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(57) ABSTRACT

One solution to the problem of Hantavirus pathology is
design, production, and administration of a nucleic acid
vaccine (NAV). In certain aspect the NAV is an mRNA
vaccine. Certain embodiments are directed to the use of a
polyprotein, which is cleaved to produce Gn (N-terminal)
and Gc (C-terminal) glycoproteins, the Gn glycoprotein, the
Gce glycoprotein, or the Gn and Ge glycoproteins hantavi-
ruses as protective antigen(s) for development of hantavirus
vaccines. The Gn/Gc protein, which is cleaved post-trans-
lationally to individual Gn and Gc proteins, can be used as
an antigen for vaccines. In case of DNA and RNA-based
vaccines, the complete M gene, which encodes the complete
single open reading frame, which is cleaved post-transla-
tionally in the Gn and Gc proteins or individual open reading
frames encoding either Gn or Ge, is used.

Specification includes a Sequence Listing.
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MRNA VACCINES AGAINST HANTAVIRUS

PRIORITY PARAGRAPH

[0001] This application is an international application
claiming priority to U.S. Provisional Patent Application
63/245,101 filed Sep. 16, 2021, which is incorporated herein
by reference in its entirety.

STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH

[0002] None.
REFERENCE TO SEQUENCE LISTING
[0003] A sequence listing required by 37 CFR 1.821-1.825

is being submitted electronically with this application. The
sequence listing is incorporated herein by reference. The
sequence listing that is contained in the file named
“UTMBP0404WO” which is 853 KB (as measured in
Microsoft Windows®) and was created on Sep. 15, 2022.

BACKGROUND

[0004] Hantaviruses cause human infections that can
cause severe disease for which there are no effective vac-
cines or specific treatments. Hantaviruses are enveloped
viruses with genomes that are composed of three segments
of negative polarity RNA. The L (large) segment encodes
the RN A-dependent RNA polymerase, which mediates tran-
scription and replication of all three segments of the
genome. The M (medium) RNA encodes a polyprotein
which is cleaved to two envelope glycoproteins: Gn (N-ter-
minal) and Ge (C-terminal). The S (small) RNA encodes the
nucleocapsid (N) protein. A DNA vaccine which expresses
the M gene of Puumala virus (an Old World hantavirus)
induced virus-neutralizing antibody responses in vaccinated
hamsters and non-human primates and protected hamsters
against lethal infection with Puumala virus (PMID:
23239797). Similar data were generated with a DNA vac-
cine against Hantaan virus (an Old World hantavirus)
(PMID:11507192). Experimental vaccines based on human
replication-deficient adenovirus type V expressing either
Gn, Ge, or N protected against Andes virus (a New World
hantavirus) disease even though the virus neutralizing anti-
body responses were inconsistent (PMID: 19403663). In
another study, a recombinant vesicular stomatitis virus
(VSV)-based vaccine where the VSV G gene was replaced
with the M gene of Andes virus was generated. The vaccine
induced a neutralizing antibody response in hamsters and
protected them from a lethal infection (PMID:21917979). In
another study, VSV constructs in which the G gene was
replaced with the M gene of Andes virus or Sin-Nombre
virus (a New World hantavirus) induced neutralizing and
cross-neutralizing antibody responses in vaccinated ham-
sters and conferred protection against death and disease
caused by homologous and heterologous challenges (PMID:
31337019).

[0005] Polyclonal antibodies induced by vaccination with
DNA vaccines encoding Gn/Ge proteins of Hantaan or
Puumala virus were protective against infection of hamsters
with the respective viruses (PMID: 32508764). Neutralizing
monoclonal antibodies against the Gn and Gc proteins of the
Andes virus protected Andes virus-infected hamsters against
lethality when administered on days 3 and 8 post-infection
in two studies (PMID: 32209676, 33951434).

Apr. 24,2025

[0006] There remains a need for improved and effective
Hantavirus vaccines, particularly for humans.

SUMMARY

[0007] One solution to the problem of Hantavirus infec-
tion is design, production, and administration of a nucleic
acid vaccine (NAV). In certain aspect the NAV is an mRNA
vaccine. Certain embodiments are directed to the use of (i)
a polyprotein, which is cleaved to produce Gn (N-terminal)
and Gc (C-terminal) glycoproteins, (ii) the Gn glycoprotein,
(iii) the Ge glycoprotein, or (iv) the Gn and Ge glycoproteins
of Old World and New World hantaviruses as protective
antigen(s) for development of vaccines against Hantavi-
ruses. The Gn/Gce protein (envelope polyprotein), which is
cleaved post-translationally to individual Gn and Gc pro-
teins, can be used as an antigen for vaccines based on any
replication-competent and replication-deficient viral vec-
tors. Alternatively, one open reading frame encoding either
Gn or Ge can be used. In case of DNA and RNA-based
vaccines, the complete M gene, which encodes the complete
single open reading frame, which is cleaved post-transla-
tionally in the Gn and Gc proteins or individual open reading
frames encoding either Gn or Ge, can be used.

[0008] Embodiments include, but are not limited to at least
three platforms or constructs configured for expression of
Gn (e.g., SEQ ID NO:4), Ge (e.g., SEQ ID NO:5), or Gn and
Gc open reading frame (ORF)(e.g., SEQ ID NO:2).

[0009] In one aspect, a platform or construct is configured
as a linear nucleic acid DNA or mRNA with one ORF
encoding Gn and Ge (e.g., nucleotides 144 to 3496 of SEQ
ID NO:1 DNA or 114 to 3466 SEQ ID NO:13 RNA)
separated by a protease cleavage site (e.g., encoded by
nucleotides 2021-2035 of SEQ ID NO:1 or 1991-2005 SEQ
ID NO:13) that produces a protein that is cleaved in the cell
expressing the ORF into a Gn polypeptide (encoded by
nucleotides 144 to 2020 of SEQ ID NO:1 or 114 to 1990 of
SEQ ID NO:13) and Ge polypeptide (encoded by nucleo-
tides 2036 to 3496 of SEQ ID NO:1 or 2006 to 3466 of SEQ
ID NO:13). In certain aspects the cleavage site has an amino
acid sequence of WAASA (SEQ ID NO:10). UTRs, a can be
modified to enhance expression in a target cell, e.g., den-
dritic cells (DCs). The cleavage can be carried out by a
cellular peptide complex (signalase) or similar mechanism.
In certain aspects, the linear moncistronic platform or con-
struct includes a promoter appropriately positioned 5' to the
ORF. The promoter can be a T7 promoter for example, such
as the one present at nucleotides 11 to 27 of SEQ ID NO:1.
The linear monocistronic platform or construct can also
include a 5' UTR that can be positioned between the
promoter and 5' to the ORF. As a non-limiting example a
UTR can have a sequence of nucleotides 31 to 82 of SEQ ID
NO:1 or 1 to 52 of SEQ ID NO:13. In certain aspects the
ORF can encode a polyprotein comprising Gn and Gc. The
OREF can include a N-terminal signal peptide, for example an
ANDYV signal peptide which is encoded at the 5' end of the
ORF by nucleotides 83 to 143 of SEQ ID NO:1 or 53 to 113
of SEQ ID NO:13. The platform or construct can include a
3' UTR. An example of a 3' UTR is encoded by nucleotides
3500 to 3780 of SEQ ID NO:1 or 3470 to 3750 of SEQ ID
NO:13. The 3' terminus can include a poly adenylation
segment. An example of such a poly adenylation segment is
provided from nucleotides 3781 to 3942 of SEQ ID NO:1 or
3751 to 3912 of SEQ ID NO:13. In certain aspects, the
construction comprises a nucleotide sequence having 80, 85,
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90, 95, 98, 99, to 100% identity to the nucleic acid sequence
of SEQ ID NO:1 or SEQ ID NO: 13, starting from nucleotide
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, or 30 to any nucleotide
between nucleotide 3781/3751 to nucleotide 3942/3912,
respectively.

[0010] In another aspect, a platform or construct is con-
figured as a linear nucleic acid, DNA (SEQ ID NO:3) or
mRNA (SEQ ID NO:14), with two ORFs, a Gn ORF and a
Gc ORF. The linear nucleic acid contains an internal ribo-
some entry site (IRES) between the Gn ORF and Ge¢ ORF
forming a bicistronic construct. In certain aspects, both
ORFs can include an amino terminal signal peptide [SP]
(amino acids encoded by nucleotides 83 to 154 and 2780 to
2851 of SEQID NO:3 or 33 to 124 and 2750 to 2821 of SEQ
ID NO: 14). The platform or construct can include a 5'cap-
S'UTR-ORF 1-17 [SP][biscistronic reporter sequences
including IRES]-ORF2 1-17[SP]651-end-3'UTR. In certain
aspects, the linear bicistronic platform or construct includes
a promoter appropriately positioned 5' to the ORF. The
promoter can be a T7 promoter for example, such as the one
present at nucleotides 11 to 27 of SEQ ID NO:3. The linear
bicistronic platform or construct can also include a 5' UTR
that can be positioned between the promoter and 5' to the
ORF. As a non-limiting example, a 5' UTR can have a
sequence of nucleotides 31 to 82 of SEQ ID NO:3 or 1 to 32
of SEQ ID NO:14. In certain aspects the first ORF (ORF1)
can encode a Gn polypeptide and the second ORF (ORF2)
can encode a Ge polypeptide. The N-terminal signal peptide
can be an ANDYV signal peptide or a signal peptide having
a similar function. An IRES can be operatively position
between ORF1 and ORF2, in certain aspects the IRES has
a nucleotide sequence 2039 to 2779 of SEQ ID NO:3 or
2009 to 2749 of SEQ ID NO:14. In certain aspects the IRES
is a CVB3 IRES or a sequence with a similar functionality.
The platform or construct can include a 3' UTR. An example
of'a 3' UTR is encoded by nucleotides 4316 to 4593 of SEQ
1D NO:3 or 4286 to 4563 of SEQ ID NO:14. The 3' terminus
can include a poly adenylation segment. An example of such
a poly adenylation segment is provided from nucleotides
4594 to 4758 of SEQ ID NO:3 or 4564 to 4728 of SEQ ID
NO:14. In certain aspects, the construct or nucleic acid
comprises a nucleotide sequence having 80, 85, 90, 95, 98,
99, to 100% identity to the nucleic acid sequence of SEQ ID
NO:3 or SEQ ID NO: 14, starting from nucleotide 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, or 30 to any nucleotide
between and including nucleotide 4594/4564 to nucleotide
4758/4728, respectively.

[0011] In a third aspect, a platform or construct is config-
ured as a circular nucleic acid, crcDNA (SEQ ID NO:6) or
mRNA (SEQ ID NO:15) having an IRES (see for example
PMID: 30902547) or a variation of the circular nucleic acid
with two IRES driving translation of Gn and Gec ORFs. The
termini may be spliced using an autocatalytic reaction as
described in PMID 29980667 or by ligation.

[0012] In certain aspects, a moncistronic circRNA plat-
form or construct includes a promoter appropriately posi-
tioned 5' to the ORF. The promoter can be a T7 promoter for
example (e.g., nucleotides 3 to 19 of SEQ ID NO:6). The
monocistronic circRNA includes a 5' external homology
segment (e.g., nucleotides 33 to 52 of SEQ ID NO:6 or 13
to 32 of SEQ ID NO:15) and 5' internal homology segment
(e.g., nucleotides 235 to 254 of SEQ ID NO:6 or 236 to 255
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of SEQ ID NO:15) flanking a 3' intron and exon fragment
(e.g., nucleotides 53 to 234 of SEQ ID NO:6 or 33 to 214 of
SEQ ID NO:15) that is position 5' of a first polyAC spacer
segment (e.g., nucleotides 255 to 304 of SEQ ID NO:6 or
235 to 284 of SEQ ID NO:15). The first polyAC spacer
segment is positioned 5' to an IRES segment (e.g., nucleo-
tides 305 to 1045 of SEQ ID NO:6 or 285 to 1025 of SEQ
ID NO:15). The IRES segment is 5' to the G protein ORF
(e.g., nucleotides 1046 to 4462 of SEQ ID NO:6 or 1026 to
4442 of SEQ ID NO:15). The G protein ORF encodes a
polyprotein having a signal peptide encoded by nucleotides
1046 to 1117 or 1026 to 1097 and a protease cleavage site
(e.g., encoded by nucleotides 2984 to 2998 of SEQ ID NO:6
or 2964 to 2978 of SEQ ID NO:15). The polyprotein when
expressed in a cell is cleaved, as described above, into Gn
polypeptide (e.g., encoded by nucleotides 1118 to 2983 of
SEQ ID NO:6 or 1098 to 2963 of SEQ ID NO:15) and Ge
polypeptide (e.g., encoded by nucleotides 2999 to 4462 of
SEQ ID NO:6 or 2979 to 4442 of SEQ ID NO:15). In certain
aspects, the N-terminal signal peptide can be, for example,
an ANDYV signal peptide a second polyAC region is posi-
tioned 3' to the ORF (e.g., nucleotides 4463 to 4482 of SEQ
ID NO:6 or 4443 to 4462 of SEQ ID NO:15). Positioned 3'
to the polyAC region is a 3' internal homology segment (e.g.,
nucleotides 4483 to 4503 of SEQ ID NO:6 or 4463 to 4485
of SEQ ID NO:15) and a 3' external homology segment
(e.g., nucleotides 4634 to 4653 of SEQ ID NO:6 or 4614 to
4633 of SEQ ID NO:15) flanking a 5' intron and exon
fragment (e.g., nucleotides 4504 to 4633 of SEQ ID NO:6 or
4484 to 4613 of SEQ ID NO:15). In certain aspects, the
construction or mnucleic acid comprises a nucleotide
sequence having 80, 85, 90, 95, 98, 99, to 100% identity to
the nucleic acid sequence of SEQ ID NO:6 or SEQ ID
NO:15, starting from nucleotide 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, or 30 to any nucleotide between and including
nucleotide 4653/4633 to nucleotide 4687/4667, respectively.

[0013] In certain aspects, the bicistronic circRNA platform
or construct includes a promoter appropriately positioned 5'
to the ORF. The promoter can be a T7 promoter for example
(e.g., nucleotides 3 to 19 of SEQ ID NO:7). The bicistronic
circRNA includes a 5' external homology segment (e.g.,
nucleotides 33 to 52 of SEQ ID NO:7 or 14 to 33 of SEQ ID
NO:16) and 5' internal homology segment (e.g., nucleotides
235 to 254 of SEQ ID NO:7 or 216 to 235 of SEQ ID
NO:16) flanking a 3' intron and exon fragment (e.g., nucleo-
tides 53 to 234 of SEQ ID NO:7 or 34 to 215 of SEQ ID
NO:16) that is position 5' of a first polyAC spacer segment
(e.g., nucleotides 255 to 304 of SEQ ID NO:7 or 236 to 285
of SEQ ID NO:16). The first polyAC spacer segment is
positioned 5' to a first IRES segment (e.g., nucleotides 305
to 1045 of SEQ ID NO:7 or 286 to 1026 of SEQ ID NO:16).
The first IRES segment is 5' to the first ORF (ORF1) (e.g.,
nucleotides 1046 to 3001 of SEQ ID NO:7 or 1027 to 2982
of SEQ ID NO:16). The ORF1 encodes a Gn protein having
a signal peptide encoded by nucleotides 1046 to 1117 of
SEQ ID NO:7 or 1027 to 1098 of SEQ ID NO:16. A second
IRES segment is 3' to the first ORF (ORF1) (e.g., nucleo-
tides 3002 to 3742 of SEQ ID NO:7 or 2983 to 3723 of SEQ
ID NO:16). The second IRES is 5' to second ORF (ORF2)
(e.g., nucleotides 3743 to 5278 of SEQ ID NO:7 or 3724 to
5259 of SEQ ID NO:16). ORF2 encodes a Gc protein having
a signal peptide encoded by nucleotides 3743 to 3814 of
SEQ ID NO:7 or 3724 to 3795 of SEQ ID NO:16. A second
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polyAC segment (e.g., nucleotides 5279 to 5298 of SEQ ID
NO:7 or 5260 to 5279 of SEQ ID NO:16) is 3' to ORF2. A
3' internal homology segment (e.g., nucleotides 5299 to
5319 of SEQ ID NO:7 or 5280 to 5300 of SEQ ID NO:16),
which is 3' to the second polyAC, and 3' external homology
segment (e.g., nucleotides 5450 to 5469 of SEQ ID NO:7 or
5431 to 5450 of SEQ ID NO:16) flanking a 5' intron and
exon fragment (e.g., nucleotides 5320 to 5449 of SEQ ID
NO:7 or 5301 to 5430 of SEQ ID NO:16). In certain aspects,
the N-terminal signal peptide can be, for example, an ANDV
signal peptide In certain aspects, the construction comprises
a nucleotide sequence having 80, 85, 90, 95, 98, 99, to 100%
identity to the nucleic acid sequence of SEQ ID NO:7 or
SEQ ID NO:16, starting from nucleotide 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, or 30 to any nucleotide between and
including nucleotide 5469/5450 to nucleotide 5503/5484,
respectively.

[0014] In certain aspects, a moncistronic Gn circRNA
platform or construct includes a promoter appropriately
positioned 5' to the ORF. The promoter can be a T7 promoter
for example (e.g., nucleotides 3 to 19 of SEQ ID NO:8, RNA
transcript begin at about nucleotide 20). The Gn circRNA
includes a 5' external homology segment (e.g., nucleotides
3310 52 of SEQ ID NO:8) and 5' internal homology segment
(e.g., nucleotides 235 to 254 of SEQ ID NO:8) flanking a 3'
intron and exon fragment (e.g., nucleotides 53 to 234 of SEQ
1D NO:8) that is position 5' of a first polyAC spacer segment
(e.g., nucleotides 255 to 304 of SEQ ID NO:8). The first
polyAC spacer segment is positioned 5' to an IRES segment
(e.g., nucleotides 305 to 1045 of SEQ ID NO:8). The IRES
segment is 5' to the Gn protein ORF (e.g., nucleotides 1046
to 2998 of SEQ ID NO:8). The Gn protein ORF encodes a
protein having a signal peptide encoded by nucleotides 1046
to 1117. In certain aspects, the N-terminal signal peptide can
be, for example, an ANDYV signal peptide a second polyAC
region is positioned 3' to the ORF (e.g., nucleotides 3001 to
3021 of SEQ ID NO:8). Positioned 3' to the polyAC region
is a 3' internal homology segment (e.g., nucleotides 3022 to
3042 of SEQ ID NO:8) and a 3' external homology segment
(e.g., nucleotides 3173 to 3192 of SEQ ID NO:8) flanking a
5" intron and exon fragment (e.g., nucleotides 3043 to 3172
of SEQ ID NO:8). In certain aspects, the construction
comprises a nucleotide sequence having 80, 85, 90, 95, 98,
99, to 100% identity to the nucleic acid sequence of SEQ ID
NO:8, starting from nucleotide 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, or 30 to any nucleotide between and including
nucleotide 3193 to nucleotide 3226.

[0015] In certain aspects, a moncistronic Gc¢ circRNA
platform or construct includes a promoter appropriately
positioned 5' to the ORF. The promoter can be a T7 promoter
for example (e.g., nucleotides 3 to 19 of SEQ ID NO:9). The
Gc circRNA includes a 5' external homology segment (e.g.,
nucleotides 33 to 52 of SEQ ID NO:9, with the RNA
transcript beginning at about nucleotide 20) and 5' internal
homology segment (e.g., nucleotides 235 to 254 of SEQ ID
NO:9) flanking a 3' intron and exon fragment (e.g., nucleo-
tides 53 to 234 of SEQ ID NO:9) that is position 5' of a first
poly AC spacer segment (e.g., nucleotides 255 to 304 of SEQ
1D NO:9). The first polyAC spacer segment is positioned 5'
to an IRES segment (e.g., nucleotides 305 to 1045 of SEQ
ID NO:9). The IRES segment is 5' to the Gc protein ORF
(e.g., nucleotides 1046 to 2578 of SEQ ID NO:9). The Gc
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protein ORF encodes a protein having a signal peptide
encoded by nucleotides 1046 to 1117. In certain aspects, the
N-terminal signal peptide can be, for example, an ANDV
signal peptide. A second polyAC region is positioned 3' to
the ORF (e.g., nucleotides 2582 to 2601 of SEQ ID NO:9).
Positioned 3' to the poly AC region is a 3' internal homology
segment (e.g., nucleotides 2602 to 2622 of SEQ ID NO:9)
and a 3' external homology segment (e.g., nucleotides 2753
to 2772 of SEQ ID NO:9) flanking (positioned on either
side) a 5' intron and exon fragment (e.g., nucleotides 2623
to 2752 of SEQ ID NO:9). In certain aspects, the construc-
tion comprises a nucleotide sequence having 80, 85, 90, 95,
98, 99, to 100% identity to the nucleic acid sequence of SEQ
ID NO:9, starting from nucleotide 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, or 30 to any nucleotide between and including
nucleotide 2773 to nucleotide 2806.

[0016] The platforms/constructs/NAVs can include vari-
ous modifications to improve protective efficacy of the
vaccines including but not limited to one or more of:
[0017] (i) Sequences that enhance translation and mRNA
stability in dendritic cells (DCs) to enhance antigen presen-
tation (e.g., 3 'UTR sequences) can be included in the
platform/construct. For example, as described in PMID:
16940422, a 120-nucleotide-long poly(A), an unmasked
poly(A) tail with a free 3' end rather than one extended with
unrelated nucleotides, and/or 2 sequential [-globin 3'
untranslated regions. Since it is also possible that mRNA
vaccines are translated in myocytes and antigens subse-
quently transferred to DCs (PMID: 33477534) mRNA
sequences from highly stable and translated human myocyte
mRNAs (e.g., myosin) can be included.

[0018] (ii) Optimization of codons for enhanced mamma-
lian translation, which can include substitution of rare
codons with codons more frequently used by mammalian
(human and NHP) species.

[0019] (iii) Substitution of adenosine with the N6-meth-
yladenosine (m6A) cap (PMID:33536170) to evade the host
innate immunity and improve the translation.

[0020] (iv) Methylation of RNA to evade induction of
interferon response (see for example PMID: 33536170) and
thereby increase translation.

[0021] Other embodiments of the invention are discussed
throughout this application. Any embodiment discussed with
respect to one aspect of the invention applies to other aspects
of the invention as well and vice versa. Each embodiment
described herein is understood to be embodiments of the
invention that are applicable to all aspects of the invention.
It is contemplated that any embodiment discussed herein can
be implemented with respect to any method or composition
of the invention, and vice versa. Furthermore, compositions
and kits of the invention can be used to achieve methods of
the invention.

[0022] The use of the word “a” or “an” when used in
conjunction with the term “comprising” in the claims and/or
the specification may mean “one,” but it is also consistent
with the meaning of “one or more,” “at least one,” and “one
or more than one.”

[0023] Throughout this application, the term “about” is
used to indicate that a value includes the standard deviation
of error for the device or method being employed to deter-
mine the value.

[0024] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alter-
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natives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to
only alternatives and “and/or.”

[0025] As used in this specification and claim(s), the
words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any
form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “con-
tains” and “contain”) are inclusive or open-ended and do not
exclude additional, unrecited elements or method steps.
[0026] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having,” “contains”,
“containing,” “characterized by” or any other variation
thereof, are intended to encompass a non-exclusive inclu-
sion, subject to any limitation explicitly indicated otherwise,
of the recited components. For example, a chemical com-
position and/or method that “comprises™ a list of elements
(e.g., components or features or steps) is not necessarily
limited to only those elements (or components or features or
steps) but may include other elements (or components or
features or steps) not expressly listed or inherent to the
chemical composition and/or method.

[0027] As used herein, the transitional phrases “consists
of” and “consisting of” exclude any element, step, or com-
ponent not specified. For example, “consists of” or “con-
sisting of” used in a claim would limit the claim to the
components, materials or steps specifically recited in the
claim except for impurities ordinarily associated therewith
(i.e., impurities within a given component). When the phrase
“consists of” or “consisting of” appears in a clause of the
body of a claim, rather than immediately following the
preamble, the phrase “consists of”” or “consisting of” limits
only the elements (or components or steps) set forth in that
clause; other elements (or components) are not excluded
from the claim as a whole.

[0028] As used herein, the transitional phrases “consists
essentially of” and “consisting essentially of” are used to
define a chemical composition and/or method that includes
materials, steps, features, components, or elements, in addi-
tion to those literally disclosed, provided that these addi-
tional materials, steps, features, components, or elements do
not materially affect the basic and novel characteristic(s) of
the claimed invention. The term “consisting essentially of”
occupies a middle ground between “comprising” and “con-
sisting of”.

[0029] Other objects, features and advantages of the pres-
ent invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while
indicating specific embodiments of the invention, are given
by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

2 <

2 <

DESCRIPTION OF THE DRAWINGS

[0030] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of the specifica-
tion embodiments presented herein.
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[0031] FIG. 1 illustrates schematics of RNA vaccine plat-
forms. Elements of the Platform A example construct
include: (1) T7 promoter; (ii) 5' UTR from Andes virus; (iii)
ORF (codon-optimized using GenScript online tool) with
the following features: Enrichment of GC content (56%);
Use of frequent codons for expression in human cells;
Avoidance of restriction sites for Not-I, Eco-RV and BstBI
enzymes used in construct preparation; (iv) 3' UTR from
concatenated sequences of human mtRNR I and AES 3'
UTRs (PMID:30638957). (v) Poly-A tail (120 adenosines),
followed with Eco-RV restriction site, and BstBI restriction
site after additional 30A. Platform C, D, and E illustrate
circular mRNA platforms. Circular mRNA with IRES or a
variation of the circular mRNA with two IRES driving
translation of Gn and Gec ORFs. The termini may be spliced
using an autocatalytic reaction as described in PMID
29980667 or by ligation. Platform E illustrated circular
mRNA encoding Gn and Ge individually and separately.

[0032] FIG. 2A-2F. ANDV Gn/Ge expression in trans-
fected cells. A549 cells were transfected with mRNA con-
structs, and 24 h late subjected to flow cytometry with
ANDV Gn/Ge-specific monoclonal antibodies and FICT-
labeled secondary antibody or to qRT-PCR for cytokine
expression. (A) Histograms of flow-cytometry data for cells
transfected with U-mRNA and m1W-mRNA; left bars show
proportions of GFP-negative cells, right bars show propor-
tions of GFP-positive cells. (B) Mean proportions of GFP-
positive cells for the same mRNA constructs. (C) Mean
fluorescence intensity (MFI) determined for the same cells.
(D) Fold changes in IFNp gene expression normalized on
GAPDH. (E) electron microscopy of virus-like particles in
supernatant of 2937 cells transfected with ANDV mRNA.
Immunostaining with primary human ANDV antibody cock-
tail and secondary 6 nm colloidal gold anti-human antibody,
followed with fixation and uranyl acetate counterstain. **
p<0.01. (F) Represnetative schematic of one example of a
DNA template. Restriction sites Notl and BstBI were used
for insertion of the construct into pUC-19 vector whereas
EcoRV and BstBI sites (separated by a 30 bp poly-A spacer)
were used for linearization of the template for in-vitro
transcription. Triplet GGC after T7 promotor inserted for
improved transcription efficiency. 5' terminus resembles the
original ANDV sequence. Open reading frame was codon-
optimized (GenScript) and followed with 3' terminus
designed from two concatenated human mitochondrial
sequences, mtRNR1 and AES. The sequence was terminated
with poly-A tail of 120 bp.

[0033] FIG. 3A-3E. ANDV mRNA vaccine elicits anti-
body response and protects Syrian hamsters from lethal
challenge. (A) Schematic representation of the experiment.
Animals were vaccinated twice on days 0 and 21, challenged
on day 42, and the survivors were euthanized on day 28 post
challenge (dpc). Serum was collected at indicated time
points, and organs at necropsy. (B) ANDV Gn/Ge-1gG-
ELISA; (C) ANDV-neutralizing antibodies; (D) SNV-neu-
tralizing antibodies; (E) PUUV—N-IgG-ELISA. PRNT50
indicates 50% plaque reduction-neutralization titer. Termi-
nal serum was collected from control (mock) animals on 9
dpc (because of clinical disease and euthanasia), and on 28
dpc from other animals. *, p<0.05; *** p<0.001.

[0034] FIG. 4A-4B. Syrian hamster survival study. (A)
Schematic representation of the experiment. (B) Survival of
Syrian hamsters vaccinated intramuscularly with regular
(non-modified uridine) or modified (N1-pseudouridine)
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monocistronic linear Andes vaccine constructs, and chal-
lenged intramuscularly with Andes virus.

DESCRIPTION

[0035] The following discussion is directed to various
embodiments of the invention. The term “invention” is not
intended to refer to any particular embodiment or otherwise
limit the scope of the disclosure. Although one or more of
these embodiments may be preferred, the embodiments
disclosed should not be interpreted, or otherwise used, as
limiting the scope of the disclosure, including the claims. In
addition, one skilled in the art will understand that the
following description has broad application, and the discus-
sion of any embodiment is meant only to be exemplary of
that embodiment, and not intended to intimate that the scope
of the disclosure, including the claims, is limited to that
embodiment.

[0036] A current interest in the fields of therapeutics and
diagnostics is the ability and methods for designing, syn-
thesizing, and delivering a nucleic acid to effect physiologic
outcomes beneficial to a cell, a tissue, an organ and ulti-
mately to a subject. The nucleic acid can be a ribonucleic
acid (RNA) such as a messenger RNA (mRNA) encoding a
peptide or polypeptide of interest. One beneficial outcome is
the intracellular translation of the nucleic acid and produc-
tion of at least one encoded peptide or polypeptide of
interest.

[0037] Of particular interest, is the ability to design,
synthesize and deliver a nucleic acid, such as a ribonucleic
acid (RNA) which encodes an antigen for the purpose of
vaccination.

[0038] Described herein are compositions (including phar-
maceutical compositions) and methods for the design,
preparation, manufacture, formulation, and/or use of nucleic
acid vaccines (NAVs) where at least one component of the
NAV is a nucleic acid molecule. In particular, described
herein are compositions (including pharmaceutical compo-
sitions) and methods for the selection, design, preparation,
manufacture, formulation, and/or use of nucleic acid vac-
cines (NAVs) where at least one component of the NAV is
a polynucleotide, a RNA polynucleotide, and/or a mRNA
which encodes an antigen derived from an infectious micro-
organism, in particular Hantavirus. Also provided are sys-
tems, processes, devices and kits for the selection, design
and/or utilization of the NAVs described herein.

1. NUCLEIC ACID VACCINES (NAVS)

[0039] Nucleic Acid Vaccines (NAVs) described herein
comprise one or more polynucleotides (platform or con-
struct) which encode one or more Hantavirus antigens.
Polynucleotide constructs include antigen-encoding RNA
polynucleotides such as mRNAs. The polynucleotide con-
structs can include at least one chemical modification. The
sequences provided can be the sense strand of a sequence but
one of skill would readily identify the complementary
anti-sense sequence as well. Also, the nucleotide sequences
may be presented as DNA sequences, deoxyribose adenine,
guanine, thymine, cytosine (AGTC) and/or RNA sequences
ribose adenine, guanine, uracil, cytosine (AGUC); one of
skill would readily identify the RNA or DNA counterpart.
[0040] NAV compositions of the invention may comprise
other components including, but not limited to, adjuvants.
Adjuvants may also be administered with or in combination

Apr. 24,2025

with one or more NAVs. In one aspect, an adjuvant acts as
a co-signal to prime T-cells and/or B-cells and/or NK cells
as to the existence of an infection. Adjuvants may be
co-administered by any route, e.g., intramusculary, subcu-
taneous, IV or intradermal injections. Adjuvants useful in
the present invention may include, but are not limited to,
natural or synthetic adjuvants. Adjuvants can be selected
from any of the classes (1) mineral salts, e.g., aluminium
hydroxide and aluminium or calcium phosphate gels; (2)
emulsions including: oil emulsions and surfactant based
formulations, e.g., microfluidised detergent stabilized oil-in-
water emulsion, purified saponin, oil-in-water emulsion,
stabilized water-in-oil emulsion; (3) particulate adjuvants,
e.g., virosomes (unilamellar liposomal vehicles incorporat-
ing influenza haemagglutinin), structured complex of
saponins and lipids, polylactide co-glycolide (PLG); (4)
microbial derivatives; (5) endogenous human immuno-
modulators; and/or (6) inert vehicles, such as gold particles;
(7) microorganism derived adjuvants; (8) tensoactive com-
pounds; (9) carbohydrates; or combinations thereof.

[0041] Specific adjuvants may include, without limitation,
cationic liposome-DNA complex JVRS-100, aluminum
hydroxide vaccine adjuvant, aluminum phosphate vaccine
adjuvant, aluminum potassium sulfate adjuvant, alhydrogel,
ISCOM(s)™, Freund’s Complete Adjuvant, Freund’s
Incomplete Adjuvant, CpG DNA Vaccine Adjuvant, Cholera
toxin, Cholera toxin B subunit, Liposomes, Saponin Vaccine
Adjuvant, DDA Adjuvant, Squalene-based Adjuvants, Etx B
subunit Adjuvant, IL-12 Vaccine Adjuvant, LTK63 Vaccine
Mutant Adjuvant, TiterMax Gold Adjuvant, Ribi Vaccine
Adjuvant, Montanide ISA 720 Adjuvant, Corynebacterium-
derived P40 Vaccine Adjuvant, MPL™ Adjuvant, AS04,
AS02, Lipopolysaccharide Vaccine Adjuvant, Muramyl
Dipeptide Adjuvant, CRL1005, Killed Corynebacterium
parvum Vaccine Adjuvant, Montanide ISA 51, Bordetella
pertussis component Vaccine Adjuvant, Cationic Liposomal
Vaccine Adjuvant, Adamantylamide Dipeptide Vaccine
Adjuvant, Arlacel A, VSA-3 Adjuvant, Aluminum vaccine
adjuvant, Polygen Vaccine Adjuvant, Adjumer™, Algal Glu-
can, Bay R1005, Theramide®, Stearyl Tyrosine, Specol,
Algammulin, Avridine®, Calcium Phosphate Gel, CTA
1-DD gene fusion protein, DOC/Alum Complex, Gamma
Inulin, Gerbu Adjuvant, GM-CSF, GMDP, Recombinant
hIFN-gamma/Interferon-g, Interleukin-11, Interleukin-2,
Interleukin-7, Sclavo peptide, Rehydragel LV, Rehydragel
HPA, Loxoribine, MF59, MTP-PE Liposomes, Murametide.
Murapalmitine, D-Murapalmitine, NAGO, Non-Ionic Sur-
factant Vesicles, PMMA, Protein Cochleates, QS-21, SPT
(Antigen Formulation), nanoemulsion vaccine adjuvant,
ASO3, Quil-A vaccine adjuvant, RC529 vaccine adjuvant,
LTR1920 Vaccine Adjuvant, E. coli heat-labile toxin, LT,
amorphous aluminum hydroxyphosphate sulfate adjuvant,
Calcium phosphate vaccine adjuvant, Montanide Incom-
plete Seppic Adjuvant, Imiquimod, Resiquimod, AFO03,
Flagellin, Poly(I:C), ISCOMATRIX®, Abisco-100 vaccine
adjuvant, Albumin-heparin microparticles vaccine adjuvant.
AS-2 vaccine adjuvant, B7-2 vaccine adjuvant, DHEA vac-
cine adjuvant, Immunoliposomes Containing Antibodies to
Costimulatory Molecules, SAF-1, Sendai Proteoliposomes,
Sendai-containing Lipid Matrices, Threonyl muramyl dipep-
tide (TMDP), Ty Particles vaccine adjuvant, Bupivacaine
vaccine adjuvant, DL-PGL (Polyester poly (DL-lactide-co-
glycolide)) vaccine adjuvant, I[-15 vaccine adjuvant,
LTK72 vaccine adjuvant, MPL-SE vaccine adjuvant, non-
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toxic mutant E112K of Cholera Toxin mCT-E112K, and/or
Matrix-S. Other adjuvants which may be co-administered
with the NAVs of the invention include, but are not limited
to interferons, TNF-alpha, TNF-beta, chemokines such as
CCL21, eotaxin, HMGB1, SA100-8alpha, GCSF, GMCSF,
granulysin, lactoferrin, ovalbumin, CD-40L, CD28 agonists,
PD-1, soluble PD1, L1 or L2, or interleukins such as IL-1,
1L-2, IL-4, IL-6, IL-7, IL-10. 1L-12, 1L-13, IL-21. 1L-23,
IL-15, 1L.-17, and IL-18. These may be administered with
the NAV on the same encoded polynucleotide, e.g., poly-
cistronic, or as separate mRNA encoding the adjuvant and
antigen.

[0042] NAVs of the present invention may vary in their
valency. Valency refers to the number of antigenic compo-
nents in the NAV polynucleotide. In some embodiments, the
NAVs are monovalent (monocistronic). In some embodi-
ments, the NAVs are divalent (bicistronic). The antigenic
components of the NAVs may be on a single polynucleotide
or on separate polynucleotides.

[0043] An “effective amount™ of the NAV composition is
provided based, at least in part, on the target tissue, target
cell type, means of administration, physical characteristics
of the polynucleotide (e.g., size, and extent of modified
nucleosides) and other components of the NAV, and other
determinants. In general, an effective amount of the NAV
composition provides an induced or boosted immune
response as a function of antigen production in the cell.
[0044] Activation of the Immune Response. According to
various embodiments, the NAVs comprising the polynucle-
otides disclosed herein may act as a vaccine. As used herein,
a “vaccine” refers to a composition, for example, a sub-
stance or preparation that stimulates, induces, causes or
improves immunity in an organism, e.g., a mammalian
organism (a human, etc.). Preferably, a vaccine provides
immunity against one or more diseases or disorders, includ-
ing prophylactic and/or therapeutic immunity. NAVs may be
administered prophylactically or therapeutically as part of an
active immunization scheme to healthy individuals or early
in infection during the incubation phase or during active
infection after onset of symptoms.

[0045] The use of RNA in or as a vaccine overcomes the
disadvantages of conventional genetic vaccination involving
incorporating DNA into cells in terms of safeness, feasibil-
ity, applicability, and effectiveness to generate immune
responses. RNA molecules are considered to be significantly
safer than DNA vaccines, as RNAs are more easily
degraded. They are cleared quickly out of the organism and
cannot integrate into the genome and influence the cell’s
gene expression in an uncontrollable manner. It is also less
likely for RNA vaccines to cause severe side effects like the
generation of autoimmune disease or anti-DNA antibodies
(Bringmann A. et al., Journal of Biomedicine and Biotech-
nology (2010), vol. 2010). Transfection with RNA requires
only insertion into the cell’s cytoplasm, which is easier to
achieve than into the nucleus. However, RNA is susceptible
to RNase degradation and other natural decomposition in the
cytoplasm of cells.

[0046] In one embodiment, the polynucleotides of the
NAVs of the invention may be administrated with other
prophylactic or therapeutic compounds. As a non-limiting
example, the prophylactic or therapeutic compound may be
an adjuvant or a booster. As used herein, when referring to
a prophylactic composition, such as a vaccine, the term
“booster” refers to an extra administration of the prophy-
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lactic composition. A booster (or booster vaccine) may be
given after an earlier administration of the prophylactic
composition. The time of administration between the initial
administration of the prophylactic composition and the
booster may be, but is not limited to, 1 minute, 2 minutes,
3 minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8
minutes, 9 minutes, 10 minutes, 15 minutes, 20 minutes 35
minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, 1
hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8
hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14
hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20
hours, 21 hours, 22 hours, 23 hours, 1 day, 36 hours, 2 days,
3 days, 4 days, 5 days, 6 days, 1 week, 10 days, 2 weeks, 3
weeks, 1 month, 2 months, 3 months, 4 months, 5 months,
6 months, 7 months, 8 months, 9 months, 10 months, 11
months, 1 year, 18 months, 2 years, 3 years, 4 years, 5 years,
6 years, 7 years, 8 years, 9 years, 10 years, 11 years, 12
years, 13 years, 14 years, 15 years, 16 years, 17 years, 18
years, 19 years, 20 years, 25 years, 30 years, 35 years, 40
years, 45 years, 50 years, 55 years, 60 years, 65 years, 70
years, 75 years, 80 years, 85 years, 90 years, 95 years or
more than 99 years.

[0047] In certain aspects, the polynucleotides of the NAVs
of the invention may be administered intranasally, intramus-
cularly, or intradermally.

[0048] The administration of a NAV described herein may
be in combination with an anti-viral agent. Examples of
anti-viral agents include, but are not limited to, abacavir
(ZIAGEN®), abacavir/lamivudine/zidovudine (Trizivir®),
aciclovir or acyclovir (CYCLOVIR®, HERPEX®, ACI-
VIR®, ACIVIRAX®, ZOVIRAX®, ZOVIR®), adefovir
(Preveon®, Hepsera®), amantadine (SYMMETREL®),
amprenavir (AGENERASE®), ampligen, arbidol, atazana-
vir (REYATAZ®), boceprevir, cidofovir, darunavir (PREZ-
ISTA®), delavirdine (RESCRIPTOR®), didanosine (VI-
DEX®), docosanol (ABREVA®), edoxudine, efavirenz
(SUSTIVA®, STOCRIN®), emtricitabine (EMTRIVA®),
emtricitabine/tenofovir/efavirenz (ATRIPLA®), enfuvirtide
(FUZEON®), entecavir (BARACLUDE®, ENNAVIR®),
famciclovir (FAMVIR®), fomivirsen (VITRAVENE®),
fosamprenavir (LEXIVA®, TELZIR®), foscarnet (FOS-

CAVIR®), fosfonet, ganciclovir (CYTOVENE®,
CYMEVENE®, VITRASERT®), GS 9137 (ELVITEGRA-
VIR®), imiquimod (ALDARA®, ZYCLARA®,

BESELNA®), indinavir (CRIXIVAN®), inosine, inosine
pranobex (EVIUNOVIR®), interferon type 1, interferon
type 11, interferon type III, kutapressin (NEXAVIR®),
lamivudine  (ZEFFIX®, HEPTOVIR®, EPIVIR®),
lamivudinelzidovudine (COMBIVIR®), lopinavir, loviride,
maraviroc (SELZENTRY®, CELSENTRI®), methisazone,
MK-2048, moroxydine, nelfinavir (VIRACEPT®), nevirap-
ine (VIRAMUNE®), oseltamivir (TAMIFLU®), peginter-
feron alfa-2a (PEGASYS®), penciclovir (DENAVIR®),
peramivir, pleconaril, podophyllotoxin (CONDYLOX®),
raltegravir (ISENTRESS®), ribavirin (COPEGUs, REBE-
TOL®, RIBASPHERE®, VILONA® AND VIRAZOLE®),
rimantadine (FLUMADINE®), ritonavir (NORVIR®),
pyramidine, saquinavir (INVIRASE®, FORTOVASE®),
stavudine, tea ftree oil (melaleuca oil), tenofovir
(VIREAD®), tenofovir/emtricitabine (TRUVADA®), tipra-
navir (APTIVUS®), trifluridine (VIROPTIC®), tromanta-
dine (VIRU-MERZ®), valaciclovir (VALTREX®), valgan-
ciclovir (VALCYTE®), vicriviroc, vidarabine, viramidine,
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zalcitabine, zanamivir (RELENZA®), and zidovudine (azi-
dothymidine (AZT). RETROVIR®, RETROVIS®).

[0049] In certain aspects, NAVs are can be used as
memory booster vaccines and are administered to boost
antigenic memory across a time period of 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, 35, 40, 45, 50 or more years.

II. NAV POLYNUCLEOTIDES

[0050] According to certain embodiments, the polynucle-
otides encode at least one polypeptide of interest (an antigen
or immunogen). Antigens of the present invention may be
wild type derived from Hantavirus or modified, engineered,
designed or artificial. They may have any combination of the
features described herein. In certain embodiments, the anti-
gen is derived from the M segment of a Hantavirus, in
particular the antigen is all or a portion of the glycoprotein
polypeptide, including Gn, Ge, or Gn and Gc or fragments
thereof.

[0051] Certain embodiments are directed to nucleic acid
molecules that encode one or more peptides or polypeptides
of interest. Such peptides or polypeptides serve as an antigen
or antigenic molecule. The term “nucleic acid,” in its broad-
est sense, includes any compound and/or substance that
comprise a polymer of nucleotides. These polymers are
often referred to as polynucleotides. Nucleic acids or poly-
nucleotides of the invention include, but are not limited to,
ribonucleic acids (RNAs), which may or may not include
ribonucleotide analogs or modifications.

[0052] In certain aspects, the polynucleotides of the pres-
ent invention that are circular are known as “circular poly-
nucleotides” or “circP.” As used herein, “circular polynucle-
otides” or “circP” means a single stranded circular
polynucleotide which acts substantially like, and has the
properties of, an RNA. The term “circular” is also meant to
encompass any secondary or tertiary configuration of the
circP.

[0053] In some embodiments, the polynucleotide includes
from about from 30 to 50, from 30 to 100, from 30 to 250,
from 30 to 500, from 30 to 1,000, from 30 to 1,500, from 30
to 3,000, from 30 to 5,000, 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 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 1,000 to 1,500, from 1,000 to 2,000, from 1.000
to 3,000, from 1,000 to 5,000, from 1,500 to 3,000, from
1,500 to 5,000, from 2,000 to 3,000, from 2,000 to 5,000.
[0054] In one embodiment, the polynucleotides of the
present invention may encode at least one peptide or poly-
peptide of interest.

[0055] In one embodiment, the length of a region encod-
ing at least one polypeptide of interest of the polynucleotides
present invention is greater than about 30 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, 4,000, 5,000, 6,000, 7,000 nucleotides). As
used herein, such a region may be referred to as a “coding
region” or “region encoding” or “open reading frame (ORF)
[0056] In one embodiment, the polynucleotides of the
present invention is or functions as a messenger RNA
(mRNA). As used herein, the term “messenger RNA”
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(mRNA) refers to any polynucleotide which encodes at least
one peptide or polypeptide of interest and which is capable
of being translated to produce the encoded peptide polypep-
tide of interest in vitro, in vivo, in situ or ex vivo.

[0057] In one embodiment, the polynucleotides of the
present invention may be structurally modified or chemi-
cally modified. As used herein, a “structural” modification is
one in which two or more linked nucleosides are inserted,
deleted, duplicated, inverted or randomized in a polynucle-
otide without significant chemical modification to the
nucleotides themselves. Because chemical bonds will nec-
essarily be broken and reformed to effect a structural modi-
fication, structural modifications are of a chemical nature
and hence are chemical modifications. However, structural
modifications will result in a different sequence of nucleo-
tides. For example, the polynucleotide “ATCG” may be
chemically modified to “AT-5meC-G”. The same polynucle-
otide may be structurally modified from “ATCG” to
“ATCCCG”. Here, the dinucleotide “CC” has been inserted,
resulting in a structural modification to the polynucleotide.
[0058] In certain aspects, the polynucleotides have a uni-
form chemical modification of all or any of the same
nucleoside type or a population of modifications, or a
measured percent of a chemical modification of all any of
the same nucleoside type but with random incorporation,
such as where all uridines are replaced by a uridine analog,
e.g., pseudouridine. In another embodiment, the polynucle-
otides may have a uniform 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).

[0059] When the polynucleotides of the present invention
are chemically and/or structurally modified the polynucle-
otides may be referred to as “modified polynucleotides.”
[0060] In certain aspects, the polynucleotides of the pres-
ent invention may include a sequence encoding a self-
cleaving peptide. The self-cleaving peptide may be, but is
not limited to, a 2A peptide. As a non-limiting example, the
2A  peptide may have the protein sequence:
GSGATNFSLLKQAGDVEENPGP (SEQ ID NO:11), frag-
ments or variants thereof. In one embodiment, the 2A
peptide cleaves between the last glycine and last proline. As
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:11) frag-
ments or variants thereof. One such polynucleotide sequence
encoding the 2A peptide is GGAAGCGGAGC-
TACTAACTTCAGCCTGCTGAAGCAGGCTGGA-
GACGTGGAGGAGAA CCCTGGACCT (SEQ IDNO:12).
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.

[0061] Polynucleotide Architecture. Traditionally, the
basic components of an mRNA molecule include at least a
coding region, a 5' UTR, a3' UTR, a §' cap and a poly-A tail.
The polynucleotides described herein may function as
mRNA.

[0062] Circular Polynucleotide Architecture. Certain
aspects are directed to 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 asso-
ciation with the same protein or other molecule or complex
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or by hybridization. The circular polynucleotides or circPs
that encode at least one peptide or polypeptide of interest are
known as circular RNAs or circRNA. The antigens of the
NAVs of the present invention may be encoded by one or
more circular RNAs or circRNAs.

[0063] As used herein, “circular RNA” or “circRNA”
means a circular polynucleotide that can encode at least one
peptide or polypeptide of interest.

[0064] 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, mito-
mycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin),
polycyclic aromatic hydrocarbons (e.g., phenazine, dihydro-
phenazine), artificial endonucleases (e.g. EDTA), alkylating
agents, phosphate, amino, mercapto, PEG (e.g., PEG-40K),
MPEG, [MPEG], polyamino, alkyl, substituted alkyl, radio-
labeled markers, enzymes, haptens (e.g. biotin), transport/
absorption facilitators (e.g., aspirin, vitamin E, folic acid),
synthetic ribonucleases, proteins, e.g., glycoproteins, or pep-
tides, e.g., molecules having a specific affinity for a co-
ligand, or antibodies e.g., an antibody, that binds to a
specified cell type such as a cancer cell, endothelial cell, or
bone cell, hormones and hormone receptors, non-peptidic
species, such as lipids, lectins, carbohydrates, vitamins,
cofactors, or a drug. In a preferred embodiment, the poly-
nucleotides of the present invention which encode an anti-
gen are conjugated to one or more dendritic cell markers.
Conjugation may result in increased stability and/or half life
and may be particularly useful in targeting the polynucle-
otides to specific sites in the cell, tissue or organism.
[0065] As used herein, “polypeptide” means a polymer 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 one embodiment, the polypeptides of interest
are antigens encoded by the polynucleotides as described
herein.

[0066] “Substitutional variants” when referring to poly-
peptides are those that have at least one amino acid residue
in a native or starting sequence removed and a different
amino acid inserted in its place at 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.

[0067] As used 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 con-
servative substitutions include the substitution of a non-
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. Additionally, the substitution of
a basic 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
a non-polar (hydrophobic) amino acid residue such as iso-
leucine, valine, leucine, alanine, methionine for a polar
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(hydrophilic) residue such as cysteine, glutamine, glutamic
acid or lysine and/or a polar residue for a non-polar residue.

[0068] “Insertional variants” when referring to polypep-
tides are those with one or more amino acids inserted
immediately adjacent to an amino acid at a particular
position in a native or starting sequence. “Immediately
adjacent” to an amino acid means connected to either the
alpha-carboxy or alpha-amino functional group of the amino
acid.

[0069] “Deletional variants” when referring to polypep-
tides are those with one or more amino acids in the native or
starting amino acid sequence removed. Ordinarily, dele-
tional variants will have one or more amino acids deleted in
a particular region of the molecule.

[0070] “Covalent derivatives” when referring to polypep-
tides include modifications of a native or starting protein
with an organic proteinaceous or non-proteinaceous deriva-
tizing agent, and/or post-translational modifications. Cova-
lent 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 mecha-
nisms of post-translational modifications that function in
selected recombinant host cells. The resultant covalent
derivatives are useful in programs directed at identifying
residues important for biological activity, for immunoas-
says, or for the preparation of anti-protein antibodies for
immunoaffinity purification of the recombinant glycopro-
tein. Such modifications are within the ordinary skill in the
art and are performed without undue experimentation.

[0071] As used herein the terms “termini” or “terminus”
when referring to polypeptides refers to an extremity of a
peptide 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 a free amino group (NH2)) and a
C-terminus (terminated by an amino acid with a free car-
boxyl 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 (mul-
timers, oligomers). These sorts of proteins will have mul-
tiple N- and C-termini. Alternatively, the termini of the
polypeptides may be modified such that they begin or end,
as the case may be, with a non-polypeptide based moiety
such as an organic conjugate.

[0072] In some embodiments, the encoded polypeptide
variant may have the same or a similar activity as the
reference polypeptide (e.g., Gn, Ge, or Gn and Gc). Gener-
ally, 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 pro-
grams and parameters described herein and known to those
skilled in the art. Such tools for alignment include those of
the BLAST suite (Stephen F. Altschul, Thomas [.. Madden,
Alejandro A. Schaffer, Jinghui Zhang, Zheng Zhang, Webb
Miller, and David J. Lipman (1997), “Gapped BLAST and
PSI-BLAST: a new generation of protein database search
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programs”, Nucleic Acids Res. 25:3389-3402.) Other tools
are described herein, specifically in the definition of “Iden-
tity.”

[0073] Default parameters in the BLAST algorithm
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 as well as a selection for species specific
repeats, e.g., HHomo sapiens.

[0074] Cell-Penetrating Polypeptides. The polynucle-
otides disclosed herein may also encode one or more cell-
penetrating polypeptides. As used herein, “cell-penetrating
polypeptide” or CPP refers to a polypeptide which may
facilitate the cellular uptake of molecules. A cell-penetrating
polypeptide of the present invention may contain one or
more detectable labels. The polypeptides may be partially
labeled or completely labeled throughout. The polynucle-
otides may encode the detectable label completely, partially
or not at all. The cell-penetrating peptide may also include
a signal sequence. As used herein, a “signal sequence” refers
to a sequence of amino acid residues bound at the amino
terminus of a nascent protein during protein translation. The
signal sequence may be used to signal the secretion of the
cell-penetrating polypeptide.

[0075] In one embodiment, the polynucleotides may also
encode a fusion protein. The fusion protein may be created
by operably linking a heterologous protein or peptide to a
therapeutic protein. As used herein, “operably linked” refers
to the therapeutic protein and the heterologous protein or
peptide being connected in such a way to permit the expres-
sion of the complex when introduced into the cell. Prefer-
ably, the therapeutic protein may be covalently linked to the
heterologous protein or peptide in the formation of the
fusion protein.

[0076] Polynucleotides Having Untranslated Regions
(UTRs). The polynucleotides of the present invention (e.g.,
antigen-encoding polynucleotides featured in the NAVs of
the invention) may comprise one or more regions or parts
which act or function as an untranslated region. Where
polynucleotides are designed to encode at least one poly-
peptide of interest, the polynucleotides may comprise one or
more of these untranslated regions.

[0077] By definition, untranslated regions (UTRs) of a
gene are transcribed but not translated. In mRNA, the 5'
UTR starts at the transcription start site and continues to the
start codon but does not include the start codon; whereas, the
3' UTR starts immediately following the stop codon and
continues until the transcriptional termination signal. The
regulatory features of UTR can be incorporated into the
polynucleotides of the present invention to among other
things, enhance the stability of the molecule.

[0078] Natural 5' UTRs bear features which play roles in
translation 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. 5' UTR also have been known to form secondary
structures which are involved in elongation factor binding.
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.

[0079] 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
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invention. Incorporation of intronic sequences may increase
protein production as well as polynucleotide levels.

[0080] Combinations of features may be included in flank-
ing regions and may be contained within other features. For
example, the ORF may be flanked by a 5' UTR which may
contain a strong Kozak translational initiation signal and/or
a 3' UTR which may include an oligo(dT) sequence for
templated addition of a poly-A tail. 5' UTR may comprise a
first polynucleotide fragment and a second polynucleotide
fragment from the same and/or different genes.

[0081] A UTR from various gene(s) may be incorporated
into the regions of the polynucleotide. Furthermore, multiple
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 a 5' or 3' UTR may
be inverted, shortened, lengthened, made with one or more
other 5' UTRs or 3' UTRs. As used herein, the term “altered”
as it relates to a UTR sequence, means that the UTR has
been changed in some way in relation to a reference
sequence. For example, a 3' or 5' UTR may be altered
relative to a wild 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 nucleo-
tides, swapping or transposition of nucleotides. Any of these
changes producing an “altered” UTR (whether 3' or 5)
comprise a variant UTR.

[0082] In one embodiment, flanking regions are selected
from a family of transcripts whose proteins share a common
function, structure, feature of property. For example, poly-
peptides of interest may belong to a family of proteins which
are expressed in a particular 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 a new polynucleotide. As used
herein, a “family of proteins” is used in the broadest sense
to refer to a group of two or more polypeptides of interest
which share at least one function, structure, feature, local-
ization, origin, or expression pattern.

[0083] 3'UTR and the AU Rich Elements. 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: Class I AREs contain several dispersed copies of an
AUUUA motif within U-rich regions. C-Myc and MyoD
contain class I AREs. Class II AREs possess two or more
overlapping UUAUUUA(U/A)(U/A) nonamers. Molecules
containing this type of AREs include GM-CSF and TNF-c.
Class III ARES are less well defined. These U rich regions
do not contain an AUUUA motif c-Jun and Myogenin are
two well-studied examples of this class.

[0084] Regions Having a 5' Cap. The 5' cap structure of a
natural mRNA is involved 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
mRNA species. The cap further assists the removal of §'
proximal introns removal during mRNA splicing.
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[0085] Endogenous mRNA molecules may be 5'-end
capped generating a 5'-ppp-5'-triphosphate linkage between
a terminal guanosine cap residue and the 5'-terminal tran-
scribed sense nucleotide of the mRNA molecule. This
S'-guanylate cap may then be methylated to generate an
N7-methyl-guanylate residue. The ribose sugars of the ter-
minal and/or ante-terminal transcribed nucleotides of the 5'
end of the mRNA may optionally also be 2'-O-methylated.
5'-decapping through hydrolysis and cleavage of the gua-
nylate cap structure may target a nucleic acid molecule, such
as an mRNA molecule, for degradation.

[0086] In some embodiments, polynucleotides may be
designed to incorporate a cap moiety. Modifications to the
polynucleotides of the present invention may generate a
non-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, a Vaccinia Capping Enzyme
from New England Biolabs (Ipswich, Mass.) may be used
with a-thio-guanosine nucleotides according to the manu-
facturer’s instructions to create a phosphorothioate linkage
in the 5'-ppp-5' cap. Additional modified guanosine nucleo-
tides may be used such as a-methyl-phosphonate and
seleno-phosphate nucleotides.

[0087] Additional modifications include, but are not lim-
ited to, 2'-O-methylation of the ribose sugars of 5'-terminal
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 a nucleic acid molecule, such as a polynucle-
otide which functions as an mRNA molecule.

[0088] 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 natural
(i.e. endogenous, wild-type or physiological) 5'-caps in their
chemical structure, while retaining cap function. Cap ana-
logs may be chemically (i.e. non-enzymatically) or enzy-
matically synthesized and/or linked to the polynucleotides of
the invention.

[0089] For example, the Anti-Reverse Cap Analog
(ARCA) cap contains two guanines linked by a 5'-5'-tri-
phosphate group, wherein one guanine contains an N7
methyl group as well as a 3'-O-methyl group (i.e., N7,3'-O-
dimethyl-guanosine-5'-triphosphate-5'-guanosine  (m7G-3'
mppp-G; which may equivalently be designated 3' 0-Me-
m7G(5Yppp(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'-O-methylated gua-
nine provides the terminal moiety of the capped polynucle-
otide.

[0090] Another example of a cap is mCAP, which is
similar to ARCA but has a 2'-O-methyl group on guanosine
(ie., N7,2'-O-dimethyl-guanosine-5'-triphosphate-5'-
guanosine, m7Gm-ppp-G).

[0091] Viral Sequences. Additional viral sequences such
as, but not limited to, the translation 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 inven-
tion and can stimulate the translation of the construct in vitro
and in vivo. Transfection experiments can be conducted in
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relevant cell lines at and protein production can be assayed
by ELISA at 12 hr, 24 hr, 48 hr, 72 hr and day 7 post-
transfection.

[0092] IRES Sequences. Further, provided are polynucle-
otides (e.g., antigen-encoding polynucleotides featured in
the NAVs of the invention) which may contain an internal
ribosome entry site (IRES). First identified as a feature
Picorna virus RNA, IRES plays an important role in initi-
ating protein synthesis in absence of the 5' cap structure. An
IRES may act as the sole ribosome binding site, or may serve
as one of multiple ribosome binding sites of an mRNA.
Polynucleotides containing more than one functional ribo-
some binding site may encode several peptides or polypep-
tides that are translated independently by the ribosomes
(“multicistronic nucleic acid molecules™). When polynucle-
otides are provided with an IRES, further optionally pro-
vided is a second translatable region. Examples of IRES
sequences that can be used according to the invention
include without limitation, those from coxsackievirus B3
(CVB3), 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 leu-
kemia virus (MLV), simian immune deficiency viruses
(SIV) or cricket paralysis viruses (CrPV).

[0093] Poly-A Tails. During RNA processing, a long chain
of adenine nucleotides (poly-A tail) may be added to a
polynucleotide such as an mRNA 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 a chain of adenine nucleotides to
the RNA. The process, called polyadenylation, adds a
poly-A tail that can be between, for example, approximately
80 to approximately 250 residues long, including approxi-
mately 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200, 210, 220, 230, 240 or 250 residues long.

[0094] According to the present invention, terminal
groups on the poly A tail may be incorporated for stabili-
zation into polynucleotides of the invention (e.g., antigen-
encoding polynucleotides featured in the RNAVs of the
invention). Polynucleotides of the present invention may
include des-3' hydroxyl tails. They may also include struc-
tural moieties or 2'-Omethyl modifications as taught by
Junjie Li, et al. (Current Biology, Vol. 15, 1501-1507, Aug.
23, 2005, the contents of which are incorporated herein by
reference in its entirety).

[0095] The polynucleotides may be designed to encode
transcripts with alternative polyA tail structures including
histone mRNA. These mRNAs are distinguished by their
lack of a 3' 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 as those of PABP on polyadenylated mRNAs
[0096] Unique poly-A tail lengths provide certain advan-
tages to the polynucleotides of the present invention (e.g.,
antigen-encoding polynucleotides featured in the NAVs of
the invention).

[0097] Generally, the length of a poly-A tail, when present,
is greater than 30 nucleotides in length. In another embodi-
ment, 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
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3,000 nucleotides). In some embodiments, the polynucle-
otide or region thereof includes from about 30 to about 3,000
nucleotides (e.g., from 30 to 50, from 30 to 100, from 30 to
250, from 30 to 500, from 30 to 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 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).

[0098] In one embodiment, the poly-A tail is designed
relative to the length of the overall polynucleotide or the
length of a particular region of the polynucleotide. This
design may be based on the length of a coding region, the
length of a particular feature or region or based on the length
of the ultimate product expressed from the polynucleotides.

[0099] In this 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 a fraction of the polynucleotides to which it
belongs. In this context, the poly-A tail 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.

[0100] Start Codon Region. In some aspects, the poly-
nucleotides may have regions that are analogous to or
function like a start codon region.

[0101] In one embodiment, the translation of a polynucle-
otide may initiate on a codon which is not the start codon
AUG. Translation of the polynucleotide may initiate on an
alternative start codon such as, but not limited to, ACG,
AGG, AAG, CTG/CUG, GTG/GUG, ATA/AUA, ATT/
AUU, TTG/UUG. As a non-limiting example, the transla-
tion of a polynucleotide begins on the alternative start codon
ACG. As another non-limiting example, polynucleotide
translation begins on the alternative start codon CTG or
CUG. As yet another non-limiting example, the translation
of a polynucleotide begins on the alternative start codon
GTG or GUG.

[0102] Nucleotides flanking a codon that initiates transla-
tion such as, but not limited to, a start codon or an alternative
start codon, are known to affect the translation efficiency, the
length and/or the structure of the polynucleotide. (See e.g.,
Matsuda and Mauro PLoS ONE, 2010 5:11; the contents of
which are herein incorporated by reference in its entirety).
Masking any of the nucleotides flanking a codon that
initiates translation may be used to alter the position of
translation initiation, translation efficiency, length and/or
structure of a polynucleotide.

[0103] Stop Codon Region. In one aspect, the polynucle-
otides may include at least one or two stop codons before the
3' untranslated region (UTR). The stop codon may be
selected from TGA, TAA and TAG. In one aspect, the
polynucleotides include the stop codon TGA and one addi-
tional stop codon. In a further embodiment the addition stop
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codon may be TAA. In another embodiment, the polynucle-
otides of the present invention include three stop codons.
[0104] Signal Sequences. The polynucleotides described
herein may also encode additional features which facilitate
trafficking of the polypeptides to therapeutically relevant
sites. One such feature which aids in protein trafficking is the
signal sequence. As used herein, a “signal sequence” or
“signal peptide” is a polynucleotide or polypeptide, respec-
tively, which is from about 9 to 200 nucleotides (3-60 amino
acids) in length which is incorporated at the 5' (or N-termi-
nus) of the coding region or polypeptide encoded, respec-
tively. 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.

[0105] Protein Cleavage Signals and Sites. In certain
aspects, polypeptides of the invention (e.g., antigen poly-
peptides) may include various protein cleavage signals and/
or sites.

[0106] Inone embodiment, the polypeptides of the present
invention may include at least one protein cleavage signal
containing at least one protein cleavage site. The protein
cleavage site may be located at the N-terminus, the C-ter-
minus, at any space between the N- and the C-termini such
as, but not limited to, half-way between the N- and C-ter-
mini, between the N-terminus and the half-way point,
between the half-way point and the C-terminus, and com-
binations thereof.

[0107] In one embodiment, the polynucleotides of the
present invention may be engineered such that the poly-
nucleotide contains at least one encoded protein cleavage
signal. The encoded protein cleavage signal may be located
in any region including but not limited to before the start
codon, after the start codon, before the coding region, within
the coding region such as, but not limited to, half way in the
coding region, between the start codon and the half way
point, between the half way point and the stop codon, after
the coding region, before the stop codon, between two stop
codons, after the stop codon and combinations thereof.
[0108] In one embodiment, the polynucleotides of the
present invention may include at least one encoded protein
cleavage signal containing at least one protein cleavage site.
The encoded protein cleavage signal may include, but is not
limited to, signalase cleavage signal (SEQ ID NO:10), a
proprotein convertase (or prohormone convertase), throm-
bin and/or Factor Xa protein cleavage signal.

[0109] Codon Optimization. The polynucleotides con-
tained in the NAVs of the invention, their regions or parts or
subregions may be codon optimized. Codon optimization
methods are known in the art and may be useful in efforts to
achieve one or 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 mRNA
stability or reduce secondary structures, minimize tandem
repeat codons or base runs that may impair gene construc-
tion or expression, customize transcriptional and transla-
tional 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 translational rates to allow the various domains of
the protein to fold properly, or to reduce or eliminate
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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
Calif.) and/or proprietary methods. In one embodiment, the
ORF sequence is optimized using optimization algorithms.

[0110] In some embodiments, a 5' UTR and/or a 3' UTR
region may be provided as flanking regions. Multiple 5' or
3' UTRs may be included in the flanking regions and may be
the 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.

[0111] In Vitro Transcription-Enzymatic Synthesis. cDNA
encoding the polynucleotides described herein may be tran-
scribed using an in vitro transcription (IVT) system. The
system typically comprises a transcription buffer, nucleotide
triphosphates (NTPs), an RNase inhibitor and a polymerase.
The NTPs may be manufactured in house, may be selected
from a supplier, or may be synthesized as described herein.
The NTPs may be selected from, but are not limited to, those
described herein including natural and unnatural (modified)
NTPs. The polymerase may be selected from, but is not
limited to, T7 RNA polymerase, T3 RNA polymerase and
mutant polymerases such as, but not limited to, polymerases
able to incorporate polynucleotides (e.g., modified nucleic
acids).

[0112] Solid-Phase Chemical Synthesis. Chimeric poly-
nucleotides or circular polynucleotides described herein
may be manufactured in whole or in part using solid phase
techniques.

[0113] Solid-phase chemical synthesis of polynucleotides
or nucleic acids is an automated method wherein molecules
are immobilized on a solid support and synthesized step by
step in a reactant solution. Impurities and excess reagents are
washed away and no purification is required after each step.
The automation of the process is amenable on a computer-
controlled solid-phase synthesizer. Solid-phase synthesis
allows rapid production of polynucleotides or nucleic acids
in a relatively large scale that leads to the commercial
availability of some polynucleotides or nucleic acids. Fur-
thermore, it is useful in site-specific introduction of chemi-
cal modifications in the polynucleotide or nucleic acid
sequences. It is an indispensable tool in designing modified
derivatives of natural nucleic acids.

[0114] Liquid Phase Chemical Synthesis. The synthesis of
chimeric polynucleotides or circular polynucleotides of the
present invention (e.g., antigen-encoding polynucleotides
featured in the NAVs of the invention) by the sequential
addition of monomer building blocks may be carried out in
a liquid phase. A covalent bond is formed between the
monomers or between a terminal functional group of the
growing chain and an incoming monomer. Functional
groups not involved in the reaction must be temporarily
protected. After the addition of each monomer building
block, the reaction mixture has to be purified before adding
the next monomer building block. The functional group at
one terminal of the chain has to be deprotected to be able to
react with the next monomer building blocks. A liquid phase
synthesis is labor- and time-consuming and cannot not be
automated. Despite the limitations, liquid phase synthesis is
still useful in preparing short polynucleotides in a large
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scale. Because the system is homogenous, it does not require
a large excess of reagents and is cost-effective in this respect.
[0115] Combination of Synthetic Methods. The synthetic
methods discussed above each has its own advantages and
limitations. Attempts have been conducted to combine these
methods to overcome the limitations. Such combinations of
methods are within the scope of the present invention.

1II. MODIFICATIONS

[0116] In certain embodiments, polynucleotides described
herein can include various substitutions and/or insertions. As
used herein the terms “chemical modification” or, as appro-
priate, “chemically modified” refer to modification with
respect to adenosine (A), guanosine (G), uridine (U), thy-
midine (T) or cytidine (C) ribo- or deoxyribonucleosides in
one or more of their position, pattern, percent or population.
Generally, herein, these terms are not intended to refer to the
ribonucleotide modifications in naturally occurring 5'-termi-
nal mRNA cap moieties. In a polypeptide, the term “modi-
fication” refers to a modification as compared to the canoni-
cal set of 20 amino acids.

[0117] The modifications may be various distinct modifi-
cations. In some embodiments, the regions may contain one,
two, or more (optionally different) nucleoside or nucleotide
modifications. In some embodiments, a modified polynucle-
otide, introduced to a cell may exhibit reduced degradation
in the cell, as compared to an unmodified polynucleotide.
[0118] The polynucleotides of the NAVs of the invention
can include any useful modification, such as to the sugar, the
nucleobase, or the internucleoside linkage (e.g. to a linking
phosphate/to a phosphodiester linkage/to the phosphodiester
backbone). One or more atoms of a pyrimidine nucleobase
may be replaced or substituted with optionally substituted
amino, optionally substituted thiol, optionally substituted
alkyl (e.g., methyl or ethyl), or halo (e.g., chloro or fluoro).
In certain embodiments, modifications (e.g., one or more
modifications) are present in each of the sugar and the
internucleoside linkage. Modifications according to the pres-
ent invention may be modifications of ribonucleic acids
(RNAs) to deoxyribonucleic acids (DNAs), threose nucleic
acids (TNAs), glycol nucleic acids (GNAs), peptide nucleic
acids (PNAs), locked nucleic acids (LNAs) or hybrids
thereof). Additional modifications are described herein.
[0119] Non-natural modified nucleotides may be intro-
duced to polynucleotides 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 at the terminal of a chain or anywhere else in the
chain; with chemical synthesis or with a polymerase
enzyme.

[0120] Modified Polynucleotide Molecules. The present
invention also includes building blocks, e.g., modified ribo-
nucleosides, and modified ribonucleotides, of polynucle-
otide molecules, e.g., of the NAVs of the invention. For
example, these building blocks can be useful for preparing
the polynucleotides of the invention.

[0121] Modifications on the Sugar. The modified nucleo-
sides and nucleotides which may be incorporated into a
polynucleotide can be modified on the sugar of the ribo-
nucleic acid. For example, the 2' hydroxyl group (OH) can
be modified or replaced with a number of different substitu-
ents. Exemplary substitutions at the 2'-position include, but
are not limited to, H, halo, optionally substituted C1-6 alkyl:
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optionally substituted C1-6 alkoxy; optionally substituted
C6-10 aryloxy; optionally substituted C3-8 cycloalkyl;
optionally substituted C3-8 cycloalkoxy; optionally substi-
tuted C6-10 aryloxy; optionally substituted C6-10 aryl-C1-6
alkoxy, optionally substituted C1-12 (heterocyclyl)oxy; a
sugar (e.g., ribose, pentose, or any described herein); a
polyethyleneglycol  (PEG), O(CH,CH,OnCH,CH,R,
where R is H or optionally substituted alkyl, and n is an
integer from 0 to 20 (e.g., from O to 4, from 0 to 8, from 0
to 10, from 0 to 16, from 1 to 4, from 1 to 8, from 1 to 10,
from 1 to 16, from 1 to 20, from 2 to 4, from 2 to 8, from
2 to 10, from 2 to 16, from 2 to 20, from 4 to 8, from 4 to
10, from 4 to 16, and from 4 to 20); “locked” nucleic acids
(LNA) in which the 2'-hydroxyl is connected by a C1-6
alkylene or C1-6 heteroalkylene bridge to the 4'-carbon of
the same ribose sugar, where exemplary bridges included
methylene, propylene, ether, or amino bridges; aminoalkyl,
as defined herein; aminoalkoxy, as defined herein; amino as
defined herein; and amino acid, as defined herein

[0122] Generally, RNA includes the sugar group ribose,
which is a 5-membered ring having an oxygen. Exemplary,
non-limiting modified nucleotides include replacement of
the oxygen in ribose (e.g., with S, Se. or alkylene, such as
methylene or ethylene); addition of a double bond (e.g., to
replace ribose with cyclopentenyl or cyclohexenyl); ring
contraction of ribose (e.g., to form a 4-membered ring of
cyclobutane or oxetane); ring expansion of ribose (e.g., to
form a 6- or 7-membered ring having an additional carbon
or heteroatom, such as for anhydrohexitol, altritol, mannitol,
cyclohexanyl, cyclohexenyl, and morpholino that also has a
phosphoramidate backbone); multicyclic forms (e.g., tricy-
clo; and “unlocked” forms, such as glycol nucleic acid
(GNA) (e.g., R-GNA or S-GNA, where ribose is replaced by
glycol units attached to phosphodiester bonds), threose
nucleic acid (TNA, where ribose is replace with a-L-
threofuranosyl-(3'—=2")), and peptide nucleic acid (PNA,
where 2-amino-ethyl-glycine linkages replace the ribose and
phosphodiester backbone). The sugar group can also contain
one or more carbons that possess the opposite stereochemi-
cal configuration than that of the corresponding carbon in
ribose. Thus, a polynucleotide molecule can include nucleo-
tides containing, e.g., arabinose, as the sugar. Such sugar
modifications are taught International Application Number
PCT/2012/058519 filed Oct. 3, 2012 (Attorney Docket
Number M9) and U.S. Provisional Application No. 61/837,
297 filed Jun. 20, 2013 (Attorney Docket Number M36) the
contents of each of which are incorporated herein by refer-
ence in its entirety.

[0123] Modifications on the Nucleobase. As described
herein “nucleoside” is defined as a compound containing a
sugar molecule (e.g., a pentose or ribose) or a derivative
thereof in combination with an organic base (e.g., a purine
or pyrimidine) or a derivative thereof (also referred to herein
as “nucleobase”). As described herein, “nucleotide” is
defined as a nucleoside including a phosphate group. The
modified nucleotides may by synthesized by any useful
method, as described herein (e.g., chemically, enzymatically,
or recombinantly to include one or more modified or non-
natural nucleosides). The polynucleotides may comprise a
region or regions of linked nucleosides. Such regions may
have variable backbone linkages. The linkages may be
standard phosphoester linkages, in which case the poly-
nucleotides would comprise regions of nucleotides.
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[0124] The modified nucleotide base pairing encompasses
not only the standard adenosine-thymine, adenosine-uracil,
or guanosine-cytosine base pairs, but also base pairs formed
between nucleotides and/or modified nucleotides compris-
ing non-standard or modified bases, wherein the arrange-
ment of hydrogen bond donors and hydrogen bond acceptors
permits hydrogen bonding between a non-standard base and
a standard base or between two complementary non-stan-
dard base structures. One example of such non-standard base
pairing is the base pairing between the modified nucleotide
inosine and adenine, cytosine or uracil.

[0125] The modified nucleosides and nucleotides can
include a modified nucleobase. Examples of nucleobases
found in RNA include, but are not limited to, adenine,
guanine, cytosine, and uracil. Examples of nucleobase found
in DNA include, but are not limited to, adenine, guanine,
cytosine, and thymine. Such modified nucleobases (includ-
ing the distinctions between naturally occurring and non-
naturally occurring) are taught in International Application
Number PCT/2012/058519 filed Oct. 3, 2012 (Attorney
Docket Number M9) and U.S. Provisional Application No.
61/837,297 filed Jun. 20, 2013 (Attorney Docket Number
M36) the contents of each of which are incorporated herein
by reference in its entirety.

IV. PHARMACEUTICAL VACCINE
COMPOSITIONS

[0126] The present invention provides pharmaceutical
compositions including NAVs and NAV compositions and/
or complexes optionally in combination with one or more
pharmaceutically acceptable excipients. The present inven-
tion provides NAVs and NAV pharmaceutical compositions
and complexes optionally in combination with one or more
pharmaceutically acceptable excipients. Pharmaceutical
compositions may optionally comprise one or more addi-
tional active substances, e.g. therapeutically and/or prophy-
lactically active substances. Pharmaceutical compositions of
the present invention may be sterile and/or pyrogen-free.
General considerations in the formulation and/or manufac-
ture of pharmaceutical agents may be found, for example, in
Remington: The Science and Practice of Pharmacy 21' ed.,
Lippincott Williams & Wilkins, 2005 (incorporated herein
by reference in its entirety).

[0127] In some embodiments, compositions are adminis-
tered to humans, human patients or subjects. For the pur-
poses of the present disclosure, the phrase “active ingredi-
ent” generally refers to the NAVs or the polynucleotides
contained therein, e.g., antigen-encoding polynucleotides,
for example, RNA polynucleotides, to be delivered as
described herein.

[0128] Although the descriptions of pharmaceutical com-
positions provided herein are principally directed to phar-
maceutical compositions which are suitable for administra-
tion to humans, it will be understood by the skilled artisan
that such compositions are generally suitable for adminis-
tration to any other animal, e.g., to non-human animals, e.g.
non-human mammals. Modification of pharmaceutical com-
positions suitable for administration to humans in order to
render the compositions suitable for administration to vari-
ous animals is well understood, and the ordinarily skilled
veterinary pharmacologist can design and/or perform such
modification with merely ordinary, if any, experimentation.
Subjects to which administration of the pharmaceutical
compositions is contemplated include, but are not limited to,
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humans and/or other primates; mammals, including com-
mercially relevant mammals such as cattle, pigs, horses,
sheep, cats, dogs, mice, and/or rats; and/or birds, including
commercially relevant birds such as poultry, chickens,
ducks, geese, and/or turkeys.

[0129] Formulations of the pharmaceutical compositions
described herein may be prepared by any method known or
hereafter developed in the art of pharmacology. In general,
such preparatory methods include the step of bringing the
active ingredient into association with an excipient and/or
one or more other accessory ingredients, and then, if nec-
essary and/or desirable, dividing, shaping and/or packaging
the product into a desired single- or multi-dose unit.
[0130] Relative amounts of the active ingredient, the phar-
maceutically acceptable excipient, and/or any additional
ingredients in a pharmaceutical composition in accordance
with the invention will vary, depending upon the identity,
size, and/or condition of the subject treated and further
depending upon the route by which the composition is to be
administered. By way of example, the composition may
comprise between 0.1% and 100%. e.g., between 0.5 and
50%, between 1-30%, between 5-80%, at least 80% (w/w)
active ingredient.

[0131] Formulations. The NAVs of the invention can be
formulated using one or more excipients to: (1) increase
stability; (2) increase cell transfection; (3) permit the sus-
tained or delayed release (e.g., from a depot formulation);
(4) alter the biodistribution (e.g., target to specific tissues or
cell types); (5) increase the translation of encoded protein in
vivo; and/or (6) alter the release profile of encoded protein
(antigen) in vivo. In addition to traditional excipients such as
any and all solvents, dispersion media, diluents, or other
liquid vehicles, dispersion or suspension aids, surface active
agents, isotonic agents, thickening or emulsifying agents,
preservatives, excipients of the present invention can
include, without limitation, lipidoids, liposomes, lipid nan-
oparticles, polymers, lipoplexes, core-shell nanoparticles,
peptides, proteins, cells transfected with NAVs (e.g., for
transplantation into a subject), hyaluronidase, nanoparticle
mimics and combinations thereof.

[0132] Accordingly, the formulations of the invention can
include one or more excipients, each in an amount that may
increases the stability of the NAV, increases cell transfection
by the NAV, increases the expression of polynucleotides
encoded protein, and/or alters the release profile of poly-
nucleotide encoded proteins. Further, the polynucleotides of
the present invention may be formulated using self-as-
sembled nucleic acid nanoparticles.

[0133] Formulations of the pharmaceutical compositions
described herein may be prepared by any method known or
hereafter developed in the art of pharmacology. In general,
such preparatory methods include the step of associating the
active ingredient with an excipient and/or one or more other
accessory ingredients.

[0134] A pharmaceutical composition in accordance with
the present disclosure may be prepared, packaged, and/or
sold in bulk, as a single unit dose, and/or as a plurality of
single unit doses. As used herein, a “unit dose” refers to a
discrete amount of the pharmaceutical composition com-
prising a predetermined amount of the active ingredient. The
amount of the active ingredient is generally equal to the
dosage of the active ingredient which would be administered
to a subject and/or a convenient fraction of such a dosage
such as, for example, one-half or one-third of such a dosage.
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[0135] Relative amounts of the active ingredient, the phar-
maceutically acceptable excipient, and/or any additional
ingredients in a pharmaceutical composition in accordance
with the present disclosure may vary, depending upon the
identity, size, and/or condition of the subject being treated
and further depending upon the route by which the compo-
sition is to be administered. For example, the composition
may comprise between 0.1% and 99% (w/w) of the active
ingredient. By way of example, the composition may com-
prise between 0.1% and 100%, e.g., between 0.5 and 50%,
between 1-30%, between 5-80%, at least 80% (w/w) active
ingredient.

[0136] In some embodiments, the formulations described
herein may contain at least one polynucleotide, e.g., antigen-
encoding polynucleotide. As a non-limiting example, the
formulations may contain 1, 2, 3, 4 or 5 polynucleotides.
[0137] In one embodiment, the formulations described
herein may comprise more than one type of polynucleotide,
e.g., antigen-encoding polynucleotide. In one embodiment,
the formulation may comprise a chimeric polynucleotide in
linear and circular form. In another embodiment, the for-
mulation may comprise a circular polynucleotide and an
IVT polynucleotide. In yet another embodiment, the formu-
lation may comprise an IVT polynucleotide, a chimeric
polynucleotide and a circular polynucleotide.

[0138] In one embodiment the formulation may contain
polynucleotide encoding proteins selected from categories
such as, but not limited to, human proteins, veterinary
proteins, bacterial proteins, biological proteins, antibodies,
immunogenic proteins, therapeutic peptides and proteins,
secreted proteins, plasma membrane proteins, cytoplasmic
and cytoskeletal proteins, intracellular membrane bound
proteins, nuclear proteins, proteins associated with human
disease and/or proteins associated with non-human diseases.
In one embodiment, the formulation contains at least three
polynucleotides encoding proteins. In one embodiment, the
formulation contains at least five polynucleotide encoding
proteins.

[0139] Pharmaceutical formulations may additionally
comprise a pharmaceutically acceptable excipient, which, as
used herein, includes, but is not limited to, any and all
solvents, dispersion media, diluents, or other liquid vehicles,
dispersion or suspension aids, surface active agents, isotonic
agents, thickening or emulsifying agents, preservatives, and
the like, as suited to the particular dosage form desired.
Various excipients for formulating pharmaceutical compo-
sitions and techniques for preparing the composition are
known in the art (see Remington: The Science and Practice
of Pharmacy, 21st Edition, A. R. Gennaro, Lippincott,
Williams & Wilkins, Baltimore, Md., 2006; incorporated
herein by reference in its entirety). The use of a conventional
excipient medium may be contemplated within the scope of
the present disclosure, except insofar as any conventional
excipient medium may be incompatible with a substance or
its derivatives, such as by producing any undesirable bio-
logical effect or otherwise interacting in a deleterious man-
ner with any other component(s) of the pharmaceutical
composition.

[0140] In some embodiments, the particle size of the lipid
nanoparticle may be increased and/or decreased. The change
in particle size may be able to help counter biological
reaction such as, but not limited to, inflammation or may
increase the biological effect of the modified mRNA deliv-
ered to mammals.
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[0141] Pharmaceutically acceptable excipients used in the
manufacture of pharmaceutical compositions include, but
are not limited to, inert diluents, surface active agents and/or
emulsifiers, preservatives, buffering agents, lubricating
agents, and/or oils. Such excipients may optionally be
included in the pharmaceutical formulations of the inven-
tion.

Liposomes, Lipoplexes, and Lipid Nanoparticles

[0142] The NAVs of the invention can be formulated using
one or more liposomes, lipoplexes, or lipid nanoparticles. In
one embodiment, pharmaceutical compositions of NAVs
include liposomes. Liposomes are artificially prepared
vesicles which may primarily be composed of a lipid bilayer
and may be used as a delivery vehicle for the administration
of nutrients and pharmaceutical formulations. Liposomes
can be of different sizes such as, but not limited to, a
multilamellar vesicle (MLV) which may be hundreds of
nanometers in diameter and may contain a series of con-
centric bilayers separated by narrow aqueous compartments,
a small unicellular vesicle (SUV) which may be smaller than
50 nm in diameter, and a large unilamellar vesicle (LUV)
which may be between 50 and 500 nm in diameter. Lipo-
some design may include, but is not limited to, opsonins or
ligands in order to improve the attachment of liposomes to
unhealthy tissue or to activate events such as, but not limited
to, endocytosis. Liposomes may contain a low or a high pH
in order to improve the delivery of the pharmaceutical
formulations.

[0143] In one embodiment, pharmaceutical compositions
described herein may include, without limitation, liposomes
such as those formed from 1,2-dioleyloxy-N,N-dimethyl-
aminopropane (DODMA) liposomes, Dil.a2 liposomes
from Marina Biotech (Bothell, Wash.), 1,2-dilinoleyloxy-3-
dimethylaminopropane (DLin-DMA), 2,2-dilinoleyl-4-(2-
dimethylaminoethyl)-[1,3]-dioxolane (DLin-KC2-DMA),
and MC3 (US20100324120; herein incorporated by refer-
ence in its entirety) and liposomes which may deliver small
molecule drugs such as, but not limited to, DOXIL® from
Janssen Biotech, Inc. (Horsham, Pa.).

[0144] As an example a liposome can contain, but is not
limited to, 55% cholesterol, 20% disteroylphosphatidyl cho-
line (DSPC), 10% PEG-S-DSG, and 15% 1,2-dioleyloxy-
N,N-dimethylaminopropane (DODMA), as described by
Jeffs et al. As another example, certain liposome formula-
tions may contain, but are not limited to, 48% cholesterol,
20% DSPC, 2% PEG-c-DMA, and 30% cationic lipid,
where the cationic lipid can be 1,2-distearloxy-N,N-dimeth-
ylaminopropane (DSDMA), DODMA, DLin-DMA, or 1,2-
dilinolenyloxy-3-dimethylaminopropane (DLenDMA), as
described by Heyes et al.

[0145] Peptides and Proteins. The NAVs of the invention
can be formulated with peptides and/or proteins in order to
increase transfection of cells by the polynucleotide. In one
embodiment, peptides such as, but not limited to, cell
penetrating peptides and proteins and peptides that enable
intracellular delivery may be used to deliver pharmaceutical
formulations. A non-limiting example of a cell penetrating
peptide which may be used with the pharmaceutical formu-
lations of the present invention includes a cell-penetrating
peptide sequence attached to polycations that facilitates
delivery to the intracellular space, e.g., HIV-derived TAT
peptide, penetratins, transportans, or hCT derived cell-pen-
etrating peptides (see, e.g., Caron et al., Mol. Ther. 3(3):
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310-8 (2001); Langel, Cell-Penetrating Peptides: Processes
and Applications (CRC Press, Boca Raton Fla., 2002);
El-Andaloussi et al., Curr. Pharm. Des. 1(28):3597-611
(2003); and Deshayes et al., Cell. Mol. Life Sci. 62(16):
1839-49 (2005), all of which are incorporated herein by
reference in their entirety). The compositions can also be
formulated to include a cell penetrating agent, e.g., lipo-
somes, which enhance delivery of the compositions to the
intracellular space. NAVs of the invention may be com-
plexed to peptides and/or proteins such as, but not limited to,
peptides and/or proteins from Aileron Therapeutics (Cam-
bridge, Mass.) and Permeon Biologics (Cambridge, Mass.)
in order to enable intracellular delivery (Cronican et al.,
ACS Chem. Biol. 2010 5:747-752; McNaughton et al., Proc.
Natl. Acad. Sci. USA 2009 106:6111-6116; Sawyer, Chem
Biol Drug Des. 2009 73:3-6; Verdine and Hilinski, Methods
Enzymol. 2012; 503:3-33; all of which are herein incorpo-
rated by reference in its entirety).

[0146] Cells. The NAVs of the invention can be trans-
fected ex vivo into cells, which are subsequently trans-
planted into a subject. As one non-limiting example, a
sample of blood from a patient or subject may be treated
with an antigen or adjuvant or both where one or more are
encoded by the NAVs of the invention to activate the PBMC
population. This activated sample or a subset of specific
cells may then be given back to the donor patient thereby
activating the immune system. This activated PBMC vac-
cine may be designed using any of the NAVs of the present
disclosure. As non-limiting examples, the pharmaceutical
compositions may include red blood cells to deliver modi-
fied RNA to liver and myeloid cells, virosomes to deliver
modified RNA in virus-like particles (VLPs), and electropo-
rated cells such as, but not limited to, from MAXCYTE®
(Gaithersburg, Md.) and from ERYTECH® (Lyon, France)
to deliver modified RNA. Examples of use of red blood
cells, viral particles and electroporated cells to deliver
payloads other than polynucleotides have been documented
(Godfrin et al., Expert Opin Biol Ther. 2012 12:127-133;
Fang et al., Expert Opin Biol Ther. 2012 12:385-389; Hu et
al., Proc Nat Acad Sci USA. 2011 108:10980-10985; Lund
et al.,, Pharm Res. 2010 27:400-420;, Huckriede et al., ]
Liposome Res. 2007; 17:39-47; Cusi, Hum Vaccin. 2006
2:1-7; de Jonge et al., Gene Ther. 2006 13:400-411; all of
which are herein incorporated by reference in its entirety).

[0147] Suspension Formulations. In some embodiments,
suspension formulations are provided comprising NAVs,
water immiscible oil depots, surfactants and/or co-surfac-
tants and/or co-solvents. Combinations of oils and surfac-
tants may enable suspension formulation with NAVs. Deliv-
ery of NAVs in a water immiscible depot may be used to
improve bioavailability through sustained release of NAVs
from the depot to the surrounding physiologic environment
and prevent polynucleotides degradation by nucleases.

[0148] In some embodiments, suspension formulations of
NAV may be prepared using combinations of polynucle-
otides, oil-based solutions and surfactants. Such formula-
tions may be prepared as a two-part system comprising an
aqueous phase comprising polynucleotides and an oil-based
phase comprising oil and surfactants. Exemplary oils for
suspension formulations may include, but are not limited to
sesame oil and Miglyol (comprising esters of saturated
coconut and palmkernel oil-derived caprylic and capric fatty
acids and glycerin or propylene glycol), corn oil, soybean
oil, peanut oil, beeswax and/or palm seed oil. Exemplary
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surfactants may include, but are not limited to Cremophor,
polysorbate 20, polysorbate 80, polyethylene glycol, trans-
cutol, Capmul®, labrasol, isopropyl myristate, and/or Span
80. In some embodiments, suspensions may comprise co-
solvents including, but not limited to ethanol, glycerol
and/or propylene glycol.

[0149] Excipients. NAV pharmaceutical formulations may
additionally comprise a pharmaceutically acceptable excipi-
ent, which, as used herein, includes, but are not limited to,
any and all solvents, dispersion media, diluents, or other
liquid vehicles, dispersion or suspension aids, surface active
agents, isotonic agents, thickening or emulsifying agents,
preservatives, solid binders, lubricants, flavoring agents,
stabilizers, antioxidants, osmolality adjusting agents. pH
adjusting agents and the like, as suited to the particular
dosage form desired. Various excipients for formulating
pharmaceutical compositions and techniques for preparing
the composition are known in the art (see Remington: The
Science and Practice of Pharmacy, 21st Edition, A. R.
Gennaro (Lippincott, Williams & Wilkins, Baltimore, Md.,
2006; incorporated herein by reference in its entirety). The
use of a conventional excipient medium may be contem-
plated within the scope of the present disclosure, except
insofar as any conventional excipient medium is incompat-
ible with a substance or its derivatives, such as by producing
any undesirable biological effect or otherwise interacting in
a deleterious manner with any other component(s) of the
pharmaceutical composition, its use is contemplated to be
within the scope of this invention.

[0150] Pharmaceutically acceptable excipients used in the
manufacture of pharmaceutical compositions include, but
are not limited to, inert diluents, dispersing and/or granu-
lating agents, surface active agents and/or emulsifiers, dis-
integrating agents, binding agents, preservatives, buffering
agents, lubricating agents, and/or oils. Such excipients may
optionally be included in pharmaceutical compositions. The
composition may also include excipients such as cocoa
butter and suppository waxes, coloring agents, coating
agents, sweetening, flavoring, and/or perfuming agents.
[0151] Cryoprotectants. In some embodiments, NAV for-
mulations may comprise cyroprotectants. As used herein,
there term “cryoprotectant” refers to one or more agent that
when combined with a given substance, helps to reduce or
eliminate damage to that substance that occurs upon freez-
ing. In some embodiments, cryoprotectants are combined
with NAVs in order to stabilize them during freezing. Frozen
storage of NAVs between —-20° C. and -80° C. may be
advantageous for long term (e.g. 36 months) stability of
polynucleotide. In some embodiments, cryoprotectants are
included in NAV formulations to stabilize polynucleotide
through freeze/thaw cycles and under frozen storage condi-
tions. Cryoprotectants of the present invention may include,
but are not limited to sucrose, trehalose, lactose, glycerol,
dextrose, raffinose and/or mannitol. Trehalose is listed by the
Food and Drug Administration as being generally regarded
as safe (GRAS) and is commonly used in commercial
pharmaceutical formulations.

[0152] Bulking Agents. In some embodiments, NAV for-
mulations may comprise bulking agents. As used herein,
there term “bulking agent” refers to one or more agents
included in formulations to impart a desired consistency to
the formulation and/or stabilization of formulation compo-
nents. In some embodiments, bulking agents are included in
lyophilized NAV formulations to yield a “pharmaceutically
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elegant” cake, stabilizing the lyophilized NAVs during long
term (e.g. 36 month) storage. Bulking agents of the present
invention may include, but are not limited to sucrose,
trehalose, mannitol, glycine, lactose and/or raffinose. In
some embodiments, combinations of cryoprotectants and
bulking agents (for example, sucrose/glycine or trehalose/
mannitol) may be included to both stabilize NAVs during
freezing and provide a bulking agent for lyophilization.
[0153] Administration. The NAVs of the present invention
may be administered by any route which results in a thera-
peutically effective outcome.

Parenteral and Injectable Administration

[0154] Liquid dosage forms for parenteral administration
include, but are not limited to, pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups,
and/or elixirs.

[0155] Injectable preparations, for example, sterile inject-
able aqueous or oleaginous suspensions may be formulated
according to the known art using suitable dispersing agents,
wetting agents, and/or suspending agents. Sterile injectable
preparations may be sterile injectable solutions, suspen-
sions, and/or emulsions in nontoxic parenterally acceptable
diluents and/or solvents. Injectable formulations can be
sterilized, for example, by filtration through a bacterial-
retaining filter, and/or by incorporating sterilizing agents in
the form of sterile solid compositions which can be dis-
solved or dispersed in sterile water or other sterile injectable
medium prior to use.

[0156] Dosing. The present invention provides methods
comprising administering NAVs and in accordance with the
invention to a subject in need thereof. The exact amount
required will vary from subject to subject, depending on the
species, age, and general condition of the subject, the
severity of the disease, the particular composition, its mode
of administration, its mode of activity, and the like. Com-
positions in accordance with the invention are typically
formulated in dosage unit form for ease of administration
and uniformity of dosage. It will be understood, however,
that the total daily usage of the compositions of the present
invention may be decided by the attending physician within
the scope of sound medical judgment. The specific thera-
peutically effective, prophylactically effective, or appropri-
ate imaging dose level for any particular patient will depend
upon a variety of factors including the disorder being treated
and the severity of the disorder; the activity of the specific
compound employed; the specific composition employed;
the age, body weight, general health, sex and diet of the
patient; the time of administration, route of administration,
and rate of excretion of the specific compound employed;
the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed; and like
factors well known in the medical arts.

[0157] In certain embodiments, compositions in accor-
dance with the present invention may be administered at
dosage levels sufficient to deliver from about 0.0001 mg/kg
to about 100 mg/kg, from about 0.001 mg/kg to about 0.05
mg/kg, from about 0.005 mg/kg to about 0.05 mg/kg, from
about 0.001 mg/kg to about 0.005 mg/kg, from about 0.05
mg/kg to about 0.5 mg/kg, from about 0.01 mg/kg to about
50 mg/kg, from about 0.1 mg/kg to about 40 mg/kg, from
about 0.5 mg/kg to about 30 mg/kg, from about 0.01 mg/kg
to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg,
or from about 1 mg/kg to about 25 mg/kg, of subject body
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weight per day, one or more times a day, to obtain the desired
therapeutic, diagnostic, prophylactic, or imaging effect (see
e.g., the range of unit doses described in International
Publication No W02013078199, herein incorporated by
reference in its entirety). The desired dosage may be deliv-
ered three times a day, two times a day, once a day, every
other day, every third day, every week, every two weeks,
every three weeks, or every four weeks. In certain embodi-
ments, the desired dosage may be delivered using multiple
administrations (e.g., two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen, or more admin-
istrations). When multiple administrations are employed,
split dosing regimens such as those described herein may be
used.

[0158] According to the present invention, NAVs may be
administered in split-dose regimens. As used herein, a “split
dose” is the division of single unit dose or total daily dose
into two or more doses, e.g., two or more administrations of
the single unit dose. As used herein, a “single unit dose” is
a dose of any therapeutic administer in one dose/at one
time/single route/single point of contact, i.e., single admin-
istration event. As used herein, a “total daily dose” is an
amount given or prescribed in 24 hr period. It may be
administered as a single unit dose. In one embodiment, the
NAVs of the present invention are administer to a subject in
split doses. The NAVs may be formulated in buffer only or
in a formulation described herein.

Multi-Dose and Repeat-Dose Administration

[0159] In some embodiments, NAV compounds and/or
compositions of the present invention may be administered
in two or more doses (referred to herein as “multi-dose
administration”). Such doses may comprise the same com-
ponents or may comprise components not included in a
previous dose. Such doses may comprise the same mass
and/or volume of components or an altered mass and/or
volume of components in comparison to a previous dose. In
some embodiments, multi-dose administration may com-
prise repeat-dose administration. As used herein, the term
“repeat-dose administration” refers to two or more doses
administered consecutively or within a regimen of repeat
doses comprising substantially the same components pro-
vided at substantially the same mass and/or volume. In some
embodiments, subjects may display a repeat-dose response.
As used herein, the term “repeat-dose response” refers to a
response in a subject to a repeat-dose that differs from that
of another dose administered within a repeat-dose adminis-
tration regimen. In some embodiments, such a response may
be the expression of a protein in response to a repeat-dose
comprising NAV. In such embodiments, protein expression
may be elevated in comparison to another dose administered
within a repeat-dose administration regimen or protein
expression may be reduced in comparison to another dose
administered within a repeat-dose administration regimen.
Alteration of protein expression may be from about 1% to
about 20%, from about 5% to about 50% from about 10% to
about 60%, from about 25% to about 75%, from about 40%
to about 100% and/or at least 100%. A reduction in expres-
sion of mRNA administered as part of a repeat-dose regi-
men, wherein the level of protein translated from the admin-
istered RNA is reduced by more than 40% in comparison to
another dose within the repeat-dose regimen is referred to
herein as “repeat-dose resistance.”
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V. KITS AND DEVICES

[0160] The invention provides a variety of kits for con-
veniently and/or effectively carrying out methods of the
present invention. Typically, kits will comprise sufficient
amounts and/or numbers of components to allow a user to
perform multiple treatments of a subject(s) and/or to per-
form multiple experiments.

[0161] In one aspect, the present invention provides kits
comprising the NAV molecules (including any proteins or
polynucleotides) of the invention. In one embodiment, the
kit comprises one or more functional antigens or function
fragments thereof.

[0162] The kits can be for protein production, comprising
a first polynucleotides comprising a translatable region of an
antigen. The kit may further comprise packaging and
instructions and/or a delivery agent to form a formulation
composition. The delivery agent may comprise a saline, a
buffered solution, or a delivery agent.

[0163] In one embodiment, the buffer solution may
include sodium chloride, calcium chloride, phosphate and/or
EDTA. In another embodiment, the buffer solution may
include, but is not limited to, saline, saline with 2 mM
calcium, 5% sucrose, 5% sucrose with 2 mM calcium, 5%
Mannitol, 5% Mannitol with 2 mM calcium, Ringer’s lac-
tate, sodium chloride, sodium chloride with 2 mM calcium
and mannose. In a further embodiment, the buffer solutions
may be precipitated or it may be lyophilized. The amount of
each component may be varied to enable consistent, repro-
ducible higher concentration saline or simple buffer formu-
lations. The components may also be varied in order to
increase the stability of polynucleotides in the buffer solu-
tion over a period of time and/or under a variety of condi-
tions.

[0164] In one aspect, the present invention provides kits
for protein production, comprising: a polynucleotide com-
prising a translatable region, provided in an amount effective
to produce a desired amount of a protein encoded by the
translatable region when introduced into a target cell.

[0165] Devices. The present invention provides for
devices which may incorporate RNAVs comprising poly-
nucleotides that encode polypeptides of interest, e.g., encode
antigenic polypeptides. These devices contain in a stable
formulation the reagents to synthesize a polynucleotide in a
formulation available to be immediately delivered to a
subject in need thereof, such as a human patient.

[0166] Devices for administration may be employed to
deliver the NAVs of the present invention according to
single, multi- or split-dosing regimens taught herein.

[0167] Method and devices known in the art for multi-
administration to cells, organs and tissues are contemplated
for use in conjunction with the methods and compositions
disclosed herein as embodiments of the present invention.
These include, for example, those methods and devices
having multiple needles, hybrid devices employing for
example lumens or catheters as well as devices utilizing
heat, electric current or radiation driven mechanisms.

[0168] In one embodiment, the NAV is administered sub-
cutaneously or intramuscularly via at least 3 needles to three
different, optionally adjacent, sites simultaneously, or within
a 60 minutes period (e.g., administration to 4, 5, 6, 7, 8, 9,
or 10 sites simultaneously or within a 60 minute period).
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V1. EXAMPLES

[0169] The following examples as well as the figures are
included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art
that the techniques disclosed in the examples or figures
represent techniques discovered by the inventors to function
well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the
present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the invention.

Example 1

[0170] Monocistronic linear Andes virus mRNA vaccine
demonstrates protection of Syrian hamsters from lethal
challenge with Andes virus. Syrian hamsters were immu-
nized intramuscularly twice, on days 0 and 21, with 5 pg or
25 pg of Andes virus mRNA vaccine comprised of regular
(non-modified uridine) or modified (N1-methylpseudouri-
dine) construct, five animals in each group. Twenty one days
after the second (booster) vaccination, the animals were
challenged intramuscularly with 200 plaque forming units
(PFU) of Andes virus. All five control animals developed
severe clinical signs and were euthanized on 9 days post
infection (dpi), as well two of the five animals vaccinate
with 5 pug of modified mRNA vaccine construct. Conversely,

Apr. 24,2025

all animals vaccinated with 5 pg or 25 pg of the regular, all
five animals vaccinated with 25 pg of modified vaccine
construct, and the remaining three animals vaccinated with
3 pg of modified vaccine construct survived the challenge
without any clinical signs.

[0171] Monocistronic linear Andes virus mRNA vaccine
elicits development of Andes virus neutralizing antibodies in
Syrian hamsters (see for example FIG. 3 and FIG. 4). Syrian
hamsters were immunized intramuscularly twice, on days 0
and 21, with 5 pg or 25 pg of Andes virus mRNA vaccine
comprised of regular (non-modified uridine) or modified
(N1-methylpseudouridine) construct, five animals in each
group. Blood serum was taken from the animals on days 21
(prior to the second vaccination), 41 (20 days after the
second vaccination, one day prior to challenge) and tested
against ~50 PFU of Andes virus in a standard plaque
reduction neutralization test (PRNT). Limited amounts of
neutralizing antibodies were determined in 20-80% of ani-
mals in each group on day 21 after first immunization.
However, greater neutralizing antibody titers were deter-
mined in all but two animals on day 41 (20 days after the
second vaccination). The two animals that did not demon-
strate virus-neutralizing antibodies at this latter time point
were vaccinated with 5 pg of modified Andes mRNA
vaccine construct. FIG. 4B illustrates the survival of Syrian
hamsters vaccinated intramuscularly with regular (non-
modified uridine) or modified (N1-pseudouridine) monocis-
tronic linear Andes vaccine constructs and challenged intra-
muscularly with Andes virus.

SEQUENCE LISTING

Sequence total quantity: 18

SEQ ID NO: 1 moltype = DNA length = 3942
FEATURE Location/Qualifiers
misc_feature 1..3942

note = artificial polynucleotide

1..3942
mol_type = other DNA

source

organism = synthetic construct

SEQUENCE: 1

acgcggecge taatacgact cactataagg ctagtagtag actccgcaag aagaagcaaa 60
aaattaaaga agtgagttta aaatggaagg ctggtacctg gtcgtgctgg gegtgtgtta 120
caccctaaca ctggecatge ccaagaccat ctacgagcetg aagatggaat gccctcacac 180
cgtgggecte ggecagggat atatcattgg cagcaccgag ctgggectga tcagcatcga 240
ggctgectee gacatcaage tggaatctag ctgcaactte gacctgcaca ccacatccat 300
ggctcaaaaa agcttcaccce aggtggaatyg gecggaagaag agcgacacca cagacacaac 360
taacgctgece agcacaacct ttgaagccca gaccaaaact gtgaatctge ggggcacctyg 420
tatcctgget cctgaactgt acgatacact gaagaaggtg aagaaaacag tgctttgtta 480
tgacctgacce tgcaaccaga cacactgcca gectacagtg tacctgatcg ccectgtget 540
cacatgcatyg agcatcagaa gttgcatgge cagegtgttce acaagcagaa tccaggtgat 600
ctacgagaag acacactgeg tgaccggaca gcetcatcgag ggccaatgtt tcaaccccege 660
ccacaccctyg accctgagece agectgecca cacctacgac accgtgacac tgcectataag 720
ctgettette accccaaaga agagcgaaca getgaaggtg attaagacat tcgagggcat 780
cctgactaag accggctgea cagaaaacgce cctgcagggce tactacgtgt gettectggg 840
cagccactet gagecectga tegtgeccte tctggaagac atcagatccg ccgaagtggt 900
atctagaatg cttgtgcacc ccegtggega ggatcacgat gecatccaga actcacagag 960

ccacctgegyg ategtgggece ctatcacege caaggtgcect tctaccagca gcaccgacac
cctgaaggge acageatttg ceggegtgece aatgtacage agtctgagca cactggtcag
aaacgcggac cctgaatteg tgttcagece cggcategtg cetgagagca accacagcac
ctgtgacaag aagaccgtge cgatcacctg gaccggctac ctgectatct ccggcgaaat
ggaaaaagtt acaggatgca cggtgttctyg caccctggec ggecceggag ccagetgega
ggcctactcee gagaacggaa tcttcaatat cagcagecct acctgectgg tgaacaaggt
gcagceggtte cggggcageg agcagaagat caacttcatce tgccagagag tggaccagga
cgtggtggte tactgcaatg gacagaaaaa ggtgatcctg accaagacac tggtgatcgg
ccagtgtatce tacacattta ccagectgtt ctecctgatg cetgatgtgg cccacagect
ggctgttgag ctgtgtgtge ctggectgea cggetgggece acggtgatge tgttaageac
cttetgette ggetgggtee tgatcecege tgtgacactg attatcctta agtgectgag
agtgctgaca ttttettgta gecactacac caacgagtcce aagttcaagt tcatcctgga
gaaggtgaag atcgagtacc agaagaccat gggcagecatg gtgtgegacg tgtgtcacca

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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-continued

cgagtgcgag actgccaagg aactcgaatc ccacagacag agctgcatca acggecagtg 1800
tcettactge atgaccatca ccgaggctac agagtctgce ctgcaggccce attacagcat 1860
ctgcaagctg accggtagat tccaggaggc cctgaagaaa tctctgaaaa agcctgaggt 1920
gaaaaagggc tgttaccgca ccctgggegt gttcagatac aagagcagat gttacgtggg 1980
cttggtgtgg tgcctgctge tgacttgtga gatcgtgatce tgggccgcca gcgccgaaac 2040
acccctgatg gaaagegggt ggagtgacac cgeccacgga gtgggagaga tccccatgaa 2100
gaccgatctg gagctggact tcagcctgec tagctectca agctacagcet acagacggaa 2160
gctgaccaac cccgctaaca aagaggaaag catccegtte cacttcecaga tggaaaagca 2220
agtgatccac gctgagatcc agcctcetggg acactggatg gacgctacct tcaatatcaa 2280
gaccgcecttt cactgctacg gcgectgcca gaaatattet tacccctggce agacctccaa 2340
gtgttttttc gagaaagact accagtacga gacaggatgg ggttgcaacc ctggcgactg 2400
ccetggagtg ggcaccggat gcaccgectg cggtgtgtac ctagataage tgaagtctgt 2460
tgggaaggcce tacaagatca tttctcectgaa gtacacaaga aaggtgtgca tccagetggg 2520
caccgagcaa acctgcaagc acatcgatgc taacgactgt ctcgtcaccce ccagtgtgaa 2580
ggtgtgcatc gtgggcacag tgagcaaact tcagcctage gacaccctgce tgttecctggg 2640
accacttgag cagggcggaa tcatcctgaa gcagtggtge accacctcect gegecttegg 2700
cgatcctgge gacatcatga gcaccectte tggcatgaga tgcccagage acacaggcag 2760
cttcagaaag atctgtggct tcecgccactac cccegtgtgt gagtaccaag gcaacaccat 2820
ctctggatat aagcggatga tggccaccaa ggacagcttce caaagcttca acctgactga 2880
acctcatata acaacaaaca agctggagtg gatcgacceg gatggcaaca ccagagacca 2940
cgtgaacctg gtgctgaaca gagatgtctce cttccaggat ctgagcgata acccctgtaa 3000
agtggacctc catacccagg ccatcgaggg cgcttgggge agcggcegttg getttaccet 3060
gacatgtacc gtgggactga ccgaatgccc tagctttatg acatctatca aagcctgtga 3120
tctggecatg tgctacggca gcaccgtgac taacctggct agaggctcta ataccgtcaa 3180
ggtggtgggc aaaggcggcce actceccggctce tagctttaag tgctgccacg acaccgactg 3240
cagcagcgag ggcctgetgg ccagegeccece acatctggag cgggtgaccyg gcttcaacca 3300
gatcgacagc gacaaggtat acgacgacgg tgcccctcecet tgcacattta agtgectggtt 3360
caccaagtcc ggcgagtggce tgctgggcat ccttaacgge aattggatcg tggtggtggt 3420
gctggtggtyg atcctgatce tgtcaatcat tatgttcage gtgetgtgece ctecggagagg 3480
ccacaagaaa accgtctgac aagcacgcag caatgcaget caaaacgctt agcctagcca 3540
cacccecacg ggaaacagca gtgattaacc tttagcaata aacgaaagtt taactaagcet 3600
atactaaccc cagggttggt caatttcgtg ccagccacac cctggtactg catgcacgca 3660
atgctagectg cccctttece gtectgggta cceccgagtcet cceccccgacct cgggteccag 3720
gtatgctcee acctccacct gccccactca ccacctcectge tagttccaga cacctccaaa 3780
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 3840
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaagat 3900
atcaaaaaaa aaaaaaaaaa aaaaaaaaaa aaattcgaaa aa 3942
SEQ ID NO: 2 moltype = AA length = 1138
FEATURE Location/Qualifiers
REGION 1..1138

note = recombinant polypeptide
source 1..1138

mol_ type protein

organism = synthetic construct
SEQUENCE: 2
MEGWYLVVLG VCYTLTLAMP KTIYELKMEC PHTVGLGQGY IIGSTELGLI SIEAASDIKL 60
ESSCNFDLHT TSMAQKSFTQ VEWRKKSDTT DTTNAASTTF EAQTKTVNLR GTCILAPELY 120
DTLKKVKKTV LCYDLTCNQT HCQPTVYLIA PVLTCMSIRS CMASVFTSRI QVIYEKTHCV 180
TGQLIEGQCF NPAHTLTLSQ PAHTYDTVTL PISCFFTPKK SEQLKVIKTF EGILTKTGCT 240
ENALQGYYVC FLGSHSEPLI VPSLEDIRSA EVVSRMLVHP RGEDHDAIQN SQSHLRIVGP 300
ITAKVPSTSS TDTLKGTAFA GVPMYSSLST LVRNADPEFV FSPGIVPESN HSTCDKKTVP 360
ITWTGYLPIS GEMEKVTGCT VFCTLAGPGA SCEAYSENGI FNISSPTCLV NKVQRFRGSE 420
QKINFICQRV DQDVVVYCNG QKKVILTKTL VIGQCIYTFT SLFSLMPDVA HSLAVELCVP 480
GLHGWATVML LSTFCFGWVL IPAVTLIILK CLRVLTFSCS HYTNESKFKF ILEKVKIEYQ 540
KTMGSMVCDV CHHECETAKE LESHRQSCIN GQCPYCMTIT EATESALQAH YSICKLTGRF 600
QEALKKSLKK PEVKKGCYRT LGVFRYKSRC YVGLVWCLLL TCEIVIWAAS AETPLMESGW 660
SDTAHGVGEI PMKTDLELDF SLPSSSSYSY RRKLTNPANK EESIPFHFQM EKQVIHAEIQ 720
PLGHWMDATF NIKTAFHCYG ACQKYSYPWQ TSKCFFEKDY QYETGWGCNP GDCPGVGTGC 780
TACGVYLDKL KSVGKAYKII SLKYTRKVCI QLGTEQTCKH IDANDCLVTP SVKVCIVGTV 840
SKLQPSDTLL FLGPLEQGGI ILKQWCTTSC AFGDPGDIMS TPSGMRCPEH TGSFRKICGF 900
ATTPVCEYQG NTISGYKRMM ATKDSFQSFN LTEPHITTNK LEWIDPDGNT RDHVNLVLNR 960
DVSFQDLSDN PCKVDLHTQA IEGAWGSGVG FTLTCTVGLT ECPSFMTSIK ACDLAMCYGS 1020
TVTNLARGSN TVKVVGKGGH SGSSFKCCHD TDCSSEGLLA SAPHLERVTG FNQIDSDKVY 1080
DDGAPPCTFK CWFTKSGEWL LGILNGNWIV VVVLVVILIL SIIMFSVLCP RRGHKKTV 1138
SEQ ID NO: 3 moltype = DNA length = 4758
FEATURE Location/Qualifiers
misc_feature 1..4758

note = artificial polynucleotide
source 1..4758

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 3
acgcggecge taatacgact cactataagg ctagtagtag actccgcaag aagaagcaaa 60
aaattaaaga agtgagttta aaatggaagg ctggtacctyg gtegtgcetgyg gegtgtgtta 120
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-continued

caccctaaca ctggcecatge ccaagaccat ctacgagetyg aagatggaat gccctcacac 180
cgtgggecte ggccagggat atatcattgg cagcaccgag ctgggcectga tcagcatcga 240
ggctgectee gacatcaage tggaatctag ctgcaacttce gacctgcaca ccacatccat 300
ggctcaaaaa agcttcacce aggtggaatg gcggaagaag agcgacacca cagacacaac 360
taacgctgee agcacaacct ttgaagecca gaccaaaact gtgaatctge ggggcacctyg 420
tatcctgget cctgaactgt acgatacact gaagaaggtyg aagaaaacag tgctttgtta 480
tgacctgace tgcaaccaga cacactgcca gectacagtyg tacctgatceg cccctgtget 540
cacatgcatg agcatcagaa gttgcatggce cagcgtgtte acaagcagaa tccaggtgat 600
ctacgagaag acacactgcg tgaccggaca gctcatcgag ggccaatgtt tcaaccccge 660
ccacaccctg accctgagece agectgecca cacctacgac accgtgacac tgcctataag 720
ctgcttette accccaaaga agagcgaaca gectgaaggtyg attaagacat tcgagggcat 780
cctgactaag accggcetgca cagaaaacgce cctgcaggge tactacgtgt gettectggg 840
cagccactcet gagccectga tcgtgeecte tetggaagac atcagatccyg ccgaagtggt 900
atctagaatg cttgtgcacc ccecgtggega ggatcacgat gccatccaga actcacagag 960
ccacctgegg atcgtgggece ctatcaccge caaggtgect tctaccagca gcaccgacac 1020
cctgaagggce acagcatttg ccggegtgcece aatgtacage agtctgagca cactggtcag 1080
aaacgcggac cctgaattcg tgttcagecce cggecatcegtyg cctgagagca accacagcac 1140
ctgtgacaag aagaccgtgc cgatcacctg gaccggctac ctgcctatct ccggcgaaat 1200
ggaaaaagtt acaggatgca cggtgttctg caccctggec ggcccceggag ccagetgega 1260
ggcctactec gagaacggaa tcttcaatat cagcagcccet acctgcectgg tgaacaaggt 1320
gecagceggtte cggggcageg agcagaagat caacttcatce tgccagagag tggaccagga 1380
cgtggtggtce tactgcaatg gacagaaaaa ggtgatcctg accaagacac tggtgatcgg 1440
ccagtgtatc tacacattta ccagcctgtt ctcecctgatg cctgatgtgg cccacagect 1500
ggctgttgag ctgtgtgtge ctggcctgca cggctgggee acggtgatgce tgttaagcac 1560
cttectgette ggctgggtece tgatccccecge tgtgacactg attatcctta agtgectgag 1620
agtgctgaca ttttcttgta gccactacac caacgagtcce aagttcaagt tcatcctgga 1680
gaaggtgaag atcgagtacc agaagaccat gggcagcatg gtgtgcgacg tgtgtcacca 1740
cgagtgcgag actgccaagg aactcgaatc ccacagacag agctgcatca acggecagtg 1800
tcettactge atgaccatca ccgaggctac agagtctgce ctgcaggccce attacagcat 1860
ctgcaagctg accggtagat tccaggaggc cctgaagaaa tctctgaaaa agcctgaggt 1920
gaaaaagggc tgttaccgca ccctgggegt gttcagatac aagagcagat gttacgtggg 1980
cttggtgtgg tgcctgctge tgacttgtga gatcgtgate tgggccgcca gegcecctgatt 2040
aaaacagcct gtgggttgat cccacccaca ggcccattgg gcgctagcac tctggtatca 2100
cggtaccttt gtgcgcctgt tttataccce ctcecccccaac tgtaacttag aagtaacaca 2160
caccgatcaa cagtcagcgt ggcacaccag ccacgttttg atcaagcact tctgttacce 2220
cggactgagt atcaatagac tgctcacgcg gttgaaggag aaagcgttcg ttatccggece 2280
aactacttcg aaaaacctag taacaccgtg gaagttgcag agtgtttcge tcagcactac 2340
cccagtgtag atcaggtcga tgagtcaccg cattccccac gggcgaccgt ggcggtgget 2400
gcgttggegyg cctgceccatg gggaaaccca tgggacgcte taatacagac atggtgcgaa 2460
gagtctattg agctagttgg tagtcctceg geccctgaat geggctaatce ctaactgegg 2520
agcacacacc ctcaagccag agggcagtgt gtegtaacgg gcaactctge agcggaaccg 2580
actactttgg gtgtccgtgt ttcattttat tcctatactg gctgcttatg gtgacaattg 2640
agagatcgtt accatatagc tattggattg gccatccggt gactaataga gctattatat 2700
atccctttgt tgggtttata ccacttagct tgaaagaggt taaaacatta caattcattg 2760
ttaagttgaa tacagcaaaa tggaaggctg gtacctggtce gtgctgggcg tgtgttacac 2820
cctaacactg gccatgecca agaccatcta cgaaacacce ctgatggaaa gcegggtggag 2880
tgacaccgcee cacggagtgg gagagatccce catgaagacce gatctggage tggacttcag 2940
cctgectage tcctcaaget acagctacag acggaagetyg accaacccecyg ctaacaaaga 3000
ggaaagcatc ccgttccact tccagatgga aaagcaagtg atccacgctg agatccagcc 3060
tctgggacac tggatggacg ctaccttcaa tatcaagacc gcctttcact gctacggcege 3120
ctgccagaaa tattcttacc cctggcagac ctccaagtgt tttttcgaga aagactacca 3180
gtacgagaca ggatggggtt gcaaccctgg cgactgecct ggagtgggca ccggatgcac 3240
cgectgeggt gtgtacctag ataagctgaa gtctgttggg aaggcctaca agatcattte 3300
tctgaagtac acaagaaagg tgtgcatcca getgggcacce gagcaaacct gcaagcacat 3360
cgatgctaac gactgtcteg tcacccccag tgtgaaggtg tgcatcgtgg gcacagtgag 3420
caaacttcag cctagcgaca ccctgcetgtt cctgggacca cttgagcagg gcggaatcat 3480
cctgaagcag tggtgcacca cctectgege ctteggegat cctggcgaca tcatgagcac 3540
ccettetgge atgagatgec cagagcacac aggcagctte agaaagatct gtggettcege 3600
cactacccce gtgtgtgagt accaaggcaa caccatctct ggatataage ggatgatgge 3660
caccaaggac agcttccaaa gcttcaacct gactgaacct catataacaa caaacaagct 3720
ggagtggatc gacccggatg gcaacaccag agaccacgtg aacctggtgce tgaacagaga 3780
tgtctectte caggatctga gcgataacce ctgtaaagtg gacctccata cccaggccat 3840
cgagggcgcet tggggcageg gegttggett taccctgaca tgtaccgtgg gactgaccga 3900
atgccctage tttatgacat ctatcaaagc ctgtgatctg gccatgtgct acggcagcac 3960
cgtgactaac ctggctagag gctctaatac cgtcaaggtg gtgggcaaag gcggccacte 4020
cggctcectage tttaagtgcect gccacgacac cgactgcage agcgagggcce tgctggccag 4080
cgcececacat ctggageggg tgaccggett caaccagate gacagcgaca aggtatacga 4140
cgacggtgcce cctecttgeca catttaagtg ctggttcace aagtccggeg agtggetget 4200
gggcatcctt aacggcaatt ggatcgtggt ggtggtgctg gtggtgatcc tgatcctgte 4260
aatcattatg ttcagcgtgc tgtgccctcecg gagaggccac aagaaaaccg tctgacaage 4320
acgcagcaat gcagctcaaa acgcttagec tagccacace cccacgggaa acagcagtga 4380
ttaaccttta gcaataaacg aaagtttaac taagctatac taaccccagg gttggtcaat 4440
ttegtgecag ccacaccetg gtactgcatg cacgcaatge tagcetgccce tttcecegtee 4500
tgggtaccce gagtctcecece cgaccteggg tceccaggtat gcectceccacct ccacctgece 4560
cactcaccac ctctgctagt tccagacacce tccaaaaaaa aaaaaaaaaa aaaaaaaaaa 4620
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 4680
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aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaagatatca aaaaaaaaaa aaaaaaaaaa 4740

aaaaaaaaat tcgaaaaa 4758
SEQ ID NO: 4 moltype = AA length = 651
FEATURE Location/Qualifiers
REGION 1..651
note = recombinant polypeptide
source 1..651

mol type = protein

organism = synthetic construct
SEQUENCE: 4
MEGWYLVVLG VCYTLTLAMP KTIYELKMEC PHTVGLGQGY IIGSTELGLI SIEAASDIKL 60
ESSCNFDLHT TSMAQKSFTQ VEWRKKSDTT DTTNAASTTF EAQTKTVNLR GTCILAPELY 120
DTLKKVKKTV LCYDLTCNQT HCQPTVYLIA PVLTCMSIRS CMASVFTSRI QVIYEKTHCV 180
TGQLIEGQCF NPAHTLTLSQ PAHTYDTVTL PISCFFTPKK SEQLKVIKTF EGILTKTGCT 240
ENALQGYYVC FLGSHSEPLI VPSLEDIRSA EVVSRMLVHP RGEDHDAIQN SQSHLRIVGP 300
ITAKVPSTSS TDTLKGTAFA GVPMYSSLST LVRNADPEFV FSPGIVPESN HSTCDKKTVP 360
ITWTGYLPIS GEMEKVTGCT VFCTLAGPGA SCEAYSENGI FNISSPTCLV NKVQRFRGSE 420
QKINFICQRV DQDVVVYCNG QKKVILTKTL VIGQCIYTFT SLFSLMPDVA HSLAVELCVP 480
GLHGWATVML LSTFCFGWVL IPAVTLIILK CLRVLTFSCS HYTNESKFKF ILEKVKIEYQ 540
KTMGSMVCDV CHHECETAKE LESHRQSCIN GQCPYCMTIT EATESALQAH YSICKLTGRF 600

QEALKKSLKK PEVKKGCYRT LGVFRYKSRC YVGLVWCLLL TCEIVIWAAS A 651
SEQ ID NO: 5 moltype = AA length = 511
FEATURE Location/Qualifiers
REGION 1..511
note = recombinant polypeptide
source 1..511

mol type = protein

organism = synthetic construct
SEQUENCE: 5
MEGWYLVVLG VCYTLTLAMP KTIYETPLME SGWSDTAHGV GEIPMKTDLE LDFSLPSSSS 60
YSYRRKLTNP ANKEESIPFH FQMEKQVIHA EIQPLGHWMD ATFNIKTAFH CYGACQKYSY 120
PWQTSKCFFE KDYQYETGWG CNPGDCPGVG TGCTACGVYL DKLKSVGKAY KIISLKYTRK 180
VCIQLGTEQT CKHIDANDCL VTPSVKVCIV GTVSKLQPSD TLLFLGPLEQ GGIILKQWCT 240
TSCAFGDPGD IMSTPSGMRC PEHTGSFRKI CGFATTPVCE YQGNTISGYK RMMATKDSFQ 300
SFNLTEPHIT TNKLEWIDPD GNTRDHVNLV LNRDVSFQDL SDNPCKVDLH TQAIEGAWGS 360
GVGFTLTCTV GLTECPSFMT SIKACDLAMC YGSTVTNLAR GSNTVKVVGK GGHSGSSFKC 420
CHDTDCSSEG LLASAPHLER VTGFNQIDSD KVYDDGAPPC TFKCWFTKSG EWLLGILNGN 480

WIVVVVLVVI LILSIIMFSV LCPRRGHKKT V 511
SEQ ID NO: 6 moltype = DNA length = 4687
FEATURE Location/Qualifiers
misc_feature 1..4687
note = artificial polynuceotide
source 1..4687

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 6

gataatacga ctcactatag ggagaccctc gaccgtcgat tgtccactgg tcaacaatag 60
atgacttaca actaatcgga aggtgcagag actcgacggg agctacccta acgtcaagac 120
gagggtaaag agagagtcca attctcaaag ccaataggca gtagcgaaag ctgcaagaga 180
atgaaaatcc gttgacctta aacggtegtg tgggttcaag tccectccace cccacgecgg 240
aaacgcaata gccgaaaaac aaaaaacaaa aaaaacaaaa aaaaaaccaa aaaaacaaaa 300
cacattaaaa cagcctgtgg gttgatccca cecacaggece cattgggege tagcactctg 360
gtatcacggt acctttgtge gcectgtttta tacccectcee cccaactgta acttagaagt 420
aacacacacc gatcaacagt cagcgtggca caccagccac gttttgatca agcacttctg 480
ttaccccgga ctgagtatca atagactget cacgeggttyg aaggagaaag cgttegttat 540
ccggecaact acttcgaaaa acctagtaac accgtggaag ttgcagagtyg tttegetcag 600
cactacccca gtgtagatca ggtcgatgag tcaccgcatt ccccacggge gaccgtggeg 660
gtggcetgegt tggeggcectyg cccatgggga aacccatggg acgctctaat acagacatgg 720
tgcgaagagt ctattgagct agttggtagt cctccggece ctgaatgegyg ctaatcctaa 780
ctgcggagea cacaccctca agccagaggg cagtgtgteg taacgggcaa ctctgcageg 840
gaaccgacta ctttgggtgt ccgtgtttca ttttattcet atactggectg cttatggtga 900
caattgagag atcgttacca tatagctatt ggattggcca tccggtgact aatagagcta 960
ttatatatcc ctttgttggg tttataccac ttagcttgaa agaggttaaa acattacaat 1020
tcattgttaa gttgaataca gcaaaatgga aggctggtac ctggtcgtge tgggegtgtg 1080
ttacacccta acactggcca tgcccaagac catctacgag ctgaagatgg aatgccctca 1140
caccgtgggce ctcggccagg gatatatcat tggcagcace gagctgggcce tgatcagcat 1200
cgaggctgece tccgacatca agctggaatc tagctgcaac ttcgacctge acaccacatce 1260
catggctcaa aaaagcttca cccaggtgga atggcggaag aagagcgaca ccacagacac 1320
aactaacgct gccagcacaa cctttgaage ccagaccaaa actgtgaatc tgcggggcac 1380
ctgtatcctg gectectgaac tgtacgatac actgaagaag gtgaagaaaa cagtgctttg 1440
ttatgacctg acctgcaacc agacacactg ccagcctaca gtgtacctga tcgccectgt 1500
gctcacatge atgagcatca gaagttgcat ggccagcgtg ttcacaagca gaatccaggt 1560
gatctacgag aagacacact gcgtgaccgg acagctcatc gagggccaat gtttcaacce 1620
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cgcccacace ctgaccctga gecagectge ccacacctac gacaccgtga cactgectat 1680
aagctgcecttce ttcaccccaa agaagagcga acagctgaag gtgattaaga cattcgaggg 1740
catcctgact aagaccggct gcacagaaaa cgccctgcag ggctactacg tgtgettceccet 1800
gggcagccac tctgagccce tgatcgtgec ctcectetggaa gacatcagat ccgecgaagt 1860
ggtatctaga atgcttgtge accccecgtgg cgaggatcac gatgccatcc agaactcaca 1920
gagccacctyg cggatcegtgg gccctatcac cgccaaggtg ccttctacca gcagcaccga 1980
caccctgaag ggcacagcat ttgccggcegt gccaatgtac agcagtctga gcacactggt 2040
cagaaacgcg gaccctgaat tcgtgttcag ceccggcate gtgectgaga gcaaccacag 2100
cacctgtgac aagaagaccg tgccgatcac ctggaccggce tacctgcecta tctcececggcga 2160
aatggaaaaa gttacaggat gcacggtgtt ctgcaccctg gccggecccg gagccagctg 2220
cgaggcctac tccgagaacg gaatcttcaa tatcagcage cctacctgcc tggtgaacaa 2280
ggtgcagegy ttecggggca gcgagcagaa gatcaacttce atctgccaga gagtggacca 2340
ggacgtggtyg gtctactgca atggacagaa aaaggtgatc ctgaccaaga cactggtgat 2400
cggccagtgt atctacacat ttaccagcct gttctcectg atgectgatg tggcccacag 2460
cctggetgtt gagctgtgtg tgcctggect gcacggetgg gccacggtga tgctgttaag 2520
caccttetge ttcecggctggg tectgatccee cgctgtgaca ctgattatce ttaagtgect 2580
gagagtgctg acattttctt gtagccacta caccaacgag tccaagttca agttcatcct 2640
ggagaaggtyg aagatcgagt accagaagac catgggcagc atggtgtgcg acgtgtgtca 2700
ccacgagtgce gagactgcca aggaactcga atcccacaga cagagctgca tcaacggcca 2760
gtgteccttac tgcatgacca tcaccgaggce tacagagtct gccctgcagg cccattacag 2820
catctgcaag ctgaccggta gattccagga ggccctgaag aaatctctga aaaagcctga 2880
ggtgaaaaag ggctgttacc gcaccctggg cgtgttcaga tacaagagca gatgttacgt 2940
gggcttggtyg tggtgcctge tgctgacttg tgagatcgtg atctgggccg ccagcgecga 3000
aacacccctg atggaaagcg ggtggagtga caccgcccac ggagtgggag agatccccat 3060
gaagaccgat ctggagctgg acttcagecct gectagctec tcaagctaca gctacagacg 3120
gaagctgacce aaccccgcta acaaagagga aagcatcccg ttccacttcc agatggaaaa 3180
gcaagtgatc cacgctgaga tccagcectcect gggacactgg atggacgcta ccttcaatat 3240
caagaccgcce tttcactget acggcgectg ccagaaatat tcttaccect ggcagaccte 3300
caagtgtttt ttcgagaaag actaccagta cgagacagga tggggttgca accctggcga 3360
ctgcecetgga gtgggcaccg gatgcaccge ctgeggtgtg tacctagata agctgaagte 3420
tgttgggaag gcctacaaga tcatttctcet gaagtacaca agaaaggtgt gcatccaget 3480
gggcaccgag caaacctgca agcacatcga tgctaacgac tgtctcegtca cccccagtgt 3540
gaaggtgtgc atcgtgggca cagtgagcaa acttcagcct agcgacaccce tgctgttect 3600
gggaccactt gagcagggcg gaatcatcct gaagcagtgg tgcaccacct cctgecgectt 3660
cggcgatect ggcgacatca tgagcacccee ttetggcatyg agatgcccag agcacacagg 3720
cagcttcaga aagatctgtg gcecttegeccac taccccegtg tgtgagtacce aaggcaacac 3780
catctctgga tataagcgga tgatggccac caaggacagce ttccaaagct tcaacctgac 3840
tgaacctcat ataacaacaa acaagctgga gtggatcgac ccggatggca acaccagaga 3900
ccacgtgaac ctggtgctga acagagatgt ctcctteccag gatctgageg ataacccctg 3960
taaagtggac ctccataccc aggccatcga gggcgcttgg ggcageggceg ttggetttac 4020
cctgacatgt accgtgggac tgaccgaatg ccctagcttt atgacatcta tcaaagcctg 4080
tgatctggcce atgtgctacg gcagcaccgt gactaacctg gctagaggct ctaataccgt 4140
caaggtggtg ggcaaaggcg gccactccgg ctctagettt aagtgectgcce acgacaccga 4200
ctgcagcage gagggectge tggccagege cecacatctyg gagegggtga ccggettcaa 4260
ccagatcgac agcgacaagg tatacgacga cggtgcccecct ccttgcacat ttaagtgctg 4320
gttcaccaag tccggcgagt ggcetgctggg catccttaac ggcaattgga tcgtggtggt 4380
ggtgctggtyg gtgatcctga tcctgtcaat cattatgtte agegtgctgt gcectcggag 4440
aggccacaag aaaaccgtct gaaaaaaaac aaaaaacaaa acggctatta tgcgttaccg 4500
gcgagacgct acggacttaa ataattgagc cttaaagaag aaattcttta agtggatgct 4560
ctcaaactca gggaaaccta aatctagtta tagacaaggc aatcctgagc caagccgaag 4620
tagtaattag taagaccagt ggacaatcga cggataacag catatctagg atatcaaaag 4680

gatccaa 4687
SEQ ID NO: 7 moltype = DNA length = 5503
FEATURE Location/Qualifiers
misc_feature 1..5503
note = artificial polynucleotide
source 1..5503

mol type = other DNA

orggnism = synthetic construct
SEQUENCE: 7
gataatacga ctcactatag ggagaccctc gaccgtcgat tgtccactgg tcaacaatag 60
atgacttaca actaatcgga aggtgcagag actcgacggg agctacccta acgtcaagac 120
gagggtaaag agagagtcca attctcaaag ccaataggca gtagcgaaag ctgcaagaga 180
atgaaaatcc gttgacctta aacggtegtg tgggttcaag tccectccace cccacgecgg 240
aaacgcaata gccgaaaaac aaaaaacaaa aaaaacaaaa aaaaaaccaa aaaaacaaaa 300
cacattaaaa cagcctgtgg gttgatccca cecacaggece cattgggege tagcactctg 360
gtatcacggt acctttgtge gcectgtttta tacccectcee cccaactgta acttagaagt 420
aacacacacc gatcaacagt cagcgtggca caccagccac gttttgatca agcacttctg 480
ttaccccgga ctgagtatca atagactget cacgeggttyg aaggagaaag cgttegttat 540
ccggecaact acttcgaaaa acctagtaac accgtggaag ttgcagagtyg tttegetcag 600
cactacccca gtgtagatca ggtcgatgag tcaccgcatt ccccacggge gaccgtggeg 660
gtggcetgegt tggeggcectyg cccatgggga aacccatggg acgctctaat acagacatgg 720
tgcgaagagt ctattgagct agttggtagt cctccggece ctgaatgegyg ctaatcctaa 780
ctgcggagea cacaccctca agccagaggg cagtgtgteg taacgggcaa ctctgcageg 840
gaaccgacta ctttgggtgt ccgtgtttca ttttattcet atactggectg cttatggtga 900
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caattgagag atcgttacca tatagctatt ggattggcca tccggtgact aatagagcta 960
ttatatatcc ctttgttggg tttataccac ttagcttgaa agaggttaaa acattacaat 1020
tcattgttaa gttgaataca gcaaaatgga aggctggtac ctggtcgtge tgggegtgtg 1080
ttacacccta acactggcca tgcccaagac catctacgag ctgaagatgg aatgccctca 1140
caccgtgggce ctcggccagg gatatatcat tggcagcace gagctgggcce tgatcagcat 1200
cgaggctgece tccgacatca agctggaatc tagctgcaac ttcgacctge acaccacatce 1260
catggctcaa aaaagcttca cccaggtgga atggcggaag aagagcgaca ccacagacac 1320
aactaacgct gccagcacaa cctttgaage ccagaccaaa actgtgaatc tgcggggcac 1380
ctgtatcctg gectectgaac tgtacgatac actgaagaag gtgaagaaaa cagtgctttg 1440
ttatgacctg acctgcaacc agacacactg ccagcctaca gtgtacctga tcgccectgt 1500
gctcacatge atgagcatca gaagttgcat ggccagcgtg ttcacaagca gaatccaggt 1560
gatctacgag aagacacact gcgtgaccgg acagctcatc gagggccaat gtttcaacce 1620
cgcccacace ctgaccctga gecagectge ccacacctac gacaccgtga cactgectat 1680
aagctgcecttce ttcaccccaa agaagagcga acagctgaag gtgattaaga cattcgaggg 1740
catcctgact aagaccggct gcacagaaaa cgccctgcag ggctactacg tgtgettceccet 1800
gggcagccac tctgagccce tgatcgtgec ctcectetggaa gacatcagat ccgecgaagt 1860
ggtatctaga atgcttgtge accccecgtgg cgaggatcac gatgccatcc agaactcaca 1920
gagccacctyg cggatcegtgg gccctatcac cgccaaggtg ccttctacca gcagcaccga 1980
caccctgaag ggcacagcat ttgccggcegt gccaatgtac agcagtctga gcacactggt 2040
cagaaacgcg gaccctgaat tcgtgttcag ceccggcate gtgectgaga gcaaccacag 2100
cacctgtgac aagaagaccg tgccgatcac ctggaccggce tacctgcecta tctcececggcga 2160
aatggaaaaa gttacaggat gcacggtgtt ctgcaccctg gccggecccg gagccagctg 2220
cgaggcctac tccgagaacg gaatcttcaa tatcagcage cctacctgcc tggtgaacaa 2280
ggtgcagegy ttecggggca gcgagcagaa gatcaacttce atctgccaga gagtggacca 2340
ggacgtggtyg gtctactgca atggacagaa aaaggtgatc ctgaccaaga cactggtgat 2400
cggccagtgt atctacacat ttaccagcct gttctcectg atgectgatg tggcccacag 2460
cctggetgtt gagctgtgtg tgcctggect gcacggetgg gccacggtga tgctgttaag 2520
caccttetge ttcecggctggg tectgatccee cgctgtgaca ctgattatce ttaagtgect 2580
gagagtgctg acattttctt gtagccacta caccaacgag tccaagttca agttcatcct 2640
ggagaaggtyg aagatcgagt accagaagac catgggcagc atggtgtgcg acgtgtgtca 2700
ccacgagtgce gagactgcca aggaactcga atcccacaga cagagctgca tcaacggcca 2760
gtgteccttac tgcatgacca tcaccgaggce tacagagtct gccctgcagg cccattacag 2820
catctgcaag ctgaccggta gattccagga ggccctgaag aaatctctga aaaagcctga 2880
ggtgaaaaag ggctgttacc gcaccctggg cgtgttcaga tacaagagca gatgttacgt 2940
gggcttggtyg tggtgcctge tgctgacttg tgagatcgtg atctgggccg ccagcgectg 3000
attaaaacag cctgtgggtt gatcccaccce acaggcccat tgggcgctag cactctggta 3060
tcacggtacc tttgtgcgec tgttttatac cccctceccce aactgtaact tagaagtaac 3120
acacaccgat caacagtcag cgtggcacac cagccacgtt ttgatcaagc acttctgtta 3180
ccecggactg agtatcaata gactgctcac gcggttgaag gagaaagcegt tcgttatceg 3240
gccaactact tcgaaaaacc tagtaacacc gtggaagttg cagagtgttt cgctcagcac 3300
taccccagtg tagatcaggt cgatgagtca ccgcattcce cacgggcgac cgtggeggtg 3360
gctgegttgg cggectgcecce atggggaaac ccatgggacg ctctaataca gacatggtge 3420
gaagagtcta ttgagctagt tggtagtcct ccggcccctg aatgcggcta atcctaactg 3480
cggagcacac accctcaagce cagagggcag tgtgtcegtaa cgggcaactce tgcagcggaa 3540
ccgactactt tgggtgtcecg tgtttcattt tattcctata ctggctgctt atggtgacaa 3600
ttgagagatc gttaccatat agctattgga ttggccatce ggtgactaat agagctatta 3660
tatatccctt tgttgggttt ataccactta gcttgaaaga ggttaaaaca ttacaattca 3720
ttgttaagtt gaatacagca aaatggaagg ctggtacctg gtcgtgctgg gecgtgtgtta 3780
caccctaaca ctggecatge ccaagaccat ctacgaaaca cccectgatgyg aaagegggtyg 3840
gagtgacacc gcccacggag tgggagagat ccccatgaag accgatctgg agetggactt 3900
cagcctgect agctectcaa gectacageta cagacggaag ctgaccaacce ccgctaacaa 3960
agaggaaagc atcccgttcecc acttccagat ggaaaagcaa gtgatccacg ctgagatcca 4020
gcctetggga cactggatgg acgctacctt caatatcaag accgcectttce actgctacgg 4080
cgectgecag aaatattcectt acccecctggca gacctccaag tgtttttteg agaaagacta 4140
ccagtacgag acaggatggg gttgcaacce tggcgactge cctggagtgyg gcaccggatg 4200
caccgectge ggtgtgtacce tagataagct gaagtctgtt gggaaggcct acaagatcat 4260
ttctctgaag tacacaagaa aggtgtgcat ccagctggge accgagcaaa cctgcaagca 4320
catcgatgct aacgactgtc tecgtcacccce cagtgtgaag gtgtgcatcg tgggcacagt 4380
gagcaaactt cagcctagcg acaccctget gttcectggga ccacttgagce agggcggaat 4440
catcctgaag cagtggtgca ccacctectg cgeccttegge gatcctggeg acatcatgag 4500
cacccettet ggcatgagat gcccagagca cacaggcagce ttcagaaaga tctgtggett 4560
cgccactacce ceccgtgtgtyg agtaccaagg caacaccatce tctggatata agcggatgat 4620
ggccaccaag gacagcttcece aaagcttcaa cctgactgaa cctcatataa caacaaacaa 4680
getggagtygyg atcgacccegg atggcaacac cagagaccac gtgaacctgg tgctgaacag 4740
agatgtctcce ttccaggatc tgagcgataa cccctgtaaa gtggacctcecce atacccagge 4800
catcgagggce gcttggggca geggegttgg ctttaccctg acatgtaccg tgggactgac 4860
cgaatgccct agctttatga catctatcaa agcctgtgat ctggccatgt gctacggcag 4920
caccgtgact aacctggcta gaggctctaa taccgtcaag gtggtgggca aaggcggcca 4980
ctceggetet agetttaagt getgccacga caccgactge agcagcgagg gectgetgge 5040
cagcgeccca catctggage gggtgaccgg cttcaaccag atcgacageyg acaaggtata 5100
cgacgacggt gcccctcecectt gcacatttaa gtgectggtte accaagtceccg gecgagtgget 5160
gctgggcate cttaacggca attggatcgt ggtggtggtg ctggtggtga tcecctgatcect 5220
gtcaatcatt atgttcagcg tgctgtgccce tcggagaggce cacaagaaaa ccgtctgaaa 5280
aaaaacaaaa aacaaaacgg ctattatgcg ttaccggcga gacgctacgg acttaaataa 5340
ttgagcctta aagaagaaat tctttaagtg gatgctctca aactcaggga aacctaaatc 5400
tagttataga caaggcaatc ctgagccaag ccgaagtagt aattagtaag accagtggac 5460
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aatcgacgga taacagcata tctaggatat caaaaggatc caa 5503
SEQ ID NO: 8 moltype = DNA length = 3226
FEATURE Location/Qualifiers
misc_feature 1..3226
note = artificial polynucleotide
source 1..3226

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 8
gataatacga ctcactatag ggagaccctc gaccgtcgat tgtccactgg tcaacaatag 60
atgacttaca actaatcgga aggtgcagag actcgacggg agctacccta acgtcaagac 120
gagggtaaag agagagtcca attctcaaag ccaataggca gtagcgaaag ctgcaagaga 180
atgaaaatcc gttgacctta aacggtegtg tgggttcaag tccectccace cccacgecgg 240
aaacgcaata gccgaaaaac aaaaaacaaa aaaaacaaaa aaaaaaccaa aaaaacaaaa 300
cacattaaaa cagcctgtgg gttgatccca cecacaggece cattgggege tagcactctg 360
gtatcacggt acctttgtge gcectgtttta tacccectcee cccaactgta acttagaagt 420
aacacacacc gatcaacagt cagcgtggca caccagccac gttttgatca agcacttctg 480
ttaccccgga ctgagtatca atagactget cacgeggttyg aaggagaaag cgttegttat 540
ccggecaact acttcgaaaa acctagtaac accgtggaag ttgcagagtyg tttegetcag 600
cactacccca gtgtagatca ggtcgatgag tcaccgcatt ccccacggge gaccgtggeg 660
gtggcetgegt tggeggcectyg cccatgggga aacccatggg acgctctaat acagacatgg 720
tgcgaagagt ctattgagct agttggtagt cctccggece ctgaatgegyg ctaatcctaa 780
ctgcggagea cacaccctca agccagaggg cagtgtgteg taacgggcaa ctctgcageg 840
gaaccgacta ctttgggtgt ccgtgtttca ttttattcet atactggectg cttatggtga 900
caattgagag atcgttacca tatagctatt ggattggcca tccggtgact aatagagcta 960
ttatatatcc ctttgttggg tttataccac ttagcttgaa agaggttaaa acattacaat 1020
tcattgttaa gttgaataca gcaaaatgga aggctggtac ctggtcgtge tgggegtgtg 1080
ttacacccta acactggcca tgcccaagac catctacgag ctgaagatgg aatgccctca 1140
caccgtgggce ctcggccagg gatatatcat tggcagcace gagctgggcce tgatcagcat 1200
cgaggctgece tccgacatca agctggaatc tagctgcaac ttcgacctge acaccacatce 1260
catggctcaa aaaagcttca cccaggtgga atggcggaag aagagcgaca ccacagacac 1320
aactaacgct gccagcacaa cctttgaage ccagaccaaa actgtgaatc tgcggggcac 1380
ctgtatcctg gectectgaac tgtacgatac actgaagaag gtgaagaaaa cagtgctttg 1440
ttatgacctg acctgcaacc agacacactg ccagcctaca gtgtacctga tcgccectgt 1500
gctcacatge atgagcatca gaagttgcat ggccagcgtg ttcacaagca gaatccaggt 1560
gatctacgag aagacacact gcgtgaccgg acagctcatc gagggccaat gtttcaacce 1620
cgcccacace ctgaccctga gecagectge ccacacctac gacaccgtga cactgectat 1680
aagctgcecttce ttcaccccaa agaagagcga acagctgaag gtgattaaga cattcgaggg 1740
catcctgact aagaccggct gcacagaaaa cgccctgcag ggctactacg tgtgettceccet 1800
gggcagccac tctgagccce tgatcgtgec ctcectetggaa gacatcagat ccgecgaagt 1860
ggtatctaga atgcttgtge accccecgtgg cgaggatcac gatgccatcc agaactcaca 1920
gagccacctyg cggatcegtgg gccctatcac cgccaaggtg ccttctacca gcagcaccga 1980
caccctgaag ggcacagcat ttgccggcegt gccaatgtac agcagtctga gcacactggt 2040
cagaaacgcg gaccctgaat tcgtgttcag ceccggcate gtgectgaga gcaaccacag 2100
cacctgtgac aagaagaccg tgccgatcac ctggaccggce tacctgcecta tctcececggcga 2160
aatggaaaaa gttacaggat gcacggtgtt ctgcaccctg gccggecccg gagccagctg 2220
cgaggcctac tccgagaacg gaatcttcaa tatcagcage cctacctgcc tggtgaacaa 2280
ggtgcagegy ttecggggca gcgagcagaa gatcaacttce atctgccaga gagtggacca 2340
ggacgtggtyg gtctactgca atggacagaa aaaggtgatc ctgaccaaga cactggtgat 2400
cggccagtgt atctacacat ttaccagcct gttctcectg atgectgatg tggcccacag 2460
cctggetgtt gagctgtgtg tgcctggect gcacggetgg gccacggtga tgctgttaag 2520
caccttetge ttcecggctggg tectgatccee cgctgtgaca ctgattatce ttaagtgect 2580
gagagtgctg acattttctt gtagccacta caccaacgag tccaagttca agttcatcct 2640
ggagaaggtyg aagatcgagt accagaagac catgggcagc atggtgtgcg acgtgtgtca 2700
ccacgagtgce gagactgcca aggaactcga atcccacaga cagagctgca tcaacggcca 2760
gtgteccttac tgcatgacca tcaccgaggce tacagagtct gccctgcagg cccattacag 2820
catctgcaag ctgaccggta gattccagga ggccctgaag aaatctctga aaaagcctga 2880
ggtgaaaaag ggctgttacc gcaccctggg cgtgttcaga tacaagagca gatgttacgt 2940
gggcttggtyg tggtgcctge tgctgacttg tgagatcgtg atctgggccg ccagcgectg 3000
aaaaaaaaca aaaaacaaaa cggctattat gegttacegyg cgagacgcta cggacttaaa 3060
taattgagcc ttaaagaaga aattctttaa gtggatgctce tcaaactcag ggaaacctaa 3120
atctagttat agacaaggca atcctgagcc aagccgaagt agtaattagt aagaccagtg 3180

gacaatcgac ggataacagc atatctagga tatcaaaagg atccaa 3226
SEQ ID NO: 9 moltype = DNA length = 2806
FEATURE Location/Qualifiers
misc_feature 1..2806
note = artificial polynucleotide
source 1..2806

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 9
gataatacga ctcactatag ggagaccctc gaccgtcgat tgtccactgg tcaacaatag 60
atgacttaca actaatcgga aggtgcagag actcgacggg agctacccta acgtcaagac 120
gagggtaaag agagagtcca attctcaaag ccaataggca gtagcgaaag ctgcaagaga 180
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atgaaaatcc gttgacctta aacggtegtg tgggttcaag tccectccace cccacgecgg 240
aaacgcaata gccgaaaaac aaaaaacaaa aaaaacaaaa aaaaaaccaa aaaaacaaaa 300
cacattaaaa cagcctgtgg gttgatccca cecacaggece cattgggege tagcactctg 360
gtatcacggt acctttgtge gcectgtttta tacccectcee cccaactgta acttagaagt 420
aacacacacc gatcaacagt cagcgtggca caccagccac gttttgatca agcacttctg 480
ttaccccgga ctgagtatca atagactget cacgeggttyg aaggagaaag cgttegttat 540
ccggecaact acttcgaaaa acctagtaac accgtggaag ttgcagagtyg tttegetcag 600
cactacccca gtgtagatca ggtcgatgag tcaccgcatt ccccacggge gaccgtggeg 660
gtggcetgegt tggeggcectyg cccatgggga aacccatggg acgctctaat acagacatgg 720
tgcgaagagt ctattgagct agttggtagt cctccggece ctgaatgegyg ctaatcctaa 780
ctgcggagea cacaccctca agccagaggg cagtgtgteg taacgggcaa ctctgcageg 840
gaaccgacta ctttgggtgt ccgtgtttca ttttattcet atactggectg cttatggtga 900
caattgagag atcgttacca tatagctatt ggattggcca tccggtgact aatagagcta 960
ttatatatcc ctttgttggg tttataccac ttagcttgaa agaggttaaa acattacaat 1020
tcattgttaa gttgaataca gcaaaatgga aggctggtac ctggtcgtge tgggegtgtg 1080
ttacacccta acactggcca tgcccaagac catctacgaa acacccctga tggaaagcegg 1140
gtggagtgac accgcccacg gagtgggaga gatccccatg aagaccgatc tggagctgga 1200
cttcagectg cctagcectect caagctacag ctacagacgg aagctgacca accccegctaa 1260
caaagaggaa agcatccecgt tccacttcca gatggaaaag caagtgatcc acgctgagat 1320
ccagcctetg ggacactgga tggacgctac cttcaatatce aagaccgcect ttcactgecta 1380
cggcgectge cagaaatatt cttacccctg gcagacctcece aagtgttttt tcgagaaaga 1440
ctaccagtac gagacaggat ggggttgcaa ccctggcgac tgccectggag tgggcaccgg 1500
atgcaccgcece tgcggtgtgt acctagataa gctgaagtct gttgggaagg cctacaagat 1560
catttctectg aagtacacaa gaaaggtgtg catccagctg ggcaccgagce aaacctgcaa 1620
gcacatcgat gctaacgact gtctcecgtcac ccccagtgtg aaggtgtgca tcgtgggcac 1680
agtgagcaaa cttcagccta gcgacaccct gctgttectg ggaccacttg agcagggcgg 1740
aatcatcctg aagcagtggt gcaccacctc ctgecgcectte ggcgatcctg gecgacatcat 1800
gagcaccecet tcectggcatga gatgcccaga gcacacaggce agcttcagaa agatctgtgg 1860
cttecgecact accceccgtgt gtgagtacca aggcaacacce atctctggat ataagcggat 1920
gatggccacc aaggacagct tccaaagctt caacctgact gaacctcata taacaacaaa 1980
caagctggag tggatcgacce cggatggcaa caccagagac cacgtgaacc tggtgctgaa 2040
cagagatgtc tccttccagg atctgagcga taacccctgt aaagtggacc tccataccca 2100
ggccatcgag ggcgcttggg gcagecggegt tggctttace ctgacatgta ccgtgggact 2160
gaccgaatgce cctagcttta tgacatctat caaagcctgt gatctggcca tgtgctacgg 2220
cagcaccgtg actaacctgg ctagaggctc taataccgte aaggtggtgg gcaaaggcgg 2280
ccactcegge tctagettta agtgctgcca cgacaccgac tgcagcagcg agggectget 2340
ggccagegee ccacatctgg agcgggtgac cggcttcaac cagatcgaca gcgacaaggt 2400
atacgacgac ggtgccccte cttgcacatt taagtgctgg ttcaccaagt ccggcgagtg 2460
gctgetggge atccttaacg gcaattggat cgtggtggtg gtgetggtgg tgatcctgat 2520
cctgtcaatce attatgttca gegtgetgtg ccctcggaga ggccacaaga aaaccgtctg 2580
aaaaaaaaca aaaaacaaaa cggctattat gegttacegg cgagacgcta cggacttaaa 2640
taattgagcc ttaaagaaga aattctttaa gtggatgctce tcaaactcag ggaaacctaa 2700
atctagttat agacaaggca atcctgagcc aagccgaagt agtaattagt aagaccagtg 2760

gacaatcgac ggataacagc atatctagga tatcaaaagg atccaa 2806
SEQ ID NO: 10 moltype = AA length = 5
FEATURE Location/Qualifiers
REGION 1..5
note = artificial peptide
source 1..5

mol type = protein
organism = synthetic construct
SEQUENCE: 10

WAASA 5
SEQ ID NO: 11 moltype = AA length = 22
FEATURE Location/Qualifiers
REGION 1..22
note = artificial peptide
source 1..22

mol type = protein
organism = synthetic construct
SEQUENCE: 11

GSGATNFSLL KQAGDVEENP GP 22
SEQ ID NO: 12 moltype = DNA length = 66
FEATURE Location/Qualifiers
misc_feature 1..66
note = artificial polynucleotide
source 1..66

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 12
ggaagcggayg ctactaactt cagectgetg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
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SEQ ID NO: 13 moltype = RNA length = 3867
FEATURE Location/Qualifiers
misc_feature 1..3867
note = artificial polynucleotide
source 1..3867

mol_type = other RNA
organism = synthetic construct

SEQUENCE: 13

ctagtagtag actccgcaag aagaagcaaa aaattaaaga agtgagttta aaatggaagg
ctggtacctyg gtcegtgetgg gegtgtgtta caccctaaca ctggccatge ccaagaccat
ctacgagctyg aagatggaat gccctcacac cgtgggecte ggecagggat atatcattgg
cagcaccgag ctgggectga tcagcatcga ggctgcectece gacatcaage tggaatctag
ctgcaactte gacctgcaca ccacatccat ggctcaaaaa agcttcacce aggtggaatg
gcggaagaag agcgacacca cagacacaac taacgctgec agcacaacct ttgaagccca
gaccaaaact gtgaatctgce ggggcacctg tatcctgget cctgaactgt acgatacact
gaagaaggtyg aagaaaacag tgctttgtta tgacctgacc tgcaaccaga cacactgcca
gectacagtyg tacctgatceg cccectgtgcet cacatgecatg agcatcagaa gttgcatgge
cagcegtgtte acaagcagaa tccaggtgat ctacgagaag acacactgeg tgaccggaca
gctecatcgag ggccaatgtt tcaaccccge ccacaccctg accctgagec agectgecca
cacctacgac accgtgacac tgcctataag ctgcttctte accccaaaga agagcgaaca
gctgaaggtyg attaagacat tcgagggcat cctgactaag accggctgca cagaaaacgce
cctgecaggge tactacgtgt getteetggg cagecactet gageccctga tcegtgeccte
tctggaagac atcagatccg ccgaagtggt atctagaatg cttgtgcacce cccgtggcga
ggatcacgat gccatccaga actcacagag ccacctgegg atcgtgggec ctatcaccege
caaggtgcct tctaccagca gcaccgacac cctgaaggge acagcatttyg ccggegtgece
aatgtacagc agtctgagca cactggtcag aaacgcggac cctgaattceg tgttcagece
cggcatcegtyg cctgagagca accacagcac ctgtgacaag aagaccgtge cgatcacctg
gaccggctac ctgectatct ccggcgaaat ggaaaaagtt acaggatgca cggtgttetg
caccectggee ggccceggag ccagetgega ggectactece gagaacggaa tcttcaatat
cagcagccct acctgectgg tgaacaaggt gcageggtte cggggcageyg agcagaagat
caacttcatc tgccagagag tggaccagga cgtggtggte tactgcaatyg gacagaaaaa
ggtgatcctyg accaagacac tggtgatcgg ccagtgtatce tacacattta ccagectgtt
cteectgatyg cctgatgtgg cccacagect ggetgttgag ctgtgtgtge ctggectgea
cggctgggee acggtgatge tgttaagcac cttetgette ggetgggtece tgatccccge
tgtgacactg attatcctta agtgcctgag agtgctgaca ttttettgta gccactacac
caacgagtce aagttcaagt tcatcctgga gaaggtgaag atcgagtacc agaagaccat
gggcagcatyg gtgtgcgacyg tgtgtcacca cgagtgcgag actgccaagg aactcgaatce
ccacagacag agctgcatca acggccagtg tecttactge atgaccatca ccgaggctac
agagtctgee ctgcaggccce attacagecat ctgcaagetyg accggtagat tccaggagge
cctgaagaaa tctctgaaaa agcctgaggt gaaaaaggge tgttaccgea ccctgggegt
gttcagatac aagagcagat gttacgtggg cttggtgtgg tgcctgetge tgacttgtga
gatcgtgate tgggccgcca gcgecgaaac acccectgatg gaaagegggt ggagtgacac
cgceccacgga gtgggagaga tccccatgaa gaccgatctyg gagetggact tcagectgee
tagctecteca agctacagct acagacggaa gctgaccaac cccgctaaca aagaggaaag
catcecegtte cacttccaga tggaaaagca agtgatccac gctgagatcce agectcetggg
acactggatg gacgctacct tcaatatcaa gaccgccttt cactgctacyg gcgectgceca
gaaatattct tacccctgge agacctccaa gtgtttttte gagaaagact accagtacga
gacaggatgyg ggttgcaacc ctggcgactg ccctggagtg ggcaccggat gcaccgectg
cggtgtgtac ctagataagc tgaagtctgt tgggaaggece tacaagatca tttctctgaa
gtacacaaga aaggtgtgca tccagctggg caccgagcaa acctgcaagce acatcgatge
taacgactgt ctcgtcaccce ccagtgtgaa ggtgtgcate gtgggcacag tgagcaaact
tcagectage gacaccctge tgttcectggg accacttgag cagggcggaa tcatcctgaa
gcagtggtge accacctcct gegecttegg cgatcctgge gacatcatga gcacccctte
tggcatgaga tgcccagagce acacaggcag cttcagaaag atctgtgget tcgecactac
cceegtgtgt gagtaccaag gcaacaccat ctetggatat aagcggatga tggccaccaa
ggacagctte caaagcttca acctgactga acctcatata acaacaaaca agctggagtg
gatcgacceyg gatggcaaca ccagagacca cgtgaacctg gtgctgaaca gagatgtcete
ctteccaggat ctgagcgata acccctgtaa agtggaccte catacccagyg ccatcgaggg
cgettgggge ageggegttyg getttaccect gacatgtace gtgggactga ccgaatgcce
tagctttatg acatctatca aagcctgtga tctggccatyg tgctacggca gcaccgtgac
taacctggcet agaggctcta ataccgtcaa ggtggtggge aaaggcggece actcecggcete
tagctttaag tgctgecacg acaccgactg cagcagcgag ggectgetgyg ccagegecce
acatctggag cgggtgaccg gettcaacca gatcgacage gacaaggtat acgacgacgg
tgccectect tgcacattta agtgctggtt caccaagtece ggcgagtgge tgctgggcat
ccttaacgge aattggatcg tggtggtggt getggtggtyg atcctgatcece tgtcaatcat
tatgttcage gtgctgtgce ctcggagagg ccacaagaaa accgtctgac aagcacgcag
caatgcagct caaaacgctt agcctageca cacccccacyg ggaaacagca gtgattaace
tttagcaata aacgaaagtt taactaagct atactaaccce cagggttggt caatttegtg
ccagecacac cctggtactg catgcacgca atgctagetg ccectttece gtcectgggta
ccecgagtet cccecgacct cgggtceccag gtatgcteee acctecacct gccccactca
ccacctetge tagttccaga cacctccaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa
aaaaaaaaaa aaaaaaaaaa aaaaaaa

SEQ ID NO: 14 moltype = RNA length = 4683
FEATURE Location/Qualifiers

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3867
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misc_feature 1..4683
note = artificial polynucleotide
source 1..4683

mol_type = other RNA
organism = synthetic construct

SEQUENCE: 14

ctagtagtag actccgcaag aagaagcaaa aaattaaaga agtgagttta aaatggaagg 60
ctggtacctyg gtcegtgetgg gegtgtgtta caccctaaca ctggccatge ccaagaccat 120
ctacgagcetyg aagatggaat gccctcacac cgtgggecte ggecagggat atatcattgg 180
cagcaccgag ctgggectga tcagcatcga ggetgcectece gacatcaage tggaatctag 240
ctgcaactte gacctgcaca ccacatccat ggctcaaaaa agcttcacce aggtggaatg 300
gcggaagaag agcgacacca cagacacaac taacgctgec agcacaacct ttgaagccca 360
gaccaaaact gtgaatctge ggggcacctg tatcctgget cctgaactgt acgatacact 420
gaagaaggtyg aagaaaacag tgctttgtta tgacctgacc tgcaaccaga cacactgcca 480
gectacagtyg tacctgateg cccctgtget cacatgecatg agcatcagaa gttgcatgge 540
cagcgtgtte acaagcagaa tccaggtgat ctacgagaag acacactgeyg tgaccggaca 600
gctecatcgag ggccaatgtt tcaaccccge ccacaccctg accctgagec agectgccca 660
cacctacgac accgtgacac tgcctataag ctgcttctte accccaaaga agagcgaaca 720
gctgaaggtyg attaagacat tcgagggcat cctgactaag accggctgca cagaaaacge 780
cctgecaggge tactacgtgt gettectggg cagecactet gageccctga tcegtgeccte 840
tctggaagac atcagatccg ccgaagtggt atctagaatg cttgtgcacce cccgtggcega 900
ggatcacgat gccatccaga actcacagag ccacctgegg atcgtgggec ctatcaccge 960
caaggtgcct tctaccagca gcaccgacac cctgaaggge acagcatttyg ccggegtgee 1020
aatgtacagc agtctgagca cactggtcag aaacgcggac cctgaattcg tgttcagcecce 1080
cggcatcegtyg cctgagagca accacagcac ctgtgacaag aagaccgtge cgatcacctg 1140
gaccggctac ctgcectatct ccggcgaaat ggaaaaagtt acaggatgca cggtgttetg 1200
caccectggee ggccccggag ccagetgega ggectactece gagaacggaa tcttcaatat 1260
cagcagccct acctgectgg tgaacaaggt geageggtte cggggcageyg agcagaagat 1320
caacttcatc tgccagagag tggaccagga cgtggtggtce tactgcaatg gacagaaaaa 1380
ggtgatcctyg accaagacac tggtgatcgg ccagtgtatc tacacattta ccagcctgtt 1440
ctcectgatg cctgatgtgg cccacagect ggctgttgag ctgtgtgtge ctggectgeca 1500
cggctgggcece acggtgatge tgttaagcac cttcectgctte ggetgggtcece tgatccccge 1560
tgtgacactg attatcctta agtgcctgag agtgctgaca ttttecttgta gccactacac 1620
caacgagtcc aagttcaagt tcatcctgga gaaggtgaag atcgagtacc agaagaccat 1680
gggcagcatg gtgtgcgacg tgtgtcacca cgagtgcgag actgccaagg aactcgaatc 1740
ccacagacag agctgcatca acggccagtg tccttactge atgaccatca ccgaggctac 1800
agagtctgcce ctgcaggccc attacagcat ctgcaagctg accggtagat tccaggagge 1860
cctgaagaaa tctctgaaaa agcctgaggt gaaaaagggce tgttaccgca ccctgggegt 1920
gttcagatac aagagcagat gttacgtggg cttggtgtgg tgcctgctgce tgacttgtga 1980
gatcgtgatc tgggccgcca gcgectgatt aaaacagcct gtgggttgat cccacccaca 2040
ggcccattgg gcgctagcac tctggtatca cggtaccttt gtgegectgt tttataccce 2100
ctecceccaac tgtaacttag aagtaacaca caccgatcaa cagtcagegt ggcacaccag 2160
ccacgttttg atcaagcact tctgttacce cggactgagt atcaatagac tgctcacgceg 2220
gttgaaggag aaagcgttcg ttatccggec aactacttceg aaaaacctag taacaccgtg 2280
gaagttgcag agtgtttcgce tcagcactac cccagtgtag atcaggtcga tgagtcaccg 2340
cattccccac gggcgaccegt ggcggtgget gegttggegyg ccetgeccatyg gggaaaccca 2400
tgggacgctce taatacagac atggtgcgaa gagtctattg agctagttgg tagtcctcecg 2460
geeectgaat geggctaate ctaactgegg agcacacacce ctcaagcecag agggcagtgt 2520
gtcgtaacgg gcaactctge agcggaaccg actactttgg gtgtccegtgt ttcattttat 2580
tcectatactg getgecttatg gtgacaattg agagatcgtt accatatage tattggattg 2640
gccatcecggt gactaataga gctattatat atccctttgt tgggtttata ccacttaget 2700
tgaaagaggt taaaacatta caattcattg ttaagttgaa tacagcaaaa tggaaggctg 2760
gtacctggte gtgctgggcg tgtgttacac cctaacactg gccatgccca agaccatcta 2820
cgaaacacce ctgatggaaa gcgggtggag tgacaccgece cacggagtgyg gagagatcce 2880
catgaagacc gatctggagc tggacttcag cctgcctage tcctcaaget acagctacag 2940
acggaagctg accaaccccg ctaacaaaga ggaaagcatce ccegttccact tccagatgga 3000
aaagcaagtg atccacgctg agatccagcc tctgggacac tggatggacg ctaccttcaa 3060
tatcaagacc gectttcact gctacggcge ctgccagaaa tattcttacc cctggcagac 3120
ctccaagtgt tttttcgaga aagactacca gtacgagaca ggatggggtt gcaaccctgg 3180
cgactgccct ggagtgggca ccggatgcac cgcctgeggt gtgtacctag ataagctgaa 3240
gtctgttggyg aaggcctaca agatcatttc tctgaagtac acaagaaagg tgtgcatcca 3300
gectgggcace gagcaaacct gcaagcacat cgatgctaac gactgtcteg tcacccccag 3360
tgtgaaggtg tgcatcgtgg gcacagtgag caaacttcag cctagcgaca ccctgetgtt 3420
cctgggacca cttgagcagg gcggaatcat cctgaagcag tggtgcacca cctcectgege 3480
cttecggegat cctggcgaca tcatgagcac cccttcectgge atgagatgcce cagagcacac 3540
aggcagcttc agaaagatct gtggcttcge cactacccce gtgtgtgagt accaaggcaa 3600
caccatctct ggatataagce ggatgatggc caccaaggac agcttccaaa gcttcaacct 3660
gactgaacct catataacaa caaacaagct ggagtggatc gacccggatg gcaacaccag 3720
agaccacgtg aacctggtgc tgaacagaga tgtctcctte caggatctga gcgataaccce 3780
ctgtaaagtg gacctccata cccaggccat cgagggcgct tggggcagceg gcegttggett 3840
taccctgaca tgtaccgtgg gactgaccga atgccctage tttatgacat ctatcaaage 3900
ctgtgatctg geccatgtget acggcagcac cgtgactaac ctggctagag gctctaatac 3960
cgtcaaggtg gtgggcaaag gcggccactc cggctctage tttaagtgct gccacgacac 4020
cgactgcage agcgagggcce tgctggecag cgecccacat ctggageggyg tgaccggett 4080
caaccagatc gacagcgaca aggtatacga cgacggtgcce cctecttgca catttaagtg 4140
ctggttcacc aagtccggeg agtggctgct gggcatcctt aacggcaatt ggatcgtggt 4200
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ggtggtgctyg gtggtgatce tgatcctgtc aatcattatg ttcagcgtgce tgtgcccteg 4260
gagaggccac aagaaaaccg tctgacaagc acgcagcaat gcagctcaaa acgcttagec 4320
tagccacacc cccacgggaa acagcagtga ttaaccttta gcaataaacg aaagtttaac 4380
taagctatac taaccccagg gttggtcaat ttcgtgccag ccacaccctg gtactgcatg 4440
cacgcaatgc tagctgccecce ttteccegtee tgggtaccce gagtcectcecece cgaccteggg 4500
tceccaggtat gectcecccacct ccacctgece cactcaccac ctcectgctagt tccagacacce 4560
tccaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 4620
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 4680

aaa 4683
SEQ ID NO: 15 moltype = RNA length = 4649
FEATURE Location/Qualifiers
misc_feature 1..4649
note = artificial polynucleotide
source 1..4649

mol_type = other RNA
organism = synthetic construct

SEQUENCE: 15

ggagacccte gaccgtcegat tgtccactgg tcaacaatag atgacttaca actaatcgga 60
aggtgcagag actcgacggg agctacccta acgtcaagac gagggtaaag agagagtcca 120
attctcaaag ccaataggca gtagcgaaag ctgcaagaga atgaaaatcc gttgacctta 180
aacggtcegtyg tgggttcaag tccctcecacce cecacgeegyg aaacgcaata gccgaaaaac 240
aaaaaacaaa aaaaacaaaa aaaaaaccaa aaaaacaaaa cacattaaaa cagcctgtgg 300
gttgatccca cccacaggece cattgggege tagcactctg gtatcacggt acctttgtge 360
gectgtttta taccccctee cccaactgta acttagaagt aacacacacc gatcaacagt 420
cagcgtggea caccagecac gttttgatca agcacttetyg ttaccccgga ctgagtatca 480
atagactgct cacgeggttyg aaggagaaag cgttegttat cceggccaact acttcgaaaa 540
acctagtaac accgtggaag ttgcagagtg tttcgctcag cactacccca gtgtagatca 600
ggtcgatgag tcaccgcatt ccccacggge gaccgtggeg gtggetgegt tggeggectg 660
cccatgggga aacccatggg acgctctaat acagacatgg tgcgaagagt ctattgaget 720
agttggtagt ccteeggece ctgaatgegg ctaatcctaa ctgeggagca cacaccctca 780
agccagaggg cagtgtgtcg taacgggcaa ctetgcageg gaaccgacta ctttgggtgt 840
ccgtgtttca ttttattect atactggctg cttatggtga caattgagag atcgttacca 900
tatagctatt ggattggcca tccggtgact aatagagcta ttatatatce ctttgttggg 960
tttataccac ttagcttgaa agaggttaaa acattacaat tcattgttaa gttgaataca 1020
gcaaaatgga aggctggtac ctggtcgtge tgggcegtgtg ttacacccta acactggcca 1080
tgcccaagac catctacgag ctgaagatgg aatgcccteca caccgtggge ctceggecagg 1140
gatatatcat tggcagcacc gagctgggcec tgatcagcat cgaggctgcce tccgacatca 1200
agctggaatc tagctgcaac ttcgacctgc acaccacatc catggctcaa aaaagcttca 1260
cccaggtgga atggeggaag aagagcgaca ccacagacac aactaacgcet gccagcacaa 1320
cctttgaagce ccagaccaaa actgtgaatc tgcggggcac ctgtatcctg gectcecctgaac 1380
tgtacgatac actgaagaag gtgaagaaaa cagtgctttg ttatgacctg acctgcaacc 1440
agacacactg ccagcctaca gtgtacctga tcgecccetgt gctcacatge atgagcatca 1500
gaagttgcat ggccagcgtg ttcacaagca gaatccaggt gatctacgag aagacacact 1560
gegtgacegyg acagctcate gagggccaat gtttcaacce cgeccacacc ctgaccctga 1620
gccagcectge ccacacctac gacaccgtga cactgectat aagectgcttce ttcaccccaa 1680
agaagagcga acagctgaag gtgattaaga cattcgaggg catcctgact aagaccgget 1740
gcacagaaaa cgccctgcag ggctactacg tgtgcttceet gggcagccac tctgagecce 1800
tgatcgtgcece ctctectggaa gacatcagat ccgccgaagt ggtatctaga atgcttgtge 1860
accceegtgg cgaggatcac gatgccatcce agaactcaca gagccacctyg cggatcgtgg 1920
geectatcac cgccaaggtg ccttctacca gcagcaccga caccctgaag ggcacagcat 1980
ttgccggegt gccaatgtac agcagtctga gcacactggt cagaaacgcg gaccctgaat 2040
tegtgttcag ccceggecate gtgcctgaga gcaaccacag cacctgtgac aagaagaccg 2100
tgccgatcac ctggaccggce tacctgecta tcteccggcga aatggaaaaa gttacaggat 2160
geacggtgtt ctgcaccctg gccggecceg gagccagetg cgaggectac tcecgagaacg 2220
gaatcttcaa tatcagcagc cctacctgec tggtgaacaa ggtgcagegg ttceccggggca 2280
gcgagcagaa gatcaacttce atctgccaga gagtggacca ggacgtggtg gtctactgca 2340
atggacagaa aaaggtgatc ctgaccaaga cactggtgat cggccagtgt atctacacat 2400
ttaccagcct gttctccecetg atgectgatg tggcccacag cctggetgtt gagectgtgtg 2460
tgcctggect gecacggctgg gecacggtga tgctgttaag caccttcetge tteggetggg 2520
tcetgatecce cgctgtgaca ctgattatcee ttaagtgect gagagtgctg acattttett 2580
gtagccacta caccaacgag tccaagttca agttcatccet ggagaaggtg aagatcgagt 2640
accagaagac catgggcagc atggtgtgeg acgtgtgteca ccacgagtgce gagactgcca 2700
aggaactcga atcccacaga cagagctgca tcaacggcca gtgtccttac tgcatgacca 2760
tcaccgaggce tacagagtct geccctgcagg cccattacag catctgcaag ctgaccggta 2820
gattccagga ggccctgaag aaatctctga aaaagcctga ggtgaaaaag ggctgttacce 2880
gcaccctggyg cgtgttcaga tacaagagca gatgttacgt gggecttggtg tggtgecctge 2940
tgctgacttg tgagatcgtg atctgggccg ccagcgccga aacacccectg atggaaageg 3000
ggtggagtga caccgcccac ggagtgggag agatccccat gaagaccgat ctggagetgg 3060
acttcagcct gectagctece tcaagctaca gctacagacg gaagctgacc aaccccgcta 3120
acaaagagga aagcatcccg ttccacttcc agatggaaaa gcaagtgatc cacgctgaga 3180
tccagectet gggacactgg atggacgcta ccttcaatat caagaccgcce tttcactget 3240
acggcgectg ccagaaatat tcecttacccct ggcagaccte caagtgtttt ttcgagaaag 3300
actaccagta cgagacagga tggggttgca accctggega ctgecctgga gtgggcaccg 3360
gatgcaccge ctgecggtgtg tacctagata agctgaagtce tgttgggaag gcctacaaga 3420
tcatttctct gaagtacaca agaaaggtgt gcatccagct gggcaccgag caaacctgca 3480
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agcacatcga tgctaacgac tgtctegtca cccccagtgt gaaggtgtge atcgtgggca 3540
cagtgagcaa acttcagcct agcgacaccce tgctgttect gggaccactt gagcagggceg 3600
gaatcatcct gaagcagtgg tgcaccacct cctgcgectt cggcgatcct ggcgacatca 3660
tgagcaccce ttctggcatg agatgcccag agcacacagg cagcttcaga aagatctgtg 3720
gcttegecac taccccegtg tgtgagtacce aaggcaacac catctctgga tataagcgga 3780
tgatggccac caaggacagc ttccaaagct tcaacctgac tgaacctcat ataacaacaa 3840
acaagctgga gtggatcgac ccggatggca acaccagaga ccacgtgaac ctggtgctga 3900
acagagatgt ctccttccag gatctgagcg ataacccctg taaagtggac ctccatacce 3960
aggccatcga gggcgcttgg ggcageggceg ttggctttac cctgacatgt accgtgggac 4020
tgaccgaatg ccctagcttt atgacatcta tcaaagcctg tgatctggcce atgtgctacg 4080
gcagcaccgt gactaacctg gctagaggcet ctaataccgt caaggtggtg ggcaaaggcg 4140
gccactcecegg ctectagettt aagtgctgec acgacaccga ctgcagcagce gagggcectge 4200
tggccagege cccacatctg gagcgggtga ceggcttcaa ccagatcgac agcgacaagg 4260
tatacgacga cggtgccecct ccttgcacat ttaagtgctg gttcaccaag tccggcgagt 4320
ggctgctggyg catccttaac ggcaattgga tcgtggtggt ggtgctggtg gtgatcctga 4380
tcetgtcaat cattatgttce agegtgectgt gcecctcecggag aggccacaag aaaaccgtet 4440
gaaaaaaaac aaaaaacaaa acggctatta tgcgttaccyg gecgagacgct acggacttaa 4500
ataattgagc cttaaagaag aaattcttta agtggatgct ctcaaactca gggaaaccta 4560
aatctagtta tagacaaggc aatcctgagc caagccgaag tagtaattag taagaccagt 4620

ggacaatcga cggataacag catatctag 4649
SEQ ID NO: 16 moltype = RNA length = 5466
FEATURE Location/Qualifiers
misc_feature 1..5466
note = artificial polynucleotide
source 1..54¢66

mol_type = other RNA
organism = synthetic construct

SEQUENCE: 16

gggagaccct cgaccgtcga ttgtccactg gtcaacaata gatgacttac aactaatcgg 60
aaggtgcaga gactcgacgg gagctaccct aacgtcaaga cgagggtaaa gagagagtce 120
aattctcaaa gccaataggc agtagcgaaa gctgcaagag aatgaaaatc cgttgacctt 180
aaacggtcegt gtgggttcaa gtccctecac ceccacgecg gaaacgcaat agccgaaaaa 240
caaaaaacaa aaaaaacaaa aaaaaaacca aaaaaacaaa acacattaaa acagcctgtg 300
ggttgatcee acccacagge ccattgggeg ctagcactct ggtatcacgg tacctttgtg 360
cgectgtttt atacccecte ccccaactgt aacttagaag taacacacac cgatcaacag 420
tcagegtgge acaccagcca cgttttgatce aagcacttet gttacccegyg actgagtatce 480
aatagactgc tcacgeggtt gaaggagaaa gegttegtta tcecggccaac tacttcgaaa 540
aacctagtaa caccgtggaa gttgcagagt gtttcgcteca gcactaccce agtgtagatce 600
aggtcgatga gtcaccgcat tccccacggg cgaccgtgge ggtggetgeyg ttggeggect 660
geecatggygyg aaacccatgg gacgctctaa tacagacatg gtgcgaagag tctattgage 720
tagttggtag tcctecggee cctgaatgeg getaatccta actgcggage acacacccte 780
aagccagagg gcagtgtgtc gtaacgggca actctgcage ggaaccgact actttgggtyg 840
tcegtgttte attttattec tatactggct gcttatggtg acaattgaga gatcgttacc 900
atatagctat tggattggcc atccggtgac taatagaget attatatatc cctttgttgg 960
gtttatacca cttagcttga aagaggttaa aacattacaa ttcattgtta agttgaatac 1020
agcaaaatgg aaggctggta cctggtegtg ctgggcgtgt gttacaccct aacactggec 1080
atgcccaaga ccatctacga gctgaagatg gaatgcccte acaccgtggyg ccteggecag 1140
ggatatatca ttggcagcac cgagctgggc ctgatcagca tcgaggctgce ctecgacatce 1200
aagctggaat ctagctgcaa cttcgacctg cacaccacat ccatggctca aaaaagctte 1260
acccaggtgg aatggcggaa gaagagcgac accacagaca caactaacgce tgccagcaca 1320
acctttgaag cccagaccaa aactgtgaat ctgcggggca cctgtatcct ggctectgaa 1380
ctgtacgata cactgaagaa ggtgaagaaa acagtgcttt gttatgacct gacctgcaac 1440
cagacacact gccagcctac agtgtacctg atcgccecctg tgctcacatg catgagcatce 1500
agaagttgca tggccagcgt gttcacaagc agaatccagg tgatctacga gaagacacac 1560
tgcgtgaccg gacagctcat cgagggccaa tgtttcaacce ccgcccacac cctgaccctg 1620
agccagectyg cccacaccta cgacaccgtg acactgccta taagctgcett cttcacccca 1680
aagaagagcg aacagctgaa ggtgattaag acattcgagyg gcatcctgac taagaccgge 1740
tgcacagaaa acgccctgca gggctactac gtgtgcttcece tgggcagcca ctctgagecce 1800
ctgatcgtge cctcectctgga agacatcaga tccgccgaag tggtatctag aatgettgtg 1860
cacceecegtyg gcegaggatca cgatgccatce cagaactcac agagccacct gcggatcegtg 1920
ggcectatca cegecaaggt gcecttcectace agcagcaccg acaccctgaa gggcacagca 1980
tttgcecggeg tgccaatgta cagcagtctg agcacactgg tcagaaacgc ggaccctgaa 2040
ttegtgttca gecccecggecat cgtgcectgag agcaaccaca gcacctgtga caagaagacce 2100
gtgccgatca cctggaccgg ctacctgcct atctececggeg aaatggaaaa agttacagga 2160
tgcacggtgt tctgcaccct ggccggecce ggagccaget gegaggecta ctccgagaac 2220
ggaatcttca atatcagcag ccctacctge ctggtgaaca aggtgcagcg gttecgggge 2280
agcgagcaga agatcaactt catctgccag agagtggacce aggacgtggt ggtctactge 2340
aatggacaga aaaaggtgat cctgaccaag acactggtga tcggccagtg tatctacaca 2400
tttaccagce tgttctcect gatgectgat gtggcccaca gcecctggcetgt tgagetgtgt 2460
gtgcectggee tgcacggctg ggccacggtg atgctgttaa gcaccttetg ctteggetgg 2520
gtcectgatee ccgetgtgac actgattatce cttaagtgec tgagagtgct gacattttet 2580
tgtagccact acaccaacga gtccaagttc aagttcatcce tggagaaggt gaagatcgag 2640
taccagaaga ccatgggcag catggtgtgc gacgtgtgtce accacgagtg cgagactgcc 2700
aaggaactcg aatcccacag acagagctgc atcaacggcce agtgtcecctta ctgcatgacce 2760
atcaccgagg ctacagagtc tgccctgcag gcccattaca gcatctgcaa gctgaccggt 2820
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agattccagg aggccctgaa gaaatctctg aaaaagcctg aggtgaaaaa gggctgttac 2880
cgcacccetgg gegtgttcag atacaagagce agatgttacg tgggcttggt gtggtgectg 2940
ctgctgactt gtgagatcgt gatctgggcce gccagcgcect gattaaaaca gectgtgggt 3000
tgatcccacce cacaggccca ttgggcegcta gcactctggt atcacggtac ctttgtgege 3060
ctgttttata ccccecctceecece caactgtaac ttagaagtaa cacacaccga tcaacagtca 3120
gcgtggcaca ccagccacgt tttgatcaag cacttectgtt accccggact gagtatcaat 3180
agactgctca cgcggttgaa ggagaaagcg ttcgttatce ggccaactac ttcgaaaaac 3240
ctagtaacac cgtggaagtt gcagagtgtt tcgctcagca ctaccccagt gtagatcagg 3300
tcgatgagtce accgcattcecc ccacgggcga ccgtggeggt ggctgegttg geggectgee 3360
catggggaaa cccatgggac gctctaatac agacatggtg cgaagagtct attgagctag 3420
ttggtagtcce tccggccect gaatgeggcet aatcctaact gcggagcaca caccctcaag 3480
ccagagggca gtgtgtcgta acgggcaact ctgcagcgga accgactact ttgggtgtcece 3540
gtgtttcatt ttattcctat actggctget tatggtgaca attgagagat cgttaccata 3600
tagctattgg attggccatc cggtgactaa tagagctatt atatatccct ttgttgggtt 3660
tataccactt agcttgaaag aggttaaaac attacaattc attgttaagt tgaatacagc 3720
aaaatggaag gctggtacct ggtcgtgctg ggcgtgtgtt acaccctaac actggccatg 3780
cccaagacca tctacgaaac acccctgatg gaaagcegggt ggagtgacac cgcccacgga 3840
gtgggagaga tccccatgaa gaccgatctg gagctggact tcagcecctgec tagetcctca 3900
agctacagcet acagacggaa gctgaccaac cccgctaaca aagaggaaag catcccgtte 3960
cacttccaga tggaaaagca agtgatccac gctgagatce agectcectggg acactggatg 4020
gacgctacct tcaatatcaa gaccgcecttt cactgctacg gcgectgcca gaaatattcet 4080
tacccetgge agacctccaa gtgtttttte gagaaagact accagtacga gacaggatgg 4140
ggttgcaacc ctggcgactg ccctggagtg ggcaccggat gcaccgcectg cggtgtgtac 4200
ctagataagc tgaagtctgt tgggaaggcc tacaagatca tttctctgaa gtacacaaga 4260
aaggtgtgca tccagctggg caccgagcaa acctgcaagce acatcgatge taacgactgt 4320
ctegtcaccce ccagtgtgaa ggtgtgcatc gtgggcacag tgagcaaact tcagcctage 4380
gacaccctge tgttectggg accacttgag cagggcggaa tcatcctgaa gcagtggtge 4440
accacctect gegecttegg cgatcectgge gacatcatga gcacccectte tggcatgaga 4500
tgcccagage acacaggcag cttcagaaag atctgtggct tcecgccactac ccccgtgtgt 4560
gagtaccaag gcaacaccat ctctggatat aagcggatga tggccaccaa ggacagcttce 4620
caaagcttca acctgactga acctcatata acaacaaaca agctggagtg gatcgacccg 4680
gatggcaaca ccagagacca cgtgaacctg gtgctgaaca gagatgtctc cttceccaggat 4740
ctgagcgata acccctgtaa agtggacctce catacccagg ccatcgaggg cgcttgggge 4800
agcggegttg getttacecct gacatgtacce gtgggactga ccgaatgccce tagctttatg 4860
acatctatca aagcctgtga tectggccatg tgctacggca gcaccgtgac taacctgget 4920
agaggctcta ataccgtcaa ggtggtgggc aaaggcggcce actccggctce tagctttaag 4980
tgctgecacyg acaccgactg cagcagegag ggectgetgyg ccagegecce acatctggag 5040
cgggtgaceg gettcaacca gatcgacage gacaaggtat acgacgacgg tgccectcect 5100
tgcacattta agtgctggtt caccaagtcc ggcgagtgge tgctgggcat ccttaacgge 5160
aattggatcg tggtggtggt gctggtggtg atcctgatce tgtcaatcat tatgttcage 5220
gtgctgtgee ctecggagagg ccacaagaaa accgtctgaa aaaaaacaaa aaacaaaacyg 5280
gctattatge gttaccggcg agacgctacg gacttaaata attgagcctt aaagaagaaa 5340
ttctttaagt ggatgctctc aaactcaggg aaacctaaat ctagttatag acaaggcaat 5400
cctgagcecaa gccgaagtag taattagtaa gaccagtgga caatcgacgg ataacagcat 5460

atctag 5466
SEQ ID NO: 17 moltype = RNA length = 3207
FEATURE Location/Qualifiers
misc_feature 1..3207
note = artificial polynucleotide
source 1..3207

mol type = other RNA
orggnism = synthetic construct

SEQUENCE: 17

gggagaccct cgaccgtcga ttgtccactg gtcaacaata gatgacttac aactaatcgg 60
aaggtgcaga gactcgacgg gagctaccct aacgtcaaga cgagggtaaa gagagagtce 120
aattctcaaa gccaataggc agtagcgaaa gctgcaagag aatgaaaatc cgttgacctt 180
aaacggtcegt gtgggttcaa gtccctecac ceccacgecg gaaacgcaat agccgaaaaa 240
caaaaaacaa aaaaaacaaa aaaaaaacca aaaaaacaaa acacattaaa acagcctgtg 300
ggttgatcee acccacagge ccattgggeg ctagcactct ggtatcacgg tacctttgtg 360
cgectgtttt atacccecte ccccaactgt aacttagaag taacacacac cgatcaacag 420
tcagegtgge acaccagcca cgttttgatce aagcacttet gttacccegyg actgagtatce 480
aatagactgc tcacgeggtt gaaggagaaa gegttegtta tcecggccaac tacttcgaaa 540
aacctagtaa caccgtggaa gttgcagagt gtttcgcteca gcactaccce agtgtagatce 600
aggtcgatga gtcaccgcat tccccacggg cgaccgtgge ggtggetgeyg ttggeggect 660
geecatggygyg aaacccatgg gacgctctaa tacagacatg gtgcgaagag tctattgage 720
tagttggtag tcctecggee cctgaatgeg getaatccta actgcggage acacacccte 780
aagccagagg gcagtgtgtc gtaacgggca actctgcage ggaaccgact actttgggtyg 840
tcegtgttte attttattec tatactggct gcttatggtg acaattgaga gatcgttacc 900
atatagctat tggattggcc atccggtgac taatagaget attatatatc cctttgttgg 960
gtttatacca cttagcttga aagaggttaa aacattacaa ttcattgtta agttgaatac 1020
agcaaaatgg aaggctggta cctggtegtg ctgggcgtgt gttacaccct aacactggec 1080
atgcccaaga ccatctacga gctgaagatg gaatgcccte acaccgtggyg ccteggecag 1140
ggatatatca ttggcagcac cgagctgggc ctgatcagca tcgaggctgce ctecgacatce 1200
aagctggaat ctagctgcaa cttcgacctg cacaccacat ccatggctca aaaaagctte 1260
acccaggtgg aatggcggaa gaagagcgac accacagaca caactaacgce tgccagcaca 1320
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acctttgaag cccagaccaa aactgtgaat ctgcggggca cctgtatcct ggctectgaa 1380
ctgtacgata cactgaagaa ggtgaagaaa acagtgcttt gttatgacct gacctgcaac 1440
cagacacact gccagcctac agtgtacctg atcgccecctg tgctcacatg catgagcatce 1500
agaagttgca tggccagcgt gttcacaagc agaatccagg tgatctacga gaagacacac 1560
tgcgtgaccg gacagctcat cgagggccaa tgtttcaacce ccgcccacac cctgaccctg 1620
agccagectyg cccacaccta cgacaccgtg acactgccta taagctgcett cttcacccca 1680
aagaagagcg aacagctgaa ggtgattaag acattcgagyg gcatcctgac taagaccgge 1740
tgcacagaaa acgccctgca gggctactac gtgtgcttcece tgggcagcca ctctgagecce 1800
ctgatcgtge cctcectctgga agacatcaga tccgccgaag tggtatctag aatgettgtg 1860
cacceecegtyg gcegaggatca cgatgccatce cagaactcac agagccacct gcggatcegtg 1920
ggcectatca cegecaaggt gcecttcectace agcagcaccg acaccctgaa gggcacagca 1980
tttgcecggeg tgccaatgta cagcagtctg agcacactgg tcagaaacgc ggaccctgaa 2040
ttegtgttca gecccecggecat cgtgcectgag agcaaccaca gcacctgtga caagaagacce 2100
gtgccgatca cctggaccgg ctacctgcct atctececggeg aaatggaaaa agttacagga 2160
tgcacggtgt tctgcaccct ggccggecce ggagccaget gegaggecta ctccgagaac 2220
ggaatcttca atatcagcag ccctacctge ctggtgaaca aggtgcagcg gttecgggge 2280
agcgagcaga agatcaactt catctgccag agagtggacce aggacgtggt ggtctactge 2340
aatggacaga aaaaggtgat cctgaccaag acactggtga tcggccagtg tatctacaca 2400
tttaccagce tgttctcect gatgectgat gtggcccaca gcecctggcetgt tgagetgtgt 2460
gtgcectggee tgcacggctg ggccacggtg atgctgttaa gcaccttetg ctteggetgg 2520
gtcectgatee ccgetgtgac actgattatce cttaagtgec tgagagtgct gacattttet 2580
tgtagccact acaccaacga gtccaagttc aagttcatcce tggagaaggt gaagatcgag 2640
taccagaaga ccatgggcag catggtgtgc gacgtgtgtce accacgagtg cgagactgcc 2700
aaggaactcg aatcccacag acagagctgc atcaacggcce agtgtcecctta ctgcatgacce 2760
atcaccgagg ctacagagtc tgccctgcag gcccattaca gcatctgcaa gctgaccggt 2820
agattccagg aggccctgaa gaaatctctg aaaaagcctg aggtgaaaaa gggctgttac 2880
cgcacccetgg gegtgttcag atacaagagce agatgttacg tgggcttggt gtggtgectg 2940
ctgctgactt gtgagatcgt gatctgggcce gccagcgect gaaaaaaaac aaaaaacaaa 3000
acggctatta tgcgttaccg gcgagacgct acggacttaa ataattgagc cttaaagaag 3060
aaattcttta agtggatgct ctcaaactca gggaaaccta aatctagtta tagacaaggc 3120
aatcctgage caagccgaag tagtaattag taagaccagt ggacaatcga cggataacag 3180

catatctagg atatcaaaag gatccaa 3207
SEQ ID NO: 18 moltype = RNA length = 2787
FEATURE Location/Qualifiers
misc_feature 1..2787
note = artificial polynucleotide
source 1..2787

mol_type = other RNA
organism = synthetic construct

SEQUENCE: 18

gggagaccct cgaccgtcga ttgtccactg gtcaacaata gatgacttac aactaatcgg 60
aaggtgcaga gactcgacgg gagctaccct aacgtcaaga cgagggtaaa gagagagtce 120
aattctcaaa gccaataggc agtagcgaaa gctgcaagag aatgaaaatc cgttgacctt 180
aaacggtcegt gtgggttcaa gtccctecac ceccacgecg gaaacgcaat agccgaaaaa 240
caaaaaacaa aaaaaacaaa aaaaaaacca aaaaaacaaa acacattaaa acagcctgtg 300
ggttgatcee acccacagge ccattgggeg ctagcactct ggtatcacgg tacctttgtg 360
cgectgtttt atacccecte ccccaactgt aacttagaag taacacacac cgatcaacag 420
tcagegtgge acaccagcca cgttttgatce aagcacttet gttacccegyg actgagtatce 480
aatagactgc tcacgeggtt gaaggagaaa gegttegtta tcecggccaac tacttcgaaa 540
aacctagtaa caccgtggaa gttgcagagt gtttcgcteca gcactaccce agtgtagatce 600
aggtcgatga gtcaccgcat tccccacggg cgaccgtgge ggtggetgeyg ttggeggect 660
geecatggygyg aaacccatgg gacgctctaa tacagacatg gtgcgaagag tctattgage 720
tagttggtag tcctecggee cctgaatgeg getaatccta actgcggage acacacccte 780
aagccagagg gcagtgtgtc gtaacgggca actctgcage ggaaccgact actttgggtyg 840
tcegtgttte attttattec tatactggct gcttatggtg acaattgaga gatcgttacc 900
atatagctat tggattggcc atccggtgac taatagaget attatatatc cctttgttgg 960
gtttatacca cttagcttga aagaggttaa aacattacaa ttcattgtta agttgaatac 1020
agcaaaatgg aaggctggta cctggtegtg ctgggcgtgt gttacaccct aacactggec 1080
atgcccaaga ccatctacga aacacccectg atggaaageg ggtggagtga caccgeccac 1140
ggagtgggag agatccccat gaagaccgat ctggagctgg acttcagect gcecctagetece 1200
tcaagctaca gctacagacg gaagctgacc aaccccgcta acaaagagga aagcatcccg 1260
ttccacttce agatggaaaa gcaagtgatc cacgctgaga tccagectcect gggacactgg 1320
atggacgcta ccttcaatat caagaccgcce tttcactgcect acggcgcectg ccagaaatat 1380
tcttaccect ggcagaccte caagtgtttt ttcgagaaag actaccagta cgagacagga 1440
tggggttgca accctggcga ctgccctgga gtgggcaccg gatgcaccge ctgcggtgtg 1500
tacctagata agctgaagtc tgttgggaag gcctacaaga tcatttctcect gaagtacaca 1560
agaaaggtgt gcatccagct gggcaccgag caaacctgca agcacatcga tgctaacgac 1620
tgtctegtca cccccagtgt gaaggtgtge atcgtgggca cagtgagcaa acttcagect 1680
agcgacaccce tgctgttect gggaccactt gagcagggcg gaatcatcct gaagcagtgg 1740
tgcaccacct cctgecgectt cggcgatcct ggcgacatca tgagcacccce ttctggcatg 1800
agatgcccag agcacacagg cagcttcaga aagatctgtg gcttecgccac taccceccgtg 1860
tgtgagtacc aaggcaacac catctctgga tataagcgga tgatggccac caaggacagce 1920
ttccaaagct tcaacctgac tgaacctcat ataacaacaa acaagctgga gtggatcgac 1980
ccggatggca acaccagaga ccacgtgaac ctggtgctga acagagatgt ctccttceccag 2040
gatctgageg ataacccctg taaagtggac ctccataccce aggccatcga gggegcettgg 2100
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ggcagceggeg ttggetttac cctgacatgt accgtgggac tgaccgaatg
atgacatcta tcaaagcctg tgatctggece atgtgectacg gcagcaccgt
gctagaggcet ctaataccgt caaggtggtg ggcaaaggeg gecacteegg
aagtgctgee acgacaccga ctgcagecage gagggectge tggccagege
gagcgggtga ccggettcaa ccagatcgac agcgacaagg tatacgacga
ccttgcacat ttaagtgetg gttcaccaag tecggegagt ggetgetggg
ggcaattgga tcgtggtggt ggtgctggtyg gtgatcctga tectgtcaat
agcgtgetgt geccteggag aggccacaag aaaaccgtcet gaaaaaaaac
acggctatta tgcgttaccg gegagacgct acggacttaa ataattgage
aaattcttta agtggatgct ctcaaactca gggaaaccta aatctagtta
aatcctgage caagccgaag tagtaattag taagaccagt ggacaatcga

catatctagg atatcaaaag gatccaa

ccctagettt 2160
gactaacctg 2220
ctctagettt 2280
cccacatctg 2340
cggtgcecect 2400
catccttaac 2460
cattatgttce 2520
aaaaaacaaa 2580
cttaaagaag 2640
tagacaaggc 2700
cggataacag 2760

2787

1. A Hantavirus vaccine, comprising an engineered mes-
senger ribonucleic acid (mRNA) comprising an open read-
ing frame encoding an antigenic Gn, Gc, or Gn and Gce
protein.

2. The vaccine of claim 1, wherein the Gn and Ge proteins
are encoded as a polyprotein.

3. The vaccine of claim 2, wherein the encoded polypro-
tein comprises a protease cleavage site between the Gn and
Gc proteins.

4. The vaccine of claim 1, wherein the Gn and Ge proteins
are encoded by separate open reading frames (ORF).

5. The vaccine of claim 4, wherein the Gn ORF and the
Gc ORF are separated by an internal ribosome entry site
(IRES).

6. The vaccine of claim 1, wherein the mRNA is linear.

7. The vaccine of claim 6, further comprising a 5' UTR.

8. The vaccine of any one of claim 6 or 7, further
comprising a 3' UTR.

9. The vaccine of any one of claim 6, 7, or 8, further
comprising a polyadenylation segment.

10. The vaccine of claim 1, wherein the mRNA is circular.

11. The vaccine of claim 10, further comprising 5' region
comprising from 5'to 3' (i) a 5' external homology segment,
(i1) a 3' intron and exon segment, (iii) a 5' internal homology
segment, and (iv) a poly adenosine/cytosine spacer.

12. The vaccine of claim 10, further comprising 3' region
comprising from 5'to 3' (i) a poly adenosine/cytosine spacer,

(ii) a 3' internal homology segment, (iii) a 5' intron and exon
segment, and (iv) a 3' external homology segment.

13. The vaccine of claim 10, wherein the Gn and Gc
proteins are encoded as a polyprotein.

14. The vaccine of claim 13, wherein the encoded poly-
protein comprises a protease cleavage site between the Gn
and Gc proteins.

15. The vaccine of claim 10, wherein the Gn and Gc
proteins are encoded by separate open reading frames
(ORF).

16. The vaccine of claim 15, wherein the Gn ORF and the
Gc ORF are separated by an internal ribosome entry site
(IRES).

17. The vaccine of claim 1, wherein the vaccine has a
nucleotide sequence that is 80, 85, 90, 95, 98, 99, 100%
identical to SEQ ID NO: 13, SEQ ID NO:14, SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:17, or SEQ ID NO: 18.

18. A DNA construct encoding the vaccine of claim 1.

19. A method of inducing an antigen-specific immune
response in a subject, the method comprising administering
to the subject the vaccine of any one of claims 1 to 17 to
produce an antigen-specific immune response in the subject.

20. A composition comprising a messenger ribonucleic
acid (mRNA) of any one of claims 1 to 17 in a lipid particle.
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