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ANTIVIRAL VACCINES WITH IMPROVED CELLULAR
IMMUNOGENICITY

STATEMENT OF FEDERALLY FUNDED RESEARCH
This research has been sponsored in part by NIH grant numbers U19-
AT066305 and U19-A1078526. The government has certain rights to the invention.

FIELD OF THE INVENTION
The invention provides compositions, methods, and kits for the treatment or
prevention of viral infections. The polyvalent (e.g., 2-valent) vaccines described
herein incorporate computationally-optimized viral polypeptides that can increase the

diversity or breadth and depth of cellular immune response in vaccinated subjects.

BACKGROUND OF THE INVENTION

Vaccines that elicit cellular immune responses against viruses must reflect
global viral diversity in order to effectively treat or prevent viral infection. For
example, the initiation of intense and diverse HIV-1-specific T cell responses is likely
crucial for an effective HIV-1 vaccine. Cytotoxic T lymphocyte (CTL) responses are
correlated with slow disease progression in humans, and the importance of CTL
responses in non-human primate vaccination models is well established. While the
highly variable Envelope (Env) is the primary target for neutralizing antibodies
against HIV, and vaccine antigens will also need to be tailored to elicit these antibody
responses, T cell vaccine components can target more conserved proteins to trigger
responses that are more likely to cross-react. But even the most conserved HIV-1
proteins are diverse enough that variation will be an issue. Artificial central-sequence
vaccine approaches, such as consensus and ancestral HIV-1 sequences, essentially
“gplit the differences” between strains, can stimulate responses with enhanced cross-
reactivity compared to natural strain vaccines. Consensus antigens represent synthetic
antigen sequences that are the single best “average” of all circulating strains. While
these antigens can elicit directed cellular immune responses, the breadth and intensity

of these responses are not substantially improved over previous vaccine strategies.
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The development of next-generation vaccines to treat or prevent viral infection must
elicit an increased breadth of cellular immunity in order to allow for successful
vaccination outcomes. The need for such vaccines is particularly urgent for the

treatment or prevention of HIV-1.

SUMMARY OF THE INVENTION

In a first aspect, the invention features a vaccine for treating or reducing the
risk of a viral infection in a mammal, such as a human, that includes at least two
distinct optimized viral polypeptides (e.g., 2, 3, 4, 5, or more distinct optimized viral
polypeptides), wherein the optimized viral polypeptides correspond to the same viral
gene product. In one embodiment, the viral infection is caused by a retrovirus,
reovirus, picornavirus, togavirus, orthomyxovirus, paramyxovirus, calicivirus,
arenavirus, flavivirus, filovirus, bunyavirus, coronavirus, astrovirus, adenovirus,
papillomavirus, parvovirus, herpesvirus, hepadnavirus, poxvirus, or polyomavirus. In
other embodiments, the retrovirus is human immunodeficiency virus type 1 (HIV-1),
and the viral gene products include Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or Vpu. In
a further embodiment, the vaccine includes no more than two optimized viral
polypeptides corresponding to one of the Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or
Vpu viral gene products. In another embodiment, the vaccine does not include
optimized viral polypeptides corresponding to Gag and Nef. In yet another
embodiment, the vaccine includes at least two distinct optimized viral polypeptides
(e.g.. 2, 3, 4, 5, or more distinct optimized viral polypeptides) for a first viral gene
product selected from Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, and Vpu and one or
more distinct optimized viral polypeptides (e.g., 2, 3, 4, 5, or more distinct optimized
viral polypeptides) for a second viral gene product different from the first viral gene
product selected from Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, and Vpu.

In a second aspect, the invention features a vaccine for treating or reducing the
risk of human immunodeficiency virus type 1 (HIV-1) infection in a mammal, such as a
human, that includes an optimized viral polypeptide that has at least seven contiguous
amino acids (e.g., at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,22, 23, 24,
25,26, 27, 28, 29, 30, 50, 100, 150, 175, 200, 250, 300, 350, 400, 450, 500 or more
contiguous amino acids in length) having at least 85% amino acid sequence identity to

any one of the sequences set forth in SEQ ID NOS:1-29. In one embodiment, the
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optimized viral polypeptide has at least seven contiguous amino acids (e.g., at least 8, 9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 50, 100,
150, 175, 200, 250, 300, 350, 400, 450, 500 or more contiguous amino acids in length)
having amino acid sequence identity to any one of the sequences set forth in SEQ ID
NOS:1-29. In another embodiment, the optimized viral polypeptide has the amino acid
sequence of any one of the sequences set forth in SEQ NOS:1-29. In a further
embodiment, the vaccine includes at least two optimized viral polypeptides selected from
any one or more of groups a)-k): a) SEQ ID NOS:1 and 2; b) SEQ ID NOS:3, 4, and 5; ¢)
SEQ ID NOS:6 and 7; d) SEQ ID NOS:8-12; e) SEQ ID NOS:13, 14, and 15; f) SEQ ID
NOS:16, 17, and 18; g) SEQ ID NOS:19 and 20; h) SEQ ID NOS:21, 22, and 23; i) SEQ
ID NOS:24 and 25; j) SEQ ID NOS:26 and 27; k) and SEQ ID NOS:21-22. In another
embodiment, the vaccine can include a pair of optimized viral polypeptides selected from
any one of groups a)-k) above and one or more different optimized viral polypeptides
from the same or a different group a)-k). In other embodiments, the vaccine can include
at least three or four or more optimized viral polypeptides from one or more of groups a)-
k).

In a third aspect, the invention features a vaccine for treating or reducing the risk
of a viral infection in a mammal, such as a human, that includes at least two pairs of
distinct optimized viral polypeptides, wherein each pair of optimized viral polypeptides
corresponds to the same viral gene product, and wherein no more than two optimized
viral polypeptides incorporated in the vaccine correspond to the same viral gene product.
In one embodiment, the vaccine includes at least three pairs of distinct optimized viral
polypeptides. In another embodiment, the vaccine includes at least four pairs ot distinct
optimized viral polypeptides. In one embodiment, the viral infection is caused by a
retrovirus, reovirus, picornavirus, togavirus, orthomyxovirus, paramyxovirus, calicivirus,
arenavirus, flavivirus, filovirus, bunyavirus, coronavirus, astrovirus, adenovirus,
papillomavirus, parvovirus, herpesvirus, hepadnavirus, poxvirus, or polyomavirus. In
other embodiments, the retrovirus is human immunodeficiency virus type 1 (HIV-1), and
the viral gene products include Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or Vpu. Ina
further embodiment, the vaccine includes no more than two optimized viral polypeptides
corresponding to one of the Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or Vpu viral gene
products. In another embodiment, the vaccine does not include optimized viral

polypeptides corresponding to Gag and Nef. In a further embodiment, the vaccine
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includes at least three pairs of distinct optimized viral polypeptides corresponding to any
three of the Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or Vpu viral gene products. In
another embodiment, the vaccine includes at least four pairs of distinct optimized viral
polypeptides corresponding to any four of the Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or
Vpu viral gene products.

In one embodiment of any of the first three aspects of the invention, the vaccine
elicits a cellular immune response against a viral gene product. In another embodiment,
the vaccine elicits a cellular immune response against HIV-1. In a further embodiment,
the nucleotide sequence of at least one distinct optimized viral polypeptide is encoded by
a nucleic acid or vector. In one embodiment, the vector is a recombinant adenovirus,
such as adenovirus serotype 26 (Ad26), adenovirus serotype 34 (Ad34), adenovirus
serotype 35 (Ad35), adenovirus serotype 48 (Ad48), or adenovirus serotype 5 HVR48
(Ad5HVRA48). In a further embodiment, the vaccine is in combination with a
pharmaceutically acceptable carrier, excipient, or diluent.

In a fourth aspect, the invention features a nucleic acid that includes the
nucleotide sequence of an optimized viral polypeptide that has at least seven
contiguous amino acids (e.g., at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23,24, 25,26, 27, 28, 29, 30, 50, 100, 150, 175, 200, 250, 300, 350, 400, 450,
500 or more contiguous amino acids in length) having at least 5% amino acid
sequence identity to any one of the amino acid sequences set forth in SEQ ID NOS:1-
29. In one embodiment, the optimized viral polypeptide has at least seven contiguous
amino acids (e.g., at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25,26,27,28,29, 30, 50, 100, 150, 175, 200, 250, 300, 350, 400, 450, 500 or
more contiguous amino acids in length) having sequence identity to any one of the
amino acid sequences set forth in SEQ ID NOS:1-29. In another embodiment, the
optimized viral polypeptide has any one of the amino acid sequences set forth in SEQ
ID NOS:1-29. In a further embodiment, the nucleic acid includes a vector. In one
embodiment, the vector is a recombinant adenovirus, such as adenovirus serotype 26
(Ad26), adenovirus serotype 34 (Ad34), adenovirus serotype 35 (Ad35), adenovirus
serotype 48 (Ad48), or adenovirus serotype 5 HVR48 (Ad5HVR48).

In a fifth aspect, the invention features an optimized viral polypeptide that has
at least seven contiguous amino acids (e.g., at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 50, 100, 150, 175, 200, 250, 300,
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350, 400, 450, 500 or more contiguous amino acids in length) having at least 85%
amino acid sequence identity to any one of the amino acid sequences set forth in SEQ
ID NOS:1-29. In one embodiment, the optimized viral polypeptide has at least seven
contiguous amino acids (e.g., at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22,23, 24, 25, 26, 27, 28, 29, 30, 50, 100, 150, 175, 200, 250, 300, 350, 400, 450,
500 or more contiguous amino acids in length) having sequence identity to any one of
the amino acid sequences set forth in SEQ ID NOS:1-29. In another embodiment, the
optimized viral polypeptide has any one of the amino acid sequences set forth in SEQ
ID NOS:1-29.

In a sixth aspect, the invention features a method for treating or reducing the
risk of a viral infection in a mammal, such as a human, by administering a vaccine or
nucleic acid of the invention. In one embodiment, the viral infection is caused by a
retrovirus, reovirus, picornavirus, togavirus, orthomyxovirus, paramyxovirus,
calicivirus, arenavirus, flavivirus, filovirus, bunyavirus, coronavirus, astrovirus,
adenovirus, papillomavirus, parvovirus, herpesvirus, hepadnavirus, poxvirus, or
polyomavirus. In further embodiments, the retrovirus is human immunodeficiency
virus type 1 (HIV-1), and the viral gene products include Gag, Pol, Env, Nef, Tat,
Rev, Vif, Vpr, or Vpu. In one embodiment, the vaccine or nucleic acid elicits a
cellular immune response against a viral gene product.

In a seventh aspect, the invention features a method of manufacturing a
vaccine for treating or reducing the risk of a viral infection in a mammal, such as a
human, by synthesizing a vaccine of the invention.

In an eighth aspect, the invention features a method of manufacturing a
vaccine for treating or reducing the risk of a viral infection in a mammal, such as a
human, by contacting a nucleic acid of the invention with a cell and isolating a
optimized viral polypeptide.

In one embodiment of the seventh or eighth aspects of the invention, the
optimized viral polypeptide elicits a cellular immune response when administered to a
mammal. The cellular immune response can be against a viral gene product. In
another embodiment, the viral infection is caused by a retrovirus, reovirus,
picomavirus, togavirus, orthomyxovirus, paramyxovirus, calicivirus, arenavirus,
flavivirus, filovirus, bunyavirus, coronavirus, astrovirus, adenovirus, papillomavirus,

parvovirus, herpesvirus, hepadnavirus, poxvirus, or polyomavirus. In further
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embodiments, the retrovirus is human immunodeficiency virus type 1 (FHIV-1), and
the viral gene products include Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, or Vpu.

In a ninth aspect, the invention features a kit that includes a vaccine of the
invention, a pharmaceutically acceptable carrier, excipient, or diluent, and instructions
for the use thereof. In one embodiment, the kit also includes an adjuvant.

In a final aspect, the invention features a kit that includes a nucleic acid of the
invention, a pharmaceutically acceptable carrier, excipient, or diluent, and instructions
for the use thereof. In one embodiment, the kit also includes an adjuvant.

In an embodiment of all aspects of the invention, the optimized viral
polypeptide is encoded by a nucleic acid sequence that is optimized for expression in
humans (e.g., any one of SEQ ID NOS:5, 10, 11, 12, 15, 18, and 23).

Definitions

By “optimized viral polypeptide” or “computationally-optimized viral
polypeptide” is meant an immunogenic polypeptide that is not a naturally-occurring
viral peptide, polypeptide, or protein. Optimized viral polypeptide sequences are
initially generated by modifying the amino acid sequence of one or more naturally-
occurring viral gene products (e.g., peptides, polypeptides, and proteins) to increase
the breadth, intensity, depth, or longevity of the antiviral immune response (e.g.,
cellular or humoral immune responses) generated upon immunization (e.g., when
incorporated into a vaccine of the invention) of a mammal (e.g., a human). Thus, the
optimized viral polypeptide may correspond to a “parent” viral gene sequence;
alternatively, the optimized viral polypeptide may not correspond to a specific
“parent” viral gene sequence but may correspond to analogous sequences from
various strains or quasispecies of a virus. Modifications to the viral gene sequence
that can be included in an optimized viral polypeptide include amino acid additions,
substitutions, and deletions. In one embodiment of the invention, the optimized viral
polypeptide is the composite or merged amino acid sequence of two or more
naturally-occurring viral gene products (e.g., natural or clinical viral isolates) in which
each potential epitope (e.g., each contiguous or overlapping amino acid sequence of 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 or more amino acids in length) is analyzed and modified to improve the

immunogenicity of the resulting optimized viral polypeptide. Optimized viral



WO 2010/059732 PCT/US2009/064999

polypeptides that correspond to different viral gene products can also be fused to
facilitate incorporation in a vaccine of the invention. Methods of generating an
optimized viral polypeptides are described in, e.g., Fisher et al. “Polyvalent Vaccine
for Optimal Coverage of Potential T-Cell Epitopes in Global HIV-1 Variants,” Naz.
Med. 13(1):100-106 (2007) and International Patent Application Publication WO
2007/024941, herein incorporated by reference. Once the optimized viral polypeptide
sequence is generated, the corresponding polypeptide can be produced or
administered by standard techniques (e.g., recombinant viral vectors, such as the
adenoviral vectors disclosed in International Patent Application Publications WO
2006/040330 and WO 2007/104792, herein incorporated by reference).

By “pharmaceutically acceptable carrier” is meant a carrier which is
physiologically acceptable to the treated mammal while retaining the therapeutic
properties of the compound with which it is administered. One exemplary
pharmaceutically acceptable carrier is physiological saline. Other physiologically
acceptable carriers and their formulations are known to one skilled in the art and
described, ¢.g., in Remington’s Pharmaceutical Sciences (18" edition, ed. A. Gennaro,
1990, Mack Publishing Company, Easton, PA), incorporated herein by reference.

By “vector” is meant a DNA construct that contains a promoter operably linked to
a downstream gene or coding region (e.g., a cDNA or genomic DNA fragment, which
encodes a polypeptide or polypeptide fragment). Introduction of the vector into a
recipient cell (e.g., a prokaryotic or eukaryotic cell, e.g., a bacterium, yeast, insect cell, or
mammalian cell, depending upon the promoter within the expression vector) or organism
(including, e.g., a human) allows the cell to express mRNA encoded by the vector, which
is then translated into the encoded optimized viral polypeptide of the invention. Vectors
for in vitro transcription/translation are also well known in the art and are described
further herein. A vector may be a genetically engineered plasmid, virus, or artificial
chromosome derived from, e.g., a bacteriophage, adenovirus, retrovirus, poxvirus, or
herpesvirus.

By “viral gene product” is meant any naturally-occurring viral peptide,
polypeptide, or protein, or fragment thereof. In one embodiment of the invention, the
viral gene product is derived from the human immunodeficiency virus type 1 (HIV-1).

HIV-1 viral gene products include the Gag, Pol, Env, Nef, Tat, Rev, Vif, Vpr, and Vpu
polypeptides.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a chart that illustrates the expanded breadth of computationally-
optimized HIV-1 Gag, Pol, and Env viral polypeptides against global potential T-cell
epitopes (PTE) peptides in Rhesus macaques. Animals immunized with the optimized
viral polypeptides (blue) reacted with the greatest number of recall peptide pools.

Figure 2 is a chart that shows that computationally-modified HIV-1 Gag, Pol, and
Env viral polypeptides expand the breadth of epitope-specific cellular immune response.

Figure 3 illustrates the breadth of cellular immune responses detected in
Rhesus macaques following immunization with HIV-1 viral gene products Gag, Pol,
and Env derived from the computationally-modified viral polypeptides of the
invention, as well as animals immunized with consensus HIV-1 antigens or HIV-1
clade C isolate antigens. Animals immunized with the optimized viral polypeptides
(blue) reacted with the greatest number of recall peptide pools. Since the animals are
outbred, the pools differ from animal to animal. Gag, Pol, and Env each elicit many
cellular immune responses and can have shared patterns of reactivity.

Figures 4A-4C are graphs showing the potential epitopes shared between the
different vaccines tested (2 valent mosaic (Mos2), M consensus (Mcon), and
optimized clade C (OptC)) by viral polypeptide (Pol (Fig. 4A), Gag (Fig. 4B), and
Env (Fig. 4C)). Figures 4A-C show the relative coverage of the current HIV database
full length genome set and the PTE peptides by the different vaccine candidates.

Figure 5 is a graph showing that the number of PTE peptide responses (where
cach response is considered an independent event regardless of overlap) to the 2
valent mosaic (Mos2) vaccine is greater than the number of responses to the M group
consensus (Mcon) vaccine and the natural viral strain vaccine (optimized clade C (C
Natural (optimal)), which has been selected to give optimal coverage of the M group
collection (OptC) vaccine antigens. Figure 5 shows the number of PTE peptide
responses per animal by protein, CD8+ T cell, and CD4+ T cell. Statistically, Mos2 >
Mcon ~ OptC (Mcon shows a trend for more response than OptC). The Wilcoxon p-
value for Mos2 compared to Mcon: p-value = 0.001058.

Figure 6 is a chart showing the number of PTE peptides that trigger T cell
responses. A median number of 16 (range; 12-29) PTE peptides of the 2 valent

mosaic (Mos2) vaccine trigger a response in CD8+ T cells, while only a median
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number of 6 (range: 0-7) Mcon peptides and only a median number of 3 peptides (range:
0-3) of OptC peptides trigger a response in CD8+ T cells. A median number of 4 (range;
2-6) PTE peptides of the 2 valent mosaic (Mos2) vaccine trigger a response in CD4-+ T
cells, while only a median number of 1 (range: 0-2) Mcon peptides and only a median
number of 0.5 peptides (range: 0-2) of OptC peptides trigger a response in CD4+ T cells.
Thus, the trend for responses is Mos2 > Mcon > OptC.

Figure 7 is a schematic summarizing the mapping of all CD8+ T cell Gag PTE
peptides that are recognized by T cells from each of the animals studied (see Example 3
below). The animal number, peptide pool and peptide number label the boundaries of
each reactive peptide. The symbol signifies the group: *, Mos2; ¥, ConM; =+, OptC. Gag
is included here as an example. There tends to be clustering of CD8 responses even
though the animals are outbred. Mosaics have potential advantages over the monovalent
vaccines. Mosaics have a better chance of stimulating a response that reacts with more
common variants. Mosaics also stimulate multiple responses to the different forms that
arc present in the cocktail. Thus, mosaics have the potential to block common escape
routes. In our study, the mosaic vaccine tended to stimulate T cell responses that
recognized more overlapping peptides. There are many hotspots of localization of
reactive peptides. PTE peptides are designed to maximize the potential epitope (or 9-mer
for a 9 amino acid contiguous stretch) coverage of the HIV-1 M group in the peptide
reagents used to assess vaccines. Inevitably, there is a lot of overlap in PTE peptides, but
because of the algorithm, overlap is usually an overlap with some variation. Figure 7
discloses SEQ ID NO: 42.

Figure § is a schematic summarizing the mapping of CD4+ T cell Gag P1E

peptides that are recognized by T celis from each of the animals studied. Figure 8
discloses SEQ ID NO: 43,
Figure 9 is a chart illustrating typical patterns of PTE responses to the ConM

vaccine or to the optimal natural vaccine, aligning peptides that elicit a response with the
relevant region of the vaccine. Good matches with solid stretches of identity between
vaceine and target PTE peptide are necessary to achieve a reaction to these vaccines.

Figure 9 discloses SEQ ID NOS 44-57, respectively, in order of appearance.

9
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Figure 10 is a chart illustrating that mosaic vaccines generated many responses
that recognized multiple variant overlapping peptides with no apparent antigenic
competition and with broad local responses. In particular, four variable PTE peptides
were recognized. Moreover, in the region of overlap both mosaic forms were recognized,
as well a combination of the two. Finally, a new form (S) was recognized. Figure 10

discloses SEQ ID NOS 58-63, respectively, in order of appearance.

Figure 11 is a chart illustrating a typical pattern of CD8+ PTE peptide responses
in mosaic vaccinated animal (361-07). 22 PTE peptides were tested and 8 CD8
responsive regions were identified; S regions included variable peptides that match amino
acids in one or the other of the mosaics. 5 CD4 responsive regions were identified.

Thus, T cell responses to Mosaics see more variable peptides in a given region. This
seemed to be true of CD8 T cell responses in particular. This could be the result of
triggering multiple T cell clones that recognize variants of epitopes, and these may block
fit escape routes. Not only are there more responses, they are deeper and cover more

variants. Figure 11 discloses CD8 responses as SEQ ID NOS 64-101, respectively, in

order of appearance. CD4 responses disclosed as SEQ ID NOS 102-117, respectively, in

order of appearance.

Figure 12 is a graph showing the number of overlapping variable PTE peptides
that span regions targeted by vaccine elicited T cells.

Figure 13 is graph showing that the 2 mosaic antigen vaccine yields more T cell
responses, relative to the Mcon and OptC vaccines, to regions that contain one or more
overlapping PTE peptides. Figure 13 is similar to Figure 5, monkeys shown in the same
order from right to left, but with the scale changed to reflect number of responses to
regions that contain one or more overlapping PTE peptides rather than single peptides.

Figure 14 is a chart showing the number of T cell responses in animals following
administration of 2 valent mosaic (Mos2), Mcon, and OptC vaccines. The 2 valent
mosaic (Mos2) vaccine triggers a median number of 8 responses in CD8+ T cells, while
only a median number of 3 (range: 0-6) and 1.5 peptides (range: 0-5) CD8+ T cell
responses are triggered by Mcon and OptC vaccines, respectively. The 2 valent mosaic
(Mos2) vaccine triggers a median number of 3 (range; 2-5) responses in CD4+ T cells,

while only a median number of 1 (range: 0-2) and 0.5 (range: 0-2)

10
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CD4+ T cell response are triggered by Mcon and OptC vaccines, respectively. Thus, the
trend for responses is Mos2 > Mcon > OptC.

Figure 15 is a graph showing that the mosaic vaccines can elicit more responses
that cross-react with C clade natural proteins than can a C clade natural vaccine: GAG
pooled peptides representing 5 proteins. Animals vaccinated with the M group consensus
or the optimal coverage C clade natural protein had 0-2 responses to the peptides derived
from these proteins, while the Mosaic vaccinated animals could respond to 1-5 peptide
pools. The Mosaic vaccine elicits more responses to each of the proteins tested than
either M con or the optimal C. T cell responses elicited by mosaic vaccines also
recognized more pooled peptide sets spanning actual Gag proteins. 10-12 Subpools =
10x15mer peptides (except 96ZM Gag, which is 5x20mer peptides).

Figure 16 is a graph showing that the mosaic design is robust to changes in viral
polypeptides over time (e.g., Gag M).

Figure 17 is a graph showing that coverage using 9-mer optimization is robust
over near (e.g., 8-12 mers) optimization lengths (Gag is shown).

Figure 18 is a graph showing that an increase in the number of variants increases
coverage, but has only diminishing returns (Gag is shown).

Figures 19A-19B are graphs showing the breadth and magnitude of epitope-
specific T lymphocyte responses to PTE peptides. Figure 19A is a graph showing the
numbers of epitope-specific CD4+ (top) and CD8+ (bottom) T lymphocyte responses to
individual PTE
peptides following a single immunization of rAd26 vectors expressing mosaic (blue), M
consensus (green), clade B + clade C (purple), or optimal natural clade C (red) HIV-1
Gag, Pol, and Env antigens. Individual monkeys are depicted on the x-axis. The
different shades of each color reflect responses to the different antigens (Gag, Pol, Env).
Figure 19B is a graph showing the numbers of CD4+ (top) and CD8+ (bottom) T
Jymphocyte response regions.

Figures 20A-20C show a schematic showing CD8+ T lymphocyte responses to
PTE peptides at week 4 following immunization mapped on HIV-1 Gag (Figure 20A)
(SEQ 1D NO: 118), Pol (Figure 20B) (SEQ ID NO: 119), and Env (Figure 20C)_(SEQ 1D
NO: 120) protein sequences. Colors denote monkeys that received the mosaic (blue), M

consensus (green), clade B + clade C (purple), or optimal natural clade C (red) HIV-1
Gag, Pol, and Env antigens. For each epitope, the monkey number, antigen (G, Gag; P,

Pol; E, Env), subpool number, and individual PTE peptide number are indicated.
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Figures 21A-21C show a schematic showing CD4+ T lymphocyte responses to
PTE peptides at week 4 following immunization mapped on HIV-1 Gag (Figure 21A)
(SEQ ID NO: 121), Pol (Figure 21B) (SEQ ID NO: 122), and Env (Figure 21C) {SEQ ID
NO: 123) protein sequences. Colors denote monkeys that reccived the mosaic (blue), M

consensus (green), clade B + clade C (purple), or optimal natural clade C (red) HIV-1
Gag, Pol, and Env antigens. For each epitope, the monkey number, antigen (G, Gag; P,
Pol; E, Env), subpool number, and individual PTE peptide number are indicated.
Figure 22 is a schematic showing the alignment of vaccine sequences with
reactive PTE peptides in all monkeys at week 4 following immunization with rAd26
vectors expressing mosaic, M consensus, clade B + clade C, or optimal natural clade C
HIV-1 Gag, Pol, and Env antigens. For each monkey, vaccine sequences are shown on
the top, and reactive PTE peptides are shown beneath the vaccine sequences denoted by
the antigen (G, Gag; P, Pol; E, Env) and PTE peptide numbers. The minimal overlap
region is shown in bold. Sequence polymorphisms between the two mosaic or the two
clade B + clade C antigens are shown in blue. Differences between the vaccine sequences

and the reactive PTE peptides are shown in red. Figure 22 discloses SEQ ID NOS 124-

640, respectively, in order of appearance.

Minimal regions within the peptides that are likely to contain the immune
response epitope, based on overlap between reactive peptides when it occurs, are in bold
in the vaccines. If there is no overlapping peptide, we assume the epitope can be
anywhere in the peptide, so the whole region is bold. We cannot differentiate between
different T cell responses targeting epitopes with different boundaries within a peptide, or
more promiscuous clonal T cell responses that can tolerate variation when variants are
present; either scenario could be advantageous in a vaccine immune response. The
number of targeted regions
corresponds to the minimum number of T cell responses required to account for the data.

Amino acids where the vaccine and the peptides don’t match are written in red; if
they fall within the region likely to carry the epitope, they are bold red. Amino acid
differences outside of the overlapping regions when multiple peptides overlap are marked
in red, but not bold.

The vaccines are always at the top. The letter for each protein (Gag is G, Pol is P,
Envelope is E) and the peptide number are used to label for each reactive PTE peptide.
The protein and HXB2 numbers follow each peptide.

For the mosaic and clade B+C vaccines, there are 2 antigens each and both are

included in the alignment; amino acid differences in the vaccines are noted in blue, and if
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the reactive peptide carries the variant amino acid in the second mosaic, it is also in blue.
In each of the positions where the two vaccine antigens differ, the reactive peptides are
also marked in bold to indicate the positions where including two variants may have
impacted the vaccine immune response and allowed greater breadth and depth.

For example, the first vaccine summarized is the clade B+C vaccine, and animal
287-95 is the first animal for which responses are listed. There were 3 CD8 responses to
PTE peptides, 1 to CD4. Two of the CD8 peptides show substantial overlap, E26 and
E282, so both may be targets for the same CTL response; thus we also note there are only
2 CD8 responsive regions, and 1 CD4 responsive region. For each responsive region, we
write out the number of overlapping peptides per region (e.g., CD8: 1 2 CD4: 1) to assess
depth of responses; the two is red to indicate that the region of overlap is variable in the
reactive peptides. If'the vaccine differs, like the D/E in the sccond reactive region, it is
marked in blue. Only the region of overlap is bold. The H in E282 was not found in
either vaccine so it is marked with red; it is within the region of overlap so it is bold.
Each reactive peptide has its protein and corresponding HXB2 numbering noted on the
right.

Figures 23A-23C are graphs showing the magnitude of all Gag-, Pol-, and Env-
specific CD8+ (Figure 23A and 23B) and CD4-+ (Figure 23C) T lymphocyte responses
arranged from lowest to highest,

Figures 24 A-C show the depth of epitope-specific ' lymphocyte responses to
PTE peptides. Figure 24A is a schematic showing an example of mapped T lymphocyte
responses in monkey 366 that received the optimal natural clade C antigens. Figure 24B
is a schematic showing an example of mapped T lymphocyte responses in monkey 361
that received the 2-valent mosaic antigens. In Figures 24A and 24B, vaccine sequences
are shown on the top (OptC; Mos1, Mos2), and reactive PTE peptides are shown beneath
the vaccine sequences denoted by the antigen (G, Gag; P, Pol; E, Env) and the PTE
peptide numbers. The minimal overlap region is shown in bold. Sequence
polymorphisms between the two mosaic antigens are shown in blue. Differences between
the vaccine sequences and the reactive PTE peptides are shown in red. Complete
alignments of all positive peptides organized by response regions are shown in Fig. 22.
Figure 24C is a graph showing the depth of CD4+ (top) and CD8+ (bottom) T
lymphocyte responses following immunization with rAd26 vectors expressing mosaic, M
consensus, clade B + clade C, or optimal natural clade C antigens. Individual monkeys
are depicted on the x-axis. One response variant (light shade) or >1 response variants

(dark shadc¢) arc shown for cach cpitopic region. Figure 24A discloscs SEQ ID NOS 641-
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650, respectively, in order of appearance. Figure 24B discloses SEQ ID NOS 651-685,

respectively, in order of appearance.

Figure 25 is a graph showing the breadth of epitope-specific T lymphocyte
responses to HIV-1 Gag peptides from clades A, B, and C. Breadth of cellular immune
responses was assessed utilizing subpools of overlapping peptides from the following
strains of HIV-1 Gag: clade C DU422, clade C ZM651, consensus C, consensus A, and
consensus B. Numbers of positive subpools are shown following a single immunization
of rAd26 vectors expressing mosaic (blue), M consensus (green), clade B + clade C
{(purple), or optimal natural clade C (red) HIV-1 Gag, Pol, and Env antigens. Individual
monkeys are depicted on the x-axis.

Figure 26 A-D are graphs showing the cellular and humoral immune responses
following the boost immunization, Shown are the magnitude (Fig. 26A) and breadth (Fig.
26B) of individual T lymphocyte responses at week 4 post-prime (left side of each panel)
and at week 44 post-boost (right side of each panel) for each monkey. Monkeys were
primed at week 0 with rAd26 vectors and were boosted at week 40 with rAd5HVR48
vectors expressing mosaic, M consensus, or optimal natural clade C HIV-1 Gag, Pol, and
Env antigens. Individual monkeys are depicted on the x axis. In Fig. 26A, red denotes
CD8+ T lymphocyte responses, blue denotes CD4+ T lymphocyte responses, lines depict
responses observed at both timepoints, and dots depict responses observed at only one
timepoint. In Fig. 26B, different shades of each color reflect responses to the different
antigens (Gag, Pol, Env). Figure 26C is a graph showing the Env-specific ELISA
endpoint titers at weeks 0, 4, and 44. Figure 26D is a graph showing the neutralizing
antibody (NADb) titers to the tier 1 clade A (DJ263.8), clade B (SF162.LS), and clade C
(MW965.26) viruses at week 44. NAD titers to murine leukemia virus as a negative
control were <20 for all samples.

Figure 27 is a graph showing the theoretical coverage of PTE peptides by the
various vaccine antigens. Percentage of 9 amino acid PTE peptides that are covered by
the mosaic (blue), M consensus (green), clade B + clade C (purple), or optimal natural

clade C (red) HIV-1 Gag, Pol, and Env antigens are shown.

DETAILED DESCRIPTION OF THE INVENTION
The invention featurcs optimized viral polypeptides that are computationally

derived from naturally-occurring viral gene products. The optimized viral
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polypeptides of the invention allow for an increased breadth and depth of virus-
specific immunity (e.g., cellular immunity, such as T cell-based immune responses)
following immunization of a subject (e.g., a human) with one or more optimized viral
polypeptides of the invention or vaccines (e.g., a vector) that incorporate one or more
optimized viral polypeptides of the invention. The invention provides vaccines that
can be administered to a subject (e.g., a human) infected with or at risk of becoming
infected with a viral infection. The vaccines of the invention incorporate at least two
distinet optimized viral polypeptides for each corresponding viral gene product
represented. The incorporation of at least two distinct optimized viral polypeptides
allows for increased coverage and representation of immunogenic epitopes in the
vaccine, which the inventors have found results in an increase in the total number of
virus-specific immune responses following vaccination of a subject. The present
invention also provides methods of administering and manufacturing vaccines,
vectors, and optimized viral polypeptides that to a subject (e.g., a human). The
compositions, methods, and kits described herein can substantially increase the
diversity, breadth, and/or depth of the virus-specitic cellular immune responses by

providing at least two distinct optimized viral polypeptides.

Optimized Viral Polypeptides of the Invention

The present invention provides for polyvalent (e.g., 2-valent) vaccines that
incorporate computationally-optimized viral polypeptides that correspond to and are
derived from viral gene products that naturally circulate. Polyvalent mosaic proteins
are assembled from natural sequences by in silico recombination and optimized to
provide maximal coverage of potential T cell epitopes (PTESs) for a given valency.
Mosaic antigens are full-length proteins that are designed to preserve natural antigen
expression and processing.

The inventors have discovered that immunization with two distinct optimized
viral polypeptides corresponding to and derived from a single viral gene product (i.e.,
a 2-valent vaccine) elicits a substantially higher number of cellular immune responses
(e.g., T cell responses) than conventional monovalent or polyvalent vaccines that
incorporate naturally-occurring polypeptides derived from the same viral gene
product (e.g., sequences based on clinical isolates), or a consensus sequence of such

naturally-occurring polypeptides derived from the same viral gene product.
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Accordingly, a vaccine that incorporates computationally-optimized viral
polypeptides, the sequences of which provide maximum coverage of non-rare short
stretches of circulating viral sequences, can increase the breadth and depth of the
immune response.

A genetic algorithm is used to create sets of optimized viral polypeptides as
“mosaic” blends of fragments of an arbitrary set of naturally-occurring viral gene
product sequences provided as inputs. This genetic algorithm strategy uses unaligned
protein sequences from a general viral population as an input data set, and thus has the
virtue of being “alignment independent.” It creates artificial optimized viral
polypeptides that resemble viral proteins found in nature, but are not naturally-
occurring. The genetic algorithm can be adjusted to optimize viral polypeptides of
different lengths, depending on the intended target or desired immune response. As
most T cell epitopes are nine amino acids in length, the genetic algorithm utilized to
design the optimized viral polypeptides of the invention was based on optimizing each
consecutive 9-mer amino acid sequence of a given viral gene product (e.g., HIV-1
Gag). In accordance with this approach, 9-mers (for example) that do not exist in
nature or that are very rare can be excluded - this is an improvement relative to
consensus sequence-based vaccine strategies since the latter can contain some 9-mers
(for example) that occur rarely or not at all in nature. The definition of fitness used
for the genetic algorithm is that the most "fit" polyvalent cocktail is the combination
of input viral sequences that gives the best coverage (highest fraction of perfect
matches) of all of the 9 mers in the population and is subject to the constraint that no 9
mer is absent or rare in the population. The genetic algorithm used to generate the
optimized viral polypeptides of the invention is further described in International
Patent Application Publication WO 2007/024941, herein incorporated by reference.

In one embodiment, the invention provides polyvalent (e.g., 2-valent) HIV-1
vaccines that incorporate single optimized HIV-1 polypeptides (e.g., the polypeptides
set forth in SEQ ID NOS:1-29). In another embodiment, the invention features a
polyvalent vaccine that incorporates two or more optimized HIV-1 polypeptides. In
each case, the optimized HIV-1 polypeptides are based on all HIV-1 variants in global
circulation, known as the HIV-1 Main (M) group. The inventors have generated a set
of optimized HIV-1 polypeptides (SEQ ID NOS:1-29) that augment the breadth and

depth of cellular immunity based on group M mosaic genes that utilize only two
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variants per gene (e.g., two polypeptide sequences each for Gag, Pol, Env, Nef, Tat,
Rev, Vif, Vpr, and Vpu). We have obtained the novel and surprising result in Rhesus
macaques that the use of these optimized HIV-1 polypeptides in a polyvalent (e.g., 2-
valent) HIV-1 group M vaccine elicits a significantly greater breadth and depth of
HIV-1-specific cellular immune responses when compared with two other leading
vaccine antigen strategies (M consensus antigens and optimal natural clade C
antigens).

The invention provides for the fusion of optimized viral polypeptides that
cotrespond to different viral gene products. 'The genctic algorithm described above
can be used to generate fused polypeptides for use in a vaccine of the invention. For
example, the optimized HIV-1 polypeptide fusions of Gag/Nef (SEQ ID NOS:19-20),
Gag/Pol (SEQ ID NOS:21-27), and Gag/Pol/Nef (SEQ ID NOS:28-29) can be
incorporated into a vector of the invention for administration to a subject (e.g., a
human) infected with or at risk of being infected with HIV-1. The vaccines of the
invention (whether in polypeptide or nucleic acid form) can also inctude one or more
of the non-“mosaic” polypeptides (or sequences encoding them, respectively), such
as, e.g., the optimal clade C sequences (SEQ ID NOS: 30-36) or the consensus
sequences (SEQ ID NOS: 37-39).

The optimized viral polypeptides disclosed in this invention can be prepared
conventionally by chemical synthesis techniques, such as described by Merrifield, J
Amer. Chem. Soc. 85:2149 (1963) (see also, e.g., Stemmer et al., 164 Gene 49
(1995)). For example, the vaccines can be readily prepared using solid phase peptide
synthesis (SPPS). Automated solid phase synthesis can be performed using any one
of a number of well known, commercially available automated synthesizers, such as
the Applied Biosystems ABI 433 A peptide synthesizer. Alternatively, the optimized
viral polypeptides of the invention can be recombinantly produced by transfecting or
transducing a cell or organism with a nucleic acid or vector (e.g., a viral vector, such
an adenovirus) that allows for the intracellular expression of the optimized viral
polypeptide. Nucleic acids and vectors that encode the nucleotide sequence of
optimized viral polypeptides of the invention can be synthesized by well-known

recombinant DNA techniques, including those described herein.
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Vaccines of the Invention

The invention also features vaccines that can be administered to a patient infected
with or at risk of becoming infected with a virus (e.g., HIV-1). A vaccine of the invention
contains at least one of the optimized viral polypeptides of the invention, as discussed
herein. The vaccine of the invention can be a nucleic acid encoding the nucleotide
sequence of two or more optimized viral polypeptides of the invention (e.g., the
mmunogenic component of a recombinant (e.g., subunit) or whole-organism (e.g., whole-
virus) viral vector). Nucleic acids include vectors (e.g., viral vectors, such as
adenoviruses) that incorporate the nucleotide sequence of two or more optimized viral
polypeptides of the invention. The optimized viral polypeptides of the invention, as well
as vaccines, nucleic acids, and vectors that incorporate optimized viral polypeptides, can
be recombinantly expressed in a cell or organism, or can be directly administered to

subject (e.g., a human) infected with, or at risk of becoming infected with, a virus.

Vectors of the Invention

The invention also features vectors encoding the nucleotide sequences (e.g.,
DNA or RNA) of one or more optimized viral polypeptides of the invention. The
vector can be a carrier (e.g., a liposome), a plasmid, a cosmid, a yeast artificial
chromosome, or a virus that includes a nucleotide sequence encoding one or more
optimized viral polypeptides of the invention. The vector can include additional
nucleic acid sequences from several sources.

Vectors encoding one or more optimized viral polypeptides of the invention
can be constructed using any recombinant molecular biology technique known in the
art. The vector, upon transfection or transduction of a target ccll or organism, can be
extrachromosomal or it can be integrated into the host cell chromosome. The nucleic
acid component of a vector can be in single or multiple copy number per target cell,
and can be linear, circular, or concatamerized.

Vectors of the invention can also include internal ribosome entry site (IRES)
sequences to allow for the expression of multiple peptide or polypeptide chains from a
single nucleic acid transcript. For example, a vector of the invention can encode one
or more optimized viral polypeptides of the invention as well as another polypeptides

(e.g., a detectable label, such as green fluorescent protein (GFP)).
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Vectors of the invention further include gene expression elements that
facilitate the expression of optimized viral polypeptides of the invention. Gene
expression elements useful for the expression of an vector encoding an optimized
viral polypeptide of the invention include, but are not limited to (a) regulatory
sequences, such as viral transcription promoters and their enhancer elements, such as
the SV40 early promoter, Rous sarcoma virus LTR, and Moloney murine leukemia
virus LTR; (b) splice regions and polyadenylation sites such as those derived from the
SV40 late region; and (c) polyadenylation sites such as in SV40. Also included are
plasmid origins of replication, antibiotic resistance or selection genes, multiple
cloning sites (e.g., restriction enzyme cleavage loci), and other viral gene sequences
(e.g., sequences encoding viral structural, functional, or regulatory elements, such as
the HIV long terminal repeat (LTR)).

Vectors of the invention can also include optimized viral polypeptides of the
invention that have been optimized for expression in humans, such as, e.g., any one of
SEQ ID NOS:11, 14-18, and 23.

Vectors of the invention can also be engineered to include a multiple cloning
site (MCS) having the following enzyme cleavage sites: Xbal-EcoRI-Kozak-
Start...Stop-BamHI-Nhel; and the following sequence: TCTAGA GAATTC
GCCACC [ATG gene TAA TGA] GGATCC GCTAGC. Vectors having this MCS
can be used with optimized viral polypeptides having no internal Xbal, EcoRI,

BamHI, Nhel sites and no stretches of 6 or more C’s or G’s.

In Vivo Administration

The invention features methods for the in vivo administration of one or more
vaccines of the invention (e.g., a vector encoding two or more optimized viral
polypeptides of the invention) to a subject (e.g., a human) to facilitate the expression
of two or more optimized viral polypeptides of the invention. Upon administering the
vaccine to the subject, one or more optimized viral polypeptides of the invention will
be expressed that can elicit protective or therapeutic immune responses (e.g., cellular
or humoral immune responses) directed against the viral immunogens.

Several types of vectors can be employed to deliver a nucleotide sequence
encoding one or more optimized viral polypeptides of the invention directly to a

subject (e.g., a human). Vectors of the invention include viruses, naked DNA,
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oligonucleotides, cationic lipids (e.g., liposomes), cationic polymers (e.g.,
polysomes), virosomes, and dendrimers. The present invention provides for the ex
vivo transfection or transduction of cells (e.g., blood cells) followed by administration
of these cells back into the donor subject to allow for the expression of optimized
viral polypeptides of the invention that have immunogenic properties. Cells that can
be isolated and transfected or transduced ex vivo according to the methods of
invention include, but are not limited to, blood cells, skin cells, fibroblasts,
endothelial cells, skeletal muscle cells, hepatocytes, prostate epithelial cells, and
vascular endothelial cells. Stem cells are also appropriate cells for transduction or
transfection with a vector of the invention. Totipotent, pluripotent, multipotent, or
unipotent stem cells, including bone marrow progenitor cells and hematopoietic stem
cells (HSC), can be isolated and transfected or transduced with an vector encoding
one or more optimized viral polypeptides of the invention, and administered to a
subject according to the methods of the invention.

The method of transfection or transduction used to express an optimized viral
vector of the invention has a strong influence on the strength and longevity of protein
expression in the transfected or transduced cell, and subsequently, in the subject
receiving the cell. The present invention provides vectors that are temporal (e.g.,
adenoviral vectors) or long-lived (e.g., retroviral vectors) in nature. Regulatory
sequences (e.g., promoters and enhancers) are known in the art that can be used to
regulate protein expression. The type of cell being transfected or transduced also has
a strong bearing on the strength and longevity of protein expression. For example,
cell types with high rates of turnover can be expected to have shorter periods of

protein expression.

Ex Vivo Transfection and Transduction

The invention also features methods for the ex vivo transfection and
transduction of cells (e.g., blood cells, such as lymphocytes), followed by
administration of these cells to a subject (e.g., a human). In one embodiment, the
cells are autologous to the treated subject. Cells can be transfected or transduced ex
vivo with one or more vectors encoding the nucleotide sequence of one or more
optimized viral polypeptides of the invention to allow for the temporal or permanent

expression of the optimized viral polypeptides in the treated subject. Upon
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administering these modified cells to the subject, one or more optimized viral vectors
of the invention will be expressed that can elicit protective or therapeutic immune
responses (e.g., cellular or humoral immune responses) directed against the viral
immunogerns.

Several types of vectors can be employed to deliver a nucleotide sequence
encoding one or more optimized viral polypeptides of the invention to a cell (e.g., a
blood cell, such as a lymphocyte). Vectors of the invention include vituses, naked
DNA, oligonucleotides, cationic lipids (e.g., liposomes), cationic polymers (¢.g.,
polysomes), virosomes, and dendrimers. The present invention provides for the ex
vivo transfection or transduction of cells (e.g., blood cells) followed by administration
of these cells back into the donor subject to allow for the expression of optimized
viral polypeptides of the invention that have immunogenic properties. Cells that can
be isolated and transfected or transduced ex vivo according to the methods of
invention include, but are not limited to, blood cells, skin cells, fibroblasts,
endothelial cells, skeletal muscle cells, hepatocytes, prostate epithelial cells, and
vascular endothelial cells. Stem cells are also appropriate cells for transduction or
transfection with a vector of the invention. Totipotent, pluripotent, multipotent, or
unipotent stem cells, including bone marrow progenitor cells and hematopoietic stem
cells (HSC), can be isolated and transfected or transduced with an vector encoding
one or more optimized viral polypeptides of the invention, and administered to a
subject according to the methods of the invention.

The method of transfection or transduction used to express an optimized viral
vector of the invention has a strong influence on the strength and longevity of protein
expression in the transfected or transduced cell, and subsequently, in the subject
receiving the cell. The present invention provides vectors that are temporal (e.g.,
adenoviral vectors) or long-lived (e.g., retroviral vectors) in nature. Regulatory
sequences (e.g., promoters and enhancers) are known in the art that can be used to
regulate protein expression. The type of cell being transfected or transduced also has
a strong bearing on the strength and longevity of protein expression. For example,
cell types with high rates of turnover can be expected to have shorter periods of

protein expression.
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Viral Vectors

Viral vectors encoding the nucleotide sequence of one or more optimized viral
polypeptides of the invention can be used as a vaccine of the invention. For example,
the nucleotide sequence of one or more optimized viral polypeptides of the invention
can be inserted recombinantly into that of a natural or modified (e.g., attenuated) viral
genome suitable for the transduction of a subject (e.g., in vivo administration) or cells
isolated from a subject (e.g., for ex vivo transduction followed by administration of
the cells back to the subject). Additional modifications can be made to the virus to
improve infectivity or tropism (e.g., pseudotyping), reduce or eliminate replicative
competency, or reduce immunogencity of the viral components (e.g., all components
not related to the immunogenic vaccine agent). A vector of the invention can be
expressed by the transduced cell and secreted into the extracellular space or remain
with the expressing cell (e.g., as an intracellular molecule or displayed on the cell
surface). Chimeric or pseudotyped viral vectors can also be used to transduce a cell to
allow for expression of one or more optimized viral polypeptides of the invention.

Exemplary vectors are described below.

Adenoviruses

Recombinant adenoviruses offer several significant advantages for use as
vectors for the expression of one or more optimized viral polypeptides of the
invention. The viruses can be prepared to high titer, can infect non-replicating cells,
and can confer high-efficiency transduction of target cells ex vivo following contact
with a target cell population. Furthermore, adenoviruses do not integrate their DNA
into the host genome. Thus, their use as expression vectors has a reduced risk of
inducing spontaneous proliferative disorders. In animal models, adenoviral vectors
have generally been found to mediate high-level cxpression for approximately one
week. The duration of transgene expression (expression of a nucleic acid encoding an
optimized viral polypeptide of the invention) can be prolonged by using cell or tissue-
specific promoters. Other improvements in the molecular engineering of the
adenoviral vector itself have produced more sustained transgene expression and less
inflammation. This is seen with so-called “second generation” vectors harboring

specific mutations in additional early adenoviral genes and “gutless” vectors in which
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virtually all the viral genes are deleted utilizing a Cre-Lox strategy (Engelhardt et al.,
Proc. Natl. Acad. Sci. USA 91:6196 (1994) and Kochanek et al., Proc. Natl. Acad. Sci.
USA4 93:5731 (1996), each herein incorporated by reference).

The rare serotype and chimeric adenoviral vectors disclosed in International
Patent Application Publications WO 2006/040330 and WO 2007/104792, each
incorporated by reference herein, are particularly useful as vectors of the invention.
For example, recombinant adenoviruses rAd26, rAd34, rAd35, rAd48, and
rAdSHVR48 can encode oné or more optimized viral polypeptides of the invention.
One or more recombinant viral vectors encoding optimized viral polypeptides of the

invention can be administered to a subject to treat or prevent a viral infection.

Adeno-Associated Viruses (AAV)

Adeno-associated viruses (tAAV), derived from non-pathogenic parvoviruses,
can also be used to express optimized viral polypeptides of the invention as these
vectors evoke almost no anti-vector cellular immune response, and produce transgene

expression lasting months in most experimental systems.

Retroviruses

Retroviruses are useful for the expression of optimized viral polypeptides of
the invention. Unlike adenoviruses, the retroviral genome is based in RNA. When a
retrovirus infects a cell, it will introduce its RNA together with several enzymes into
the cell. The viral RNA molecules from the retrovirus will produce a double-siranded
DNA copy, called a provirus, through a process called reverse transcription.
Following transport into the cell nucleus, the proviral DNA is integrated in a host cell
chromosome, permanently altering the genome of the transduced cell and any progeny
cells that may derive from this cell. The ability to permanently introduce a gene into
a cell or organism is the defining characteristic of retroviruses used for gene therapy.
Retroviruses include lentiviruses, a family of viruses including human
immunodeficiency virus (HIV) that includes several accessory proteins to facilitate
viral infection and proviral integration. Current, “third-generation,” lentiviral vectors

feature total replication incompetence, broad tropism, and increased gene transfer
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capacity for mammalian cells (see, e.g., Mangeat and and Trono, Human Gene
Therapy 16(8):913 (2005) and Wiznerowicz and Trono, Trends Biotechnol. 23(1):42
(2005), each herein incorporated by reference).

Other Viral Vectors

Besides adenoviral and retroviral vectors, other viral vectors and techniques
are known in the art that can be used to express optimized viral polypeptides of the
invention in a cell (e.g., a blood cell, such as a lymphocyte) or subject (e.g., a human).
Theses viruses include Poxviruses (e.g., vaccinia virus and modified vaccinia virus
Ankara or (MVA); see, e.g., U.S. Patent Nos. 4,603,112 and 5,762,938, each
incorporated by reference herein), Herpesviruses, Togaviruses (e.g., Venezuelan
Equine Encephalitis virus; see, e.g., U.S. Patent No. 5,643,576, incorporated by
reference herein), Picornaviruses (e.g., poliovirus; see, €.g., U.S. Patent No.
5,639,649, incorporated by reference herein), Baculoviruses, and others described by
Wattanapitayakul and Bauer (Biomed. Pharmacother. 54:487 (2000), incorporated by

reference herein).

Other Expression Vectors: Naked DNA and Oligonucleotides

Naked DNA or oligonucleotides encoding one or more optimized viral
polypeptides of the invention can also be used to express these polypeptides in a cell
(e.g., a blood cell, such as a lymphocyte) or subject (e.g., a human). See, e.g., Cohen,
Science 259:1691-1692 (1993); Fynan et al., Proc. Natl. Acad. Sci. USA, 90:11478
(1993); and Wolft et al., BioTechniques 11:474485 (1991), each herein incorporated
by reference. This is the simplest method of non-viral transfection. Efficient methods
for delivery of naked DNA exist such as electroporation and the usc of a “gene gun,”
which shoots DNA-coated gold particles into a cell using high pressure gas and

carrier particles (e.g., gold).

Lipoplexes and Polyplexes

To improve the delivery of an nucleic acid encoding an optimized viral
polypeptide of the invention into a cell or subject, lipoplexes (e.g., liposomes) and
polyplexes can be used to protect the vector DNA from undesirable degradation

during the transfection process. Plasmid DNA can be covered with lipids in an
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organized structure like a micelle or a liposome. When the organized structure is
complexed with DNA it is called a lipoplex. There are three types of lipids, anionic
(negatively-charged), neutral, or cationic (positively-charged). Lipoplexes that utilize
cationic lipids have proven utility for gene transfer. Cationic lipids, due to their
positive charge, naturally complex with the negatively- charged DNA. Also as a
result of their charge they interact with the cell membrane, endocytosis of the lipoplex
occurs, and the DNA is released into the cytoplasm. The cationic lipids also protect
against degradation of the DNA by the cell.

Complexes of polymers with DNA are called polyplexes. Most polyplexes
consist of cationic polymers and their production is regulated by ionic interactions.
One large difference between the methods of action of polyplexes and lipoplexes is
that polyplexes cannot release their DNA load into the cytoplasm, so to this end, co-
transfection with endosome-lytic agents (to lyse the endosome that is made during
endocytosis) such as inactivated adenovirus must occur. However, this is not always
the case; polymers such as polyethylenimine have their own method of endosome
disruption as does chitosan and trimethylchitosan.

Exemplary cationic lipids and polymers that can be used in combination with
an nucleic acid encoding an optimized viral polypeptide of the invention to form
lipoplexes, or polyplexes include, but are not limited to, polyethylenimine, lipofectin,

lipofectamine, polylysine, chitosan, trimnethylchitosan, and alginate.

Hybrid methods

Several hybrid methods of gene transfer combine two or more techniques.
Virosomes, for example, combine lipoplexes (e.g., liposomes) with an inactivated
virus. This approach has been shown to result in more efficient gene transfer in
respiratory epithelial cells than either viral or liposomal methods alone. Other
methods involve mixing other viral vectors with cationic lipids or hybridising viruses.
Each of these methods can be used to facilitate transfer of an nucleic acid encoding
optimized viral polypeptides of the invention into a cell (e.g., a blood cell, such as a

lymphocyte) or subject (e.g., a human).
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Dendrimers

Dendrimers may be also be used to transfer an nucleic acid encoding an
optimized viral polypeptide of the invention into a cell (e.g., a blood cell, such as a
lymphocyte) or subject (e.g., a human). A dendrimer is a highly branched
macromolecule with a spherical shape. The surface of the particle may be
functionalized in many ways, and many of the properties of the resulting construct are
determined by its surface. In particular it is possible to construct a cationic dendrimer
(i.e. one with a positive surface charge). When in the presence of genetic material
such as DNA or RNA, charge complimentarity leads to a temporary association of the
nucleic acid with the cationic dendrimer. On reaching its destination the dendrimer-

nucleic acid complex is then taken into the cell via endocytosis.

In Vivo Administration

The invention also features in vivo methods for immunizing a subject (e.g., a
human) with a vaccine of the invention. In one embodiment, one or more vaccines of the
invention can be directly administered to a subject to elicit a protective or therapeutic
immune response (¢.g., a cellular or humoral immune response) against a virus (e.g., HIV-
1). Alternatively, a vector encoding one or more optimized viral polypeptides of the
invention, as described above, can be directly administered to a subject to prevent or treat
a viral infection. A vector (e.g., a viral vector) that efficiently transfects or transduces one
or more cells in vivo can elicit a broad, durable, and potent immune response in the treated
subject. Upon transfer of the nucleic acid component of the expression vector into a host
cell (e.g., a blood cell, such as a lymphocyte), the host cell produces and displays or
secretes the vaccine of the invention, which then serves to activate components of the
immune system such as antigen-presenting cells (APCs), T cells, and B cells, resulting in

the establishment of immunity.

Pharmaceutical Compositions

The invention features the vaccines, vectors, and optimized viral polypeptides
of the invention in combination with one or more pharmaceutically acceptable
excipients, diluents, buffers, or other acceptable cariers. The formulation of a
vaccine, vector, or optimized viral polypeptides will employ or allow expression of an

effective amount of the optimized viral polypeptide immunogen. That is, there will
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be included an amount of antigen which will cause the treated subject (e.g., a human)
to produce a specific and sufficient immunological response so as to impart protection
to the subject from subsequent exposure to a virus (e.g., HIV-1) or to treat an existing
viral infection. For example, a formulation of a vaccine of the invention can allow for
the expression of an amount of antigen which will cause the subject to produce a
broad and specific cellular immune response. A subject treated with a vaccine,
vector, or optimized viral polypeptide of the invention can also produce anti-viral
antibodies (e.g., neutralizing antibodies) which can confer a protective or therapeutic
benefit to the subject. A vaccine, vector, or optimized viral polypeptide of the
invention can be directly administered to a subject, either alone or in combination
with any pharmaceutically acceptable carrier, salt or adjuvant known in the art.

Pharmaceutically acceptable salts may include non-toxic acid addition salts or
metal complexes that are commonly used in the pharmaceutical industry. Examples
of acid addition salts include organic acids such as acetic, lactic, pamoic, maleic,
citric, malic, ascorbic, succinic, benzoic, palmitic, suberic, salicylic, tartaric,
methanesulfonic, toluenesulfonic, or trifluoroacetic acids or the like; polymeric acids
such as tannic acid, carboxymethyl cellulose, or the like; and inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid phosphoric acid, or the like. Metal
complexes include zinc, iron, and the like. One exemplary pharmaceutically
acceptable carrier is physiological saline. Other physiologically acceptable carriers
and their formulations are known to one skilled in the art and described, for example,
in Remington’s Pharmaceutical Sciences, (1 g edition), ed. A. Gennaro, 1990, Mack
Publishing Company, Easton, PA.

Pharmaceutical formulations of a prophylactically or therapeutically effective
amount of a vaccine, vector, or optimized viral polypeptide of the invention can be
administered orally, parenterally (e.g., intramuscular, intraperitoneal, intravenous, or
subcutaneous injection, inhalation, intradermally, optical drops, or implant), nasally,
vaginally, rectally, sublingually, or topically, in admixture with a pharmaceutically
acceptable carrier adapted for the route of administration. The concentration of a
vaccine, vector, or optimized viral polypeptide of the invention in the formulation can
vary from about 0.1-100 wt. %.

Formulations for parenteral administration of compositions containing a

vaccine, vector, or optimized viral polypeptide of the invention include sterile
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aqueous or non-aqueous solutions, suspensions, or emulsions. Examples of suitable
vehicles include propylene glycol, polyethylene glycol, vegetable oils, gelatin,
hydrogenated naphalenes, and injectable organic esters, such as ethyl oleate. Such
formulations may also contain adjuvants, such as preserving, wetting, emulsifying,
and dispersing agents. Biocompatible, biodegradable lactide polymer,
lactide/glycolide copolymer, or polyoxyethylene-polyoxypropylene copolymers may
be used to control the release of the compounds. Other potentially useful parenteral
delivery systems for compositions containing a vaccine, vector, or optimized viral
polypeptide of the invention include ethylene-vinyl acetate copolymer particles,
osmotic pumps, implantable infusion systems, and liposomes.

Liquid formulations can be sterilized by, for example, filtration through a
bacteria-retaining filter, by incorporating sterilizing agents into the compositions, or
by irradiating or heating the compositions. Alternatively, they can also be
manufactured in the form of sterile, solid compositions, which can be dissolved in
sterile water or some other sterile injectable medium immediately before use.

Compositions containing vaccine, vector, or optimized viral polypeptide of the
invention for rectal or vaginal administration are preferably suppositories which may
contain, in addition to active substances, excipients such as coca butter or a
suppository wax. Compositions for nasal or sublingual administration are also
prepared with standard excipients known in the art. Formulations for inhalation may
contain excipients, for example, lactose, or may be aqueous solutions containing, for
example, polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or may be
oily solutions for administration in the form of nasal drops or spray, or as a gel.

The amount of active ingredient in the compositions of the invention can be
varied. One skilled in the art will appreciate that the exact individual dosages may be
adjusted somewhat depending upon a variety of factors, including the peptide being
administered, the time of administration, the route of administration, the nature of the
formulation, the rate of excretion, the nature of the subject’s conditions, and the age,
weight, health, and gender of the patient. In addition, the severity of the condition
treated by the vaccine, vector, or optimized viral polypeptide will also have an impact
on the dosage level. Generally, dosage levels of between 0.1 pg/kg to 100 mg/kg of
body weight are administered daily as a single dose or divided into multiple doses.

Preferably, the general dosage range is between 250 pg/kg to 5.0 mg/kg of body
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weight per day. Wide variations in the needed dosage are to be expected in view of
the differing efficiencies of the various routes of administration. For instance, oral
administration generally would be expected to require higher dosage levels than
administration by intravenous injection. Variations in these dosage levels can be
adjusted using standard empirical routines for optimization, which are well known in
the art. In general, the precise prophylactically or therapeutically effective dosage can
be determined by the attending clinician in consideration of the above-identified
factors.

The amount of a vaccine, vector, or optimized viral polypeptide of the
invention present in each dose given to a patient is selected with regard to
consideration of the patient’s age, weight, sex, general physical condition and the like.
The amount of a vaccine, vector, or optimized viral polypeptide required to induce an
immune response (e.g., a cellular immune response) or produce an exogenous effect
in the patient without significant adverse side effects varies depending upon the
pharmaceutical composition employed and the optional presence of an adjuvant.
Initial doses can be optionally followed by repeated boosts, where desirable. The
method can involve chronically administering the vaccine, vector, or optimized viral
polypeptide of the invention. For therapeutic use or prophylactic use, repeated
dosages of the immunizing vaccine, vector, or optimized viral polypeptide can be
desirable, such as a yearly booster or a booster at other intervals. The dosage
administered will, of course, vary depending upon known factors such as the
pharmacodynamic characteristics of the particular vaccine, vector, or optimized viral
polypeptide, and its mode and route of administration; age, health, and weight of the
recipient; nature and extent of symptorms, kind of concurrent treatment, frequency of
treatment, and the effect desired. A vaccine, vector, or optimized viral polypeptide of
the invention can be administered in chronic treatments for subjects at risk of acute
infection due to needle sticks or maternal infection. A dosage frequency for such
“acute” infections may range from daily dosages to once or twice a week i.v. orim.,
for a duration of about 6 weeks. The vaccine, vector, or optimized viral polypeptide
can also be employed in chronic treatments for infected patients, or patients with

advanced infection with a virus (e.g., HIV-1). In infected patients, the frequency of
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chronic administration can range from daily dosages to once or twice a week 1.v. or
i.m., and may depend upon the half-life of immunogen present in the vaccine, vector,

or optimized viral polypeptide of the invention,

Adjuvants

A vaccine of the invention used to vaccinate a mammal (e.g., 2 human) in
need thereof against a virus can be administered concurrent with or in series with one
or more pharmaceutically acceptable adjuvants to increase the immunogenicity of the
vaccine. Adjuvants approved for human use include aluminum salts (alum). These
adjuvants have been useful for some vaccines including hepatitis B, diphtheria, polio,
rabies, and influenza. Other useful adjuvants include Complete Freund's Adjuvant
(CFA), Incomplete Freund's Adjuvant (IFA), muramyl dipeptide (MDP), synthetic
analogues of MDP, N-acetylmuramyl-L-alanyl-D-isoglutamyl-L-alanine-2-[1,2-
dipalmitoyl-s-gly- cero-3-(hydroxyphosphoryloxy)]ethylamide (MTP-PE) and
compositions containing a metabolizable oil and an emulsifying agent, wherein the oil
and emulsifying agent are present in the form of an oil-in-water emulsion having oil

droplets substantially all of which are less than one micron in diameter.

Kits

The invention provides kits that include a pharmaceutical composition
containing a vaccine, vector, or optimized viral polypeptide of the invention, and a
pharmaceutically-acceptable carrier, in a therapeutically effective amount for
preventing or treating a viral infection. The kits include instructions to allow a
clinician (e.g., a physician or nurse) to administer the composition contained therein.

Preferably, the kits include multiple packages of the single-dose
pharmaceutical composition(s) containing an effective amount of a vaccine, vector, or
optimized viral polypeptide of the invention. Optionally, instruments or devices
necessary for administering the pharmaceutical composition(s) may be included in the
kits. For instance, a kit of this invention may provide one or more pre-filled syringes
containing an effective amount of a vaccine, vector, or optimized viral polypeptide of

the invention. Furthermore, the kits may also include additional components such as
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instructions or administration schedules for a patient infected with or at risk of being
infected with a virus to use the pharmaceutical composition(s) containing a vaccine,
vector, or optimized viral polypeptide of the invention.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the compositions, methods, and kits of the present invention
without departing from the spirit or scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations of this invention provided they

come within the scope of the appended claims and their equivalents.

Examples
The present invention is illustrated by the following examples, which are in no

way intended to be limiting of the invention.

Example 1

The mosaic antigen Gag, Pol, Nef, and Env sequences (SEQ ID NOS:1-8)
were constructed using the genetic algorithm discussed above. These sequences were
then modified to make them practical for vaccine development by eliminating
cleavage/fusion activity in Env (SEQ ID NOS:9-11), eliminating catalytic activity in
Pol (SEQ ID NOS:12-14), eliminating myristylation sites in Nef (SEQ ID NOS:16-
18), and constructing fusion constructs including GagNef, GagPol, or GagPolNef
(SEQ ID NOS:19-29). The comparator optimal natural clade C genes are also
depicted (SEQ ID NOS:30-36).

Example 2

Twenty rhesus monkeys were immunized with 3x10' vp rAd26 vectors
expressing Gag, Pol, and Env genes from M consensus (Group 1), 2-valent M mosaic
(Group 2), or optimal natural clade C (Group 3) sequences. The M consensus
sequences represent synthetic sequences that represent the single best “average” of
circulating viruses worldwide. The 2-valent M mosaic sequences are described
above. The optimal natural clade C sequences are naturally occurring sequences from
actual clade C HIV-1 viruses that are the most “consensus-like” in character. Cellular

immune breadth was assessed by evaluating the number of responding peptides from
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the global potential T cell epitope (PTE) peptide set. The PTE peptides represent
>85% of global HIV-1 sequences and are freely available from the NIH.

The results show that the novel 2-valent M mosaic sequences dramatically
outperformed these other two leading antigen concepts. As shown in Table 1, the 2-
valent M mosaic antigens elicited significantly increased breadth of Gag-specific,
Env-specific, Pol-specific, and total T lymphocyte responses as compared with M
consensus antigens and optimal natural clade C antigens. (Mean represents the
average # epitopes in each group of monkeys; SEM represents the standard error of

the mean).

Table 1: Mosaic HIV-1 Gag/Pol/Env Antigens Expand Breadth Against Global PTE

Peptides in Rhesus Monkeys
readth | Group l: M Consensus Group“InI;:;\irzlent M Group llI: Natural Clac
Mean | SEM Mean | SEM Mean | SEM
Gag 2.0 04 7.7 0.9 2.2 0.5
Env 2.0 0.4 4.0 0.6 1.6 0.5
Pol 2.7 0.5 8.1 1.4 2.4 0.5
Total 6.7 07 199 19 6.1 1.1

Example 3

Macaque monkeys were immunized IM with 3x10'° vp rAd26 vectors
expressing Gag, Pol, and Env genes from M consensus (Group 1; n=7), 2-valent M
mosaic (Group 2; n=7), or optimal natural clade C (Group 3; n=0) sequences
described in Example 2. Cellular immune breadth was assessed by evaluating the
number of responding peptides from the global potential T cell epitope (PTE) peptide
set.

As areadout, we assessed the CD4/CD8 IFNy Elispot responses to pooled
PTE peptides (magnitude). The epitopes were comprehensively mapped using 15 mer
PTE peptides to assess the number of positives (positives were defined as 55 spot
forming cells (SFC) per 106 PBMC and 4x background). Pooled sets of overlapping
peptides spanning 5 Gag proteins were also tested to compare responses to a set of

complete proteins.
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The results show that the 2-valent M mosaic sequences dramatically

outperformed the other two leading antigen concepts (Mcon and OptC).

Example 4

We used modeling to validate our observation that T cell responses increase as a
result of the mosaic vaccine. We fit Poisson regression models that predicted the
number of reactive peptides as a function of vaccine, polypeptide, and T cell type and
then did a stepwise elimination of interactions. We observed that, although the
mosaic vaccine produced a highly significant enhancement in the number of positive
PTE responses, it did so more-or-less uniformly across all polyproteins and T-cell
types. Thus, one may predict the number ot peptides having a positive effect in an
animal by combining contributions that depend, separately, on the type of T-cell, the
polypeptide, and the vaccine the animal received.

These models also included random effects to account for animal-to-animal
variation. This is a precaution designed to make for more credible p-values, by
properly apportioning the predictive power of the model.

We observed the following effects:

a) There are many more CD8 responses than CD4 responses, by a factor of 4.37,
p<2x107%

b) There are fewer responses in gp160 than in gag or pol, by a factor of 0.54, p
= (.000830, and no significant difference between gag and pol (even when
normalized by sequence length as pol is twice as long as Gag and so has more
opportunity to react); and

c) The mosaic vaccine generates significantly more positive responses than
Mcon (by a factor of 3.6, p=6.26 x 10™"") while OptC generates fewer, though the
Mcon-OptC difference is not significant.

Example 5

If one considers just the minimal number of responses elicited by a vaccine
and detected by PTE peptides, so that all peptide that overlap by > 8 amino acids
regardless of variation are counted just 1 time, the mosaic vaccines still generate a

greater number of responses to distinct regions.
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For CD8, counting each overlapping peptide set just once:

Statistical summary:

Mos2 > Mcon ~ OptC (Mcon shows a trend for more response than OptC)
Wilcoxon p-value for Mos2 compared to Mcon: p-value = 0.0009992
Wilcoxon p-value for Mcon compared to Optimal C: p-value = 0.2351

Summary of the groups:

Vaccine Min. 1stQu. Median Mean 3rdQu. Max.
Mos2.cd8 7 7.5 8 924 11 14
Mcon.cd8 0 3 3 33 4 6
OptC.cd8 0 1 1.5 2 425 5

For CD4, counting each overlapping peptide set just once (there is very little overlap
in CD4, so this is almost the same as the first count).

Statistical summary:

Mos2 >> Mcon ~ OptC (Mcon shows a trend for more response than OptC)
Wilcoxon p-value for Mos2 compared to Mcon: p-value = 0.00198

Wilcoxon p-value for Mcon compared to Optimal C: 0.099

Summary of the groups:

Vaccine Min. 1stQu. Median Mean 3rdQu. Max.
Mos2.cd4 2 2.5 3 34 4.5 5
Mcon.cd4 0 1 1 1.3 2 2
OptC.cd4 0 0 0.5 0.67 1 2

Example 6: Poisson regression counting each overlapping peptide set just once
Using overlapping PTE peptides, we determined the following, which are in
broad agreement with the results discussed in Example 4 above, where each positive
PTE response counted separately:
a) There are many more CD8 responses than CD4 responses, by a factor of
about2.8, p=1x 10'7;
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b) The mosaic vaccine generates significantly more positive responses than
Mcon (by a factor of 2.84, p=~4.3 x 107), while OptC generates fewer, though the
Mcon-OptC difference is not significant; and

¢) There are more responses to Pol than to Gag and more to Gag than gp160,

but only the Pol-gp160 difference, a factor of about 2, was significant, p < 0.001.

Example 7:
The following table is a tally of the total responses to Gag, Pol, and Env
responses to the three vaccines in the 7 animals vaccinated with 2 Mosaic (Mos2) or

Mcon, and the 6 animals vaccinated with the Optimal Natural C clade (OptC):

CD8 CD4
Env Gag Pol Env Gag Pol
2Mos 13 20 33 3 10 11
ConM 8 7 8 2 3 4
OptC 4 5 5 1 2 1

The OptC vaccine yielded an average response across all monkeys that was slightly
less than the CD8+ T cell response per protein. The Mcon vaccine exhibited ~ 1
response per protein. Only with Mos2 do we observe a difference in the proteins,
where Env typically has fewer responses than either Gag or Pol.

Each of the proteins in the Mos2 vaccine elicited many responses and
contributed to the overall response. The relative length of the consensus proteins after
the modifications to inactivate pol and the deletion of the cleavage and fusion domain

in Env was: 671 amino acids of Env, 851 of Pol, 498 of Gag (1.35: 1.7 : 1).

Summary

Breadth: The 2 mosaic vaccines elicit T cell responses that are capable of
recognizing many more epitope-regions than the M consensus or a single optimal
natural strain,

Depth: The diversity of the PTE peptides recognized suggests both forms in the
2 mosaics are eliciting different T cell responses to the variant peptides, increasing the

cross-reactive potential.
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Example 8:

Mosaic HIV-1 vaccines of the invention expand the breadth and depth of
cellular immune responses in Rhesus monkeys. We constructed mosaic HIV-1 Gag,
Pol, and Env antigens that optimized PTE coverage of HIV-1 M group sequences,
which include all major HIV-1 clades and recombinant lineages in the Los Alamos
HIV-1 sequence
database. A 2-valent mosaic strategy was utilized to balance the competing issues of
theoretical coverage and practical utility. 2-valent mosaic HIV-1 Gag, Pol, and Env
antigens substantially expanded the breadth and magnitude (depth) of epitope-specific
CD8+ and CD4+ T lymphocyte responses in thesus monkeys, relative to the immune
response observed using consensus and natural sequence HIV-1 antigens in rhesus
monkeys.

We immunized 27 outbred rhesus monkeys with a single injection of
recombinant adenovirus serotype 26 (rAd26) vectors expressing the following
antigens: (i) 2-valent mosaic (N=7), (ii) M consensus (N=7), (iii) 2-valent combined
clade B and clade C (N=7), or (iv) optimal natural clade C (N=6) HIV-1 Gag, Pol, and
Env antigens. A total dose of 3x10' viral particles of rAd26 vectors expressing these
antigens was administered once i.m. to each animal. The optimal clade C antigens
were the natural strain sequences selected to provide maximal PTE coverage of clade
C sequences in the Los Alamos HIV-1 sequence database (discussed in the Materials
and Methods below). We assessed the breadth and magnitude (depth) of vaccine-
elicited HIV-1-specific T lymphocyte responses by IFN-y ELISPOT assays at week 4
following immunization utilizing pools and subpools of peptides that included all
PTEs found in at least 15% of HIV-1 M group sequences. All individual peptide
responses were resolved, and cell-depleted IFN-y ELISPOT assays were performed to
determine if reactive peptides represented CD8+ or CD4+ T lymphocyte epitopes.

The total number of Gag-, Pol-, and Env-specific cellular immune responses to
PTE peptides elicited by the mosaic antigens was 3.8-fold higher than the number of
responses induced by the consensus or natural sequence antigens (Fig. 19A; P =1 x
10-11, comparing the mosaic with the consensus antigens, the next highest group,
based on a Poisson regression model). There were 4.4-fold more CD8+ than CD4+ T
lymphocyte responses (P < 10-11) and fewer responses to Env than to Gag or Pol (P <
0.0007). The median number of CD8+ T lymphocyte responses was highest for the
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mosaic vaccine, followed by the consensus, the combined B+C, and the natural clade
C vaccines (medians of 16, 5, 3, and 2 responses per animal in each group,
respectively). Although there were fewer CD4+ T lymphocyte responses overall, the
same relative pattern emerged with the highest number of CD4+ T lymphocyte
responses to the mosaic vaccine, followed by the consensus, the combined B+C, and
the natural clade C vaccines (medians of 4, 1, 1, and 0.5 responses per animal in each
group, respectively). The numbers of CD8+ and CD4+ T lymphocyte responses
elicited by the consensus, the combined B+C, and the natural clade C vaccines were
not statistically distinguishable.

PTE peptides include multiple overlapping sequences that reflect naturally
occurring HIV-1 sequence polymorphisms, and thus the PTE peptide responses
encompass both the recognition of a particular epitope (breadth) and the cross-
recognition of variants of that epitope (depth). We performed a conservative analysis
of breadth by assessing the number of reactive epitopic regions per monkey in which
all reactive PTE peptides that overlapped by 8 or more amino acids were counted as
one event. In this conservative analysis, we still observed that the mosaic antigens
elicited 3.1-fold increased numbers of Gag, Pol, and Env reactive epitopic regions as
compared with the consensus antigens or natural sequence antigens (Fig. 19B; P =1.6
x 10-7, Poisson regression). Epitopic regions exhibited some
clustering across animals, as evidenced by regions of high epitope density (Figs. 20A-
20C and Figs. 21A-21C). Complete alignments of all positive peptides organized by
Tesponse regions are shown in Fig. 22.

These data show that the mosaic antigens substantially increased the breadth
of cellular immune responses as compared with M consensus and natural clade C
antigens. The 2-valent mosaic antigens also proved superior to the 2-valent
combination of clade B and clade C antigens (Fig. 19A and 19B), indicating that the
enhanced breadth was due to the mosaic sequence design and did not simply reflect
the use of two distinct antigenic sequences per protein. To determine if the increased
breadth induced by mosaic antigens compromised the potency of the responses, we
assessed the magnitude of all individual CD8+ and CD4+ T lymphocyte responses.
The magnitude of these responses proved comparable among all groups (Fig.23; P =
0.58 and P = 0.99, respectively, two-sided Kolmogorov-Smirnov tests). Thus, mosaic

antigens expanded cellular immune breadth without compromising the magnitude of

37



WO 2010/059732 PCT/US2009/064999

individual epitope-specific responses, indicating that antigenic competition and
immunodominance constraints did not limit the immunogenicity of the mosaic
antigens in this study.

We next characterized the depth of the cellular immune responses elicited by
the various vaccine regimens. We defined depth as the number of simultaneously
elicited variant PTE peptides for a particular epitopic region. Inducing responses to
multiple common epitope variants may increase immunologic coverage of infecting
virus sequences, block common escape routes in vivo, or force the virus down tertiary
escape routes that incur high fitness costs. The consensus and natural sequence
antigens clicited responses that were characterized by a high degree of sequence
identity between the vaccine sequences and the reactive PTE peptides, as exemplified
by the responses in monkey 366 that received the natural clade C antigens (Fig. 24A;
see also Fig. 22). In contrast, the mosaic antigens elicited responses that were
characterized by multiple reactive PTE peptides in particular epitopic regions. These
peptides represented common variants and often reflected the polymorphisms
contained in the mosaic vaccine sequences, as exemplitied by the responses in
monkey 361 (Fig. 24B; see also Fig. 22). A summary of all epitope-specific
responses in these animals demonstrates that the mosaic antigens increased the
frequency of cellular immune responses to peptides with two or more targeted
variants as compared with the consensus or natural sequence antigens (Fig. 24C; P =
0.001, Wilcoxon rank-sum test comparing the mosaic with the consensus antigens, the
next highest group).

To complement the analysis utilizing PTE peptides, we also assessed the
breadth of cellular immune responses in the vaccinated monkeys with traditional
overlapping peptides covering 5 different Gag sequences: clade C DU422, clade C
ZM651, consensus C, consensus A, and consensus B. Cellular immune breadth was
determined by assessing reactivity to subpools of 10 overlapping peptides spanning
each Gag sequence. The mosaic antigens elicited greater breadth of T lymphocyte
responses as compared with the consensus or natural sequence antigens against all
Gag sequences that were tested (Fig. 25; P = 1 x 107, binomial regression). Thus, the
mosaic antigens augmented cellular immune breadth not only to PTE peptides but
also to actual Gag peptides from clades A, B, and C. The mosaic antigens even

proved superior to the optimal natural clade C antigens for inducing responses against
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clade C Gag peptides. Moreover, the mosaic antigens elicited comparable responses
to Gag peptides from multiple clades, whereas the natural clade C antigens exhibited
diminished responses to clade A and clade B Gag peptides (Fig. 25).

To assess the durability of these observations, we boosted the monkeys that
received the mosaic, consensus, and optimal natural clade C antigens at week 40 with
a total dose of 3x10"° viral particles of the heterologous vector rAdSHVR48
expressing HIV-1 Gag, Pol, and Env antigens that matched the sequences utilized in
the initial immunization. Cellular immune breadth was determined by assessing
reactivity to subpools of 10 PTE peptides at week 4 (post-prime) and at week 44
(post-boost). The majority of CD8+ and CD4+ T lymphocyte responses that were
observed after the priming immunization expanded following the boost (Fig. 26A, red
and blue lines), and a number of new responses were also detected (Fig. 26A, red and
blue dots). At week 44, the maguitude of individual cellular immune responses
proved comparable among groups (Fig. 26A). The number of subpool responses
elicited by the mosaic antigens (median 27 responses per animal), however, remained
substantially higher than the number of subpool responses induced by the consensus
antigens (median 11 responses per animal) or the optimal natural clade C antigens
(median 10 responses per animal) following the boost immunization (Fig. 26B). Both
before and after the boost, there were more responses per animal elicited by the
mosaic vaccine than by the consensus or natural clade C vaccines (P < 0.001,
Wilcoxon rank-sum tests for all pairwise comparisons).

We also measured Env-specific humoral immune responses following the
boost immunization by ELISAs (Fig. 26C) and luciferase-based pseudovirus
neutralization assays (Fig. 26D). All groups exhibited comparable ELISA titers to
clade C gp140 and comparable neutralizing antibody (NAb) responses to the tier 1
clade C virus MW965.26. The mosaic antigens elicited slightly higher Nab responses
to the tier 1 clade B virus SF162.LS as compared with the consensus or natural clade
C antigens (P = 0.02, Wilcoxon rank-sum test), although we did not detect any NAb
responses to tier 2 viruses in any group.

Our data demonstrate that mosaic HIV-1 Gag, Pol, and Env antigens
augmented both the breadth and depth of epitope-specific cellular immune responses
as compared with consensus or natural sequence antigens in rhesus monkeys, in good

agreement with theoretical predictions (Fig. 27). The striking results with mosaic
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antigens in this study may have reflected the fact that rAd26 vectors are particularly
efficient at eliciting CD8+ T lymphocyte responses as well as the fact that mosaic
antigens appear particularly effective at augmenting CD8+ T lymphocyte breadth
(Fig. 19A and 19B). We also observed enhanced CD4+ T lymphocyte breadth with
mosaic antigens, although there were substantially lower numbers of these responses.

The breadth of Gag-specific cellular immune responses has been shown to be
critical for SIV control in rhesus monkeys and for HIV-1 control in humans.
Moreover, in the phase 2b STEP study, the rAd5-based HIV-1 vaccine candidate
expressing natural clade B Gag, Pol, and Nef antigens elicited only a limited breadth
of HIV-1-specific cellular immune responses, and no vaccine benefit was observed.
Vaccinees in the STEP study developed a median of only 2-3 epitope-specific T
lymphocyte responses, including a median of only 1 epitope-specific response to Gag,
and this very narrow breadth of cellular immune responses likely provided
insufficient immunologic coverage of the diversity of infecting viruses. Viral escape
from CD8+ T lymphocytes has also been reported to occur rapidly during acute HIV-
1 infection, and thus vaccine-elicited cellular immune responses against common
epitope variants may also prove critical. Taken together, these studies emphasize the
need to develop HIV-1 vaccine strategies that augment cellular immune breadth and
depth.

Since we evaluated mosaic HIV-1 antigens in the present study, we were
unable to assess the protective efficacy of these vaccine regimens against SIV
challenges. However, we have previously reported that the breadth of STV -specific
cellular immune responses elicited by rAd vectors correlated with protective efficacy
against SIV challenges in thesus monkeys (Liu et al., Nature 457:87, 2009). We have
also shown that cellular immune responses against variant epitopes can block SIV
mutational evolution in thesus monkeys in vivo (Barouch et al., Nat. Immunol. 6:247,
2005), suggesting the biologic relevance of expanding cellular immune depth.
Modeling the protective efficacy of mosaic vaccines against SIV challenges in
nonhuman primates has intrinsic limitations, since the observed diversity of SIV and
HIV-1 M group sequences differs substantially and is influenced by different
underlying biology. For example, CD8+ T lymphocyte selection pressure in natural

hosts such as sooty mangabecs appears substantially less than that in humans.
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Thus, the further evaluation of mosaic antigens as candidate HIV-1 vaccines can be
benefited by clinical trials.

In summary, we demonstrate that 2-valent mosaic HIV-1 Gag, Pol, and Env
antigens substantially expanded cellular immune breadth and depth in rhesus
monkeys. These findings have major implications for HIV-1 vaccine development,
since global virus diversity and viral escape from cellular immune responses represent
critical hurdles in the development of a T cell-based HIV-1 vaccine. A 2-valent
cocktail of mosaic antigens is also practical and potentially feasible for clinical
development. Increasing the valency of mosaic antigens may further improve
coverage. Finally, the mosaic antigen strategy is generalizable and could be utilized

for other genetically diverse pathogens in addition to HIV-1.

Materials and Methods

Antigen design and vector production. 2-valent mosaic Gag, Pol, and Env
antigens were constructed to provide optimal coverage of HIV-1 M group sequences
in the Los Alamos HIV-1 sequence database essentially as described (/, 2). Optimal
natural clade C antigens were selected to be the sequences that provide optimal PTE
coverage of clade C sequences in the Los Alamos HIV-1 sequence database (C.IN.-
70177 Gag, C.ZA.04.04ZASK208B1 Pol, C.SN.90.90SE 364 Env). Clade B
antigens were selected to be near-consensus or consensus sequences (B.CAM-1 Gag,
B.IIIB Pol, B.Con Env) and were used to complement the optimal clade C antigens
for the 2-valent clade B + C vaccine approach. Pol antigens contained RT and IN
without PR and included point mutations to eliminate catalytic activity as described
(Priddy et al., Clinical infectious diseases 46:1769, 2008). Env gp140 antigens
contained point mutations to eliminate cleavage and fusion activity. Vaccine
sequences arc depicted in Fig. 27. Recombinant, replication-incompetent adenovirus
serotype 26 (rAd26) and hexon-chimeric rAd5SHVRA48 vectors expressing these
antigens were grown in PER.55K cells and purified by double CsCl gradient
sedimentation essentially as described (Abbink et al., J. Virol 81:4654, 2007, and
Roberts et al., Nature 441:239, 2006).

Animals and immunizations. 27 outbred rhesus monkeys that did not
express the MHC class I allele Mamu-4*01 were housed at New England Primate
Research Center (NEPRC), Southborough, MA. Immunizations involved 3 x 10%°
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viral particles rAd26 or rAdSHVRA48 vectors expressing mosaic, M consensus, clade
B + clade C, or optimal natural clade C HIV-1 Gag, Pol, and Env antigens delivered
as 1 ml injections i.m. in both quadriceps muscles at weeks 0 and 40. All animal
studies were approved by our Institutional Animal Care and Use Committees
(IACUC).

IFN-y ELISPOT assays. HIV-1-specific cellular immune responses in
vaccinated monkeys were assessed by interferon-y (IFN-y) ELISPOT assays
cssentially as described (Roberts et al., Nature 441:239, 2006, and Liu et al., Nature
457:87, 2009). HIV-1 Gag, Pol, and Env potential T cell epitope (PTE) peptides that
included all PTEs found in at least 15% of HIV-1 M group sequences as well as HIV-
1 Gag peptides from clade C DU422, clade C ZM651, consensus C, consensus A, and
consensus B strains were obtained from the NIH AIDS Research and Reference
Reagent Program. 96-well multiscreen plates (Millipore) were coated overnight with
100 pl/well of 10 pg/ml anti-human IFN-y (BD Biosciences) in endotoxin-free
Dulbecco’s PBS (D-PBS). The plates were then washed three times with D-PBS
containing 0.25% Tween-20 (D-PBS/'ween), blocked for 2 h with D-PBS containing
5% FBS at 37°C, washed three times with D-PBS/Tween, rinsed with RPMI 1640
containing 10% FBS to remove the Tween-20, and incubated with 2 pg/ml each
peptide and 2 x 10° PBMC in triplicate in 100 pl reaction volumes. Following an 18 h
incubation at 370C, the plates were washed nine times with PBS/Tween and once
with distilled water. The plates were then incubated with 2 pg/ml biotinylated anti-
human IFN-y (BD Biosciences) for 2 h at room temperature, washed six times with
PBS/Tween, and incubated for 2 h with a 1:500 dilution of streptavidin-alkaline
phosphatase (Southern Biotechnology Associates). Following five washes with
PBS/Tween and one with PBS, the plates were developed with nitro blue
tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate chromogen (Pierce), stopped by
washing with tap water, air dried, and read using an ELISPOT reader (Cellular
Technology Ltd). Spot-forming cells (SFC) per 10° PBMC were calculated. Media
backgrounds were typically < 15 SFC per 10° PBMC. Positive responses were
defined as > 55 SFC per 10° PBMC and > 4-fold background.

Epitope mapping. Comprehensive CD8+ and CD4+ T lymphocyte epitope
mapping was performed utilizing Gag, Pol, and Env PTE peptides that were obtained
from the NIH AIDS Research and Reference Reagent Program. IFN-y ELISPOT
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assays were conducted at week 4 following immunization initially with complete
peptide pools as well as with subpools containing 10 PTE peptides. All peptide
subpools with positive responses were deconvoluted, and epitopes were confirmed
with individual 15 amino acid PTE peptides. Cell-depleted IFN-y ELISPOT assays
were then performed to determine if reactive peptides represented CD8+ or CD4+ T
lymphocyte epitopes. Partial epitope mapping utilizing PTE subpools was also
performed 4 weeks following the boost immunization at week 44. All borderline
responses were retested and only considered positive if confirmed. Partial epitope
mapping utilizing subpools containing 10 overlapping Gag peptides was also
performed to assess breadth to HIV-1 Gag from various clades.

Humoral immune assays. Env-specific humoral immune responses were
evaluated by direct ELISAs utilizing HIV-1 clade C Env gp140 and luciferase-based
pseudovirus neutralization assays essentially as described (Montefiori, Evaluating
neutralizing antibodies against HIV, SIV and SHIV in luciferase reporier gene assays.
Current Protocols in Immunology, Coligan, Kruisbeek, Margulies, Shevach, Strober,
and Coico, Ed. (John Wiley & Sons, 2004, pp. 1-15).

Statistical analyses. All statistical analyses were done using the package R
(Team, Foundation for Statisical Computing, Vienna, Austria, 2009). To analyze the
breadth of cellular immune responses to mapped PTE peptides (Fig. 19A), we fit
Poisson regression models that predicted the number of reactive peptides as a function
of vaccine group, antigen (Gag, Pol, Env), and lymphocyte subpopulation (CD4,
CD8). Our models included random effects to accommodate animal-to-animal
variation and were fit with the Ime4 library (Pinheiro, Springer, New York (2000)) of
the package R. The data fit the models well (dispersion parameter 1.0), and there
were no significant interactions among the three explanatory factors. For example,
the 3.8-fold enhancement in the number of PTE peptides recognized by monkeys that
received the mosaic antigens as compared to those that received the consensus or
natural sequence antigens (Fig. 19A) applied equally to PTEs from Gag, Pol, and Env
and held for responses by CD8+ as well as CD4+ T lymphocytes. The analysis of the
number of reactive epitopic regions (Fig. 19B) also included Poisson regression
models with random effects and again fit well (dispersion parameter 0.87) without
any significant interactions. Comparisons of the magnitude of CD8+ and CD4+ T
lymphocyte responses (Fig. 23) were performed utilizing 2-sided Kolmogorov-
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Smirnov tests. Non-parametric tests to compare the breadth and depth of responses
per monkey between different vaccines were also performed (Figs. 19A and

24C). We initially employed Kruskal-Wallis tests to determine if there was a
difference among the 4 vaccine groups. In each case this was highly significant, and
we then assessed all pairwise comparisons between the 4 vaccine groups using
Wilcoxon rank-sum tests. In each of these comparisons, the mosaic vaccine elicited
significantly more responses per monkey than the other 3 vaccines. To analyze the
breadth of responses to HIV-1 Gag from various clades (Fig. 25), we fit the data to
binomial regression models. These models used the vaccine group as an explanatory
variable and included random effects to account for animal-to-animal and strain-to-
strain variation. The data were slightly underdispersed, but the animals that received
the mosaic vaccine still elicited a significantly larger number of responses. PTE
coverage assessment was performed using tools available at the Los Alamos HIV-1

sequence database.
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SEQUENCE APPENDIX

I. 2-VALENT M MOSAIC ENV GP160, GAG, POL, NEF SEQUENCES

MOSAIC ENV1 GP160 (AA SEQUENCE)
SEQ ID NO:1

MRVTGIRKNYQHLWRWGTMLLGILMICSAAGKLWVTVYYGVPVWKEATTTLFCASDA
KAYDTEVHNVWATHACVPTDPNPQEVVLENVTENEFNMWKNNMVEQMHEDIISLWDQS
LKPCVKLTPLCVTLNCTDDVRNVINNATNTNSSWGEPMEKGETKNCSENITTSIRNK
VOKQYALEFYKLDVVPIDNDSNNTNYRLISCNTSVITQACPKVSFEPIPTHYCAPAGE
ATILKCNDKKFNGTGPCTNVSTVQCTHGIRPVVSTQLLINGSLAEEEVVIRSENFTNN
AKTIMVQLNVSVEINCTRPNNNTRKSIHIGPGRAFYTAGDIIGDIRQAHCNISRANW
NNTLRQIVEKLGKQEFGNNKTIVFNHSSGGDPEIVMHSENCGGEFEYCNSTKLENSTW
TWNNSTWNNTKRSNDTEEHITLPCRIKQIINMWOEVGKAMYAPPIRGQIRCSSNITG
LLLTRDGGNDTSGTEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQOR
ERRAVGIGAVILGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRATIEAQQHL
LOLTVWGIKQLQARVLAVERYLKDQQLLGIWGCSGKLICTTTVPWNASWSNKSLDKI
WNNMTWMEWEREINNYTSLIYTLIEESONQOEKNEQELLELDKWASLWNWEDI SNWL
WYIKIFIMIVGGLVGLRIVFAVLSIVNRVRQGYSPLSFQTRLPAPRGPDRPEGIEEE
GGERDRDRSVRLVDGFLVLIWDDLOSLCLFSYHRLRDLLLIVELLGRRGWEALKYWW
NLLOYWSQELKNSAISLLNATAVAVAEGTDRVIEALQRACRATLHIPRRIRQGLERL
LL

MOSAIC ENV2 GP160 (AA SEQUENCE)
SEQ ID NO:2

MRVRGIQRNWPOWWIWGILGFWMIIICRVMGNLWVTVYYGVPVWKEAKTTLEFCASDA
KAYEKEVHNVWATHACVPTDPNPQEMVLENVTENFNMWKNDMVDQMHEDI IRLWDQS
LKPCVKLTPLCVTLECRNVRNVSSNGTYNITHNETYKEMKNCSFNATTVVEDRKQKV
HALFYRLDIVPLDENNSSEKSSENSSEYYRLINCNTSAITQACPKVSFDPIPTHYCA
PAGYATILKCNNKTENGTGPCNNVSTVQCTHGIKPVVSTOLLLNGSLAEEETITIRSEN
LTNNAKTIIVHLNETVNITCTRPNNNTRKSIRIGPGQTFYATGDIIGDIRQAHCNLS:
RDGWNKTLQGVKKKLAEHFPNKTINEFTSSSGGDLEITTHSEFNCRGEFFYCNTSGLFN
GTYMPNGTNSNSSSNITLPCRIKQITINMWQEVGRAMYAPPIAGNITCRSNITGLLLT
RDGGSNNGVPNDTETFRPGGGDMRNNWRSELYKYKVVEVKPLGVAPTEAKRRVVERE
KRAVGIGAVFLGILGAAGSTMGAASITLTVQARQLLSGIVQQQSNLLRATEAQQHML
QLTVWGIKQLOTRVLAIERYLODQOLLGLWGCSGKLICTTAVPWNTSWSNKSQTDIW
DNMTWMQWDKEIGNYTGEIYRLLEESONQQEKNEKDLLALDSWKNLWNWEDITNWLW
YIKIFIMIVGGLIGLRITLGVLSIVRRVRQGYSPLSFQTLTPNPRGLDRLGRIEEEG
GEQDRDRSIRLVNGFLALAWDDLRSLCLEFSYHQLRDFILIVARAVELLGRSSLRGLQ
RGWEALKYLGNLVQYWGLELKKGAISLLDTIATIAVAEGTDRIIELIQSTICRATIRNIP
RRIRQGFEASLL
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MOSAIC GAG1 (AA SEQUENCE)
SEQ ID NO:3

MGARASVLSGGELDRWEKIRLRPGGKKKYRLKHIVWASRELERFAVNPGLLETSEGC
ROITLGOLOPSLOTGSEELRSLYNTVATLYCVHQRIEIKDTKEALEKIEEEQNKSKKK
AQOAAADTGNSSQVSONYPIVONIQGOMVHQAT SPRTLNAWVKVVEEKAFSPEVIPM
FSALSEGATPODLNTMLNTVGGHQAAMOMLKET INEEAAEWDRVHPVHAGPTAPGQOM
REPRGSDIAGTTSTLQEQIGWMTNNPPIPVGETITYKRWIILGLNKIVRMYSPVSILDI
ROGPKEPFRDYVDRFYKTLRAEQASQDVKNWMTETLLVQONANPDCKTILKALGPAAT
LEEMMTACQGVGGPGHKARVLAEAMSQVTNSATIMMORGNFRNQRKTVKCFNCGKEG
HIAKNCRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSNKGRPGNFLONRPEPT
APPEESFREFGEETTTPSQKQEPIDKEMYPLASLKSLFGNDPSSQ

MOSAIC GAG2 (AA SEQUENCE)
SEQ ID NO:4

MGARASILRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KOQITKQLQPALOTGTEELRSLENTVATLYCVHAETEVRDTKEALDKIEEEQNKSQQK
TOQAKEADGKVSQNYPIVONLOGOMVHQPISPRTLNAWVKVIEEKAFSPEVIPMETA
LSEGATPOQDLNTMLNTVGGHQAAMOMLKDT INEEAAEWDRLHPVHAGPVAPGQOMREP
RGSDIAGTTSNLQEQIAWMTSNPPIPVGDIYKRWITILGLNKIVRMYSPTSILDIKQG
PREPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVONANPDCKTILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTNSTITMQRSNFKGSKRIVKCEFNCGKEGHIARN
CRAPRKKGCWKCGKEGHOQMKDCTERQANFLGKIWPSHKGRPGNEFLQSRPEPTAPPAE
SFRFEETTPAPKQEPKDREPLTSLRSLFGSDPLSQ

MOSAIC POL1 (AA SEQUENCE)
SEQ ID NO:5

FFRENLAFQQGEAREFPSEQTRANSPTSRELQVRGDNPHSEAGAERQGTLNFPQITL
WORPLVSTKVGGQTIREALLDTGADDTVLEDINLPGKWKPKMIGGIGGEFIKVRQYDQI
LIEICGKKAIGTVLVGPTPVNIIGRNMLTQLGCTLNEFPISPIETVPVKLKPGMDGPR
VKOQWPLTEEKIKALTAICEEMEKEGKITKIGPENPYNTPVFAIKKKDSTKWRKLVDF
RELNKRTQDFWEVQLGI PHPAGLKKKKSVTVLDVGDAYEFSVPLDEGERKYTAFTIPS
TNNETPGIRYQYNVLPQGWKGSPAIFQCSMTRILEPFRAKNPEIVIYQYMDDLYVGS
DLEIGQHRAKIEELREHLLKWGFTTPDKKHQKEPPEFLWMGYELHPDKWTVQPIQLPE
KDSWTVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGAKALTDIVPLTEEAELELAE
NREILKEPVHGVYYDPSKDLIAEIQKQGHDQWTYQIYQEPFKNLKTGKYAKMRTAHT
NDVKQLTEAVQKIAMESIVIWGKTPKFRLPIQKETWETWATDYWQATWIPEWEEVNT
PPLVKLWYQLEKDPIAGVETFYVDGAANRETKLGKAGYVTDRGRQKIVSLTETTNQK
TELOAIYLALQDSGSEVNIVTIDSQYALGIIQAQPDKSESELVNQITIEQLIKKERVYL
SWVPAHKGIGGNEQVDKLVSSGIRKVLFLDGIDKAQEEHEKYHSNWRAMASDFNLPP
VVAKEIVASCDQCQLKGEAMHGOVDCSPGIWQLDCTHLEGKI ILVAVHVASGYIEAE
VIPAETGOETAYFILKLAGRWPVKVIHTDNGSNEFTSAAVKAACWWAGIQQEFGIPYN
PQSQGVVESMNKELKKIIGQVRDQAEHLKTAVOMAVETHNFKRKGGIGGYSAGERIT
DIIATDIQTKELQKQIIKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAVVIQDNSDIK
VVPRRKVKIIKDYGKQMAGADCVAGRQDED
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MOSAIC POL2 (AA SEQUENCE)
SEQ ID NO:6

FFRENLAFPQGKAREFSSEQTRANSPTRRELQVWGRDNNSLSEAGADRQGTVSFSEP
QITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMNLPGRWKPKMIGGIGGFIKVRQ
YDQIPTEICGHKAIGTVLVGPTPYNIIGRNLLTQIGCTLNFPISPIETVPVKLKPGM
DGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPIFATIKKKDSTKWRK
LVDFRELNKRTQDFWEVQLGI PHPAGLKKKKSVTVLDVGDAYFSVPLDEDFRKYTAF
TIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRKONPDIVIYQYMDDL
YVGSDLEIGQHRTKIEELRQHLLRWGEFTTPDKKHQKEPPFLWMGYELHPDKWTVQPT
VLPEKDSWIVNDIQKLVGKLNWASQIYAGIKVKQLCKLLRGTKALTEVVPLTEEAEL
ELAENREILKEPVHGVYYDPSKDLIAEIQKQGOGOWTYQIYQEPFKNLKTGKYARMR
GAHTNDVKQLTEAVQKIATESIVIWGKTPKFKLPIQKETWEAWWTEYWQATWIPEWE
FVNTPPLVKLWYQLEKEPIVGAETFYVDGAANRETKLGKAGYVTDRGRQKVVSLTDT
TNQKTELQAIHLALQDSGLEVNIVTDSQYALGIIQAQPDKSESELVSQITEQLIKKE
KVYLAWVPAHKGIGCNEQVDKLVSRGIRKVLFLDGIDKAQEEHEKYHSNWRAMASEE
NLPPIVAKEIVASCDKCOQLKGEAIHGQVDCSPGIWQLDCTHLEGKVILVAVHVASGY
IEAEVIPAETGQETAYFLLKLAGRWPVKTIHTDNGSNEFTSATVKAACWWAGIKQEFG
IPYNPQSQGVVESINKELKKIIGQVRDQAEHLKTAVOMAVEFIHNEFKRKGGIGEYSAG
ERIVDIIASDIQTKELOKQITKIQNEFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDN
SDIKVVPRRKAKIIRDYGKOMAGDDCVASRQDED

MOSAIC NEF1 (AA SEQUENCE)

SEQ ID NO:7

MGGKWSKSSVVGWPAIRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAW
LEAQEEEEVGFPVRPQVPLRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDLWY
YHTQGYFPDWONYTPGPGIRYPLTFGWCFKLVPVEPEKIEEANEGENNSLLHPMSQH
GMDDPEKEVLMWKFDSRLAFHHMARELHPEYYKDC

MOSAIC NEF2 (AA SEQUENCE)

SEQ ID NO:8

MGGKWSKSSIVGWPAVRERIRRAEPAAEGVGAASQDLDKYGALTSSNTAATNADCAW
LEAQEDEEVGEPVKPOQVPLRPMTYKAAFDLSFFLKEKGGLDGLIYSKKRQEILDLWVY
INTQGFFPDWONYTPGPGVRYPLTFGWCFKLVPVDPREVEEANKGENNCLLHPMNLH
GMDDPEREVLVWREDSRLAFHHMAREKHPEYYKNC

IL 2-VALENT M MOSAIC ENV GP140 SEQUENCES (CLEAVAGE/FUSION-
DEFECTIVE)

MOSAIC ENV1 GP140 (AA SEQUENCE)
SEQ ID NO:9

MRVTGIRKNYQHLWRWGTMLLGILMICSAAGKLWVIVYYGVPVWKEATTTLFCASDA
KAYDTEVHNVWATHACVPTDPNPQEVVLENVTENFNMWKNNMVEQMHEDI ISLWDQS
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LKPCVKLTPLCVTLNCTDDVRNVTNNATNTNSSWGEPMEKGEIKNCSEFNITTSIRNK
VOKQYALFYKLDVVPIDNDSNNTNYRLISCNTSVITQACPKVSFEPIPIHYCAPAGE
AILKCNDKKFNGTGPCTNVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSENETNN
AKTIMVQLNVSVEINCTRPNNNTRKSTHIGPGRAFYTAGDIIGDIRQAHCNISRANW
NNTLRQIVEKLGKQFGNNKTIVENHSSGGDPEIVMHSFNCGGEFEFYCNSTKLENSTW
TWNNSTWNNTKRSNDTEEHITLPCRIKQIINMWOEVGKAMYAPPIRGQIRCSSNITG
LLLTRDGGNDTSGTEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQS
ERKSAVGIGAVFLGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRATEAQQHL
LOLTVWGIKQLQARVLAVERYLKDOQQLLGIWGCSGKLICTTTVPWNASWSNKSLDKI
WNNMTWMEWEREINNYTSLIYTLIEESQONQOEKNEQELLELDKWASLWNWEDISNWL
W

MOSAIC ENV2 GP140 (AA SEQUENCE)
SEQ ID NO:10

MRVRGIQRNWPOWWIWGILGEFWMIIICRVMCNLWVTVYYGVPVWKEAKTTLFCASDA
KAYEKEVHNVWATHACVPTDPNPQEMVLENVTENFNMWKNDMVDOMHEDT TRLWDQS
LKPCVKLTPLCVTLECRNVRNVSSNGTYNITHNETYKEMKNCSFNATTVVEDRKQKV
HALFYRLDIVPLDENNSSEKSSENSSEYYRLINCNTSAITQACPKVSFDPIPIHYCA
PAGYATLKCNNKTENGTGPCNNVSTVQCTHGIKPVVSTQLLLNGSLAEEEIIIRSEN
LTNNAKTILIVHLNETVNITCTRPNNNTRKSIRIGPGOTEFYATGDIIGDIRQAHCNLS
RDGWNKTLQGVKKKLAEHFPNKTINFTSSSGGDLEITTHSFNCRGEFFYCNTSGLEN
GTYMPNGTNSNSSSNITLPCRIKQIINMWQEVGRAMYAPPIAGNITCRSNITGLLLT
RDGGSNNGVPNDTETFRPGGGDMRNNWRSELYKYKVVEVKPLGVAPTEAKRRVVESE
KSAVGIGAVFLGILGAAGSTMGAASITLTVQARQLLSGIVQQQSNLLRATEAQQHML
QLTVWGIKQLOTRVLAIERYLODOQLLGLWGCSGKLICTTAVPWNTSWSNKSQTDIW
DNMTWMQWDKEIGNYTGEIYRLLEESQONQQEKNEKDLLALDSWKNLWNWEDI TNWLW

MOS3 ENV GP140 (AA SEQUENCE)
678 AA
SEQ ID NO:11

MRVKGIRKNYQHLWKWGTMLLGMLMICSAAEQLWVTVYYGVPVWRDAET
TLFCASDAKAYEREVHNIWATHACVPTDPNPQEIVLENVTEEFNMWKNDMYV
EQMHTDIISLWDESLKPCVKLAPLCVTLNCTNANLNCTNDNCNRTVDKMREE
IKNCSFNMTTELRDKKQK VY ALFYKLDIVPIEKNSSEYRLINCNTSTITQACPK
VTFEPIPIHY CTPAGFAILKCKDKKFNGTGPCKNVSTVQCTHGIKPVISTQLLL
NGSLAEGEHIRSENITNNAKTIVQLNESVVINCTRPGNNTRKSVRIGPGQAFY
ATGEIIGDIRQAYCNISRAKWNNTLKQIVTKLKEQFKNKTIVFNQSSGGDPEIT
THSFNCGGEFFYCNTTQLFNSTWNSNSTWNDTTGSVTEGNDTITLPCRIKQIV
NMWQRVGQAMYAPPIEGNITCKSNITGLLLVRDGGNINRTNETFRPGGGNMK
DNWRSELYKYKVVEIKPLGVAPTRAKRRVVESEKSAVGLGAVFLGFLGTAG
STMGAASLTLTVQARQVLSGIVQQQSNLLKAIEAQQHLLKLTVWGIKQLQAR
ILAVERYLRDQQLLGIWGCSGKLICTTNVPWNSSWSNKSQEEIWNNMTWMQ
WDREISNYTDTIYRLLEDSQNQQEKNEQDLLALDKWASLWNWFSITNWLW
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IIL 2-VALENT M MOSAIC POL SEQUENCES (EXTENSIVELY
INACTIVATED, PR-DELETED, 9 A INACTIVATION MUTATIONS TO
ELIMINATE CATALYTIC ACTIVITY)

MOSAIC POL1 (AA SEQUENCE)
SEQ ID NO:12

MAPISPIETVPVKLKPGMDGPRVKOWPLTEEKIKALTAICEEMEKEGKITKIGPENP
YNTPVFAIKKKDSTKWRKLVDFRELNKRTODFWEVQLGIPHPAGLKKKKSVTVLAVG
DAYFSVPLDEGFRKYTAFTIPSTNNETPGIRYQYNVLPOGWKGSPATIFQCSMTRILE
PFRAKNPEIVIYQYMAALYVGSDLEIGQHRAKIEELREHLLKWGFTTPDKKHQKEPP
FLWMGYELHPDKWTVQPIQLPEKDSWTVNDIQKLVGKLNWASQIYPGIKVRQLCKLL
RGAKALTDIVPLTEEAELELAENREILKEPVHGVYYDPSKDLIAEIQKQGHDQWTYQ
IYQEPFKNLKTGKYAKMRTAHTNDVKQLTEAVQKIAMESIVIWGKTPKFRLPIQKET
WETWWTDYWQATWIPEWEEFVNTPPLVKLWYQLEKDPIAGVETFYVAGAARNRETKLGK
AGYVTDRGROKIVSLTETTNQKTALQAIYLALQDSGSEVNIVTASQYALGIIQAQPD
KSESELVNQIIEQLIKKERVYLSWVPAHKGIGGNEQVDKLVSSGIRKVLELDGIDKA
OEEHEKYHSNWRAMASDFNLPPVVAKEIVASCDOCOLKGEAMHGQOVDCSPGIWQLAC
THLEGKIILVAVHVASGYIEAEVIPAETGQETAYFILKLAGRWPVKVIHTANGSNET
SAAVKAACWWAGIQQEFGTIPYNPOSQGVVASMNKELKKIIGQVRDQAEHLKTAVQMA
VEIHNFKRKGGIGGYSAGERIIDITATDIQTKELQKQIIKIOQNFRVYYRDSRDPIWK
GPAKLLWKGEGAVVIQDNSDIKVVPRRKVKIIKDYGKOMAGADCVAGRQDED

MOSAIC POL2 (AA SEQUENCE)
SEQ ID NO:13

MAPISPIETVPVKLKPGMDGPKVKOWPLTEEKIKALVEICTEMEKEGKISKIGPENP
YNTPIFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGI PHPAGLKKKKSVTVLAVG
DAYFSVPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPATFQSSMTKILE
PFRKONPDIVIYQYMAATL.YVGSDLEIGOHRTKIEELRQHLLRWGFTTPDKKHQKEPP
FLWMGYELHPDKWTVQPIVLPEKDSWTVNDIQKLVGKLNWASQIYAGIKVKQLCKLL
RGTKALTEVVPLTEEAELELAENREILKEPVHCVYYDPSKDLIAETQKQGQGOWTYQ
IYQEPIKNLKTGKYARMRGAHTNDVEQLTEAVOKIATESIVIWGKTPKFKLPIQKET
WEAWWTEYWOQATWIPEWEFVNTPPLVKLWYQLEKEPIVGAETFYVAGAANRETKLGK
AGYVTDRGROKVVSLTDTTNQKTALQATHIALQDSGLEVNIVTASQYALGIIQAQPD
KSESELVSQIIEQLTIKKEKVYLAWVPAHKGIGGNEQVDKLVSRGIRKVLFLDGIDKA
QEEHEKYHSNWRAMASEFNLPPIVAKEIVASCDKCOLKGEATHGQVDCSPGIWQLAC
THLEGKVILVAVHVASGYIEAEVIPAETGOETAYFLLKLAGRWPVKT IHTANGSNET
SATVKAACWWAGIKQEFGIPYNPQSQGVVASINKELKKI IGQVRDQAEHLKTAVQMA
VFIHNFKRKGGIGEYSAGERIVDITASDIQTKELQKQITKIQNFRVYYRDSRDPLWK
GPAKLLWKGEGAVVIQDNSDIKVVPRRKAKIIRDYGKQMAGDDCVASRQDED

MOS3 POL V3 (AA SEQUENCE)
851 AA
SEQ ID NO:14
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MAPISPIDTVPVTLKPGMDGPKIKQWPLTEEKIKALTEICTEMEKEGKISRIGPENP
YNTPVFAIKKKNSTRWRKLVDFRELNKKTQDFWEVQLGIPHPAGLKKKRSVTVLAVG
DAYEFSVPLDKDFRKYTAFTIPSVNNETPGVRYQYNVLPOGWKGSPAIFQCSMTKILE
PFRAONPEIVIYQYVAALYVGSDLEIEQHRTKIEELRAHLLSWGFTTPDKKHQREPP
FLWMGYELHPDRWTVQPIELPEKESWTVNDIQKLVGKLNWASQIYPGIKVKQLCRLL
RGAKALTEVIPLTKEAELELAENREILREPVHGVYYDPSKDLVAEIQKQGODQWTYQ
IYQEPYKNLKTGKYARKRSAHTNDVRQLTEAVQOKIALESIVIWGKIPKFRLPIQRET
WETWWTEYWQATWIPDWEEFVNT PPLVKLWYQLEKEPIAGAETFYVAGASNRETKIGK
AGYVTDKGROKVVSLTETTNQKAALOATQLATLQDSGPEVNIVTASQYVLGIIQAQPD
RSESELVNQIIEELIKKEKVYLSWVPAHKGIGGNEQVDKLVSAGIRKILFLDGIDKA
QEEHERYHSNWRTMASDFNLPPIVAKEIVANCDKCQLKGEAMHGQVDCSPGMWQLAC
THLEGKIIIVAVHVASGYMEAEVIPAETGCETAYYILKLAGRWPVKVVHTANGSNET
STTVKAACWWANVTQEFGIPYNPOSQGVIASMNKELKKIIGQVREQAEHLKTAVQOMA
VLIHNFKRRGGIGGYSAGERIVDIIATDIQTRELQKQITKIQNFRVYFRDSRDPVWK
GPAKLLWKGEGAVVIQDNSEIKVVPRRKVKI IRDYGKQMAGDDCVAGRQDEDQ

IV. 2-VALENT M MOSAIC GAG SEQUENCE

MOS3 GAG (AA SEQUENCE)
508 AA
SEQ ID NO:15

MGARASVLSGGKLDAWEKIRLRPGGKKKYKLKHIVWASRELDRFALNPGLLETAEGC
QOITEQLOPALQTGSEELKSLYNTVAVLYCVHQRIDVKDTKEALDKIEEIQNKSKQK
TQOAAADTGSSSKVSQONYPIVQONAQGQOMVHQALSPRTLNAWVKVVEEKGENPEVIPM
FSALAEGATPQDLNMMLNIVGGHQAAMQILKDT INEEAADWDRLHPVHAGP I PPGQM
REPRGSDIAGTTSTPQEQIGWMTSNPPVPVGEIYKRWI IMGLNKIVRMYSPVSILDI
KOGPKESFRDYVDREFKVLRAEQATQEVKNWMTETLLTIONANPDCKSILRALGPGAS
LEEMMTACQGVGGPSHKARILAEAMSQOANNTNIMMORGNFKGQKRIKCFNCGKEGHL
ARNCRAPRKRGCWKCGREGHQMKDCNERQANFLGKIWPSSKGRPGNFPQSRPEPTAP
LEPTAPPAEPTAPPAESFGFGEEITPSPKQEQKDREPLTSLKSLEGSDPLLQ

V. 2-VALENT M MOSAIC NEF SEQUENCES (POSITION 2 G TO A TO
DELETE MYRISTYLATION SITE

MOS1 NEF
(206 AA)
SEQ ID NO:16

MAGKWSKSSVVGWPAIRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAW
LEAQEEEEVGFPVRPQVPLRPMTYKGALDLSHFLKEKGGLEGLIYSQKRODILDLWV
YHTQGYFPDWONYTPGPGIRYPLTFGWCFKLVPVEPEKIEEANEGENNSLLHPMSQH
GMDDPEKEVLMWKEDSRLAFHHMARELHPEYYKDC
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MOS2 NEF
(206 AA) - POSITION 2 G TO A TO DELETE MYRISTYLATION SITE
SEQ 1D NO:17

MAGKWSKSSIVGWPAVRERIRRAEPAAEGVGAASQODLDKYGALTSSNTAATNADCAW
LEAQEDEEVGFPVKPQVPLRPMTYKAAFDLSFFLKEKGGLDGLIYSKKRQEILDLWV
YNTQGFFPDWONYTPGPGVRYPLTFGWCEFKLVPVDPREVEEANKGENNCLLHPMNLH
GMDDPEREVLVWREDSRLAFHHMAREKHPEYYKNC

MOS3 NEF
(208 AA)
SEQ ID NO:18

MAGKWSKRSVVGWPAVRERMRRTEPAAEGVGAVSQDLDKHGALTSSNTAHNNADCAW
LOAQEEEEEVGEFPVRPQVPVRPMTYKAAVDLSHFLKEKGGLEGLIHSQKRQETILDLW
VYHTQGFFPDWHNYTPGPGTRFPLTFGWCYKLVPVDPKEVEEANEGENNCLLHPMSQ
HGMEDEDREVLKWKEDSSLARRHMARELHPEFYKDCL

VL 2-VALENT M MOSAIC GAGNEF FUSION SEQUENCES

MOSAIC GAGNEF1 (AA SEQUENCE)
SEQ ID NO:19

MGARASVLSGGELDRWEKIRLRPGGKKKYRLKHIVWASRELERFAVNEGLLETSEGC
ROILGOLOPSLOTGSEELRSLYNTVATLYCVHQRIETIKDTKEALEKIEEEQNKSKKK
AQQAAADTGNSSQVSONYPIVONIQGOMVHQATISPRTINAWVKVVEEKAFSPEVIPM
FSALSEGATPODLNTMLNTVGGHOAAMOMLKET INEEAAEWDRVHPVHAGP IAPGQOM
REPRGSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPVSILDI
ROGPKEPFRDYVDREYKTLRAEQASQDVKNWMTETLLVONANPDCKTILKALGPAAT
LEEMMTACQGVGGPGHKARVLAEAMSQVTNSAT IMMQORGNFRNQRKTVKCENCGKEG
HIAKNCRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSNKGRPGNFLONRPEPT
APPEESFRFGEETTTPSQKQEPIDKEMYPLASLKSLEGNDPSSQAGKWSKSSVVGWP
ATRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEREEEVGEFPVR
POQVPLRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDILWVYHTQGYEPDWQNYT
PGPGIRYPLTFGWCFKLVPVEPEKIEEANEGENNSLLHPMSQHGMDDPEKEVLMHWKE
DSRLAFHHMARELHPEYYKDC

MOSAIC GAGNEF2 (AA SEQUENCE)

SEQ ID NO:20

MGARASILRGGKLDKWEKIRLRP?GGKKIYMLKHILVWASRELERFALNPGLLETSEGC
KOITKOLQPALQTGTEELRSLFNTVATLYCVHAETEVRDTKEALDKIEEEQNKSQQK
TOQAKEADGKVSQNYPIVONLOGOMVHQPISPRTLNAWVKVIEEKAFSPEVIPMETA
LSEGATPQDLNTMLNTVGGHQAAMOMLKDTINEEAAEWDRLHPVHAGPVAPGQMREP
RGSDIAGTTSNLQEQIAWMTSNPPIPVGDIYKRWITILGLNKIVRMYSPTSILDIKQG
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PKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVQNANPDCKTILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTNSTILMORSNFKGSKRIVKCEFNCGKEGHIARN
CRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAE
SFRFEETTPAPKQEPKDREPLTSLRSLEGSDPLSQAGKWSKSSIVGWPAVRERIRRA
EPAAEGVGAASQDLDKYGALTSSNTAATNADCAWLEAQEDEEVGEFPVKPQVPLRPMT
YKAAFDLSFFLKEKGGLDGLIYSKKRQEILDLWVYNTQGFFPDWONYTPGPGVRYPL
TEGWCEFKLVPVDPREVEEANKGENNCLLHPMNLHGMDDPEREVLVWREFDSRLAFHHM
AREKHPEYYKNC

VIIL. 2-VALENT M MOSAIC GAGPOL FUSION SEQUENCES (VERSION 3;
POL EXTENSIVELY INACTIVATED, PR-DELETED, 9 A INACTIVATION
MUTATIONS TO ELIMINATE CATALYTIC ACTIVITY)

MOSAIC GAGPOLI1 V3 (AA SEQUENCE)
SEQID NO:21

MGARASVLSGGELDRWEKIRLRPGGKKKYRLKHIVWASRELERFAVNPGLLETSEGC
RQILGOLOPSLOTGSEELRSLYNTVATLYCVHQRIEIXKDTKEALEKIEEEQNKSKKK
AQOAAADTGNSSQVSONYPIVONIQGOMVHQAISPRTLNAWVKVVEEKAFSPEVIPM
FSALSEGATPQDLNTMLNTVGGHQAAMOMLKET INEEAAEWDRVHPVHAGPIAPGQM
REPRGSDIAGTTSTLOQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPVSILDI
ROGPKEPFRDYVDREFYKTLRAEQASQDVKNWMTETLLVONANPDCKTILKALGPAAT
LEEMMTACQGVGGPGHKARVLAEAMSQVTNSAT IMMOQRGNFRNQRKTVKCENCGKEG
HIAKNCRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSNKGRPGNFLONRPEPT
APPEESFREGEETTTPSQKQEPIDKEMYPLASLKSLEGNDPSSOMAPISPIETVPVK
LKPGMDGPRVKOWPLTEEKIKALTAICEEMEKEGKITKIGPENPYNTPVFATKKKDS
TKWRKLVDFRELNKRTQDEWEVOLGI PHPAGLKKKKSVITVLAVGDAYFSVPLDEGFR
KYTAFTIPSTNNETPGIRYQYNVLPOQGWKGSPAIFQCSMTRILEFFRAKNPEIVIYQ
YMAALYVGSDLEIGQHRAKIEELREHLLKWGFTTPDKKHQKEPPEFLWMGYELHPDKW
TVCPIQLPEKDSWIVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGAKALTDIVPLT
EEAELELAENREILKEPVHGVYYDPSKDLIAEIQKQGHDQWTYQIYQEPFKNLKTGK
YAKMRTAHTNDVRKQLTEAVOQKIAMESIVIWGKTPKIRLPIQKETWETWWTDYWQATW
IPEWEFVNTPPLVKLWYQLEKDPIAGVETFYVAGAANRETKLGKAGYVTDRGROKIV
SLTETTNQKTALQAIYLALODSGSEVNIVTASQYALGIIQAQPDKSESELVNQITEQ
LIKKERVYLSWVPAHKGIGGNEQVDKLVSSGIRKVLFLDGIDKAQEEHEKYHSNWRA
MASDEFNLPPVVAKEIVASCDQCQLKGEAMHGQVDCSPGIWQLACTHLEGKIILVAVH
VASGYIEAEVIPAETGQOETAYFILKLAGRWPVKVIHTANGSNFTSAAVKAACWWAGI
QQEFGIPYNPQSQGVVASMNKELKKIIGOVRDODAEHLKTAVOMAVETHNEFKRKGGIG
GYSAGERIIDIIATDIQTKELOKQITIKIQONFRVYYRDSRDPIWKGPAKLLWKGEGAV
VIQDNSDIKVVPRRKVKIIKDYGKQMAGADCVAGRQDED

MOSAIC GAGPOL2 V3 (AA SEQUENCE)
SEQ ID NO:22

MGARASTILRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KOITIKQLOPALOTGTEELRSLENTVATLYCVHAEIEVRDTKEALDKIEEEQNKSQQK
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TOQAKEADGKVSQONYPIVONLOGOMVHQOPISPRTLNAWVKVIEEKAFSPEVIPMETA
LSEGATPQDLNTMLNTVGGHQAAMQMLKDT INEEAAEWDRLHPVHAGPVAPGOMREP
RGSDIAGTTSNLQEQIAWMTSNPPIPVGDIYKRWIILGLNKIVRMYSPTSILDIKQG
PKEPFRDYVDREFFKTLRAEQATQDVKNWMT DTLLVQONANPDCKT ILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTNSTILMQORSNFKGSKRIVKCENCGKEGHIARN
CRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAE
SFRFEETTPAPKQEPKDREPLTSLRSLFGSDPLSQMAPISPIETVPVKLKPGMDGPK
VKOWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPIFAIKKKDSTKWRKLVDF
RELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLAVGDAYFSVPLDEDFRKYTAFTIPS
INNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRKQNPDIVIYQYMAALYVGS
DLEIGOQHRTKIEELRQHLLRWGFTTPDKKHQKEPPFLWMGYELHEDKNTVQPLVLPE
KDSWTVNDIQKLVGKLNWASQIYAGIKVKQLCKLLRGTKALTEVVPLTEEAELELAE
NREILKEPVHGVYYDPSKDLIAZTIQKQGQGOWTYQIYQEPFKNLKTGKYARMRGAHT
NDVEKQLTEAVQKIATESIVIWGKTPKFKLPIQKETWEAWWTEYWQATWIPEWEEFVNT
PPLVKILWYQLEKEPIVGAETFYVAGAANRETKLGKAGYVTDRGRQKVVSLTDTTNQK
TALOQATHLALQDSGLEVNIVTASQYALGIIQAQPDKSESELVSQITEQLIKKEKVYL
AWVPAHKGIGGNEQVDKLVSRGIRKVLFLDGIDKAQEEHEKYHSNWRAMASEFNLPP
IVAKEIVASCDKCQLKGEATHGQVDCSPGIWQLACTHLEGKVILVAVHVASGYIEAE
VIPAETGOQETAYFLLKLAGRWPVKT IHTANGSNETSATVKAACWWAGIKQEFGTIPYN
POSQGVVASINKELKKIIGQVRDQAEHLKTAVOMAVFITHNFKRKGGIGEYSAGERIV
DITASDIQTKELQKOQITKIQNFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDNSDIK
VVPRRKAKIIRDYGKOMAGDDCVASRQDED

MOS3 GAG-POL V3 (AA SEQUENCES)
1359 aa - GAG-POL FUSION WITH COMPLETE GAG AND MODIFIED POL
SEQ ID NO:23

MGARASVLSGGKLDAWEKIRLRPGGKKKYKLKHIVWASRELDRFALNPGLLETAEGC
QOITEQLOPALQTGSEELKSLYNTVAVLYCVHQRIDVKDTKEALDKIEETIQNKSKQK
TOOAAADTGSSSKVSQONYPIVONAQGOMVHOALSPRTLNAWVKVVEEKGENPEVIPM
FSALAEGATPQDLNMMLNIVGGHQAAMQILKDT INEEAADWDRLHPVHAGP I PPGQOM
REPRGSDIAGTTSTPQEQIGWMTSNPPVPVGEIYKRWIIMGLNKIVRMYSPVSILDI
KQGPKESFRDYVDREFFKVLRAEQATQEVKNWMTETLLIQNANPDCKSILRALGPGAS
LEEMMTACQGVGGPSHKARILAEAMSQANNTN IMMORGNEFKGQKRIKCFNCGKEGHL
ARNCRAPRKRGCWKCGREGHQMKDCNERQANFLGKIWPSSKGRPGNFPQSRPEPTAP
LEPTAPPAEPTAPPAESFGFGEEITPSPKOEQKDREFPLTSLKSLEFGSDPLLOMAPTS
PIDTVPVTLKPGMDGPKIKQWPLTEEKIKALTEICTEMEKEGKISRIGPENPYNTPV
FATKKKNSTRWRKLVDFRELNKKTQDFWEVQLGIPHPAGLKKKRSVTVLAVGDAYFS
VPLDKDFRKYTAFTIPSVNNETPGVRYQYNVLPQGWKGSPAIFQUSMTKILEPERAQ
NPEIVIYQYVAALYVGSDLEIEQHRTKIEELRAHLLSWGFTTPDKKHQREPPFLWMG
YELHPDRWIVQPIELPEKESWTIYVNDIQKLVGKLNWASQIYPGIKVKQLCRLLRGAKA
LTEVIPLTKEAELELAENREILREPVHGVYYDPSKDLVAEIQKQGQDOQWTYQIYCEP
YKNLKTGKYARKRSAHTNDVROQLTEAVQKIALESIVIWGKIPKFRLPIQRETWETWW
TEYWOQATWIPDWEEVNTPPLVKLWYQLEKEPIAGAETFYVAGASNRETKIGKAGYVT
DKGROKVVSLTETTNOKAALOAIQLALODSGPEVNIVTASQYVLGIIQAQPDRSESE
LVNQITEELIKKEKVYLSWVPAHKGIGGNEQVDKLVSAGIRKILFLDGIDKAQEEHE
RYHSNWRTMASDENLPPIVAKEIVANCDKCQLKGEAMHGQVDCSPGMWQLACTHLEG
KITIIVAVHVASGYMEAEVIPAETGQETAYYILKLAGRWPVKVVHTANGSNEFTSTTVK
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AACWWANVTQEFGIPYNPQSQGVIASMNKELKKIIGQVREQAEHTLKTAVQMAVLIHN
FKRRGGIGGYSAGERIVDITATDIQTRELOQKQITKIONFRVY FRDSRDPVWKGPAKL
LWKGEGAVVIQDNSETIKVVPRRKVKIIRDYGKOMAGDDCVAGRQDEDQ

VIIL. 2-VALENT M MOSAIC GAGPOL FUSION SEQUENCES (VERSION 4;
POL MINIMALLY INACTIVATED, COMPLETE PR-RT-IN)

MOSAIC GAGPOL1 V4 (AA SEQUENCE)
SEQ ID NO:24

MGARASVLSGGELDRWEKIRLRPGGKKKYRLKHIVWASRELERFAVNPGLLETSEGC
ROILGQLOPSLOTGSEELRSLYNTVATLYCVHQRIEIKDTKEALEKIEEEQNKSKKK
AQQAAADTGNSSQVSONYPIVONIQGOMVHOATI SPRTLNAWVKVVEEKAFSPEVIEM
FSALSEGATPODLNTMLNTVGGHQAAMOMLKET INEEAAEWDRVHPVHAGPTAPGQOM
REPRGSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWITILGLNKIVRMYSPVSILDI
ROGPKEPFRDYVDREYKTLRAEQASQDVKNWMTETLLVONANPDCKTILKALGPAAT
LEEMMTACQGVGGPGHKARVLAEAMSQVTNSATIMMQRGNFRNQRKTVKCFNCGKEG
HIAKNCRAPRKKGCWKCGKEGHQMKDCTERQANFLGKIWPSNKGRPGNFLONRPEPT
APPEESFRFGEETTTPSQKQEPIDKEMYPLASLKSLEFGNDPSSQRENLAFQQGEARE
FPSEQTRANSPTSRELOVRGDNPHSEAGAERQGTLNFPOITIWQRPLVSIKVGGQIR
EALLATGADDTVLEDINLPGKWKPKMIGGIGGEFIKVGOYDQILIEICGKKAIGTVLY
GPTPVNIIGRNMLTQLGCTLNFPISPIETVPVKLKPGMDGPRVKQWPLTEEKIKALT
AICEEMEKEGKITKIGPENPYNTPVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQL
GIPHPAGLKKKKSVTVLDVGDAYFSVPLDEGFRKYTAFTIPSTNNETPGIRYQYNVL
POGWKGSPATIFQUCSMTRILEPFRAKNPEIVIYQYMDHLYVGSDLEIGQHRAKIEELR
EHLLKWGETTPDKKHQKEPPFLWMGYELHPDKWTVOPIQOLPEKDSWTVNDIQKLVGK
LNWASQIYPGIKVRQLCKLLRGAKALTDIVPLTEEAELELAENREILKEPVHGVYYD
PSKDLIAEIQKQGHDOWTYQIYQEPFKNLKTGKYAKMRTAHTNDVKQLTEAVQKIAM
ESIVIWGKTPKFRLPIQKETWETWWTDYWQATWI PEWEFVNTPPLVKLWYQLEKDPI
AGVETFYVDGAANRETKLGKAGYVTDRGRQKIVSLTETTNQKTELQATIYLALQDSGS
EVNIVTDSQYALGIIQAQPDKSESELVNQIIEQLTKKERVYLSWVPAHKGIGGNEQV
DKLVSSGIRKVLFLDGIDKAQFEEHEKYHSNWRAMASDENLPPVVAKE IVASCDQCQL
KGEAMHGQVDCSPGIWQLACTHLEGKI ILVAVHVASGYIEAEVIPAETGQETAYFIL
KLAGRWPVKVIHTDNGSNFTSAAVKAACWWAGIQREFGIPYNPQSQGVVESMNKELK
KITGQVRDOQAEHLKTAVOMAVFIHNFKRKGGIGGYSAGERIIDITATDIQTKELQKQ
ITKIQNERVYYRDSRDPIWKGPAKLLWKGEGAVVIQDNSDIKVVPRRKVKIIKDYGK
COMAGADCVAGRQDED

MOSAIC GAGPOL2 V4 (AA SEQUENCE)
SEQ ID NO:25

MGARASTLRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KQIIKQLOPALQTGTEELRSLEFNTVATLYCVHAETIEVRDTKEALDKIEEEQNKSQQK
TOQAKEADGKVSONYPIVONLOGOMVHQPISPRTLNAWVKVIEEKAFSPEVIPMETA
LSEGATPODLNTMLNTVGGHQAAMOMLKDTINEEAAEWDRLHPVHAGPVAPGQMREP
RGSDIAGTTSNLOEQITAWMTSNPPIPVGDIYKRWITLGLNKIVRMYSPTSILDIKQG
PKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVONANPDCKTILRALGPGATLEE
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MMTACQGVGGPSHKARVLAEAMSQTNSTILMQRSNFKGSKRIVKCFNCGKEGHIARN
CRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAE
SFREEETTPAPKOQEPKDREPLTSLRSLEFGSDPLSQRENLAFPQGKAREFSSEQTRAN
SPTRRELQVWGRDNNSLSEAGADRQGTVSFSFPOITLWORPLVTIKIGGQLKEALLA
TGADDTVLEEMNLPGRWKPKMIGGIGGFIKVGQYDQIPIEICGHKAIGTVLVGPTRPV
NIIGRNLLTQIGCTLNFPISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALVEICTE
MEKEGKISKIGPENPYNTPIFATKKKDSTKWRKLVDFRELNKRTQDEWEVQLGTI PHP
AGLKKKKSVTVLDVGDAYFSVPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWK
GSPAITQSSMTKILEPFRKONPDIVIYQYMDHLYVGSDLEIGQHRTKIEELRQHLIR
WGEFTTPDKKHOKEPPFLWMGYELHPDKWTVQPIVLPEKDSWTVNDIQKLVGKLNWAS
QIYAGIKVKQLCKLLRGTKALTEVVFLTEEAELELAENRETTLKEPVHGVYYDPSKDL
IAEIQKQGOGOWTYQIYQREPEFKNLKTGKYARMRGAHTNDVKQLTEAVOKIATESIVI
WGKTPKFKLPIQKETWEAWWTEYWQATWIPEWEEFVNT PPLVKLWYQLEKEPIVGAET
FYVDGAANRETKLGKAGYVTDRGRQKVVSLTDTTNQKTELQATIHLALODSGLEVNIV
TDSQYALGITQAQPDKSESELVSQITEQLIKKEKVYLAWVPAHKGIGGNEQVDKLVS
RGIRKVLFLDGIDKAQEEHEKYHSNWRAMASEFNLPPIVAKEIVASCDKCQLKGEAT
HGQVDCSPGIWOLACTHLEGKVILVAVHVASGYIEAEVIPAETGQETAYFLLKLAGR
WPVKTIHTDNGSNETSATVKAACWWAGIKQEFGIPYNPQSQGVVESINKELKKITGQ
VRDQAEHLKTAVOMAVFTHNFKRKGGIGEYSAGERIVDIIASDIQTKELQKQITKIQ
NFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDNSDIKVVPRRKAKIIRDYGKQMAGD
DCVASRQDED

IX. 2-VALENT M MOSAIC GAGPOL FUSION SEQUENCES (VERSION 5;
POL MINIMALLY INACTIVATED, PR-DELETED)

MOSAIC GAGPOL1 V5 (AA SEQUENCE)
SEQ ID NO:26

MGARASVLSGGELDRWEKIRLRPGGKKKYRLKHIVWASRELERFAVNPGLLETSEGC
ROILGOLOPSLOTGSEELRSLYNTVATLYCVHQRIEIKDTKEALEKIEEEQNKSKKK
AQOAAADTGNSSQVSONYPIVONIQGOMVHQATISPRTLNAWVKVVEEKAFSPEVIPM
FSALSEGATPQDLNTMLNTVGGHOAAMOMLKETINEEAAEWDRVHPVHAGPTIAPGQOM
REPRGSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPVSILDI
ROGPKEPFRDYVDREFYKTLRAEQASQDVKNWMTETLLVOQNANPDCKTILKALGPAAT
LEEMMTACQGVGGPGHKARVLAEAMSQVTNSAT IMMORGNERNQRKTVKCFNCGKEG
HIAKNCRAPREKGCWKCGKEGHOMKDCTERQANFLGKIWPSNKGRPGNFLONRPEPT
APPEESFREGEETTTPSQKQEPIDKEMYPLASTKSLEFGNDPSSQMAPISPIETVPVK
LKPGMDGPRVKQWPLTEEKIKALTAICEEMEKEGKITKIGPENPYNTPVFAIKKKDS
TKWRKLVDFRELNKRTQDFWEVQLGI PHPAGLKKKKSVIVLDVGDAYFSVPLDEGER
KYTAFTIPSTNNETPGIRYQYNVLPQGWKGSPAIFQCSMTRILEPFRAKNPEIVIYQ
YMDHLYVGSDLEIGQHRAKIEELREHLLKWGEFTTPDKKHQKEPPFLWMGYELHPDKW
TVOPIQLPEKDSWTIVNDIQKLVGKLNWASQTYPGIKVRQLCKLLRGAKALTDIVPLT
EEAELELAENREILKEPVHGVYYDPSKDLIAEIQKQGHDOQWTYQIYQEPFKNLKTGK
YARKMRTAHTNDVKOLTEAVOKIAMES IVIWGKTPKFRLPIQKETWETWWT DYWQATW
IPEWEFVNTPPLVKLWYQLEKDPIAGVETEYVDGAANRETKLGKAGYVTDRGRQKIV
SLTETTNQKTELQAIYLALODSGSEVNIVTDSQYALGIIQAQPDKSESELVNQITEQ
LIRKKERVYLSWVPAHKGIGGNEQVDKLVSSGIRKVLFLDGIDKAQEEHEKYHSNWRA
MASDFNLPPVVAKEIVASCDQCOLKGEAMHGQVDCSPGIWQLACTHLEGKTIILVAVH
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VASGYIEAEVIPAETGQETAYFILKLAGRWPVKVIHTDNGSNFTSAAVKAACWWAGT
QQEFGIPYNPQSQGVVESMNKELKKIIGQVRDQAEHLKTAVQMAVFIHNFKRKGGIG
GYSAGERIIDIIATDIQTKELOKQIIKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAV
VIQDNSDIKVVPRRKVKITIKDYGKOMAGADCVAGRQDED

MOSAIC GAGPOL2 V5 (AA SEQUENCE)
SEQ ID NO:27

MGARASTILRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KQIIRQLOPALQTGTEELRSLENTVATLYCVHAEIEVRDTKEALDKIEEEQNKSQQOK
TOQQAKEADGKVSONYPIVONLQGOMVHQPISPRTLNAWVKVIEEKAFSPEVIPMFTA
LSEGATPODLNTMLNTVGGHQAAMOMLKDT INEEAAEWDRLHPVHAGPVAPGOMREP
RGSDIAGTTSNLQEQIAWMTSNPPIPVGDIYKRWIILGLNKIVRMYSPTSILDIKQG
PKEPFRDYVDREFKTLRAEQATQDVKNWMTDTLLVONANPDCKTILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTNSTILMQRSNFKGSKRIVKCFNCGKEGHIARN
CRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAE
SFREEETTPAPKQEPKDREPLTSLRSLEGSDPLSQMAPISPIETVPVKLKPGMDGPK
VKOWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPIFAIKKKDSTKWRKLVDE
RELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFSVPLDEDFRKYTAFTIPS
INNETPGIRYQYNVLPOGWKGSPATIFQSSMTKILEPFRKONPDIVIYQYMDHLYVGS
DLETIGQHRTKIEELRQHLLRWGFTTPDKKHQKEPPFLWMGYELHEDKWTVQPIVLPE
KDSWTVNDIQKLVGKLNWASQIYAGIKVKQLCKLLRGTKALTEVVPLTEEAELELAE
NREILKEPVHGVYYDPSKDLIAETIQKOGQGOWTYQIYQEPFKNLKTGKYARMRGAHT
NDVKQLTEAVQKIATESIVIWGKTPKEFKLPIQKETWEAWWTEYWCATWI PEWEFVNT
PPLVKLWYQLEKEPIVGAETFYVDGAANRETKLGKAGYVTDRGRCKVVSLTDTTNQK
TELQATHLALODSGLEVNIVTDSQYALGITIQAQPDKSESELVSQIIEQLIKKEKVYL
AWVPAHKGIGGNEQVDKLVSRGIRKVLFLDGIDKAQEEHEKYHSNWRAMASEFNLEP
IVAKETVASCDKCQLKGEATHGQVDCSPGIWQLACTHLEGKVILVAVHVASGYTIEAR
VIPAETGQETAYILLKLAGRWPVKTIHTDNGSNETSATVKAACWWAGTKQEFGIPYN
PQSQGVVESINKELKKIIGOVRDQAEHLKTAVOMAVFTHNFKRKGGIGEYSAGERIV
DIIASDIQTKELQKQITKIQONFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDNSDIK
VVPRRKAKIIRDYGKQMAGDDCVASRQDED

X. 2-VALENT M MOSAIC GAGPOLNEF FUSION SEQUENCES (POL
EXTENSIVELY INACTIVATED, PR-DELETED)

MOSAIC GAGPOLNEF1 (AA SEQUENCE)
SEQ ID NO:28

MGARASVLSGGELDRWEKIRLRPGGKKKYRLKHIVWASRELERFAVNPGLLETSEGC
ROTILGOLOPSLOTGSEELRSLYNTVATLYCVHQRIEIKDTKEALEKIEEEQNKSKKK
AQQAAADTGNSSQVSONYPIVONIQGOMVHQAI SPRTLNAWVKVVEEKAFSPEVIPM
FSALSEGATPQDLNTMLNTVGGHQAAMQMLKET INEEAAEWDRVHPVHAGPIAPGOM
REPRGSDIAGTTSTLQEQIGWMTNNPPIPVCGEIYKRWIILGLNKIVRMYSPVSILDI
ROGPKEPFRDYVDREYKTLRAEQASQDVKNWMTET LLVQNANPDCKTILKALGPAAT
LEEMMTACQGVGGPGHKARVLAEAMSQVTNSAT IMMORGNFRNQRKTVKCFNCGKEG
HIAKNCRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSNKGRPGNFLONRPEPT
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APPEESFRFGEETTTPSQKQEPIDKEMYPLASLKSLFGNDPSSQMAPISPIETVPVK
LKPGMDGPRVKOQWPLTEEKIKALTAICEEMEKEGKITXKIGPENPYNTPVFATIKKKDS
TKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVIVLAVGDAYFSVPLDEGER
KYTAFTIPSTNNETPGIRYQYNVLPQGWKGSPAIFQCSMTRITLEPFRAKNPEIVIYQ
YMAATYVGSDLEIGOHRAKIEELREHLLKWGFTTPDKKHQKEPPFLWMGYELHPDKW
TVQPIQLPEKDSWIVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGAKALTDIVPLT
EEARELELAENREILKEPVHGVYYDPSKDLIAETQKQGHDOWTYQIYQEPFKNLKTGK
YAKMRTAHTNDVKQLTEAVQKIAMESIVIWGKTPKFRLPTIQKETWETWWTDYWQATW
IPEWEFVNTPPLVKLWYQLEKDPTAGVETFYVAGAANRETKLGKAGYVTDRGRQKIV
SLTETTNOKTALOATYLALQDSGSEVNIVTASQYALGIIQAQPDKSESELVNQIIEQ
LIKKERVYLSWVPAHKGIGGNEQVDKLVSSGIRKVLEFLDGLDKAQEEHEKYHSNWRA
MASDENLPPVVAKEIVASCDQCQLKGEAMHGQVDCSPGIWQLACTHLEGKIILVAVH
VASGYIEAEVIPAETGQETAYFILKLAGRWPVKVIHTANGSNEFTSAAVKAACWWAGT
QOEFGIPYNPOSOGVVASMNKELKKIIGQVRDQAEHLKTAVQMAVEFIHNFKRKGGIG
GYSAGERIIDITATDIQTKELOKQIIKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAV
VIQDNSDIKVVPRRKVKIIKDYGKOMAGADCVAGRQDEDMAGKWSKSSVVGWPAIRE
RMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGEPVRPQVPE
LRPMTYKGALDLSHFLKEKGGLEGLIYSQKRODILDLWVYHTQGYFPDWONYTPGPG
IRYPLTFGWCFKLVPVEPEKIEEANEGENNSLLHPMSQHGMDDPEKEVLMWKFDSRL
AFHHMARELHPEYYKDC

MOSAIC GAGPOLNEF2 (AA SEQUENCE)
SEQ ID NO:29

MGARASILRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KOQITKQLOPALQTGTEELRSLENTVATLYCVHAEIEVRDTKEALDKIEEEQNKSQQK
TOOAKEADGKVSONYPIVONLOGOMVHQPISPRTLNAWVKVIEERAFSPEVIPMFTA
LSEGATPQDLNTMLNTVGGHQAAMOMLKDTINEEAAEWDRLHPVHAGPVAPGQMREP
RGSDIAGTTSNLQEQIAWMTSNPPIPVGDIYKRWIILGLNKIVRMYSPTSILDIKQG
PKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVQONANPDCKTILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTNSTILMORSNFKGSKRIVKCEFNCGKEGHIARN
CRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAL
SFRFEETTPAPKQEPKDREPLTSLRSLEFGSDPLSOMAPISPIETVPVKLKPGMDGPK
VKOWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPIFAIKKKDSTKWRKLVDF
RELNKRTQDEFWEVQLGIPHPAGLKKKKSVTVLAVGDAYFSVPLDEDFRKYTAFTIPS
INNETPGIRYQYNVLPOQGWKGSPAIFQSSMTKILEPFRKOQNPDIVIYQYMAALYVGS
DLEIGQHRTKIEELRQHLLRWGFTTPDKKHOKEPPFLWMGYELHPDEKWTVQPIVLFE
KDSWTVNDIQKLVGKLNWASQIYAGIKVKQLCKLLRGTKALTEVVPLTEEAELELAE
NREILKEPVHGVYYDPSKDLIAEIQKQGRGOWTYQIYQEPFKNLKTGKYARMRGAHT
NDVKQLTEAVOKIATESIVIWGKTPKFKLPIQKETWEAWNTEYWQATWIPEWEFVNT
PPLVKLWYQLERKEPIVGAETFYVAGAANRETKLGKAGYVTDRGROQKVVSLTDTTNQK
TALOATHLALODSGLEVNIVTASQYALGITIQAQPDKSESELVSQIIEQLIKKEKVYL
AWVPAHKGIGGNEQVDKLVSRGIRKVLFLDGIDKAQEEHEKYHSNWRAMASEFNLPP
IVAREIVASCDKCOLKGEATIHGQVDCSPGIWQLACTHLEGKVILVAVHVASGYIEAE
VIPAETGQETAYFLLKLAGRWPVKT IHTANGSNFTSATVKAACWWAGIKQEFGIPYN
POSQOGVVASINKELKKIITGQVRDOAEHLKTAVOMAVF THNFKRKGGIGEYSAGERIV
DITASDIQTKELQKQITKIQONEFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDNSDIK
VVPRRKAKTITIRDYGKQOMAGDDCVASRODEDMAGKWSKSSIVGWPAVRERTRRAEPAA
EGVGAASQDLDKYGALTSSNTAATNADCAWLEAQEDEEVGFPVKPQVPLRPMTYKAA
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FDLSFFLKEKGGLDGLIYSKKRQEILDLWVYNTQGFFEDWONYTPGPGVRYPLTFGW
CFKLVPVDPREVEEANKGENNCLLHPMNLHGMDDPEREVLVWRFDSRLAFHHMAREK
HPEYYKNC

XI1. OPTIMAL CLADE C ENV GP160, GAG, POL, NEF SEQUENCES

OPTIMAL CLADE C ENV GP160 (SN90.90.SE364) (AA SEQUENCE)
SEQ ID NO:30

MRVTGMLRNCQPWWIWGILGFWMLLIYNVGGNLWVTVYYGVPVWKEAKTTLFCASDA
KAYEKEVHNVWATHACVPTDPNPQEMVLENVTEY FNMWKNDMVDQMHEDIISLWDQS
LKPCVKLTPLCVTLNCRNVTTSNNATSNDNPNGEIKNCSFNITTELRDKRRNEYALF
YRLDIVPLSGSKNSSNSSEYRLINCNTSAITQACPKVSFDPIPIHYCAPAGYAILKC
NNKTEFNGTGPCNNVSTVQCTHGIKPVVSTQLLLNGSLAEGEITITRSENLTNNAKTII
VHLNESIEIVCARPNNNTRKSMRIGPGQTEFYATGDIIGDIRQAHCNTI SGNWNATLEK
VKGKLQEHFPGKNISFEPSSGGDLEITTHSFNCRGEFFYCDTSKLFNGTTHTANSST
TIQCRIKQIINMWQGVGRAIYAPPIAGNITCKSNITGLLLTRDGGTLNNDTEKFRPG
GGDMRDNWRSELYKYKVVEIKPLGIAPTKAKRRVVEREKRAVGIGAVFLGFLGAAGS
TMGAASITLTVQARQLLSGIVQQOSNLLRAIEAQQHMLOLTVWGIKQLQTRVLAIER
YLKDQOQLLGIWGCSGKIICTTAVPWNTSWSNKSLEDIWDNMTWMOWDREINNYTSII
YSLLEESQNQQEKNEKDLLALDSWNNLWNWENITKWLWYIKIFIMIVGGLIGLRIIFE
AVLSIVNRVRQGYSPLSFQTLIPNPRGPDRLGRIEEEGGEQDRDRSTRLVNGFLAIA
WDDLRSLCLFSYRRLRDFILIVARAVELLIQRGWETLKYLGSL?QYWGLELKKSATIS
LIDTIAITVAEGTDRIIELVQRICRAISNIPRRIRQGFEAALQ

OPTIMAL CLADE C GAG (IN.70177) (AA SEQUENCE)
SEQ ID NO:31

MGARASTILRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KQILKQLOPALQTGTEELRSLYNTVATLYCVHAGIEVRDTKEALDKIEEEQNKGQQK
TQOAKGADGKVSONYPIVONLOGOMVHOAISPRTLNAWVKVIEEKAFSPEVIPMFTA
LSEGATPQDLNTMLNTVGGHQAAMOMLKDTINEEAAEWDRLHPVHAGPIAPGOMREP
RGSDIAGTTSTLQEQIAWMTNNPPVPVGDIYKRWIILGLNKIVRMYSPVSILDIKQG
PKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVONANPDCKTILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTGSTIMMORSNFKGSKRIVKCFNCGKEGHIARN
CRAPREKKGCWKCGKEGHQMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAE
SFREFEETTPAPKQELKDREPLTSLKSLFGSDPLSQ

OPTIMAL CLADE C POL (ZA.04.04ZASK208B1) (AA SEQUENCE)
SEQ ID NO:32

FFRENLAFQQGEAREFPSEQARANSPTSREFQVRGDNPCSEAGVKGQGTLNEPQITL
WORPLVSIKVGGQVKEALLDTGADDTVLEEINLPGKWKPKMIGGIGGFIKVRQYDQI
LIEICGKKAIGTVLVGPTPVNIIGRNMLTOLGCTLNEFPISPIETVPVKLKPGMDGPK
IKOWPLTEEKIKALMAICEEMEKEGKITXKIGPENPYNTPIFATKKKDSTKWRKLVDE
RELNKRTQDEFWEVQLGTIPHPAGLKKKKSVIVLDVGDAYFSVPLDESFRKYTAFTIPS
INNETPGIRYQYNVLPQGWKGSPATIFQSSMTKILEPFRAKNPEIVIYQYMDDLYVGS
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DLEIGQHRAKIEELREHLLRWGFTTPDKKHQKEPPFLWMGYELHPDKWTVQPIQLPE
KDSWTVNDIQKLVGKLNWASQIYSGIKVRQLCKLLRGAKALTDIVPLTEEAELELAE
NREILKEPVHGVYYDPSKDLIAEIQKQOGYDOWTYQIYQEPFKNLKTGKYAKMRTAHT
NDVKQLTEAVQKIALESIVIWGKTPKFRLPIQKETWEIWWTDYWQATWI PEWEFVNT
PPLVKLWYQLEKEPIAGAETFYVDGAANRETKIGKAGYVTDKGRQKIVITLTETTNQK
TELQAIQLALQDSGSEVNIVITDSQYALGIIQAQPDKSESELVNQIIEQLINKERVYL
SWVPAHKGIGGNEQVDKLVSSGIRKVLFLDGIDKAQEEHEKYHSNWRAMASEFNLPP
VVAKEIVASCDKCQLKGEAIHGQVDCSPGIWQLDCTHLEGKVILVAVHVASGYMEARE
VIPAETGOETAYYTLKLAGRWPVKVIHTDNGSNFTSAAVKAACWWAGIQQEFGIPYN
PQSQGVVESMNKELKKIIGQVRDOAEHLKTAVOMAVFIHNFKRKGGIGGYSAGERII
DITATDIQTKELQKQITKIONFRVYYRDSRDPIWKGPAKLLWKGEGAVV IQDNSDIK
VVPRRKVKITIKDYGKOMAGADCVAGRQDED

OPTIMAL CLADE C NEF (ZA00.1170MB) (AA SEQUENCE)
SEQ ID NO:33

MGGKWSKSSIVGWPDVRERMRRTEPAAEGVGAASQDLDKYGALTSSNTTHNNADCAW
LEAQEEGEVGFPVRPQVPLRPMTYKGAFDLSFFLKEKGGLDGLIYSKKRQEILDLWV
YHTQGFEFPDWONYTPGPGVRYPLTFGWCFKLVPVDPREVEEANKGENNCLLHPMSLH
GMEDEEREVLKWEFDSSLARRHLARELHPEYYKDC

XIL OPTIMAL CLADE C ENV GP140 SEQUENCE (CLEAVAGE/FUSION-
DEFECTIVE)

OPTIMAL CLADE C ENV GP140 (SN90.90.SE364) (AA SEQUENCE)
SEQ ID NO:34

MRVTGMLRNCQPWAIWGILGFWMLLIYNVGGNLWVTVYYGVPVWKEAKTTLEFCASDA
KAYEREVHNVWATHACVPTDPNPOQEMVLENVTEY FNMWKNDMVDOMHEDI TSLWDQS
LKPCVKLTPLCVTLNCRNVTTSNNATSNDNPNGEIKNCSENITTELRDKRRNEYALF
YRLDIVPLSGSKNSSNSSEYRLINCNTSAITQACPKVSFDPIPIHYCAPAGYAILKC
NNKTENGTGPCNNVSTVQCTHGIKPVVSTQLLLNGSLAEGEITIIRSENLTNNAKTII
VHLNESIETIVCARPNNNTRKSMRIGPGQTFYATGDIIGDIRQAHCNISGNWNATLEK
VRKGKLOEHFPGRKNISFEPSSGGDLEITTHSFNCRGEFFYCDTSKLENGTTHTANSSI
TIQCRIKQITNMWOGVGRAIYAPPIAGNITCKSNITGLLLTRDGGTLNNDTEKFRPG
GGDMRDNWRSELYXYKVVEIKPLGIAPTKAKRRVVESEKSAVGIGAVFLGFLGAAGS
TMGAASITLTVQARQLLSGIVOOQOSNLLRATEAQOHMLOLTVWGIKQLQTRVLATER
YLKDQOQLLGIWGCSGKIICTTAVPWNTSWSNKSLEDIWDNMTWMQWDREINNYTSII
YSLLEESONQOEKNEKDLLALDSWNNLWNWENITKWLW
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XIII. OPTIMAL CLADE C POL SEQUENCE (EXTENSIVELY
INACTIVATED, PR-DELETED)

OPTIMAL CLADE C POL (ZA.04.04ZASK208B1) (AA SEQUENCE)
SEQ ID NO:35

MAPISPIETVPVKLKPGMDGPKIKQWPLTEEKIKALMAICEEMEKEGKITKIGPENP
YNTPIFAIKKKDSTKWRKLVDEFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLAVG
DAYFSVPLDESFRKYTAFTIPSINNETPGIRYQYNVLPOGWKGSPATFQSSMTKILE
PFRAKNPEIVIYQYMAALYVGSDLEIGQHRAKIEELREHLLRWGETTPDKKHQKEPP
FLWMGYELHPDKWTVQPIQLPEKDSWTVNDIQKLVGKLNWASQIYSGIKVRQLCKLL
RGAKALTDIVPLTEEAELELAENREILKEPVHGVYYDPSKDLIAETIQRKOGYDOWTYQ
IYQEPFKNLKTGKYAKMRTAHTNDVKQLTEAVQKIALESIVIWGKTPKFRLPIQKET
WEIWWTDYWOQATWIPEWEEFVNTPPLVKLWYQLEKEPIAGAETFYVAGAANRETKIGK
AGYVTDKGRQKIVTLTETTNQKTALQAIQLALODSGSEVNIVTASQYALGIIQAQPD
KSESELVNQIIEQLINKERVYLSWVPAHKGIGGNEQVDKLVSSGIRKVLFLDGIDKA
QEEHEKYHSNWRAMASEFNLPPVVAKEIVASCDKCQLKGEATHGQVDCSPGIWQLAC
THLEGKVILVAVHVASGYMEAEVIPAETGOETAYYILKLAGRWPVKVIHTANGSNET
SAAVKAACWWAGIQQEFGIPYNPQSQGVVASMNKELKKIIGQVRDQAEHLKTAVQMA
VFTHNFKRKGGIGGYSAGERIIDITATDIQTKELQKQIIKIQONFRVYYRDSRDPIWK
GPAKLLWKGEGAVVIQDNSDIKVVPRRKVKIIKDYGKQMAGADCVAGRQDED

XIV. OPTIMAL CLADE C GAGNEF FUSION SEQUENCE

OPTIMAL CLADE C GAGNEF (IN.70177-ZA00.1170MB) (AA SEQUENCE)
SEQ ID NO:36

MGARASILRGGKLDKWEKIRLRPGGKKHYMLKHLVWASRELERFALNPGLLETSEGC
KOILKQLOPALOTGTEELRSLYNTVATLYCVHAGIEVRDTKEALDKIEEEQNKGQQOK
TQOAKGADGKVSONYPIVONLOGOMVHQOATISPRTLNAWVKVIEEKAFSPEVIPMEFTA
LSEGATPQDLNTMLNTVGGHOAAMOMLKDTINEEAAEWDRLHPVHAGPIAPGQOMREP
RGSDIAGTTSTLOEQIAWMTNNPPVPVGDIYKRWIILGLNKIVRMYSPVSILDIKQG
PKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVQNANPDCKTILRALGPGATLEE
MMTACQGVGGPSHKARVLAEAMSQTGST IMMQRSNFKGSKRIVKCENCGKEGHIARN
CRAPRKKGCWKCGKEGHOMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPPAE
SFRFEETTPAPKQELKDREPLTSLKSLFGSDPLSQOAGKWSKSSIVGWPDVRERMRRT
EPAAEGVGAASQDLDKYGALTSSNTTHNNADCAWLEAQEEGEVGEFPVRPQVPLRPMT
YKGAFDLSFFLKEKGGLDGLIYSKKROEILDLWVYHTQGFFPDWQNYTPGPGVRYPL
TFGWCFKLVPVDPREVEEANKGENNCLLHPMSLHGMEDEEREVLKWEFDSSLARRHEL
ARELHPEYYKDC
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XV. CONSENSUS SEQUENCES

M CONSENSUS ENV
SEQ ID NO:37

MRVRGIQRNCQHLWRWGTLILGMLMICSAARENLWVTVYYGVPVWKEANTTLF
CASDAKAYDTEVHNVWATHACVPTDPNPQEIVLENVTENFNMWKNNMVEQM
HEDIISLWDQSLKPCVKLTPLCVTLNCTNVNVINTTNNTEEKGEIKNCSFNITTEI
RDKKQKVYALFYRLDVVPIDDNNNNSSNYRLINCNTSAITQACPKVSFEPIPIHYC
APAGFAILKCNDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEIIIRS
ENTTNNAKTIIVQLNESVEINCTRPNNNTRKSTRIGPGQAFYATGDI IGDIRQAHCN
I
SGTKWNKTLOQQVAKKLREHFNNKTIIFKPSSGGDLEITTHSFNCRGEFEFYCNTSG
LENSTWIGNGTKNNNNTNDTITLPCRIKQIINMWOGVGQAMYAPPIEGKITCKSNI
TGLLLTRDGGNNNTNETEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAK
RRVVESEKSAVGIGAVFLGFLGAAGSTMGAASITLTVQARQLLSGIVQQQSNLLR
ATEAQQHLIQLTVWGIKQLOARVLAVERYLKDOQLLGIWGCSGKLICTTTVPWN
SSWSNKSQDEIWDNMTWMEWEREINNYTDIIYSLIEESQNQQEKNEQELLALDK
WASLWNWEDITNWLW

M CONSENSUS GAG
SEQ ID NO:38

MGARASVLSGGKLDAWEKIRLRPGGKKKYRLKHLVWASRELERFALNPGLLET
SEGCKQIIGQLOQPALQTGSEELRSLYNTVATLYCVHQRTIEVKDTKEATLEKIEEEQN
KSQQKTQQAAADKGNSSKVSONYPIVONLOGOMVHOATISPRTLNAWVKVIEEK
AFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKDT INEEAAEWDRL
HPVHAGPIPPGOMREPRGSDIAGTTSTLOEQIAWMTSNPPIPVGEIYKRWI ILGLN
KIVRMYSPVSILDIRQGPKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVQN
ANPDCKTILKALGPGATLEEMMTACQGVGGPGHKARVLAEAMSQVTNAATIMM
QRGNFKGORRIIKCENCGKEGHIARNCRAPRKKGCWKCGKEGHOMKDCTERQA
NFLGKIWPSNKGRPGNFLOSRPEPTAPPAESFGEFGEEITPSPKQEPKDKEPPLTSLK
SLEGNDPLSQ

M CONSENSUS POL
SEQ ID NO:39

MAPISPIETVPVKLKPGMDGPKVKOWPLTEEKIKALTEICTEMEKEGKISKIGPEN
PYNTPIFATKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTV
LDVGDAYFSVPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPATIFQSSM
TKILEPFRTONPEIVIYQYMDHLYVGSDLEIGQHRAKIEELREHLLRWGFTTPDKK
HOQKEPPFLWMGYELHPDKWTVQPIQLPEKDSWIVNDIQKLVGKLNWASQIYPGI
KVKQLCKLLRGAKALTDIVPLTEEAELELAENREILKEPVHGVYYDPSKDLIAEIQ
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KQGODOWTYQIYQEPFKNLKTGKYAKMRSAHTNDVKQLTEAVQKIATESIVIW
GKTPKFRLPIQKETWETWWTEYWQATWIPEWEFVNTPPLVKLWYQLEKEPIAG
AETFYVDGAANRETKLGKAGYVTDRGROKVVSLTETTNQKTELQAIHLALQDS
GSEVNIVTDSQYALGIIQAQPDKSESELVNQTTEQLIKKEKVYLSWVPAHKGIGGN
EQVDKLVSTGIRKVLFLDGIDKAQEEHEKYHSNWRAMASDFNLPPIVAKEIVASC
DKCQLKGEAMHGQVDCSPGIWQLACTHLEGKIILVAVHVASGYIEAEVIPAETG
QETAYFILKLAGRWPVKVIHTDNGSNFTSAAVKAACWWAGIQQEFGIPYNPQSQ
GVVESMNKELKKIIGQVRDOQAEHLKTAVOMAVEIHNEFKRKGGIGGYSAGERIIDI
TATDIQTKELOQKQITKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAVVIQDNSDTK
VVPRRKAKIIRDYGKQMAGDDCVAGRQDED
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Other Embodiments

While the invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application
is intended to cover any variations, uses, or adaptations of the invention following, in
general, the principles of the invention and including such departures from the present
disclosure that come within known or customary practice within the art to which the
invention pertains and may be applied to the essential features hereinbefore set forth.

All publications and patent applications mentioned in this specification are herein
mcorporated by reference to the same extent as if each independent publication or patent
application was specifically and individually indicated to be incorporated by reference in

their entirety.

What is claimed is:
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CLAIMS

1. A vaccine comprising:

{a) an optimized viral polypeptide having the amino acid sequence set forth in
SEQ ID NG9, or

(b} a vector encoding an optimized viral polypeptide having the amino acid

sequence set forth in SEQ ID NO:9.

2. The vaccine according to claxm 1, wherein said vaccine comprises said optimized
viral polypeptide having the amino acid sequence set forth in SEQ ID NO: 9, and wherein
said vaccine further comprises:

{(a) at least two distinct optimized gag polypeptides selected {from any one or more
of the groups: (1) SEQ ID NOs:3 and 4, (i1) SEQ ID NOs:3 and 15, and (111) SEQ ID NOs:4
and 15; and/or

(b} at least two distinct optimized pol polypeptides selected from any one or more
of the groups: (1) SEQ ID NOs:12 and 13, (11) SEQ ID NOs:12 and 14, and (1) SEQ ID
NOs:13 and 14.

3. The vaccine according to claim 2, wherein said at least two distinct optimized
gag polypeptides comprise the amino acid sequences set forth in SEQ ID NOs:3 and 4,
respectively, and/or

wherein said at least two distinct optimnized pol polypeptides comprise the amino acid

sequences sel forth in SEQ ID NOs:12 and 13, respectively.

4. The vaccine according to claim 1, wherein said vaccine comprises said vector
encoding an optimized viral polypeptide having the amino acid sequence set forth in SEQ ID
NO:9, and wherein said vaccine further comprises one or more vectors encoding:

at least two distinct optimized gag polypeptides selected from any one or more of the
groups: (1) SEQ ID NOs:3 and 4, (i1) SEQ ID NOs:3 and 15, and (111} SEQ ID NQOs:4 and 185,
and/or

at least two distinct optimized pol polypeptides selected from any one or more of the
groups: (1) SEQ ID NQOs:12 and 13, (1) SEQ ID NOs:12 and 14, and (111) SEQ ID NOs:13 and
14.
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5. The vaccine according to claim 4, wherein said vaccine comprises one or more
vectors encoding:

at least two distinct optimized gag polypeptides comprising the amino acid sequences
set forth in SEQ ID NOs:3 and 4, respectively, and/or

at least two distinct optimized pol polypeptides comprising the amino acid sequences

set forth in SEQ ID NOs:12 and 13, respectively.

6. The vaccine according to claim 5, wherein said vaccine comprises one or more
vectors encoding:

at least two distinct optimized gag polypeptides comprising the amino acid sequences
set forth in SEQ ID NOs:3 and 4, respectively, and

at least two distinct optimized pol polypeptides comprising the amino acid sequences

set forth in SEQ 1D NOs:12 and 13, respectively.

7. The vaccine according to claim 5 or 6, wherein said vaccine further comprises
a vector encoding an optimized env polypeptide having the sequence set forth in SEQ ID

NO:10.

8. The vaccine according to any one of claims 4 to 7, wherein said optimized

gag, pol, and/or env polypeptides are encoded by (i) a single vector or (i1) multiple vectors.

9. The vaccine of any one of claims 1 and 4 to 8, wherein said vaccine comprises
a viral vector selected from the group consisting of adenovirus serotype 26 (Ad26),
adenovirus serotype 34 (Ad34). adenovirus serotype 35 (Ad35), adenovirus serotype 48
(Ad48), or adenovirus serotype 5 HVR48 (AdSHVRA4S), poxvirus, and medified vaccinia
virus Ankara (MVA).

10, The vaccine of claim 9, wherein said viral vector is an adenovirus serotype 26
(Ad26).

i1. The vaccine of claim 9, wherein said viral vector is a modified vaccinia virus
Ankara (MVA).
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12. The vaccine of any one of claims 1 to 11, wherein said vaccine further

comprises a pharmaceutically acceptable carrier, excipient, or diluent.

13. The vaccine of any one of claims 1 to 12 for use in a method of treating or

reducing the risk of a human immunodeficiency virus type 1 (HIV-1) infection in a human.

14. A method of treating or reducing the risk of an HIV-1 infection in a human,
said method comprising administering the vaccine of any one of claims 1 to 12 to said

human.

15. A method of manufacturing a vaccine f{or treating or reducing the risk of an
-1 infection in a human, said method comprising synthesizing the vaccine of any one of

claims 1 to 12.

16. A kit comprising:

(a) the vaccine of any one of claimus 1 to 11

{b) a pharmaceutically acceptable carrier, excipient, or diluent;
(<) instructions for the use thereof; and. optionally,

(d) an adjuvant.
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Figure 2

Magnitude of Positive Responses
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Figure 18
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Figure 19
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Figure 20A
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Figure 20B
CD8 Pol
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Figure 20B (con’t)
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Figure 21B

CD4 Pol
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Figure 22

Reactive peptides and breadth and depth of responses: Clade B+C Vaccine

Clade B+C 287-35:
3 CDhz PTE+, 1 CD4 PIE+
Z CD8= :egicns, T4+ region

Nurber of sverlapping weptidss per zsgion: T23: 1 2 Co4: 1

3 CDB responses:

C AREWDRLEFVHAGPIA

B AREWDRLHPVHAGPIA

331% REE~DRLEFPVHRGFIPZaQ 2U% 275
I DQMHEDIISLWDQSLK

B ZQMHEDIISLWDQSLK

EZ¢é ZIQMHECIISILWDRSL Erv 2102 11€
EZ32  HMHEDIIS_WLESLKESnv 103 117
1 CD4 response:

< KLNWASQIYSGIKVR

B KLNWASQIYPGIKVR

FL3¢ ZXLNWESQIYAZIXVK POl 418 432

Clade B+C 128-92:
, 2 D4 PTE+

isng, I 034+ regisns

Nurhsr swarlanping peptides per ragicon: O3 1 01 101 1 2péd: 11
5 CD8 responses:

= KHLVWASRELERFAL

B KHIVWASRELERFAV

320 KALVWASRELERFAL Gag 3z 4g

Iy LQEQIAWMTNNPPVP

B LQEQIGWMINNEPIP
3174 TAZQTIAWMTSNERIP (Gagy 243 237

o OMHEDIISLWDOSLK
B OMHEDI ISLWDOSLK
E257 HMAZDIISLEDESLK Snv 103 217

o DIWDNMTWMQWDREI
E EIWDNMTWMEWERE I
EZ%T ETWNNNMTAMEWEKEI Inv 221 £33
< WPVKVIHTANGSNFT
E WEVKTIHTANGSNFT
FZ14 WEVKVVHTIDNZISNET Eol 223 237

2 CD4 responses:

AQTGTEELRSLYNTV

B LQTG3EELRSLYNTV

314¥ LOTESEELRSLENTY Gag A0 2z
i YFNMWKNDMVDOMHEE

2 NENMWKNNMVEQMHE

344 NENMAKNNMVEOMHE 3nv o &2 LUE
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Figure 22 (con’t)

Clade B+C 263-00:
3 CD2 PTE+, 1 T4 PFTE+
3 IDE+ regions, 1 D4+ region

Nurber of overlapping peptides per zegicon: CI28: 1 L 1 <04
3 CD8 responses:

2 GRPGNFLQSRPEPT

B GRPGNFLQSRPEPT

358 GREGNILONRPZPT  Gag 447 43¢

Lo PVHAGPIAPGQMREP

B PVHAGPIAPGQMREY

3213 PVQEGPIAFZQMREP Gag 217 231

C VOOOSNLLRATEAQD

R VQQONNLLRAIEAQQ

E7Z  VQOONNLIRAIEZZH =Znv  34% 2463

1l CD4 response:

s} LLEESQNQQEKNEKD

B LIEESQNQQEKNEQE

E4¢ LIEESQNQCEXNSQD Inwv €43 €39

Clade B+C 311-00;

3 D3 PTE+, U o4 FIZ+

3 DA+ regic ns, £ CD4+ regicon

Nurber of cverlagping peptides psr region: ©IF: I 1 1 11

5 CDB responses:
DRLHPVHAGPIAPGQ
DRLHPVHAGPIAPGQ

132 DRVHIVHASPIPRGED Gag 213 oo

o

(]

GDIIGDIRQAHCNIS

GEIIGDIRQAHCNIS
IDIIGIIRGRACNIS EZnv 201

mw
i
o

(€8]

)
sl

TGMLRNCQPWWIWGI
KGIRKNYQHLWRWGT
KEIRKXYQHLWRWGET Znv

1w O

&Y
o
(el

&9
[y
Ca

MITKILEPFRAKNPEI
MTKILEPFREQNPDI
MIKILEPFRKQNZDI Tol 21

2w VK]
s
NS
S

gy
[
8
(s

RAMASEFNLPPVVAK
RAMASDFNLPPVVAK
KEMARSDFN_FPIVARK Zol 733 T4

w1 oo

Foe
S
LR
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Figure 22 (con’t)

Clade B+C 335-96:
5 DB PTIE+, 3 Cod FTE+

Z CDE+ egl ms, D4+ region
Nurber of cverlapping peptides per regicn: ©D§: 3 7 <D4:

6 CD8 responses:

C RBEWDRLHPVHAGPIAFGQ

B RAEWDRLHPVHAGPIAPZ)
331% AAE-DRLEFVHAGPRIP Ga
44 AEWDRLEPVHAGRIA Ga
GLOZ DRVEPVHAGZIPPGC a

209 275
216 204
213 227

10 W Q0

C ‘ NXERVYLSWVPAHKGIG
B PLIZKEKVYLAWVPAHKGI:

P3l€e XLIZKIDKVYLSWVZR Pol 873 €93
FZZ3  LIXKERVYLSWVPAH Pol  eST oud
FE3 BEKVYLSWWVERHKGIEZ FPol €54 693

Clade B+C 414-95:

ZDE PTE+, | T4 ETE®+

regicns, 1 T4+ region

Nuxber of overlacoping psctides roragicn: TD25: 3 CD4: 1

el
W
1=
[
]

1

1l CD4 responses:

C SLYNTVATLYCVHAG

B SLYNTVATLYCVHQK

G54 SLYNTVATLYCVHQR Gag 77 ¢l

Clade B+C 431-01:
3 Ih2 PTE+, 1 <4 FIE+

I CDE+ i D4+ region

rETIIOTS
g1 ,

Nuamber of cverlacping peotides per regicon: OD35: 0 1 CTé:
3 CD8 responses;

5 HQAAMQMLKDTINEE

B HOAAMOMLKETINEE

=24 AQAENCMIKDTIINIE Gag ihL 203
G551 AQRRMCMIKETINISE Gag %4 203
2 AVEFIHNFRKRRGGIGG

E AVFIHNFRREGGIGG

EZZ EVE_ENTERXZZIGE Pol 154 L
1 CD4 response:

c YENMWKNDMVDQMHEE

B NFNMWENNMVEQMHE

E4 NERMAKNNMVEQMHEE Ernv 20 1te
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Figure 22 (con’t)

Reactive peptides and breadth and depth of responses: M Consensus Vaccine

consensus 349-07:
CDE PPE~, 2 CD4 OTE+
CD8+ regions, £ CD4+ regicns

Numizexr of overlapring peptides per region: <DS8: 3 2 Z CD4: L 1

-1 z

OX

3 CD8 responses:
Mecorn EQARTQDVENWMTDTLLVONANFE

3197 EQSTQEVANWMIDTL Gag 307 321
G128 -—-TODVENWMIDTLLIQ Gagy 3.0 324
355 —m-m--- KMWMIDTLLVONANE Gay 3.4 323

Mczr  ZVOQOSNLLRAIEAQC
B3 TYVQUQINILLRAIERD Env c4¢ 3E2
E7Z -VCOONNILLRAIERQE Erv S4% 3

Mcor AVEIHNFRRRGGIGGY

222 VEFIBNFERREE Fol 29¢ gog
P23¢ -YVLIBNFZREK Pol 253 0%
2 CD4 responses:

Moz SELYRYRVVEIEPLG

=4z SELYEYRVVEIEZLE Env £330 438

Moo NFNMWRKNNMVEQMHEE
44 NIWNMARRNRNLVEQNMHEE Enw &%z e

M consensus 350-07:
- IDE ETE~, L L4 TTE+

CI8+ regions, I ID4+ regisns

zf ovsrlapeoing psptides

pexy region: DT nons CCh4: L1

2 CD4 responses;

GERRRYRLEHLVWASR

FREXYRLEHIVWASR Gay 23 39
Moo DIRKVVPRRKAKIIRD
LT3 DIKVVPRRKVEIIRD ok &7 5% ¢
M consensus 351-07:
3o CL4 FTE+

ms, 1 CD4w
lLapeing wer reylon: ZhkE: I I 1 ID4:r 1
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Figur¢'22 (con’t)
4 CD8 responses:

Mcon KHLVWASRELERFALNPGLL
G20  KHLVWASRELERFAL Gag 32 46
G68 --—-- ASRELERFAVNPGLL Gag 37 5

Mcon IVQQQESNLLRAIEAQQ
E6  VVQQQSNLLRAIEAQ Env 548 562
ES8 ~VQQQNNLLRAIEAQH Env 54¢ 563

Mcon LAVFIENFRRRGGIGGY
P22 AVFIHNFKRKGGIGG Fol 594 %08
P236 -VLIHNFKRRKGGIGGY Pol 893 809

Mcon EKNWMTDTLLVQNANE
G35 KNWMTDTLLVQNAND Gayg 314 328

1l CD4 response:
Mcon WKGSPRIFQSSMTKI
P352 WRGSPRIFQASMTKI Pol 308 322

M consensus 352-07:
§ CDE PTE+, 2 CL4 PTE+

6 CDE8+ regions, 2 CD4+ regions
Number of overlapping peptides per regicon: C¢b8: 1 1 11 1 1

]

1=

€ CD8 responses:
Mcon QPALQTGSEELRSLY

G268 LPALRTGSEELRSLY Gag 65 79
Mcon IVQQQSNLLRAIEAQD
E54  VVQQQSNLLRAIERQ Env 548 582
Mcon CSGRLICTTTVEWNS
E73 C3GKLICTTAVPWNS Env 592 ¢l:2
Mcon ARAYDTEVHNVWATH
EZ15 AKAYEKEVENVWATH Env c8 72
Moon KRDSTEKWREKLVDEFRE

P23 KKDSTEWRKLVDERE Bol 220 234
Mcon VFIHNFEKRKGGIGGY
P23¢ WVLIHNTKRKGGIGGY Pol  8%5 209
2 CD4 responses:

¥Mcon NRKIVRMYSPVSILDI

313 NXIVRMYSEYVSILDI sag 271 25

Moon KGNSSKVSQNYPIVQ

397 TENIIQUSONYIIVE Gay 127 13¢
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Figure 22 (con’t)

M consensus 353-07:
2 CD% PTE+, 0 CD4 PTE+
I DB+ ragicns, U -34 regions

Nuxber of overlapping peptides per zsgizsn: 028

2 CDB responses:

¥cin GCRQIIGQLOPALQT

L5 CGCRQILGRLOPSLT Gag  >¢ s
PVHAGPIPPGQMREP
PYQLGPIAPEOMRE? Gag Z17  Z31L

M consensus 354-07:

3 <D 2TE+, 1 CD4 PTE-

3 CD3%+ ragic ne, 1 ZD4+ regions

Number of cverlapping psptidss psr ragicon: 32

3 CD8 responses:

Mcon EQATCIVKNWMTIDTLLVGNANTD

G187 ZOSTOEVKENWMTDTL Gag 30T
G585 - KNWMTDTLLYVNENE Gag 314
¥Mcon IVQOQSNLLRAIEAQD

54 VVORQSNIIRAIZED Env 4=
E7Z ~VIRENNLIRAIZECE Ernv £4%
Mcon HSNWRAMASDENLPP

Po3 HANWRAMASDENLDT Bzl 73l
1 CD4 response:

Mcon GSPAIFQSSMTKILE

Fldl GC32RIFOSSMIKILD Fxl ES RN
M consensus 355-07:

3 D3 ZTE+, T4 PT7~

2 CD8
Moon

responses:
IIGDIRQAHCNISGT

ITEDIRGAETNVARS
SHWRAMASDENLPPZVAK
SNWRAMESTENLE

- ~RTMZSOFNLEZVVAK
- REMZSTFNLIDIVAK

PV

response:
GSPAIFQSSMTKILE

FRTRITOSSMIXILD
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Figure 2z (con’t)

Reactive peptides and breadth and depth of responses: Mosaic Vaccine

Mosaic
15 bz
& CDE+
Nurber [oial= S A S S ST o T
8 CDS responses:
RAZDWDRVHPVHAGPIAES
AA:‘DRLHPVHAGPVAPg
ARE-CRLEPVHEGPIP Gag ! 223
W Gag 2 224
WD I";g 2 224
——=WT VrPVwrQJNPPH Gag z 228
~-~—‘RV*FVIEGPIPFu¥ Qag 23 2z
IVOQONNLLRAIEAQC
IVQOQSNLLRAIEAQD
'"Jgggsm:wm:gm Erv 343 &z
~VOQONNLIREIEZEGE Env 549 263
~VOQQSNT dxh_: Xele) Env 348 363
ASQDVENWMTETLLV
ATQDVKNWMTDTLLY
ASOEVENUMTETLLI Fagy 3G 223
Mi3l AVFIHNFRRKGGIGGY
Mosl ﬁVFIHNFKRKGGIGEf
Pl 3 2ol 394 GE
pl3¢ 2zl 345 TR
PLVKLWYQLEKDFIA
PLVKLWYQLEKEPIV
ET3 PLVKLWIQLZKBZIV 2ol 76 590
TIPSTNNETPGIRYQ
TIPSINNETPGIRYQ
TIPSINNETPZIRYG =l ZEG6 I
YPGIKVRQLCKLLRG
YAGIKVEQLCKLLRG
YRGIEVRGLIXLLEAS ol 424 &40
ol €64
Tl £53
2 CD4 responses:
hutagc SLYNTVATLYCVHQR
SLENTVATLYCVHRE
SLYNTVATIVIVHQR Gag 77 a1
ANPDCKTILKALGERX
ANPDCKTILRALGPG

ANPDUKTILRAELGEG i3z Il4 347
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Mosaic 357-07:

2% CD§ PTE+, 4 ¢ PTE+

14 CD8+ regicons, ~D4+ regicns

Nurber of overlapping peetidss per region: <2

£

14 CD8 responses:
Mcsl EQLIKKERVYLSWVEREKS
™ EQLIKKEKVYLAWVPRAEKS
P KEXVYLSWVE Tol eig
3 pzl &7
P ool &8¢
F 7zl 24
b4 Fol £a4d
M IVQQONNLLRAIEAQD
¥ IVQOQSNLLRATIEAQS
ESZ  VVQQQRSNLILRAIZAED Env  54%
E7Z ZLLKE Env  54%
ASQVRNWMTETLLVONAND
SOVENWMTDTLLVENANTD
G197 TOEVENWMIDTL Sac a7
G55 emeee - ~ENWMTDTLLUGNAND Gag 214
ARAMASDFNLPPVVEK
TRAMASEFNLPP T VAK
HINWRAMASDFNLEF 731

-SNWRAMASEFNLE
—-NWRTMASDENL

LEWDRVHPVHAGPIAP Y

EVFIHNFKRKGGIGGT
EVEIHNFKRKGGIGEY

~VLIENTKR

GG

PLDEGFRKYTARFTIP
PLDEDFRKYTAFTIF
PLDESIRKYTRETIZ

Fsl

TRILEPFRAKNPEIV
THKILEPFREQNPDIV
TRILEZFRAQNZELY

ICEEMEKEGKITKIG
ICTEMEKEGKISRIG
ITTEMEKEFKISHIG

VEKLWYQLEKDPIAGY
VERLWYQLEREPIVGH
VELWICLENDEIVIEA

GDIIGDIRQAHCNIS
GDIIGDIRQAHCNLS
IZETIRGEHINIE

ICTTTVPWNASWSNK
ICTTAVPWNTSWSNK
ITDTTVEUNRASWIN

3,

MR

= e

noon
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Figure 24 (con’t)
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