNA polymerases to
synthesize the polynucleotides of the present invention. Enzymatic methods and RNA
polymerases for transcription are described in International Patent Application No.
PCT/US2014/53907, the contents of which are herein incorporated by reference in its entirety,
such as in paragraphs [000276]-[000297].
[000673] Solid-phase chemical synthesis may be used to manufacture the polynucleotides
described herein or portions thereof. Solid-phase chemical synthesis manufacturing of the
polynucleotides described herein are described in International Patent Application No.
PCT/US2014/53907, the contents of which are herein incorporated by reference in its entirety,
such as in paragraphs [000298]-[000307].
[000674] Liquid phase chemical synthesis may be used to manufacture the polynucleotides
described herein or portions thereof. Liquid phase chemical synthesis manufacturing of the
polynucleotides described herein are described in International Patent Application No.
PCT/US2014/53907, the contents of which are herein incorporated by reference in its entirety,
such as in paragraph [000308].
[000675] Combinations of different synthetic methods may be used to manufacture the
polynucleotides described herein or portions thereof. These combinations are described in
International Patent Application No. PCT/US2014/53907, the contents of which are herein
incorporated by reference in its entirety, such as in paragraphs [000309] - [0003 12].
[000676] Small region synthesis which may be used for regions or subregions of the
polynucleotides of the present invention. These synthesis methods are described in International
Patent Application No. PCT/US2014/53907, the contents of which are herein incorporated by
reference in its entirety, such asin paragraphs [0003 13] - [0003 14].
[000677] Ligation of polynucleotide regions or subregions may be used to prepare the
polynucleotides described herein. These ligation methods are described in International Patent
Application No. PCT/US2014/53907, the contents of which are herein incorporated by reference
in its entirety, such asin paragraphs [0003 15] - [000322].
[000678] For example, polynucleotides of the invention having a sequence comprising Formula
I:
[AL-L"B .
Formula |
may be synthesized by reacting a compound having the structure of Formula X1V:
[A]-(RY - (R~ (RN,
Formula X1V
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with a compound having the structure of Formula XV:
R27'(R5)d'(R6)e'(R7)f'[Bo]
Formula XV
[000679] wherein each A and B is independently any nucleoside;
[000680] nand o are, independently 15 to 1000; and
[000681] L' has the structure of Formula 1l

«
2

LR LaR 2)b-R 3)cR (R 5d(R 6)e—(RV: 2
Formula |11

[000682] wherein a, b, c, d, e, and f are each, independently, O or 1;
[000683] wherein each A and B is independently any nucleoside;
[000684] nand o are, independently 15 to 1000;
[000685] RZ R, RS, and R7 each, independently, is selected from optionally substituted Ci-Ce
alkylene, optionally substituted Ci-Ce heteroalkylene, O, S, and NR®:
[000686] R2and RS are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl, or
phosphoryl;
[000687] R#isan optionaly substituted triazolene; and
[000688] R®ishydrogen, optionally substituted ci-ca alkyl, optionally substituted c3-ca
alkenyl, optionally substituted co.c4 akynyl, optionally substituted co.cs  heterocyclyl,
optionally substituted ce.c12 aryl, or optionally substituted ci.c7 heteroalkyl; and
[000689] R isan optionally substituted co.cs akynyl or an optionally substituted Cs-C_,
cycloakynyl,
[000690] wherein L1is attached to [A o and [B] a the sugar of one of the nucleosides.

[000691] Polynucleotides of the invention including the structure of Formula XI:

Formula X
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may be synthesized by reacting a compound having the structure of Formula XI1:

Formula XI1

with a compound having the structure of Formula XI1I:

)(:l R14
ézs
Formula XI1I

[000692] wherein each of N1and N2 is independently anucleobase;

[000693] each of R9, R0, R11, R2, R13, R14 R15 and R is, independently, H, halo, hydroxy,
thiol, optionally substituted Ci-C 4 alkyl, optionally substituted Ci-C zheteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-C1, aryl;

[000694] each of g and h is, independently, O or 1;

[000695] each X4 is, independently, O, NH, or S; and

[000696] each X2and X3isindependently O or S;

[000697] each of R2* and R% is, independently, aregion of linked nucleosides; and

[000698] R25 is optionally substituted C1-C6 alkylene or optionally substituted C1-C6
heteroalkylene or R?> and the alkynyl group together form optionally substituted cycloalkynyl.
[000699] For example, the chimeric polynucleotides of the invention may be synthesized as

shown below

™ S o AL Nsy
N, \\/[Bo] N
3 \%\/[Bo] . In some embodiments, the

5' cap structure or poly-A tail may be attached to a chimeric polynucleotide of the invention with
this method.

[000700] A 5' cap structure may be attached to a chimeric polynucleotide of the invention as
shown below:
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Enizymatic

linker - T
tapping

linker ™*

Capped
mRNA

T7 incorporation
(ARCA-type incorporation)
1 g

5’-azido-5’-deoxyguanosine

[000701] A poly-A tail may be attached to a chimeric polynucleoctide of the invention as shown
below:

NH,
Yeast poly(A) ) _ <,N N
Cap  coding Region polymerase Cap Coding Region | N N/)
R no tall > R o
Na

poly(A) tail

Coding Region

[000702] Sequential ligation can be performed on a solid substrate. For example, initial linker
DNA molecules modified with biotin a the end are attached to streptavidin-coated beads. The
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3'-ends of the linker DNA molecules are complimentary with the 5'-ends of the incoming DNA
fragments. The beads are washed and collected after each ligation step and the final linear
constructs are released by a meganuclease. This method alows rapid and efficient assembly of
genes in an optimized order and orientation. (Takita, DNA Research, vol. 20(4), 1-10 (2013), the
contents of which are incorporated herein by reference in their entirety). Labeled
polynucleotides synthesized on solid-supports are disclosed in U SPat. Pub. No. 2001/0014753
to Soloveichik et al. and US Pat. Pub. No. 2003/0191303 to Vinayak et al, the contents of which
are incorporated herein by reference for their entirety.

Modified and Conjugated Polynucleotides

[000703] Non-natural modified nucleotides may be introduced to polynucleotides or nucleic
acids during synthesis or post-synthesis of the chains to achieve desired functions or properties.
The modifications may be on internucleotide lineage, the purine or pyrimidine bases, or sugar.
The modification may be introduced a the terminal of achain or anywhere else in the chain;
with chemical synthesis or with apolymerase enzyme. For example, hexitol nucleic acids
(HNAS) are nuclease resistant and provide strong hybridization to RNA. Short messenger RNAS
(mRNASs) with hexitol residues intwo codons have been constructed (Lavrik et a,
Biochemistry, 40, 11777-1 1784 (2001), the contents of which are incorporated herein by
reference in their entirety). The antisense effects of achimeric HNA gapmer oligonucleotide
comprising aphosphorothioate central sequence flanked by 5' and 3' HNA sequences have aso
been studied (See e.g., Kang & al, Nucleic Acids Research, vol. 32(4), 441 1-4419 (2004), the
contents of which are incorporated herein by reference in their entirety). The preparation and
uses of modified nucleotides comprising 6-member rings in RNA interference, antisense therapy
or other applications are disclosed in US Pat. Application No. 2008/0261905, U S Pat.
Application No. 2010/0009865, and International Publication No. WO97/30064 to Herdewijn et
al; the contents of each of which are herein incorporated by reference in their entireties).
Modified nucleic acids and their synthesis are disclosed in copending International publication
No. WO20 13052523 (Attorney Docket Number MQ9), the contents of which are incorporated
herein by reference for their entirety. The synthesis and strategy of modified polynucleotides is
reviewed by Verma and Eckstein in Annual Review d Biochemistry, vol. 76, 99-134 (1998), the
contents of which are incorporated herein by reference in their entirety.

[000704] Either enzymatic or chemical ligation methods can be used to conjugate
polynucleotides or their regions with different functional blocks, such as fluorescent labels,
liquids, nanoparticles, delivery agents, etc. The conjugates of polynucleotides and modified

polynucleotides are reviewed by Goodchild in Bioconjugate Chemistry, vol. 1(3), 165-187
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(1990), the contents of which are incorporated herein by reference in their entirety. USPat. No.
6,835,827 and US Pat. No. 6,525,183 to Vinayak et al. (the contents of each of which are herein
incorporated by reference in their entireties) teach synthesis of labeled oligonucleotides using a
labeled solid support.

[000705] For example, chimeric polynucleotides of the invention including the structure of

FormulaV :

Formula V

[000706] This method includes reacting acompound having the structure of Formula VI:

Formula VI

with acompound having the structure of Formula VII:

Do ™
)|< R14
R19
Formula VII

[000707] wherein each of N1and N2 is, independently, anucleobase;
[000708] each of R9, R0, R11, R2, R13, R14 R15 and R is, independently, H, halo, hydroxy,
thiol, optionaly substituted Ci-Calkyl, optionaly substituted Ci-Cheteroalkyl, optionally
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substituted C..cs heteroalkenyl, optionally substituted C..ce heteroalkynyl, optionally
substituted amino, azido, or optionally substituted c 6-Cayl;

[000709] each of g and his, independently, O or 1;

[000710] each X1and X4 is, independently, O, NH, or S; and

[000711] each X3isindependently OH or SH, or asalt thereof;

[000712] each of RY” and R is, independently, aregion of linked nucleosides; and
[000713] R isahalogen.

[000714] Chimeric polynucleotides of the invention including the structure of Formula VIlI:

Formula VIII

[000715] This method includes reacting acompound having the structure of Formula IX:

N R0

Formula I X

with a compound having the structure of Formula X :

R21
\P_X2 R15
R/22 "lR1
h
S Y ON?

X+ R4

,ézzs
Formula X

[000716] wherein each of N1and N2 is, independently, anucleobase;
[000717] each of R9, R0, R11, R2, R13, R14 R15 and R is