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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to improved HIV vaccines, and vaccines for use in
improved methods for inducing immune responses, and for prophylactically and/or
therapeutically immunizing individuals against HIV.

BACKGROUND OF THE INVENTION

[0002] The HIV genome is highly plastic due to a high mutation rate and functional
compensation. This high mutation rate is driven by at least two mechanisms: the low fidelity of
the viral reverse transcriptase (RT) resulting in at least one mutation per replication cycle, and
the dual effects of the anti-retroviral cellular factor APOBEC3G gene and viral infectivity factor
Vif accessory gene. Genomes with every possible mutation and many double mutations are
generated during every replication cycle, resulting in tremendous antigenic diversity.
Accordingly, it has been argued that a candidate vaccine derived from an individual isolate may
not elicit sufficient cross reactivity to protect against diverse circulating HIV viruses. Recent
studies have suggested that consensus immunogens (Gao, F., et al. 2005. Antigenicity and
immunogenicity of a synthetic human immunodeficiency virus type 1 group m consensus
envelope glycoprotein. J Virol 79:1154-63.; Scriba, T. J., et al. 2005. Functionally-inactive and
immunogenic Tat, Rev and Nef DNA vaccines derived from sub-Saharan subtype C human
immunodeficiency virus type 1 consensus sequences. Vaccine 23:1158-69) or ancestral
immunogens (Doria-Rose, N. A., et al. 2005. Human Immunodeficiency Virus Type 1 subtype B
Ancestral Envelope Protein Is Functional and Elicits Neutralizing Antibodies in Rabbits Similar to
Those Elicited by a Circulating Subtype B Envelope. J. Virol. 79:11214-11224; Gao, F., et al.
2004. Centralized immunogens as a vaccine strategy to overcome HIV-1 diversity. Expert Rev.

[0003] Vaccines 3:5161-3S168; Mullins, J. I., et al. 2004. Immunogen sequence: the fourth tier
of AIDS vaccine design. Expert Rev. Vaccines 3:5151-S159; Nickle, D. C., et al. 2003.
Consensus and ancestral state HIV vaccines. Science 299:1515-1517) may be useful in this
regard. However, the initial studies of these approaches showed relatively modest cellular
immune enhancement induced by these immunogens.

[0004] Recently Derdeyn et al. analyzed HIV-1 subtype C envelope glycoprotein sequences in
eight African heterosexual transmission pairs and found that shorter V1, V2 and V4 length and
fewer glycans are the common features shared by the sequences obtained from early
transmitters (Derdeyn, C. A., et al. 2004. Envelope-constrained neutralization-sensitive HIV-1
after heterosexual transmission. Science 303:2019-2022.). This data suggests that antigens
that mimic such viruses might have relevance for the early-transmitted viruses. However, such
early transmitter structures have not been observed for all subtypes (Chohan, B., et al. 2005.
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Selection for Human Immunodeficiency Virus Type 1 envelope glycosylation variants with
shorter V1-V2 loop sequences occurs during transmission of certain genetic subtypes and may
impact viral RNA levels. J. Virol. 79:6528-6531). However, incorporation of shorter V loops in an
envelope immunogen may have other benefits, such as enhancement of sensitivity to soluble
CD4 (Pickora, C., et al. 2005. Identification of two N-linked glycosylation sites within the core of
the Simian Immunodificiency virus glycoprotein whose removal enhances sensitivity to soluble
CD4. J. Virol. 79:12575-12583), and should be considered.

[0005] Studies have shown the importance of HIV-1 specific CTL responses in controlling viral
load during acute and asymptomatic infection and the development of AIDS. However, it is
unclear if current envelope based DNA vaccines are as potent as needed. Several methods
have been used to increase the expression levels of HIV-1 immunogens, such as codon
optimization (Andre, S., et al. 1998. Increased immune response elicited by DNA vaccination
with a synthetic gp120 sequence with optimized codon usage. J Virol 72:1497-503; Deml|, L., et
al. A. 2001. Multiple effects of codon usage optimization on expression and immunogenicity of
DNA candidate vaccines encoding the human immunodeficiency virus type 1 gag protein. J.
Virol. 75:10991-11001), RNA optimization (Muthumani, K., et al. 2003. Novel engineered HIV-1
East African Clade-A gp160 plasmid construct induces strong humoral and cell-mediated
immune responses in vivo. Virology 314:134-46; Schneider, R., M. et al. 1997. Inactivation of
the human immunodeficiency virus type 1 inhibitory elements allows Rev-independent
expression of Gag and Gag/protease and particle formation. J. Virol. 71:4892-4903) and the
addition of immunoglobin leader sequences that have weak RNA secondary structure (Yang, J.
S., et al.. 2001. Induction of potent Th1-Type immune responses from a novel DNA vaccine for
West Nile Virus New York Isolate (WNV-NY1999). J. Infect Diseases 184:809-816).

[0006] WO2005/028625 discloses immunogens for inducing antibodies that neutalise HIV
primary isolates and/or to an immunogen that induces a Tcell immune response.

SUMMARY OF THE INVENTION

[0007] The present invention provides a protein comprising an amino acid sequence selected
from the group consisting of: SEQ ID NO:2 and fragments of SEQ ID NO:2 comprising 600 or
more amino acids of SEQ ID NO: 2, wherein the amino acid sequence induces an immune
response against HIV.

[0008] The present invention relates to nucleic acid constructs and proteins encoded thereby
which provide improved immunogenic targets against which an anti-HIV immune response can

be generated.

[0009] The present invention provides consensus sequences for HIV Subtype A Envelope
protein.

[0010] The present invention provides constructs which encode such proteins sequences,
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vaccines which comprise such proteins and/or nucleic acid molecules that encode such
proteins.

[0011] The present invention relates to nucleic acid molecules encoding such protein
sequences comprising a nucleotide sequence selected from the group consisting of: SEQ ID
NO:1; fragments of SEQ ID NO:1 comprising 1890 or more nucleotides of SEQ ID NO:1 and
sequences having at least 90% similarity to SEQ ID NO:1. The present invention relates to
nucleic acid molecule that encodes SEQ ID NO:16.

[0012] The present invention relates to nucleic acid molecules comprising a nucleotide
sequence selected from the group consisting of: nucleotide sequences that encode SEQ ID
NO:2; fragments of nucleotide sequences that encode SEQ ID NO:2 comprising 600 or more
amino acids of SEQ ID NO:2, wherein the amino acid sequence induces an immune response
aghainst HIV. The present invention further provides pharmaceutical compositions comprising
such nucleic acid molecules and to the use of the pharmaceutical composition in a method of
inducing an immune response in an individual against HIV.

[0013] The present invention further provides recombinant vaccine comprising such nucleic
acid molecules.

[0014] The present invention further provides live attenuated pathogens comprising such
nucleic acid molecules.

[0015] The present invention provides proteins comprising amino acid sequences selected
from the group consisting of: SEQ ID NO:2, and fragments of SEQ ID NO:2 comprising 600 or
more amino acids of SEQ ID NO:2, wherein the amino acid sequence induces an immune
response against HIV. The present invention further provides proteins comprising amino acid
sequence SEQ ID NO: 16.

[0016] The present invention further provides pharmaceutical compositions comprising such
proteins and to the use of the pharmaceutical composition in a method of inducing an immune
response in an individual against HIV.

[0017] The present invention further provides recombinant vaccine comprising such proteins.

[0018] The present invention further provides live attenuated pathogens comprising such
proteins.

BRIEF DESCRIPTION OF THE FIGURES

[0019]

Figure 1 shows a comparison of the amino acid sequences of EY2E1-B and EK2P-B. The IgE
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leader sequence is underlined. The boxed regions show variable regions. The * denotes six
important residues involved in CCRS5 utilization. The cleavage site is indicated by an arrow. The
transmembrane domain is shown by the dotted line.

Figure 2 shows phylogenetic relationships of two HIV-1 subtype B envelope sequences. Forty-
two HIV-1 subtype B envelope sequences, EY2E1-B, EK2P-B, two subtype D and two subtype
C sequences (outgroup) were included in the phylogenetic analysis. The subtype B envelope
sequences representing a broad sample of diversity were from the following 11 countries:
Argentinia (1); Australia (6); China (1); France (4); Germany (1); Great Britain (2); Italy (1);
Japan (1); The Netherlands (4); Spain (1); United States (20). The EY2E1-B and EK2P-B
sequences are shown in black boxes.

Figure 3 shows expression of envelope immunogens. Panel A shows results from Western
blotting analysis of EY2E1-B and EK2P-B genes. RD cells were transfected with different
plasmids. 48 hours later, cell lysates were collected. Samples were analyzed by Western
blotting and probed with HIV-1 gp120 monoclonal (2G12). As for loading control, the blot was
stripped and reprobed with a monoclonal anti-actin antibody. Panel B shows results from
immunofluorescence assay of EY2E1-B and EK2P-B genes. The transfected RD cells
expressing envelope proteins showed typical red fluorescence. HIV-1 envelope-specific
monoclonal antibody F105 served as the source of primary antibody.

Figure 4. shows total IgG antibody titers in the sera of the immunized mice. Panel A shows the
measurement of subtype B envelope-specific antibody responses. Panel B shows the
measurement of subtype A/E envelope-specific antibody responses. Panel C shows the
measurement of subtype C envelope-specific antibody responses. Humoral immune responses
after immunization with DNA constructs pEY2E1-B and pEK2P-B were detected by enzyme-
linked immunosorbent assay (ELISA). Each mouse was immunized intramuscularly with three
times, each of 100 pg of DNA at bi-weekly intervals. Mice from each group (n=3) were bled one
week after the third immunization and equally pooled sera were diluted in blocking buffer and
analyzed as described in Materials and Methods. Pooled sera collected from mice immunized
with pVAX were used as a control. Absorbance (OD) was measured at 450 nm. Each data point
represents averaged three OD values from three mice sera per group and values represent the
mean of ELISA obtained in three separate assays.

Figure 5 shows induction of cell-mediated immune responses by pEY2E1-B in both BalB/C mice
and HLA-A2 transgenic mice. Frequencies of subtype B consensus envelope-specific IFN-y
spot forming cells (SFC) per million splenocytes after DNA vaccination with pEY2E1-B and
pEK2P-B were determined by ELISpot assay in both BalB/C mice (Panel A) and transgenic
mice (Panel C). Frequencies of CD8 depleted, subtype B consensus envelope-specific IFN-y
spot forming cells per million splenocytes after DNA vaccination with pEY2E1-B and pEK2P-B
were also determined in both BalB/C mice (Panel B) and transgenic mice (Panel D). The
splenocytes were isolated from individual immunized mice (three mice per group) and
stimulated in vitro with overlapping consensus subtype B envelope peptides pools. Backbone
pVAX immunized mice were included as a negative control. The values are the means +
standard deviations of the means of IFN- y SFCs. (Panel E) Characterization of subtype B
consensus envelope-specific dominant epitopes. The splenocytes collected frompEY2E1-B and
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pEK2P-B vaccinated BalB/C mice, respectively, were cultured with 29 HIV-1 subtype B
consensus envelope peptide pools for 24 hours. IFN- y secreting cells were determined by
ELISpot assay as described above.

Figure 6 shows cross reactivity induced by pEY2E1-B in both BalB/C mice and HLA-A2
transgenic mice. The additive T-cell immune responses in BalB/C mice induced by vaccination
with pEY2E1-B and pEK2P-B against four individual peptide pools of HIV-1 MN envelope
peptides (Panel A), HIV-1 group M (Panel B), subtype C consensus envelope peptides (Panel
C) and two subtype C isolate envelope peptides (Panels D and E) were measured by IFN-y
ELISpot assay. The additive T-cell immune responses in HLA-A2 transgenic mice induced by
vaccination with pEY2E1-B and pEK2P-B against four individual peptide pools of HIV-1 MN
envelope peptides (Panel F), HIV-1 group M (Panel G), subtype C consensus envelope
peptides (Panel H) and two subtype C isolate envelope peptides (Panels | and J) were also
measured. Backbone pVAX immunized mice were included as a negative control.

Figure 7 show characterization of subtype B MN envelope-specific dominant epitopes in both
BalB/C mice (Panel A) and HLA-A2 transgenic mice (Panel B) immunized with pEY2E1-B and
pEK2P-B. The splenocytes collected from pEY2E1-B and pEK2P-B vaccinated BalB/C mice and
transgenic mice, respectively, were cultured with 29 HIV-1 subtype B MN envelope peptide
pools for 24 hours. IFN-y secreting cells were determined by ELISpot assay as described
above.

Figure 8 shows a schematic representation of functional domains of E72E1-B (about 700+
amino acids).

Figure 9 shows a map of E72E1-B construct.
Figure 10 Panels A and B, show that a strong cellular immune response is induced E72E1-B.

Figure 11 Panels A and B, show that strong and broad cross-reactive cellular immune
responses are induced E72E1-B.

Figure 12 Panels A-D show that strong cross-clade cellular immune responses are induced
E72E1-B.

Figure 13 depicts the immunogen designed for study in Example 2.

Figure 14 shows phylogenetic relationships: Thirty-Six HIV-1 subtype C envelope sequences,
EY3E1-C, EK3P-C, two subtype B, one subtype A and one subtype D sequences (outgroup)
were included in the phylogenetic analysis. The subtype C envelope sequences representing a
broad sample of diversity were from 12 countries.

Figure 15 Panels A and B show data from studies of cellular response elicited by pEY3E1-C.
Figure 16 shows data from studies of cellular responses elicited by pEY3E1-C.

Figure 17 Panels A-D show data from studies of cross-reactive cellular responses elicited by
pEY3E1-C within the same clade.
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Figure 18 Panels A and B show data from studies of cross-reactive cellular responses elicited
by pEY3E1-C. Panel A shows data from subtype C (Uruguay) env-Specific IFN-y ELISpot.
Panel B shows data from Subtype C (S. Africa) env-Specific IFN-y ELISpot.

Figure 19 Panels A-F show data from studies of cross-reactive cellular responses elicited by
pEY3E1-C between clades.

Figure 20 Panels A-X show data from studies of immune responses elicited by HIV-1 gag
consensus constructs.

Figure 21 illustrates the HPV life cycle in the genital tract epithelium.
Figure 22 shows a map of HPV-16 genome organization.

Figure 23 illustrates immunogen design: * refers to deletions or mutations important for p53
binding and degradation; A refers to mutations in Rb binding site.

Figure 24 includes an illustration of the genetic construct p1667 which includes coding
sequences for HPV E6 and E7 proteins, and pVAX, the backpbone plasmid which lacks the HPV
insert and is used a negative control.

Figure 25 Panels A-D show cellular immune responses induced by the DNA immunogen p1667.
Figure 26 shows results of immunodominant epitope mapping.

Figure 27 shows results from the prophylactic experiments using E6/E7 DNA Vaccine to study
protection in C57/BL6 Mice.

Figure 28 shows results from the tumor regression experiments using E6/E7 DNA Vaccine to
study protection in C57/BL6 Mice.

Figure 29 shows the data from experiments detecting E7 Tetramer positive lymphocytes in
spleens.

Figure 30 shows the data from experiments detecting E7 Tetramer positive lymphocytes in
tumors.

Figure 31 shows data from a DNA Vaccine protection study in transgenic mice.

Figure 32 shows enhanced cellular immune responses to HIV-1 consensus immunogens with
IM co-injection of plasmid encoded IL-12 followed by electroporation (EP). IFNy ELISpots were
performed two weeks after the (a) first immunization, (b) second immunization, and (¢) third
immunization (as seen in comparison to the other three). Responses to env are depicted as
black bars and gag are depicted as white bars with the data shown as stacked group mean
responses + SEM.

Figure 33 shows enhanced cross-reactive cellular immune responses with intramuscular
electroporation. After three immunizations, the total T-cell immune response in pEY2E1-B
immunized macaques against four peptide pools of the HIV-1 group M peptides were
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determined by IFNy ELISpot. The data are shown as stacked group means + SEM.

Figure 34 shows Enhanced memory responses to HIV-1 immunogens with IM electroporation
and plasmid IL-12. Five months after the last immunization, ELISpot assays were performed to
determine antigen-specific memory responses to gag and env in the IM and EP immunized
groups with and without co-immunization with the IL-12 plasmid. The data are shown as group
mean responses + SEM.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Definitions

[0020] As used herein, the phrase "stringent hybridization conditions” or "stringent conditions”
refers to conditions under which a nucleic acid molecule will hybridize another nucleic acid
molecule, but to no other sequences. Stringent conditions are sequence-dependent and will be
different in different circumstances. Longer sequences hybridize specifically at higher
temperatures. Generally, stringent conditions are selected to be about 5°C. lower than the
thermal melting point (Tm) for the specific sequence at a defined ionic strength and pH. The
Tm is the temperature (under defined ionic strength, pH and nucleic acid concentration) at
which 50% of the probes complementary to the target sequence hybridize to the target
sequence at equilibrium. Since the target sequences are generally present in excess, at Tm,
50% of the probes are occupied at equilibrium. Typically, stringent conditions will be those in
which the salt concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M
sodium ion (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30° C. for
short probes, primers or oligonucleotides (e.g. 10 to 50 nucleotides) and at least about 60°C.
for longer probes, primers or oligonucleotides. Stringent conditions may also be achieved with
the addition of destabilizing agents, such as formamide.

[0021] Sequence homology for nucleotides and amino acids may be determined using FASTA,
BLAST and Gapped BLAST (Altschul et al., Nuc. Acids Res., 1997, 25, 3389) and PAUP*
4.0b10 software (D. L. Swofford, Sinauer Associates, Massachusetts). "Percentage of similarity”
is calculated using PAUP* 4.0b10 software (D. L. Swofford, Sinauer Associates,
Massachusetts). The average similarity of the consensus sequence is calculated compared to
all sequences in the phylogenic tree (see Figures 2 and 14).

[0022] Briefly, the BLAST algorithm, which stands for Basic Local Alignment Search Tool is
suitable for determining sequence similarity (Altschul et al., J. Mol. Biol., 1990, 215, 403-410).
Software for performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying
high scoring sequence pair (HSPs) by identifying short words of length W in the query
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sequence that either match or satisfy some positive-valued threshold score T when aligned with
a word of the same length in a database sequence. T is referred to as the neighborhood word
score threshold (Altschul et al., supra). These initial neighborhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both directions
along each sequence for as far as the cumulative alignment score can be increased. Extension
for the word hits in each direction are halted when: 1) the cumulative alignment score falls off
by the quantity X from its maximum achieved value; 2) the cumulative score goes to zero or
below, due to the accumulation of one or more negative-scoring residue alignments; or 3) the
end of either sequence is reached. The Blast algorithm parameters W, T and X determine the
sensitivity and speed of the alignment. The Blast program uses as defaults a word length (W) of
11, the BLOSUM®62 scoring matrix (see Henikoff et al., Proc. Natl. Acad. Sci. USA, 1992, 89,
10915-10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a comparison of both
strands. The BLAST algorithm (Karlin et al., Proc. Natl. Acad. Sci. USA, 1993, 90, 5873-5787)
and Gapped BLAST perform a statistical analysis of the similarity between two sequences. One
measure of similarity provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between two nucleotide
sequences would occur by chance. For example, a nucleic acid is considered similar to another
if the smallest sum probability in comparison of the test nucleic acid to the other nucleic acid is
less than about 1, preferably less than about 0.1, more preferably less than about 0.01, and
most preferably less than about 0.001.

[0023] As used herein, the term "genetic construct” refers to the DNA or RNA molecules that
comprise a nucleotide sequence which encodes protein. The coding sequence includes
initiation and termination signals operably linked to regulatory elements including a promoter
and polyadenylation signal capable of directing expression in the cells of the individual to whom
the nucleic acid molecule is administered.

[0024] As used herein, the term "expressible form" refers to gene constructs that contain the
necessary regulatory elements operable linked to a coding sequence that encodes a protein
such that when present in the cell of the individual, the coding sequence will be expressed.

Overview

[0025] The present invention provides improved vaccines by utilizing a multi-phase strategy to
enhance cellular immune responses induced by immunogens. Modified consensus sequences
for immunogens were generated. Genetic modifications including codon optimization, RNA
optimization, and the addition of a high efficient immunoglobin leader sequence to increase the
immunogenicity of constructs are also disclosed. The novel immunogens have been designed
to elicit stronger and broader cellular immune responses than a corresponding codon optimized
immunogens.

[0026] The invention provides improved HIV vaccines by providing proteins and genetic
constructs that encode proteins with epitopes that make them particularly effective as
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immunogens against which anti-HIV immune responses can be induced. Accordingly, vaccines
can be provided to induce a therapeutic or prophylactic immune response. In some
embodiments, the means to deliver the immunogen is a DNA vaccine, a recombinant vaccine, a
protein subunit vaccine, a composition comprising the immunogen, an attenuated vaccine or a
killed vaccine. In some embodiments, the vaccine comprises a combination selected from the
groups consisting of: one or more DNA vaccines, one or more recombinant vaccines, one or
more protein subunit vaccines, one or more compositions comprising the immunogen, one or
more attenuated vaccines and one or more killed vaccines.

[0027] A vaccine according to the invention is delivered to an individual to modulate the activity
of the individual's immune system and thereby enhance the immune response against HIV.
When a nucleic acid molecule that encodes the protein is taken up by cells of the individual the
nucleotide sequence is expressed in the cells and the protein are thereby delivered to the
individual. According to some aspects of the present invention, compositions and methods are
provided which prophylactically and/or therapeutically immunize an individual against HIV.

[0028] The present invention relates to compositions for delivering nucleic acid molecules that
comprise a nucleotide sequence that encodes a protein of the invention operably linked to
regulatory elements. Aspects of the present invention relate to compositions a recombinant
vaccine comprising a nucleotide sequence that encodes that encodes a protein of the
invention; a live attenuated pathogen that encodes a protein of the invention and/or includes a
protein of the invention; a killed pathogen includes a protein of the invention; or a composition
such as a liposome or subunit vaccine that comprises a protein of the invention. The present
invention further relates to injectable pharmaceutical compositions that comprise compositions.

HIV

[0029] The present invention provides improved anti-HIV vaccines by utilizing a multi-phase
strategy to enhance cellular immune responses induced by HIV immunogens. Modified
consensus sequences for immunogens were generated Genetic modifications including codon
optimization, RNA optimization, and the addition of a high efficient immunoglobin leader
sequence to increase the immunogenicity of constructs are also disclosed. The novel
immunogens have been designed to elicit stronger and broader cellular immune responses
than a corresponding codon optimized immunogens.

[0030] SEQ ID NO: 1 is a subtype A consensus envelope DNA sequence construct. SEQ ID
NO:1 comprises coding sequence for HIV vaccine sequence that comprises an IgE leader
sequence linked to a consensus sequence for Subtype A envelope protein. SEQ ID NO:2
comprises the amino acid sequence for HIV vaccine sequence construct that comprises an IgE
leader sequence linked to a consensus sequence for Subtype A envelope protein. The IgE
leader sequence is SEQ ID NO: 15. SEQ ID NO:16 is the Subtype A consensus Envelope
protein sequence.
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[0031] In some embodiments, vaccines of the invention preferably include SEQ ID NO: 16,
fragment thereof, a nucleic acid molecule that encodes SEQ ID NO: 16, or fragments thereof.
In some embodiments, vaccines of the invention preferably include SEQ ID NO:2 or a nucleic
acid molecule that encodes it. In some embodiments, vaccines of the invention preferably
include SEQ ID NO:1. Vaccines of the present invention preferably include the IgE leader
sequence SEQ ID NO: 15 or nucleic acid sequence which encodes the same.

[0032] Fragments of SEQ ID NO:1 comprise 1890 or more nucleotides; in some embodiments,
1980 or more nucleotides; and in some embodiments, 2070 or more nucleotides. In some
embodiments, fragments of SEQ ID NO: 1 may comprise coding sequences for the IgE leader
sequences. In some embodiments, fragments of SEQ ID NO:1 do not comprise coding
sequences for the IgE leader sequences.

[0033] Fragments of SEQ ID NO:2 comprise 600 or more amino acids; in some embodiments,
630 or more amino acids; in some embodiments, 660 or more amino acid; and in some
embodiments, 690 or more amino acids.

Other aspects of the disclosure

[0034] SEQ ID NO:3 is a subtype B consensus envelope DNA sequence construct. SEQ ID
NO:3 comprises coding sequence for HIV vaccine sequence that comprises an IgE leader
sequence linked to a consensus sequence for Subtype B envelope protein. SEQ ID NO:4
comprises the amino acid sequence for HIV vaccine sequence construct that comprises an IgE
leader sequence linked to a consensus sequence for Subtype B envelope protein. The IgE
leader sequence is SEQ ID NO: 15. SEQ ID NO:17 is the Subtype B consensus Envelope
protein sequence.

[0035] In some aspects, vaccines preferably include SEQ ID NO:17, fragment thereof, a nucleic
acid molecule that encodes SEQ ID NO:17, or fragments thereof. In some aspects, vaccines
preferably include SEQ ID NO:4 or a nucleic acid molecule that encodes it. In some aspects,
vaccines preferably include SEQ ID NO:3. Vaccines preferably include the IgE leader sequence
SEQ ID NO:15 or nucleic acid sequence which encodes the same.

[0036] Fragments of SEQ ID NO:3 may comprise 90 or more nucleotides. In some aspects,
fragments of SEQ ID NO:3 may comprise 180 or more nucleotides; in some aspects, 270 or
more nucleotides; in some aspects 360 or more nucleotides; in some aspects, 450 or more
nucleotides; in some aspects 540 or more nucleotides; in some aspects, 630 or more
nucleotides; in some aspects, 720 or more nucleotides; in some aspects, 810 or more
nucleotides; in some aspects, 900 or more nucleotides; in some aspects, 990 or more
nucleotides; in some aspects, 1080 or more nucleotides; in some aspects, 1170 or more
nucleotides; in some aspects, 1260 or more nucleotides; in some aspects, 1350 or more
nucleotides in some aspects, 1440 or more nucleotides; in some aspects, 1530 or more
nucleotides; in some aspects, 1620 or more nucleotides; in some aspects, 1710 or more
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[0037] Fragments of SEQ ID NO:4 may comprise 30 or more amino acids. In some aspects,
fragments of SEQ ID NO:4 may comprise 60 or more amino acids; in some aspects, 90 or more
amino acids; in some aspects, 120 or more amino acids; in some aspects; 150 or more amino
acids; in some aspectsor more amino acids; in some aspects, 210 or more amino acids; in
some aspects, 240 or more amino acids; in some aspects, 270 or more amino acids; in

aspects, 300
aspects, 360
aspects, 420
aspects, 480
aspects, 540
aspects, 600

some
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or
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some aspects fewer than 540 amino acids, in some aspects fewer than 600 amino acids, in
some aspects fewer than 660 amino acids, and in some aspects fewer than 690 amino acids.

[0038] SEQ ID NO:5 is a subtype C consensus envelope DNA sequence construct. SEQ ID
NO:5 comprises coding sequence for HIV vaccine sequence that comprises an IgE leader
sequence linked to a consensus sequence for Subtype C envelope protein. SEQ ID NO:6
comprises the amino acid sequence for HIV vaccine sequence construct that comprises an IgE
leader sequence linked to a consensus sequence for Subtype C envelope protein. The IgE
leader sequence is SEQ ID NO: 15. SEQ ID NO:18 is the Subtype C consensus Envelope
protein sequence.

[0039] In some aspects, vaccines preferably include SEQ ID NO:18, fragment thereof, a nucleic
acid molecule that encodes SEQ ID NO:18, or fragments thereof. In some aspects, vaccines
preferably include SEQ ID NO:6 or a nucleic acid molecule that encodes it. In some aspects,
vaccines preferably include SEQ ID NO:5. Vaccines preferably include the IgE leader sequence
SEQ ID NO:15 or nucleic acid sequence which encodes the same.

[0040] Fragments of SEQ ID NO:5 may comprise 90 or more nucleotides. In some aspects,
fragments of SEQ ID NO:5 may comprise 180 or more nucleotides; in some aspects, 270 or
more nucleotides; in some aspects 360 or more nucleotides; in some aspects, 450 or more
nucleotides; in some aspects 540 or more nucleotides; in some aspects, 630 or more
nucleotides; in some aspects, 720 or more nucleotides; in some aspects, 810 or more
nucleotides; in some aspects, 900 or more nucleotides; in some aspects, 990 or more
nucleotides; in some aspects, 1080 or more nucleotides; in some aspects, 1170 or more
nucleotides; in some aspects, 1260 or more nucleotides; in some aspects, 1350 or more
nucleotides in some aspects, 1440 or more nucleotides; in some aspects, 1530 or more
nucleotides; in some aspects, 1620 or more nucleotides; in some aspects, 1710 or more
nucleotides; in some aspects, 1800 or more nucleotides; in some aspects, 1890 or more
nucleotides; in some aspects, 1980 or more nucleotides; and in some aspects, 2070 or more
nucleotides. In some aspects, fragments of SEQ ID NO:5 may comprise coding sequences for
the IgE leader sequences. In some aspects, fragments of SEQ ID NO:5 do not comprise coding
sequences for the IgE leader sequences. Fragments may comprise fewer than 180
nucleotides, in some aspects fewer than 270 nucleotides, in some aspects fewer than 360
nucleotides, in some aspects fewer than 450 nucleotides, in some aspects fewer than 540
nucleotides, in some aspects fewer than 630 nucleotides, in some aspects fewer than 720
nucleotides, in some aspects fewer than 810 nucleotides, in some aspects fewer than 900
nucleotides, in some aspects fewer than 990 nucleotides, in some aspects fewer than 1080
nucleotides, in some aspects fewer than 1170 nucleotides, in some aspects fewer than 1260
nucleotides, in some aspects fewer than 1350 nucleotides, in some aspects fewer than 1440
nucleotides, in some aspects fewer than 1530 nucleotides, in some aspects fewer than 1620
nucleotides, in some aspects fewer than 1710 nucleotides, in some aspects fewer than 1800
nucleotides, in some aspects fewer than 1890 nucleotides, in some aspects fewer than 1980
nucleotides, in some aspects fewer than 1020 nucleotides, and in some aspects fewer than
2070 nucleotides.
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[0041] Fragments of SEQ ID NO:6 may comprise 30 or more amino acids. In some aspects,
fragments of SEQ ID NO:6 may comprise 60 or more amino acids; in some aspects, 90 or more
amino acids; in some aspects, 120 or more amino acids; in some aspects; 150 or more amino
acids; in some aspects 180 or more amino acids; in some aspects, 210 or more amino acids; in
some aspects, 240 or more amino acids; in some aspects, 270 or more amino acids; in some
aspects, 300 or more amino acids; in some aspects, 330 or more amino acids; in some
aspects, 360 or more amino acids; in some aspects, 390 or more amino acids; in some
aspects, 420 or more amino acids; in some aspects, 450 or more amino acids; in some
aspects, 480 or more amino acids; in some aspects, 510 or more amino acids; in some
aspects, 540 or more amino acids; in some aspects, 570 or more amino acids; in some
aspects, 600 or more amino acids; in some aspects, 630 or more amino acids; in some
aspects, 660 or more amino acid; and in some aspects, 690 or more amino acids. Fragments
may comprise fewer than 90 amino acids, in some aspects fewer than 120 amino acids, in
some aspects fewer than 150 amino acids, in some aspects fewer than 180 amino acids, in
some aspects fewer than 210 amino acids, in some aspects fewer than 240 amino acids, in
some aspects fewer than 270 amino acids, in some aspects fewer than 300 amino acids, in
some aspects fewer than 330 amino acids, in some aspects fewer than 360 amino acids, in
some aspects fewer than 390 amino acids, in some aspects fewer than 420 amino acids, in
some aspects fewer than 450 amino acids, in some aspects fewer than 480 amino acids, in
some aspects fewer than 540 amino acids, in some aspects fewer than 600 amino acids, in
some aspects fewer than 660 amino acids, and in some aspects fewer than 690 amino acids.

[0042] SEQ ID NO:7 is a subtype D consensus envelope DNA sequence construct. SEQ ID
NO:7 comprises coding sequence for HIV vaccine sequence that comprises an IgE leader
sequence linked to a consensus sequence for Subtype D envelope protein. SEQ ID NO:8
comprises the amino acid sequence for HIV vaccine sequence construct that comprises an IgE
leader sequence linked to a consensus sequence for Subtype D envelope protein. The IgE
leader sequence is SEQ ID NO: 15. SEQ ID NO:19 is the Subtype D consensus Envelope
protein sequence.

[0043] In some aspects, vaccines preferably include SEQ ID NO:19, fragment thereof, a nucleic
acid molecule that encodes SEQ ID NO:19, or fragments thereof. In some aspects, vaccines
preferably include SEQ ID NO:8 or a nucleic acid molecule that encodes it. In some aspects,
vaccines preferably include SEQ ID NO:7. Vaccines preferably include the IgE leader sequence
SEQ ID NO:15 or nucleic acid sequence which encodes the same.

[0044] Fragments of SEQ ID NO:7 may comprise 90 or more nucleotides. In some aspects,
fragments of SEQ ID NO:7 may comprise 180 or more nucleotides; in some aspects, 270 or
more nucleotides; in some aspects 360 or more nucleotides; in some aspects, 450 or more
nucleotides; in some aspects 540 or more nucleotides; in some aspects, 630 or more
nucleotides; in some aspects, 720 or more nucleotides; in some spects, 810 or more
nucleotides; in some aspects, 900 or more nucleotides; in some aspects, 990 or more
nucleotides; in some aspects, 1080 or more nucleotides; in some aspects, 1170 or more
nucleotides; in some spects, 1260 or more nuclectides; in some aspects, 1350 or more
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nucleotides in some aspects, 1440 or more nucleotides; in some aspects, 1530 or more
nucleotides; in some aspects, 1620 or more nucleotides; in some aspects, 1710 or more
nucleotides; in some aspects, 1800 or more nucleotides; in some aspects, 1890 or more
nucleotides; in some aspects, 1980 or more nucleotides; and in some aspects, 2070 or more
nucleotides; and in some aspects, 2140 or more nucleotides. In some aspects, fragments of
SEQ ID NO:7 may comprise coding sequences for the IgE leader sequences. In some aspects,
fragments of SEQ ID NO:7 do not comprise coding sequences for the IgE leader sequences.
Fragments may comprise fewer than 180 nucleotides, in some aspects fewer than 270
some aspects fewer than 360 nucleotides, in some aspects fewer than 450
some aspects fewer than 540 nucleotides, in some aspects fewer than 630
some aspects fewer than 720 nucleotides, in some aspects fewer than 810
some aspects fewer than 900 nucleotides, in some aspects fewer than 990
some aspects fewer than 1080 nucleotides, in some aspects fewer than 1170

nucleotides, in
nucleotides,
nucleotides,
nucleotides,

nucleotides,

in
in
in

in in

in

some

1260 nucleotides,

in

nucleotides,
nucleotides,
nucleotides,
nucleotides,
nucleotides,

in
in
in
in

some
some
some
some

aspects fewer than
aspects fewer than
aspects fewer than
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1440 nucleotides,
1620 nucleotides,
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1980 nucleotides,

in
in
in
in

some aspects fewer than
some aspects fewer than
some aspects fewer than
some aspects fewer than
some aspects fewer than

1350
1530
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nucleotides, in some aspects fewer than 2070 nucleotides and in some aspects fewer than
2140 nucleotides.

[0045] Fragments of SEQ ID NO:8 may comprise 30 or more amino acids. In some aspects,
fragments of SEQ ID NO:8 may comprise 60 or more amino acids; in some aspects, 90 or more
amino acids; in some aspects, 120 or more amino acids; in some aspects; 150 or more amino
acids; in some aspects 180 or more amino acids; in some aspects, 210 or more amino acids; in
some aspects, 240 or more amino acids; in some aspects, 270 or more amino acids; in some

aspects, 300 or more amino acids; in some aspects, 330 or more amino acids; in some

aspects, 360
aspects, 420
aspects, 480
aspects, 540
aspects, 600

aspects, 660 or more amino acid; and in some
may comprise fewer than 90 amino acids, in some aspects fewer than 120 amino
aspects fewer than 180 amino
aspects fewer than 240 amino
aspects fewer than 300 amino
aspects fewer than 360 amino
aspects fewer than 420 amino
aspects fewer than 480 amino
aspects fewer than 600 amino

some
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some aspects fewer than 660 amino acids, and in some aspects fewer than 690 amino acids.

[0046] SEQ ID NO:9 is a subtype B Nef-Rev consensus envelope DNA sequence construct.
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SEQ ID NO:9 comprises coding sequence for HIV vaccine sequence that comprises an IgE
leader sequence linked to a consensus sequence for Subtype B Nef-Rev protein. SEQ ID
NO:10 comprises the amino acid sequence for HIV vaccine sequence construct that comprises
an IgE leader sequence linked to a consensus sequence for Subtype B Nef-Rev protein. The
IgE leader sequence is SEQ ID NO: 15. SEQ ID NO:20 is the Subtype B Nef-Rev consensus
protein sequence.

[0047] In some aspects, vaccines preferably include SEQ ID NO:20 fragment thereof, a nucleic
acid molecule that encodes SEQ ID NO:20, or fragments thereof. In some aspects, vaccines
preferably include SEQ ID NO:10 or a nucleic acid molecule that encodes it. In some aspects,
vaccines preferably include SEQ ID NO:9. Vaccines preferably include the IgE leader sequence
SEQ ID NO:15 or nucleic acid sequence which encodes the same.

[0048] Fragments of SEQ ID NO:9 may comprise 90 or more nucleotides. In some aspects,
fragments of SEQ ID NO:9 may comprise 180 or more nucleotides; in some aspects, 270 or
more nucleotides; in some aspects 360 or more nucleotides; in some aspects, 450 or more
nucleotides; in some aspects 540 or more nucleotides; in some aspects, 630 or more
nucleotides; in some aspects, 720 or more nucleotides; in some aspects, 810 or more
nucleotides; in some aspects, 900 or more nucleotides; and in some aspects, 990 or more
nucleotides; in some aspects. In some aspects, fragments of SEQ ID NO:9 may comprise
coding sequences for the IgE leader sequences. In some aspects, fragments of SEQ ID NO:9
do not comprise coding sequences for the IgE leader sequences. Fragments may comprise
fewer than 180 nucleotides, in some aspects fewer than 270 nucleotides, in some aspects
fewer than 360 nucleotides, in some aspects fewer than 450 nucleotides, in some aspects
fewer than 540 nucleotides, in some aspects fewer than 630 nucleotides, in some aspects
fewer than 720 nucleotides, in some aspects fewer than 810 nucleotides, in some aspects
fewer than 900 nucleotides, and in some aspects fewer than 990 nucleotides.

[0049] SEQ ID NO:11 is a Gag consensus DNA sequence of subtype A, B, C and D DNA
sequence construct. SEQ ID NO: 11 comprises coding sequence for HIV vaccine sequence that
comprises an IgE leader sequence linked to a consensus sequence for Gag consensus
subtype A, B, C and D protein. SEQ ID NO:12 comprises the amino acid sequence for HIV
vaccine sequence construct that comprises an IgE leader sequence linked to a consensus
sequence for Gag subtype A, B, C and D protein. The IgE leader sequence is SEQ ID NO:15.
SEQ ID NO:21 is the consensus Gag subtype A, B, C and D protein sequence.

[0050] In some aspects, vaccines preferably include SEQ ID NO:21, fragment thereof, a nucleic
acid molecule that encodes SEQ ID NO:21, or fragments thereof. In some aspects, vaccines
preferably include SEQ ID NO:12 or a nucleic acid molecule that encodes it. In some aspects,
vaccines preferably include SEQ ID NO:11. Vaccines of preferably include the IgE leader
sequence SEQ ID NO:15 or nucleic acid sequence which encodes the same.

[0051] Fragments of SEQ ID NO:11 may comprise 90 or more nucleotides. In some aspects,
fragments of SEQ ID NO:11 may comprise 180 or more nucleotides; in some aspects, 270 or
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more nucleotides; in some aspects 360 or more nucleotides; in some aspects, 450 or more
nucleotides; in some aspects 540 or more nucleotides; in some aspects, 630 or more
nucleotides; in some aspects, 720 or more nucleotides; in some aspects, 810 or more
nucleotides; in some aspects, 900 or more nucleotides; in some aspects, 990 or more
nucleotides; in some aspects, 1080 or more nucleotides; in some aspects, 1170 or more
nucleotides; in some aspects, 1260 or more nucleotides; in some aspects, 1350 or more
nucleotides in some aspects, 1440 or more nucleotides; in some aspects, 1530 or more
nucleotides; in some aspects, 1620 or more nucleotides; in some aspects, 1710 or more
nucleotides; and in some aspects, 1800 or more nucleotides. In some aspects, fragments of
SEQ ID NO:11 may comprise coding sequences for the IgE leader sequences. In some
aspects, fragments of SEQ ID NO: 11 do not comprise coding sequences for the IgE leader
sequences. Fragments may comprise fewer than 180 nucleotides, in some aspects fewer than
270 nucleotides, in some aspects fewer than 360 nucleotides, in some aspects fewer than 450
nucleotides, in some aspects fewer than 540 nucleotides, in some aspects fewer than 630
nucleotides, in some aspects fewer than 720 nucleotides, in some aspects fewer than 810
nucleotides, in some aspects fewer than 900 nucleotides, in some aspects fewer than 990
nucleotides, in some aspects fewer than 1080 nucleotides, in some aspects fewer than 1170
nucleotides, in some aspects fewer than 1260 nucleotides, in some aspects fewer than 1350
nucleotides, in some aspects fewer than 1440 nucleotides, in some aspects fewer than 1530
nucleotides, in some aspects fewer than 1620 nucleotides, in some aspects fewer than 1710
nucleotides, and in some aspects fewer than 1800 nucleotides.

[0052] Fragments of SEQ ID NO:12 may comprise 30 or more amino acids. In some aspects,
fragments of SEQ ID NO:12 may comprise 60 or more amino acids; in some aspects, 90 or
more amino acids; in some aspects, 120 or more amino acids; in some aspects; 150 or more
amino acids; in some aspects 180 or more amino acids; in some aspects, 210 or more amino
acids; in some aspects, 240 or more amino acids; in some aspects, 270 or more amino acids;
in some aspects, 300 or more amino acids; in some aspects, 330 or more amino acids; in some
aspects, 360 or more amino acids; in some aspects, 390 or more amino acids; in some
aspects, 420 or more amino acids; in some aspects, 450 or more amino acids; in some
aspects, 480 or more amino acids; and in some aspects, 510 or more amino acids. Fragments
may comprise fewer than 90 amino acids, in some aspects fewer than 120 amino acids, in
some aspects fewer than 150 amino acids, in some aspects fewer than 180 amino acids, in
some aspects fewer than 210 amino acids, in some aspects fewer than 240 amino acids, in
some aspects fewer than 270 amino acids, in some aspects fewer than 300 amino acids, in
some aspects fewer than 330 amino acids, in some aspects fewer than 360 amino acids, in
some aspects fewer than 390 amino acids, in some aspects fewer than 420 amino acids, in
some aspects fewer than 450 amino acids, in some aspects fewer than 480 amino acids, and in
some aspects fewer than 510 amino acids.

Vaccines

[0053] The invention provides improved vaccines by providing proteins and genetic constructs
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that encode proteins with epitopes that make them particularly effective as immunogens
against which immune responses can be induced. Accordingly, vaccines can be provided to
induce a therapeutic or prophylactic immune response. In some embodiments, the means to
deliver the immunogen is a DNA vaccine, a recombinant vaccine, a protein subunit vaccine, a
composition comprising the immunogen, an attenuated vaccine or a killed vaccine. In some
embodiments, the vaccine comprises a combination selected from the groups consisting of:
one or more DNA vaccines, one or more recombinant vaccines, one or more protein subunit
vaccines, one or more compositions comprising the immunogen, one or more attenuated
vaccines and one or more killed vaccines.

[0054] According to some embodiments of the invention, a composition according to the
invention is for use in modulating the activity of the individual's immune system and thereby
enhancing the immune response. When a nucleic acid molecule that encodes the protein is
taken up by cells of the individual the nucleotide sequence is expressed in the cells and the
protein are thereby delivered to the individual. Aspects of the invention provide coding
sequences of the protein on nucleic acid molecule such as plasmids, as part of recombinant
vaccines and as part of attenuated vaccines, as isolated proteins or proteins part of a vector.

[0055] According to some aspects of the present invention, compositions are provided which
prophylactically and/or therapeutically immunize an individual.

[0056] DNA vaccines are described in US. Patent Nos. 5,593,972, 5,739,118, 5,817,637,
5,830,876, 5,962,428, 5,981,505, 5,580,859, 5,703,055, 5,676,594, and the priority
applications cited therein. In addition to the delivery protocols described in those applications,
alternative methods of delivering DNA are described in US. Patent Nos. 4,945,050 and
5,036,006.

[0057] The present invention relates to improved attenuated live vaccines, improved killed
vaccines and improved vaccines that use recombinant vectors to deliver foreign genes that
encode antigens and well as subunit and glycoprotein vaccines. Examples of attenuated live
vaccines, those using recombinant vectors to deliver foreign antigens, subunit vaccines and
glycoprotein vaccines are described in U.S. Patent Nos.: 4,510,245; 4,797,368; 4,722,848;
4,790,987; 4,920,209; 5,017,487; 5,077,044; 5,110,587; 5,112,749; 5,174,993; 5,223,424,
5,225,336; 5,240,703; 5,242,829; 5,294,441; 5,294,548; 5,310,668; 5,387,744; 5,389,368;
5,424,065; 5,451,499; 5,453,3 64; 5,462,734; 5,470,734; 5,474,935; 5,482,713; 5,591,439;
5,643,579, 5,650,309; 5,698,202; 5,955,088; 6,034,298; 6,042,836; 6,156,319 and 6,589,529.

[0058] When taken up by a cell, the genetic construct(s) may remain present in the cell as a.
functioning extrachromosomal molecule and/or integrate into the cell's chromosomal DNA. DNA
may be introduced into cells where it remains as separate genetic material in the form of a
plasmid or plasmids. Alternatively, linear DNA that can integrate into the chromosome may be
introduced into the cell. When introducing DNA into the cell, reagents that promote DNA
integration into chromosomes may be added. DNA sequences that are useful to promote
integration may also be included in the DNA molecule. Alternatively, RNA may be administered
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to the cell. It is also contemplated to provide the genetic construct as a linear minichromosome
including a centromere, telomeres and an origin of replication. Gene constructs may remain
part of the genetic material in attenuated live microorganisms or recombinant microbial vectors
which live in cells. Gene constructs may be part of genomes of recombinant viral vaccines
where the genetic material either integrates into the chromosome of the cell or remains
extrachromosomal. Genetic constructs include regulatory elements necessary for gene
expression of a nucleic acid molecule. The elements include: a promoter, an initiation codon, a
stop codon, and a polyadenylation signal. In addition, enhancers are often required for gene
expression of the sequence that encodes the target protein or the immunomodulating protein. It
is necessary that these elements be operable linked to the sequence that encodes the desired
proteins and that the regulatory elements are operably in the individual to whom they are
administered.

[0059] Initiation codons and stop codon are generally considered to be part of a nucleotide
sequence that encodes the desired protein. However, it is necessary that these elements are
functional in the individual to whom the gene construct is administered. The initiation and
termination codons must be in frame with the coding sequence.

[0060] Promoters and polyadenylation signals used must be functional within the cells of the
individual.

[0061] Examples of promoters useful to practice the present invention, especially in the
production of a genetic vaccine for humans, include but are not limited to promoters from
Simian Virus 40 (SV40), Mouse Mammary Tumor Virus (MMTV) promoter, Human
Immunodeficiency Virus (MV) such as the BIV Long Terminal Repeat (LTR) promoter, Moloney
virus, ALV, Cytomegalovirus (CMV) such as the CMV immediate early promoter, Epstein Barr
Virus (EBV), Rous Sarcoma Virus (RSV) as well as promoters from human genes such as
human Actin, human Myosin, human Hemoglobin, human muscle creatine and human
metalothionein.

[0062] Examples of polyadenylation signals useful to practice the present invention, especially
in the production of a genetic vaccine for humans, include but are not limited to SV40
polyadenylation signals and LTR polyadenylation signals. In particular, the SV40
polyadenylation signal that is in pCEP4 plasmid (Invitrogen, San Diego CA), referred to as the
SV40 polyadenylation signal, is used.

[0063] In addition to the regulatory elements required for DNA expression, other elements may
also be included in the DNA molecule. Such additional elements include enhancers. The
enhancer may be selected from the group including but not limited to: human Actin, human
Myosin, human Hemoglobin, human muscle creatine and viral enhancers such as those from
CMV, RSV and EBV.

[0064] Genetic constructs can be provided with mammalian origin of replication in order to
maintain the construct extrachromosomally and produce multiple copies of the construct in the
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cell. Plasmids pVAX1, pCEP4 and pREP4 from Invitrogen (San Diego, CA) contain the Epstein
Barr virus origin of replication and nuclear antigen EBNA-1 coding region which produces high
copy episomal replication without integration.

[0065] In some preferred embodiments related to immunization applications, nucleic acid
molecule(s) are delivered which include nucleotide sequences that encode protein of the
invention , and, additionally, genes for proteins which further enhance the immune response
against such target proteins. Examples of such genes are those which encode other cytokines
and lymphokines such as alpha-interferon, gamma-interferon, platelet derived growth factor
(PDGF), TNFa, TNFB, GM-CSF, epidermal growth factor (EGF), IL-1, IL-2, IL-4, IL-5, IL-6, IL-
10, IL-12, IL-18, MHC, CD80,CD86 and IL- 15 including IL-15 having the signal sequence
deleted and optionally including the signal peptide from IgE. Other genes which may be useful
include those encoding: MCP-1, MIP-1a, MIP-1p, IL-8, RANTES, L-selectin, P-selectin, E-
selectin, CD34, GlyCAM-1, MadCAM-1, LFA-1, VLA-1, Mac-1, pl50.95, PECAM, ICAM-1, ICAM-
2, ICAM-3, CD2, LFA-3, M-CSF, G-CSF, IL-4, mutant forms of IL-18, CD40, CD40L, vascular
growth factor, IL-7, nerve growth factor, vascular endothelial growth factor, Fas, TNF receptor,
Flt, Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DR5, KILLER, TRAIL-
R2, TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyD88, IRAK,
TRAFBG, IkB, Inactive NIK, SAP K, SAP-1, JNK, interferon response genes, NFkB, Bax, TRAIL,
TRAILrec, TRAILrecDRC5, TRAIL-R3, TRAIL-R4, RANK, RANK LIGAND, Ox40, Ox40 LIGAND,
NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E, NKG2F, TAP1, TAP2 and functional
fragments thereof

[0066] An additional element may be added which serves as a target for cell destruction if it is
desirable to eliminate cells receiving the genetic construct for any reason. A herpes thymidine
kinase (tk) gene in an expressible form can be included in the genetic construct. The drug
gangcyclovir can be administered to the individual and that drug will cause the selective killing
of any cell producing tk, thus, providing the means for the selective destruction of cells with the
genetic construct.

[0067] In order to maximize protein production, regulatory sequences may be selected which
are well suited for gene expression in the cells the construct is administered into. Moreover,
codons may be selected which are most efficiently transcribed in the cell. One having ordinary
skill in the art can produce DNA constructs that are functional in the cells.

[0068] In some embodiments, gene constructs may be provided in which the coding sequences
for the proteins described herein are linked to IgE signal peptide. In some embodiments,
proteins described herein are linked to IgE signal peptide.

[0069] In some embodiments for which protein is used, for example, one having ordinary skill in
the art can, using well known techniques, produce and isolate proteins of the invention using
well known techniques. In some embodiments for which protein is used, for example, one
having ordinary skill in the art can, using well known techniques, inserts DNA molecules that
encode a protein of the invention into a commercially available expression vector for use in well
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known expression systems. For example, the commercially available plasmid pSE420
(Invitrogen, San Diego, Calif.) may be used for production of protein in E. coli. The
commercially available plasmid pYES2 (Invitrogen, San Diego, Calif.) may, for example, be
used for production in S. cerevisiae strains of yeast. The commercially available MAXBAC™
complete baculovirus expression system (Invitrogen, San Diego, Calif.) may, for example, be
used for production in insect cells. The commercially available plasmid pcDNA | or pcDNA3
(Invitrogen, San Diego, Calif.) may, for example, be used for production in mammalian cells
such as Chinese Hamster Ovary cells. One having ordinary skill in the art can use these
commercial expression vectors and systems or others to produce protein by routine techniques
and readily available starting materials. (See e.g., Sambrook et al., Molecular Cloning a
Laboratory Manual, Second Ed. Cold Spring Harbor Press (1989)) Thus, the desired proteins
can be prepared in both prokaryotic and eukaryotic systems, resulting in a spectrum of
processed forms of the protein.

[0070] One having ordinary skill in the art may use other commercially available expression
vectors and systems or produce vectors using well known methods and readily available
starting materials. Expression systems containing the requisite control sequences, such as
promoters and polyadenylation signals, and preferably enhancers are readily available and
known in the art for a variety of hosts. See e.g., Sambrook et al., Molecular Cloning a
Laboratory Manual, Second Ed. Cold Spring Harbor Press (1989). Genetic constructs include
the protein coding sequence operably linked to a promoter that is functional in the cell line into
which the constructs are transfected. Examples of constitutive promoters include promoters
from cytomegalovirus or SV40. Examples of inducible promoters include mouse mammary
leukemia virus or metallothionein promoters. Those having ordinary skill in the art can readily
produce genetic constructs useful for transfecting with cells with DNA that encodes protein of
the invention from readily available starting materials. The expression vector including the DNA
that encodes the protein is used to transform the compatible host which is then cultured and
maintained under conditions wherein expression of the foreign DNA takes place.

[0071] The protein produced is recovered from the culture, either by lysing the cells or from the
culture medium as appropriate and known to those in the art. One having ordinary skill in the
art can, using well known techniques, isolate protein that is produced using such expression
systems. The methods of purifying protein from natural sources using antibodies which
specifically bind to a specific protein as described above may be equally applied to purifying
protein produced by recombinant DNA methodology.

[0072] In addition to producing proteins by recombinant techniques, automated peptide
synthesizers may also be employed to produce isolated, essentially pure protein. Such
techniques are well known to those having ordinary skill in the art and are useful if derivatives
which have substitutions not provided for in DNA-encoded protein production.

[0073] The nucleic acid molecules may be delivered using any of several well known
technologies including DNA injection (also referred to as DNA vaccination), recombinant vectors
such as recombinant adenovirus, recombinant adenovirus associated virus and recombinant
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vaccinia.

[0074] Routes of administration include, but are not limited to, intramuscular, intransally,
intraperitoneal, intradermal, subcutaneous, intravenous, intraarterially, intraoccularly and oral
as well as topically, transdermally, by inhalation or suppository or to mucosal tissue such as by
lavage to vaginal, rectal, urethral, buccal and sublingual tissue. Preferred routes of
administration include intramuscular, intraperitoneal, intradermal and subcutaneous injection.
Genetic constructs may be administered by means including, but not limited to, traditional
syringes, needleless injection devices, or "microprojectile bombardment gone guns”.

[0075] In some embodiments, the nucleic acid molecule is delivered to the cells in conjunction
with administration of a polynucleotide function enhancer or a genetic vaccine facilitator agent.
Polynucleotide function enhancers are described in U.S. Serial Number 5,593,972, 5,962,428
and International Application Serial Number PCT/US94/00899 filed January 26, 1994. Genetic
vaccine facilitator agents are described in US. Serial Number 021,579 filed April 1, 1994. The
co-agents that are administered in conjunction with nucleic acid molecules may be
administered as a mixture with the nucleic acid molecule or administered separately
simultaneously, before or after administration of nucleic acid molecules. In addition, other
agents which may function transfecting agents and/or replicating agents and/or inflammatory
agents and which may be co-administered with a GVF include growth factors, cytokines and
lymphokines such as a-interferon, gamma-interferon, GM-CSF, platelet derived growth factor
(PDGF), TNF, epidermal growth factor (EGF), IL-1, IL-2, IL-4, IL-6, IL-10, IL-12 and IL-15 as
well as fibroblast growth factor, surface active agents such as immune-stimulating complexes
(ISCOMS), Freunds incomplete adjuvant, LPS analog including monophosphoryl Lipid A (WL),
muramyl peptides, quinone analogs and vesicles such as squalene and squalene, and
hyaluronic acid may also be used administered in conjunction with the genetic construct In
some embodiments, an immunomodulating protein may be used as a GVF. In some
embodiments, the nucleic acid molecule is provided in association with PLG to enhance
delivery/uptake.

[0076] The pharmaceutical compositions according to the present invention comprise about 1
nanogram to about 2000 micrograms of DNA. In some preferred embodiments, pharmaceutical
compositions according to the present invention comprise about 5 nanogram to about 1000
micrograms of DNA. In some preferred embodiments, the pharmaceutical compositions contain
about 10 nanograms to about 800 micrograms of DNA. In some preferred embodiments, the
pharmaceutical compositions contain about 0.1 to about 500 micrograms of DNA. In some
preferred embodiments, the pharmaceutical compositions contain about 1 to about 350
micrograms of DNA. In some preferred embodiments, the pharmaceutical compositions contain
about 25 to about 250 micrograms of DNA. In some preferred embodiments, the
pharmaceutical compositions contain about 100 to about 200 microgram DNA.

[0077] The pharmaceutical compositions according to the present invention are formulated
according to the mode of administration to be used. In cases where pharmaceutical
compositions are injectable pharmaceutical compositions, they are sterile, pyrogen free and
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particulate free. An isotonic formulation is preferably used. Generally, additives for isotonicity
can include sodium chloride, dextrose, mannitol, sorbitol and lactose. In some cases, isotonic
solutions such as phosphate buffered saline are preferred. Stabilizers include gelatin and
albumin. In some embodiments, a vasoconstriction agent is added to the formulation.

[0078] According to some embodiments of the invention, compositions of the invention for use
in methods of inducing immune responses are provided. The vaccine may be a protein based,
live attenuated vaccine, a cell vaccine, a recombinant vaccine or a nucleic acid or DNA vaccine.
In some embodiments, methods of inducing an immune response in individuals against an
immunogen, including methods of inducing mucosal immune responses, comprise
administering to the individual one or more of CTACK protein, TECK protein, MEC protein and
functional fragments thereof or expressible coding sequences thereof in combination with an
isolated nucleic acid molecule that encodes protein of the invention and/or a recombinant
vaccine that encodes protein of the invention and/or a subunit vaccine that protein of the
invention and/or a live attenuated vaccine and/or a killed vaccine. The one or more of CTACK
protein, TECK protein, MEC protein and functional fragments thereof may be administered prior
to, simultaneously with or after administration of the isolated nucleic acid molecule that encodes
an immunogen; and/or recombinant vaccine that encodes an immunogen and/or subunit
vaccine that comprises an immunogen and/or live attenuated vaccine and/or killed vaccine. In
some embodiments, an isolated nucleic acid molecule that encodes one or more proteins of
selected from the group consisting of: CTACK, TECK, MEC and functional fragments thereof is
administered to the individual.

EXAMPLES

Comparative Example 1

MATERIALS AND METHODS

[0079] HIV-1 subtype B envelope sequences. To generate HIV-1 subtype B consensus
envelope sequence, forty-two subtype B envelope gene sequences collected from eleven
countries were selected from GenBank to avoid sampling bias. Each sequence represents a
different patient. All sequences used are non-recombinant.

[0080] Multiple alignment. The alignment procedure applied in the phylogenetic study included
the application of Clustal X (version 1.81) (Thompson, J. D., et al. 1997. The ClustalX windows
interface: flexible strategies for multiple sequence alignment aided by quality analysis tools.
Nucleic Acids Research 25:4876-4882). Pairwise alignment parameters were set to the
dynamic "slow-accurate" programming, using 10 as the gap opening penalty and 0.1 as the
gap extension penalty. Multiple alignment parameters included a gap extension penalty equal
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to 0.2.

[0081] Construction of HIV-1 subtype B envelope consensus sequence. The HIV-1 subtype B
envelope consensus nucleotide sequence was obtained after performing multiple alignment
and minor final manual adjustment. Deduced amino acid sequences were used to guide the
introduction of alignment gaps so that they were inserted between codons. The consensus
amino acid sequence was obtained by translating the consensus nucleotide sequence.

[0082] Phylogenetic tree. The neighbor-joining (NJ) method was employed for amino acid
phylogenetic tree-building using the program PAUP* 4.0b10 (Swofford, D. L. 1999. PAUP* 4.0:
phylogenetic analysis using parsimony (* and other methods), version 4.0b2a. Sinauer
Associates, Inc.,, Sunderland, Mass.). Two additional sequences from subtype D (K03454 and
AAA44873) and two sequences from subtype C (AAD12103 and AAD12112) were used as an
outgroup for rooting (Kuiken, C., B. T. Korber, and R. W. Shafer. 2003. HIV sequence
databases. AIDS Rev. 5:52-61).

[0083] Modifications of HIV-1 subtype B envelope consensus sequence. Several modifications
were performed after obtaining HIV-1 subtype B consensus envelope sequence: highly variable
V1 and V2 regions were shortened, V3 loop was designed for CCR5 utilization, the cytoplasmic
tail region was removed from the C-terminal, a leader sequence and an upstream Kozak
sequence were added to the N-terminal, codon optimization and RNA optimization was
performed by using GeneOptimizerTM (GENEART, Germany).

[0084] Envelope Immunogens. The gene encoding modified HIV-1 subtype B early transmitter
consensus envelope glycoprotein (EY2E1-B) was synthesized and sequence verified by
GENEART. The synthesized EY2E1-B was digested with BamHI and Notl, cloned into the
expression vector pVAX (Invitrogen) under the control of the cytomegalovirus immediate-early
promoter and this construct was named as pEY2E1-B.

[0085] The primary subtype B immunogen (EK2P-B) was generated from a human codon
biased, primary subtype B isolate 6101 gp140 envelope gene that was a gift of M. Sidhm
(Wyeth). Basically, the optimized 6101 envelope gene was mutated by removing the native
leader sequence and cytoplasmic tail. Then the IgE-leader sequence and Kozak sequence
were introduced by designing forward and reverse specific- primers: Env-F: 5'-
GTCGCTCCGCTAGCTTGTGGGTCACAGTCTATTATGGGGTACC-3' (SEQ ID NO:13) Env-R:
5'-GGTCGGATCCTTACTCCACCACTCTCCTTTTTGCC-3' (SEQ ID NO: 14). The purified PCR
product was cloned into pVAX plasmid vector, which was also linearized with EcoR1 and Xbal.
This construct was named as pEK2P-B.

[0086] In vivo Expression and Reactivity of EY2E1-B with Monoclonal Antibodies. Human
rhabdomyosarcoma (RD) cells (2 x 106) were transfected in 60 mm dishes with 3 pg of
pEY2E1-B and pEK2P-B plasmids using FUGENE 6 Transfection Reagent (Roche, Germany),
respectively. Forty-eight hours after transfection, cells were washed three times with 1 x PBS
and lysed in 150 pl of lysis buffer (Cell Signaling Technology). The total protein lysates (50 pg)
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were fractioned on a SDS-PAGE gel, transferred to a PVDF membrane (Amersham).
Immunoblot analyses were performed with an envelope-specific monoclonal antibody 2G12
(NIH AIDS Research and Reference Reagent Program, Rockville, MD, USA) and a monoclonal
anti-actin antibody (Sigma-Aldrich) and visualized with HRP-conjugated goat anti-human I1gG
(Sigma- Aldrich) using an ECLTM Western blot analysis system (Amersham). Actin was used as
a loading control for Western Blot.

[0087] To detect the reactivity of EY2E1-B with monoclonal antibodies, the total protein lysates
from transfection (100 ug) were immunoprecipitated with 5 pg envelope-specific monoclonal
antibodies including 2G12, 4G10 and ID6 (NIH AIDS Research and Reference Reagent
Program, Rockville, MD, USA). The same amount of total protein lysates from cells transfected
with empty vector pVAX was used as a negative control. The immunoprecipitated proteins were
fractioned on a SDS-PAGE gel and detected by Western Blotting described as above.

[0088] Indirect Immunofluorescent Assay. An indirect immunofluorescent assay for confirming
the expression of EY2E1-B and EK2P-B genes was performed. Human rhabdomyosarcoma
(RD) cells were plated in tissue culture chambered slides (BD Biosciences), at a density to
obtain 60-70% confluency the next day in complete DMEM medium with 10% FBS (GIBCO) and
allow to adhere overnight. The next day cells were transfected with pEY2E1-B, pEK2P-B and
the control plasmid pVAX (1 pg/well) using FUGENE 6 Transfection Reagent (Roche) according
to the manufacturer's instructions. Forty-eight hours after transfection, the cells were washed
twice with cold 1XPBS and fixed on slides using methanol for 15 min. Upon removal of the
residual solvents from the slides, the cells were incubated with anti-mouse HIV-1 env
monoclonal F105 (NIH AIDS Research and Reference Reagent Program, Rockville, MD, USA)
for 90 min. The slides were then incubated with TRITC-conjugated secondary antibody (Sigma-
Aldrich) for 45 min. 4', 6-Diamido-2-phenylindole hydrochloride (Sigma-Aldrich) was added to
the solution of secondary antibody to counter stain nuclei to show the nuclei of the total number
of cells available in the given field. The slides were mounted with mounting medium containing
antifading reagent (Molecular Probes). The images were analyzed using the Phase 3 Pro
program for fluorescent microscopy (Media Cybernetics).

[0089] Envelope-specific Antibody determination The measurement of IgG antibodies specific
for Envelope was performed by ELISA (enzyme linked immunosorbent assay) in both
immunized and control mice. Nunc-ImmunoTM Plates (Nalge Nunc International, Rochester,
NY) were coated with 1ug/ml of clade B recombinant HIV-1 IlIB glycoprotein soluble gp160
(Immuno Diagnostics, MA), clade A/E primary envelope protein HIV-1 93TH975 gp120 and
clade C primary envelope protein HIV-1 96ZM651 gp120 (NIH AIDS Research and Reference
Reagent Program, Rockville, MD, USA), respectively, and incubated overnight at room
temperature. After washing, plates were blocked with 3% BSA in PBST (1 x PBS + 0.05%
Tween-20) for 1 h at 37°C. Then plates were washed again and incubated with the specific
mouse sera, diluted with 3% BSA in PBST overnight at 4°C, followed by incubation with a
1/10,000 dilution of HRP-conjugated goat anti-mouse IgG (Jackson ImmunoResearch, West
Grove, PA) for 1 h at 37°C. The reaction was developed with the substrate TMB (3, 3y, 5, 5y -
tetramethylbenzidine) (Sigma-Aldrich). Reaction was stopped with 100 pl of 2.5M sulfuric acid
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per well and the plates were read on the EL808 plate reader (Biotech Instrument Inc.) at OD of
450 nm.

[0090] Immunization of Mice Female 4-6-week-old BALB/c mice were purchased from The
Jackson Laboratory, Bar Harbor, ME. The breeding pairs of transgenic B6.Cg-Tg (HLA-A/H2-
D)2Enge/J mice were purchased from the Jackson Laboratory and bred by Dr. Michelle Kutzler
in our lab. These transgenic mice express an interspecies hybrid class | MHC gene, AAD, which
contains the alpha-1 and alpha-2 domains of the human HLA-A2.1 gene and the alpha-3
transmembrane and cytoplasmic domains of the mouse H-2Dd gene, under the direction of the
human HLA-A2.1 promoter. The mouse alpha-3 domain expression enhances the immune
response in this system. Compared to unmodified HLA-A2.1, the chimeric HLA-A2.1/H2-Dd
MHC Class | molecule mediated efficient positive selection of mouse T cells to provide a more
complete T cell repertoire capable of recognizing peptides presented by HLA-A2.1 Class |
molecules. The peptide epitopes presented and recognized by mouse T cells in the context of
the HLA-A2.1 Class | molecule are the same as those presented in HLA-A2.1+ humans. The
female 4-6-week-old transgenic mice were used for further study described below. Their care
was in accordance with the guidelines of the National Institutes of Health and the University of
Pennsylvania Institutional Care and Use Committee (IACUC). Each mouse was immunized
intramuscularly with three times, each of 100 ug of DNA at biweekly intervals. There are three
mice in each group and the control group was vaccinated with pVAX DNA. Mice were sacrificed
one week after the third immunization and the spleens were removed aseptically. The spleen
cells were collected and resuspended in RBC lysis buffer to remove erythrocytes. After lysis,
the splenocytes from the same group were pooled and resuspended in RPMI 1640 medium
with 10% FBS. Cells were counted and prepared for analysis.

[0091] IFN-y ELISpot Assay. High-Protein Binding IP 96 well Multiscreen™ plates (Millipore,
Bedford, MA, USA) were used. Plates were coated with mAb to mouse IFN-y (R&D Systems,
Minneapolis, MN) diluted in 1XPBS, overnight at 4°C. Plates were washed three times with PBS
and then blocked for 2 h at room temperature with 1XPBS supplemented with 1% BSA and 5%

sucrose. Mice Splenocytes were added in triplicates at an input cell number of 2 x 10° cells per
well resuspended in complete culture medium (RPMI 1640 supplemented with 10% FBS and
antibiotics). Six sets of peptides each containing 15 amino acid residues overlapping by 11
amino acids representing the entire protein consensus sequences of HIV-1 subtype B, subtype
C, group M and the entire protein sequences of HIV-1 MN (a subtype B isolate), HIV-1
C.UY.01.TRA3011 and C.ZA.01.J54Ma (two subtype C isolates) envelope were obtained from
NIH AIDS Research and Reference Reagent Program. Each set of env peptides were pooled at
a concentration of 2 pg/ml/peptide into 4 pools as antigens for specific stimulation of the IFN-y
release. Concavalin A (Sigma-Aldrich, St. Louis, MO), at 5 g/ml, and complete culture medium
were used as positive and negative control, respectively. Plates were washed four times after a
24 h incubation at 37°C, in a 5% CO2 atmosphere incubator. Then, a biotinilated anti-mouse
IFN-y detection antibody was added, and plates were incubated overnight at 4°C. The plates
were washed, and color development was followed according to the manufacturer's instructions
(ELISPOT Blue Color Module, R&D Systems, Minneapolis, MN). Plates were air-dried and the
spots were counted using an automated ELISPOT reader system (CTL Analyzers, Cleveland,
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OH) with the ImmnunoSpot® software. The average number of spot forming cells (SFC) was

adjusted to 1 x 108 splenocytes for data display. The ELISpot assay was repeated three times
in three separate experiments.

[0092] CD8+ T-cell depletion study. CD8 lymphocytes were depleted from splenocytes by using
immune-magnetic beads coated with antibody to CD8 (Dynal Biotech Inc., Lake Success, NY)
following manufacturer's instructions. After depletion of CD8+ T-cells, IFN-y ELISpot assay was
performed as described above.

[0093] Epitope mapping study. In order to map the reactive epitopes, two sets of peptides
containing 15 amino acid residues overlapping by 11 amino acids representing the entire
envelope proteins of HIV-1 consensus subtype B and HIV-1 MN were pooled into 29 pools of
14-15 peptides/per pool, respectively, and IFN-y ELISpot assay was performed as described
above. These different sets of 29 pooled stimulators were used in a matrix assay which
facilitates epitope mapping.

[0094] Statistical Analysis. Student paired t-test was used for comparison of the cellular
immune response between mice immunized with pEY2E1-B and pEK2P-B. In this study, p<0.05
has been considered statistically significant.

RESULTS

[0095] Construction and design of a novel subtype B early transmitter consensus-based
envelope gene. The consensus sequence of HIV-1 subtype B was generated from 42 subtype
B sequences retrieved from GenBank. As summarized in Fig. 1, several modifications were
carried out after generating the consensus sequence. Briefly, to produce a CCR5-tropic version
of HIV-1 envelope that mimicked mucosally transmitted viruses, six important amino acids in
the V3 loop were designed according to the sequences of early transmitter isolates. Further,
ten amino acids in V1 loop and one amino acid in V2 loop was also deleted from the consensus
sequence. A highly efficient leader sequence was fused in frame upstream of the start codon to
facilitate the expression. The transmembrane domain was kept intact to facilitate surface
expression and the cleavage site was kept intact to obtain proper folding and host proteinase
cleavage of the envelope protein. The cytoplasmic tail was removed to prevent envelope
recycling and to promote more stable and higher surface expression (Berlioz-Torrent, C., et al.
1999. Interactions of the cytoplasmic domains of human and simian retroviral transmembrane
proteins with components of the clathrin adaptor complexes modulate intracellular and cell
surface expression of envelope glycoproteins. J. Virol. 73:1350-1359; Bultmann, A., et al..
2001. Identification of two sequences in the cytoplasmic tail of the human immunodeficiency
virus type 1 envelope glycoprotein that inhibit cell surface expression. J. Virol. 75:5263-5276).
Furthermore, in order to have a higher level of expression, the codon usage of this gene was
adapted to the codon bias of Homo Sapiens genes (Andre, S., et al. B. 1998. Increased
immune response elicited by DNA vaccination with a synthetic gp120 sequence with optimized
codon usage. J Virol 72:1497-503; Deml, L., et al. 2001. Multiple effects of codon usage
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optimization on expression and immunogenicity of DNA candidate vaccines encoding the
human immunodeficiency virus type 1 gag protein. J. Virol. 75:10991-11001). In addition, RNA
optimization (Schneider, R., et al.. 1997. Inactivation of the human immunodeficiency virus type
1 inhibitory elements allows Rev-independent expression of Gag and Gag/protease and particle
formation. J. Virol. 71:4892-4903) was also performed: regions of very high (>80%) or very low
(<30%) GC content and the cis-acting sequence motifs such as internal TATA boxes, chi-sites
and ribosomal entry sites were avoided. The synthetic engineered EY2ZE1-B gene was
constructed and was 2734 bp in length. The EY2E1-B gene was subcloned into pVAX at the
BamHI and Notl sites for further study.

[0096] Phylogenetic analysis. To assess the distribution of the distance from a randomly
sampled envelope subtype B sequence to the EY2E1-B sequence, a phylogenetic analysis was
performed. As shown in Fig. 2, there was an observed relative closeness of the EY2E1-B
sequence to all sampled sequences. The EY2E1-B sequence, when compared with the primary
isolate EK2P-B sequence, has comparable distributions of similarity scores (Table 1). The
average percent similarity score for EY2E1-B was 85.7%, while it was 79.4% for EK2P-B.

Table 1

Average percent similarity scores { Range of percent similarity scores
EY2E1-B 85.7 92.1-79.6
EK2P-B 79.4 86.3-73.9

Table 1. The average and range of percent similarity scores between potential envelope
vaccine candidates and an alignment of subtype B envelope sequences.

[0097] In Vivo Expression and Antigenic Determination of EY2E1-B. In order to test the in vivo
expression of pEY2E1-B and pEK2P-B, RD cells were transfected with these plasmids as
described in Materials and Methods section. Total proteins were extracted from cell lysates
after transfection and immunoblotted with the envelope-specific monoclonal antibody 2G12
mentioned in Materials and Methods section to detect the expression of pEY2E1-B. Western
blot results indicated that these two constructs expressed envelope protein (Fig. 3A). The
envelope protein detected was about 120 KD. Table 2 shows a comparison of pEY2E1-B and

pEK2P-B.
Table 2
Consensus/Primary { Early Codon- jRNA- IgELS {Cytoplasmic
transmitter jopitimized joptimized tail
EY2E1- Consensus Yes Yes Yes Yes {No
EK2P- Primary No Yes Yes Yes {No

[0098] To determine the antigenic epitopes, the expressed envelope proteins from the RD cell
lysates were immunoprecipitated with three different gp120-specific antibodies 2G12, 4G10
and ID6. Following the immunoprecipitation, Western Blotting was performed to detect the
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immnoprecipitated proteins. Our results showed that the synthetic immunogen could bind to
antibodies 2G12 and ID6, but not 4G10. Since antibody 2G12 neutralizes a broad variety of
primary isolates and reacts with a conformational and carbohydrate-dependent gp120 epitope,
and antibody ID6 binds to gp120 and gp160 and is directed against the first 204 aa of gp120,
our results suggested that the synthetic engineered immunogen EY2E1-B might be able to fold
into a relatively native conformation and preserve some native antigenic epitopes. Furthermore,
since the antibody 4G10 is a HIV-1 LAI/BRU V3 monoclonal antibody that recognizes LAl
gp160, a T-cell line adapted strain, our data also suggested that this synthetic envelope would
not utilize the coreceptor CXCR4.

[0099] To further confirm the expression and determine the antigenic epitopes, an indirect
immunofluorescent assay was performed using transfected RD cells. High specific expression
was observed under fluorescent microscope in the pEY2E1-B and pEK2P-B transfected cells.
The HIV-1 env monoclonal F105 that reacts with a discontinuous, or conformational, gp120
epitope was used in the assay. As indicated in Fig. 3B, the transfected cells expressing Env
proteins showed the typical rhodamine fluorescence, again suggesting the synthetic protein
expressed and had a relatively native conformation. As a control, the expression was not
detected in pVAX transfected RD cells.

[0100] Induction of humoral response. To determine whether the synthetic immunogen could
elicit higher-titer envelope-specific antibody response, sera were collected from BalB/C mice
immunized pVAX, pEY2E1-B and pEK2P-B and ELISA was performed. As shown in Fig. 4A, we
observed the relatively higher level of clade B envelope-specific antibody responses with sera
collected from pEY2E1-B immunized mice compared to these in pEK2P-B immunized mice. In
contract, the vector alone mice didn't develop specific antibody responses. However, there
were not any detectable antibody responses against clade A/E and clade C proteins in both
pEY2E1-B and pEK2P-B injected mice (Fig. 4B and 4C), indicating that although the synthetic
consensus-based immunogen has a relatively native conformation and preserve native
antigenic epitopes, it may not be able to induce broad cross-clade antibody immune responses.

[0101] Strong and broad cellular immune responses measured by ELISpot. The BalB/C mice
were immunized with pEY2E1-B and pEK2P-B and ELISpot analysis was performed to
determine the number of antigen-specific IFN-y secreting cells in response to four pools of
peptides from HIV-1 consensus subtype B protein (Fig. 5A). The magnitude of the response as
measured by the number of spot forming units (SFU) per million cells ranged from 27.5 to 520
in pEY2E1-B vaccinated mice. In comparison, splenocytes from pEK2P-B vaccinated mice only
showed the range of spots from 2 to 237.5 (p<0.05). The additive frequency of SFU/per million
splenocytes for all four pools in pEY2E1-B immunized mice was 1976.25 + 260, while the
number of SFU/per million cells in pEK2P-B immunized mice was 519 + 45. Cells from mice
immunized with pVAX vector were used as a negative control, showing only 60 + 5 SFU/per
million splenocytes for consensus envelope B peptides pools (p < 0.05). We observed similar
results in three separate studies. Therefore, the pEY2E1-B construct is up to four times more
potent in driving cell-mediated immune responses. We also determined whether CD8+
lymphocytes were responsible for the IFN-y secretion detected in BalB/C mice immunized with
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pEY2E1-B. As shown in Fig. 5B, the number of SFU/per million cells was reduced to 127.5 + 11
after CD8+ depletion, indicating that there was about 90% of decrease in the frequencies of
IFN-y producing cells observed by CD8+ T-cell depleted ELISpot. The IFN-y production
induced by pEY2E1-B is mediated mainly by CD8+ T-cells.

[0102] In addition, in order to model human T cell immune responses to HLA-A2 presented
antigens and identify those antigens, we performed the same ELISpot assay mentioned above
using transgenic HLA-A2.1/H2-Dd mice. As shown in Fig 5C, the additive frequency of SFU/per
million splenocytes for all four pools in pEY2E1-B immunized transgenic mice was 2362 + 257,
while the number of SFU/per million cells in pEK2P-B immunized transgenic mice was only 493
+ 57. These results indicated that the pEY2E1-B construct is up to four times more potent in
driving cell-mediated immune responses in the transgenic mice. The ELISpot data after CD8
depletion suggested that the IFN-y production induced by pEY2E1-B is primarily mediated by
CD8+ T-cells (Fig. 5D).

[0103] Moreover, we were interested in further detailing the cellular immune responses that
were observed in the ELISpot assay. Accordingly, an additional set of ELISpot assay was
performed against libraries of peptides spanning the consensus subtype B envelope protein. A
complete set of 15-mer peptides overlapped by 11 amino acids, which comprise the subtype B
consensus envelope protein, was used to perform this mapping study. The study illustrated that
there was no clear dominant epitope induced by the synthetic envelope. However, IFN-y
ELISpot analysis of splenocytes derived from the pEY2E1-B-vaccinated BalB/C mice revealed
that there were 18 pools out of 29 pools showing more than 50 spots, while there were only 6
pools in pEK2P-B vaccinated BalB/C mice (Fig. 5E). These results illustrated that there is a
significant increase in the breadth and magnitude of cellular immune responses induced by the
EY2E1-B immunogen.

[0104] Strong cross-reactive cellular immune responses induced bypEY2E1-B. To determine
whether the EY2E1-B immunogen could induce broad and cross-reactive cellular immune
responses, IFN-y ELISpot was performed both in BalB/C and HLA-A2 transgenic mice using
HIV-1 group M, consensus subtype C, HIV-1 MN (subtype B isolate), HIV-1 C.UY.01. TRA3011
and C.ZA.01.J54Ma (two subtype C isolates) envelope peptides. These assays will further
determine if the results observed in Fig. 5A, C and E alone are related to the peptide targets or
actually due to the increase in immune breadth. As shown in Fig. 6A, the additive number of
SFU/per million splenocytes against four pools of HIV-1 MN envelope peptides in pEY2E1-B
vaccinated BalB/C mice was 1855 + 215.8, which was about two times more than those in
pEK2P-B immunized BalB/C mice (SFU/per million splenocytes was 700 + 168.2), indicating
that pEY2E1-B had stronger cross reactivity than pEK2P-B within subtype B. The numbers of
IFN-y spots in response to stimulation with four HIV group M (Fig. 6B) and subtype C (Fig. 6C)
consensus envelope peptides pools in pEY2E1-B immunized BalB/C mice were 1150 + 191.3
and 715 + 116.1, respectively. Compared to the numbers of spots against group M and subtype
C peptides which were 635 + 152.3 and 345 + 82.3 in pEK2P-B vaccinated BalB/C mice, these
data illustrate that the cross-clade immune responses elicited by pEY2E1-B is approximately
45% stronger than those induced by pEK2P-B in BalB/C mice.
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[0105] Importantly, we observed much stronger cross reactive cellular immune responses
induced by pEY2E1-B in transgenic mice (Fig. 6F-J). The additive number of SFU/per million
splenocytes against four pools of HIV-1 MN envelope peptides in pEY2E1-B vaccinated
transgenic mice was 1087 + 153, which was about three times more than those in pEK2P-B
immunized HLA-A2 mice (SFU/per million splenocytes was 316 + 63) (Fig. 6F), indicating that
pEY2E1-B could also elicit stronger cross reactivity than pEK2P-B within subtype B in
transgenic mice. The numbers of IFN-y spots in response to stimulation with four HIV group M
(Fig. 6G) and subtype C (Fig. 6H) consensus envelope peptides pools in pEY2E1-B immunized
transgenic mice were 2116 + 216 and 893 + 154, respectively. Compared to the numbers of
spots against group M and subtype C peptides which were 473 + 50 and 266 + 55 in pEK2P-B
vaccinated transgenic mice, these data indicated that the cross-clade immune responses
elicited by pEY2E1-B is about three to four times stronger than those induced by pEK2P-B in
transgenic mice. Moreover, two subtype C isolate peptide sets that should serve as a stringent
control for evaluating breadth and cross-reactivity achieved by other peptide sets were used to
further determine the cross-clade C immune responses. Although there were not too many
differences of cross reactivity against these two subtype C isolate sets elicited by pEY2E1-B
and pEK2P-B in BalB/C mice (Fig. 6D and E), the cross-clade reactivity against these two
subtype C isolate sets induced by pEY2E1-B is about three times stronger than those induced
by pEK2P-B (Fig. 61 and J). The numbers of spots against C.ZA.01.J54Ma and
C.UY.01.TRA3011 peptides were 1080 + 206 and 890 + 150 in pEY2E1-B vaccinated
transgenic mice, while the numbers were only 305 + 38 and 310 + 62 in pEK2P-B vaccinated
transgenic mice.

[0106] Finally, we determined whether there was also an increase in the breadth of cross-
reactive cellular immune responses against subtype specific targets induced by the EY2E1-B
immunogen by detailing the cellular immune responses against HIV-1 MN observed above both
in BalB/C and HLA-AZ2 transgenic mice. An epitope mapping assay was performed against the
library of peptides spanning the subtype B MN envelope protein. The results suggested that
there was no clear dominant epitope induced by the synthetic envelope in both mouse strains.
However, IFN-y ELISpot analysis of splenocytes derived from the pEY2E1-B-vaccinated BalB/C
mice revealed that there were 14 pools out of 29 pools showing more than 50 spots, while
there were only 9 pools in pEK2P-B vaccinated BalB/C mice (Fig. 7A). Similarly, in transgenic
mice, there were 18 pools out of 29 pools showing more than 50 spots in pEY2E1-B immunized
transgenic mice, while there were only 6 pools in pEK2P-B vaccinated transgenic mice (Fig.
7B). These data indicated that there is a significant increase in the breadth and magnitude of
cross reactive cellular immune responses induced by the EY2E1-B immunogen both in BalB/C
and HLA-A2 transgenic mice.

DISCUSSION

[0107] Worldwide HIV-1 DNA vaccine efforts have been guided by the principle that HIV-specific
T-cell responses may provide some contribution to protection from infection or control of
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replication post-infection. DNA vaccines can impact viral replication although in general they are
not as potent in immune induction as attenuated live viral vectors (Almond, N., et al.. 1995.
Protection by attenuated simian immunodeficiency virus in macaques against challenge with
virus-infected cells. Lancet 345:1342-1344; Berman, P. W., et al. 1996. Protection of MN-
rgp120-immunized chimpanzees from heterologous infection with a primary isolate of human
immunodeficiency virus type 1. J Infect Dis 173:52-9; Boyer, J., et al. 1997. Protection of
chimpanzees from high-dose heterologous HIV-1 challenge by DNA vaccination. Nat Med
3:526-532; Daniel, M. C., et al. 1992. Protective effects of a live attenuated SIV vaccine with a
deletion in the nef gene. Science 258:1938-1941). Strategies aimed at improving the breadth
and magnitude of the cellular immune responses are therefore important. The present
invention provides a novel antigen using several features of immunogens that have been
reported in the literature as separate approaches, but have not been previously assembled
together in one vaccine modality. As proof of concept, a synthetic engineered consensus-based
envelope immunogen was developed and compared with an optimized primary sequence
immunogen for induction of cell-mediated immune responses. Expression data showed that this
engineered new envelope gene could be efficiently expressed in mammalian cell lines although
the expression levels of these two immunogens were very similar (Fig. 3A). We observed in the
immunogenicity studies that the cellular immune responses induced by this functional
immunogen exhibited increased diversity and magnitude compared to the primary envelope
vaccine. Epitope mapping data obtained in both BalB/C and HLA-A2 transgenic mice
demonstrated that this diversity and magnitude improvement was maintained across these
haplotypes. To further confirm this finding, we also developed a consensus-based subtype C
envelope immunogen and compared it with a primary subtype C immunogen, again the
synthetic consensus-based subtype C envelope immunogen exhibited enhanced diversity and
magnitude of cellular immune responses compared to the primary C immunogen (unpublished
data).

[0108] From the point of view of vaccine design strategy, sequence homology between the
vaccine candidate and the infecting or challenging virus may be an important consideration. An
effective approach to minimize the degree of sequence dissimilarity between a vaccine strain
and contemporary circulating viruses is to create artificial sequences that are "central" to these
viruses. One strategy to design such a sequence is to use a consensus sequence derived from
the most common amino acid in every position in an alignment. In this study, we developed a
consensus-based subtype B envelope vaccine and thought this synthetic immunogen would
have higher cross reactivity. Our results did show that there was a diversity of cellular immune
responses induced by the pEY2E1-B vaccine. Peptide mapping results in both Balb/c and
transgenic mice as well indicated that the EY2ZE1-B immunogen broadened the immune
responses. Moreover, the results of cross-reactive cellular immune responses study indicated
that pEY2E1-B could elicit significantly stronger and broader cross-reactive cellular immune
responses. Therefore, the artificial consensus envelope immunogens contain more conserved
epitopes than found in any individual natural isolate and they induce broader cross-clade CTL
responses.

[0109] A consensus sequence theoretically has advantages and disadvantages. Since a
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consensus sequence is generated based on contemporary isolates, it may be genetically closer
to current circulating viral strains than any given natural virus isolate. However, since global
sequencing is generally conducted with viruses sampled during chronic infections instead of
viruses sampled during acute infection, developing a consensus vaccine response on epitopes
that for the most part have escaped may be a disadvantage. To minimize this disadvantage,
one useful strategy for vaccine design would be to take early transmitter sequences into
account. Envelope proteins are among the most difficult HIV proteins to construct artificially
because the hypervariable regions in HIV-1 envelope gene evolve by rapid insertion and
deletion and not by point mutation. The difference of hypervariable regions in length makes it
hard to generate the consensus sequences of these regions. Recently, Gao et al. (Gao, F., Eet
al. 2005. Antigenicity and immunogenicity of a synthetic human immunodeficiency virus type 1
group m consensus envelope glycoprotein. J Virol 79:1154-63) generated a group M
consensus envelope sequence, however, the nonconsensus sequences from corresponding
regions of a CRF08 BC recombinant strain were used in these variable regions. Studies have
indicated that subtype C viruses encoding envelope glycoproteins with shorter V1, V2 and V4
regions are transmitted in recipients with a frequency significantly greater than would be
expected by chance. The subtype A envelope sequences from early infection also had
significant shorter V1 and V2 loop sequences and fewer potential N-linked glycosylation sites
(Chohan, B., D. et al. 2005. Selection for Human Immunodeficiency Virus Type 1 envelope
glycosylation variants with shorter V1-V2 loop sequences occurs during transmission of certain
genetic subtypes and may impact viral RNA levels. J. Virol. 79:6528-6531). In contrast, recently
transmitted subtype B variants didn't have shorter V1 and V2 loops. However, it may be
important to note the subtype B infection cases were primarily the result of homosexual
transmission or drug injection use. Moreover, studies have suggested that a possible functional
consequence of having a compact V1, V2 region is to increase exposure of the CD4 binding
domain, and then to enhance susceptibility to neutralization (Edwards, T. G., et al. 2001.
Relationships between CD4 independence, neutralization sensitivity, and exposure of a CD4-
induced epitope in a Human Immunodeficiency Virus type 1 envelope protein. J. Virol. 75:5230-
5239; Kolchinsky, P., et al. 2001. Increased neutralization sensitivity of CD4-independent
Human Immunodeficiency Virus variants. J. Virol. 75:2041-2050; Pickora, C., et al. 2005.
Identification of two N-linked glycosylation sites within the core of the Simian Immunodeficiency
virus glycoprotein whose removal enhances sensitivity to soluble CD4. J. Virol. 79:12575-
12583; Puffer, B. A, et al.. 2002. CD4 independent of Simian Immunodeficiency Virus Envs is
associated with macrophage tropism, neutralization sensitivity, and attenuated pathogenicity. J.
Virol. 76:2595-2605). We shortened the V1 and V2 regions when we generated the subtype B
consensus sequence.

[0110] The early phase of HIV-1 infection is dominated by non-syncytium-inducing (NSI)
viruses, which replicate slowly and use CCR5 as their main coreceptor. Syncytium-inducing (SI)
viruses, which emerge in about 50% of infected individuals preceding an accelerated CD4 cell
decline and progressive clinical course of infection, use CXCR4 as the main coreceptor. A
differential coreceptor usage of HIV variants has been demonstrated for all subtypes. Subtype
C viruses appear to be different from most other subtypes because an underrepresentation of
CXCR4 using HIV variants in subtype C has frequently been reported. Therefore, CCR5
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utilization should be a very crucial consideration for a vaccine design. Previous reports showed
that the V3 region of gp120 plays an important role in coreceptor utilization. Six residues in V3
loop has been identified to be critical for CCR5 interaction: arginine307, lysine314,
isoleucine316, arginine322, phenylalanine324 and alanine337. However, based on the
sequences of subtype C early transmitters, the residue at position 322 should be glutamine
instead of arginine. In summary, based on the previous studies showing residues important for
CCR5 utilization and the sequences of early transmitters, we designed the subtype B
consensus envelope immunogen that could drive immune responses that may in theory target
CCR5 coreceptor utilization.

[0111] To maximize potential cross-reactivity, a HIV-1 group M consensus envelope sequence
has been created. However, it is possible that subtype-specific envelope consensus vaccines
may represent a compromise for the overall sequence similarity of the vaccine antigen relative
to circulating viruses at least at the level of cellular immune responses. Studies have shown
that there were high rates of selection identified in different regions of subtype B and C
envelope proteins. This may be caused by different immune pressure on different regions of
the envelope protein in subtype B and C. Therefore, there may be advantages in using a
subtype-specific envelope vaccine, as the immune responses to the vaccine and the circulating
virus would share antigenic domains. More experiments comparing group M and subtype-
specific envelope vaccines are needed to further clarify this issue.

[0112] Another important concern about using a consensus sequence is that its sequence may
associate polymorphisms in combinations not found in any natural virus, thus potentially
resulting in improper protein conformations. Previous studies has indicated that a group M
consensus immunogen could fold into native conformation, preserve envelope antigenic
epitopes and elicit weak neutralizing antibody response. Based on the facts that the synthetic
protein could bind to antibodies 2G12, ID6 and F105, we think that the pEY2E1-B may have
somewhat native structural confirmations. Importantly, our data also demonstrated that EY2E1-
B immunogen could induce a higher-titer subtype B envelope-specific antibody, indicating this
synthetic immunogen may preserve more Class Il epitopes as well. More studies in this area
will be important.

[0113] With the generation of new HIV-1 vaccine strategies, there is also an increasing demand
to predict the efficacy of these vaccines in human using preclinical models. In our study, HLA-
A2 transgenic mice were used to study the cellular immune responses elicited by the synthetic
immunogen. Studies have shown that this transgenic strain is an important preclinical model for
design and testing of vaccines for infectious diseases involving optimal stimulation of human
CD8+ cytolytic T cells. In this model the results indicated that EY2E1-B could elicit much
broader and stronger cellular immune responses compared to EK2P-B, suggesting that this
new vaccine may have more potential to induce HLA-A2-restricted cellular responses. Further
study of this immunogen in non-human primates are being planned.

[0114] Taken together, our results suggest that EY2E1-B could serve as an immunogen that
increases both the magnitude and breadth of CTL responses as a DNA vaccine cassette. In
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more general terms, this construct may be useful in other platforms for induction of stronger
and broader cellular immune responses against HIV strains in non-DNA vector approaches.

Example 2 Development of a Novel Engineered HIV-1 Clade C Envelope DNA Vaccine
that Enhances Diversity and Breadth of the Elicited Cellular Inmune Response

[0115] Strong HIV-1 specific CTL responses have an important role in managing viral load
during acute and asymptomatic infection. However, recent studies on consensus immunogens
have not been able to noticeably demonstrate improved cellular immune responses. Here we
test a novel engineered Clade C consensus-based envelope immunogen for improved cellular
immune response. The novel vaccine (pEY3E1-C) was created from the HIV-1 Clade C
consensus envelope sequence. Several modifications were performed including shortening the
highly variable V1 and V2 regions based on early transmitter sequence, retention of the V3 loop
for CCR5 utilization, removal of the cytoplasmic tail region from the C-terminus to prevent
envelope recycling, and retention of the cleavage site and TMD for proper folding. Also, an IgE
leader sequence was added to the N-terminus. This consensus DNA vaccine was also RNA
optimized and codon optimized. The cellular immune response was studied in BalB/C mice via
ELISpot and epitope mapping assays. When studied as a DNA vaccine, compared to pEK3P-C
(derived from a primary isolate of Clade C env), our construct (pEY3E1-C) was more effective
at driving a cellular immune response. pEY3E1-C elicited a cellular immune response greater in
magnitude than pEK3P-C when stimulated by Consensus Clade C peptides. Additionally, the
consensus immunogen elicited an increase in the magnitude of the cellular immune response
when stimulated by two other sets of primary isolate peptides also from Clade C. In addition to
augmented magnitude, enhanced breadth of the CTL response was supported by the pEY3E1-
C's ability to induce at least 15 out of 29 strongly reactive peptide pools (having more than 50
spots/per million splenocytes), while pEK3P-C only induced 3 out of 29 pools and 9 out of 29
pools with strong reactivity in response to two primary isolate peptide sets, which were selected
for their uniqueness and ability to serve as a stringent control for evaluating breadth.
Furthermore, pEY3E1-C elicited a stronger Cross-Clade cellular immune response when
stimulated with Clade B peptides. The consensus immunogen pEY3E1-C enhances both the
magnitude and breadth of CTL responses as a DNA vaccine cassette, suggesting that the
potential for consensus immunogens to serve as a component antigen in a HIV vaccine cocktail
merits further examination.

[0116] With wide genetic diversity, rapid mutation, and recombination of the existing strains, the
difficulty of generating an effective vaccine is tremendous. A candidate DNA vaccine derived
from an individual isolate may not be able to elicit the cross-reactivity necessary for protection
against the diverse circulating strains of HIV-1.

[0117] Additionally, it has been reported that DNA vaccines expressing the HIV-1 envelope
glycoprotein are not very immunogenic.

[0118] We have used a multiphase strategy to increase the potency of the CTL response
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elicited by the DNA vaccine to possibly provide protection against circulating strains of the virus.

[0119] Recent studies have shown that a consensus immunogen may overcome the diversity
obstacle created by the rapidly evolving HIV-1 virus.

[0120] Derdeyn et al. found that a shorter V1-V4 region is characteristic of early transmitting
subtype C virus and our construct has been designed to carry this feature which might be
useful in producing a immune response resulting from early transmitted viruses.

[0121] Furthermore, the expression levels of our DNA vaccine have been enhanced by codon
optimization, RNA optimization, and the addition of an immunoglobulin leader sequence.

[0122] HIV-1 specific CTL responses have been shown to be important in controlling viral load
during acute and asymptomatic infection and the development of AIDS, thus the following data
focuses on the CTL responses elicited by our novel immunogen.

[0123] Figure 13 depicts the immunogen design for development of a novel engineered HIV-1
clade C Envelope DNA Vaccine that enhances diversity and breadth of the elicited cellular
immune responses.

[0124] Figure 14 shows phylogenetic Relationships: Thirty-Six HIV-1 subtype C envelope
sequences, EY3E1-C, EK3P-C, two subtype B, one subtype A and one subtype D sequences
(outgroup) were included in the phylogenetic analysis. The subtype C envelope sequences
representing a broad sample of diversity were from 12 countries.

[0125] Table 3 shows the average and range of percent similarity scores between potential
envelope vaccine candidates and an alignment of subtype C envelope sequences.
Table 3

Average % Similarity Scores Range of % Similarity Scores
pEY3E1-C 85.3 82.7-93.1
pEK3P-C 87.4 83.6-90.2

[0126] Three groups of three Balb/C mice were immunized with 100 pg of DNA 3 times with two
weeks between immunizations. On the seventh week, spleens were harvested for cellular
studies.

[0127] As shown in Figure 15 Panels A and B, strong cellular response elicited by pEY3E1-C.

[0128] Figure 16 shows strong and broad cellular responses elicited by pEY3E1-C. When
stimulated with 29 pools of Consensus C env peptides: pEY3E1-C vaccinated mice elicited
more than 50 spots/million splenocytes from 23 pools; pEK3P-C vaccinated mice elicited more
than 50 spots/million splenocytes from 2 pools.
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[0129] Figure 17 Panels A-D show strong cross-reactive cellular responses elicited by pEY3E1-
C within the same clade.

[0130] Figure 18 Panels A and B show strong and broad cross-reactive cellular responses
elicited by pEY3E1-C. Panel A shows data from subtype C (Uruguay) env-Specific IFN-y
ELISpot. When stimulated with 29 pools of Clade C (Uruguay) env peptides: pEY3E1-C
vaccinated mice elicited more than 50 spots/million splenocytes from 12 pools; pEK3P-C
vaccinated mice elicited more than 50 spots/million splenocytes from 3 pools. Panel B shows
data from Subtype C (S. Africa) env-Specific IFN-y ELISpot. When stimulated with 29 pools of
Clade C (S. Africa) env peptides: pEY3E1-C vaccinated mice elicited more than 50 spots/million
splenocytes from 13 pools; pEK3P-C vaccinated mice elicited more than 50 spots/million
splenocytes from 5 pools.

[0131] Figure 19 Panels A-f show strong cross-reactive cellular responses elicited by pEY3E1-
C between clades.

[0132] There is a significant increase in the breath and magnitude of cellular immune
responses induced by the EOC immunogen. Broader cross-clade reactivity appears as an
additional benefit of this immunogen.

Comparative Example 3:

Efficacy of a novel engineered HPV-16 DNA vaccine encoding a EG/E7 fusion protein

[0133] The immunogen has been designed to be expressed as a polyprotein whereby E6 and
E7 sequences are separated by a proteolytic cleavage site. The polyprotein is also expressed
with an IgE leader sequence. The polyprotein design includes deletions or mutations in the E6
sequence which are important for p53 binding and degradation and mutations in Rb binding
site on the E7 protein. Figure 23 provides an illustration of the immunogen design.

[0134] Coding sequences encoding the polyprotein were inserted into the vector pVAX to
produce plasmid p1667 Figure 24 shows maps of pVax and p1667.

[0135] TC1 tumor cells were immortalized with HPV-16 E7 and transformed with the c-Ha-ras
oncogene. These cells express low levels of E7 and are very tumorigenic.

[0136] In the immunogenicity study in mice, 3 mice/per group of C57BL6 mice were
administered 100 yg DNA/per mouse. Groups included 1) control which were administered
pVAX- control vector and 2) test which were administered p1667. Mice were vaccinated on
days 0, 14 and 28. On day 35, mice were sacrificed and ELISPOT was performed (Focus on
CMI).
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[0137] The data for cellular immune responses induced by the DNA Immunogen p1667 is
shown on Figure 25. HPV16 consensus E6 and E7 peptides (37, 15-mers overlapping by 9 aa)
were used in two pools - pool 1: 18 peptides; pool 2: 19 peptides. Panels A and C show data
from total spleenocytes. Panels B and D show data from samples with CD8 depletion.

[0138] Figure 26 shows results of immunodominant epitope mapping. Two sequences are
noted.

[0139] In prophylactic experiments in mice, 5 mice/per group of C57BL6 mice were
administered 100 yg DNA/per mouse. Groups included 1) naive (PBS injected), 2) control which
were administered pVAX- control vector and 3) test which were administered p1667. Mice were
vaccinated on days 0, 14 and 28. On day 35, mice were challenged with TC-1 cells and
thereafter tumor size measurements were made. Results are shown in Figure 27. Data from a
group in which IL-15 construct was co-administered is also shown.

[0140] In tumor regression experiments in mice, 5 mice/per group of C57BL6 mice were
administered 100 yg DNA/per mouse. Groups included 1) naive (PBS injected), 2) control which
were administered pVAX- control vector and 3) test which were administered p1667. Mice were
challenged with 5 x 104 TC-1 cells at Day 0. Mice were administered DNA vaccine on days 3,
10 and 17. Tumors were measured starting at day 8. Results are shown in Figure 28. Data
from a group in which IL-15 construct was co-administered is also shown.

[0141] The level of E7 Tetramer positive lymphocytes in spleens was determined. Figure 29
shows the data as the percent E7 Tetramer positive lymphocytes. DNA vaccine p1667 induces

the activation of E7-specific CD8+ T cells that are CD62L'° within spleens.

[0142] The level of E7 Tetramer positive lymphocytes in tumors was determined. Figure 30
shows the data as the percent E7 Tetramer positive lymphocytes. DNA vaccine p1667 induces

the activation of E7-specific CD8+ T cells that are CD62L'° within tumors

[0143] A E6/E7 DNA Vaccine protection study in transgenic mice was undertaken. A
comparison was made among naive, pVAX, p1667, p1667 + IL-15 and E7/HisB. Data is shown
in Figure 31. p1667 and p1667 + IL-15 protected completely.

[0144] The data presented herein support the following conclusions. The p1667 construct
induces a strong cellular immune response capable of inducing E7-specific CD8+ lymphocytes
that mediate the elevated IFN-g responses. We have identified both dominant and novel
subdominant HPV-16 epitopes against which antigen-specific CTL are generated after
administration of the DNA construct. The p1667 construct is capable of preventing tumor
growth and causing the regression of tumors in both C57/BL6 and transgenic mice. DNA
vaccine p1667 shows great potential for a novel therapeutic strategy to target microscopic
HPV-associated cancer.

Example 4
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[0145] Nucleic acid sequences encoding HIV Env consensus sequences may be administered
as DNA vaccines in combination with nucleic acid sequences encoding various other HIV
proteins such as Gag, Pol, Gag/Pol, Nef, Vif, and Vpr using for example electoporation
technology for intramuscular or intradermal delivery. Multivalent/polyvalent HIV vaccine
constructs may provide enhanced immune responses and be particularly useful. In some
embodiments, IL-12 coding sequences are additional provided. U.S. Patent application
publication number 20070106062, discloses an HIV Vif DNA vaccine. U.S. Patent application
publication number 20040106100, discloses HIV vaccines comprising HIV accessory proteins
as well as the sequences of such proteins which may be used to prepare additional vaccine
constructs. U.S. Patent Nos. 6,468,982, 5,817,637, and 5,593,972 disclose DNA vaccines
including HIV gag, HIV pol and HIV gag/pol constructs. Electroporation is described in U.S.
Patent No. 7,245,963. PCT application PCT/US97/19502, discloses IL-12 constructs. U.S.
Application Publication No. 20070041941 discloses constructs encoding IL-15.

Example 5

[0146] Two groups of macaques were IM immunized three times with optimized plasmid gag
and env constructs with or without plasmid IL-12. The same immunization strategy was used
for two additional groups but the plasmids were delivered with or without in vivo electroporation.

[0147] Cellular responses were determined by IFNy ELISpot after each immunization and five
months later for memory responses. Throughout the study humoral responses were evaluated
by recombinant p24 and gp160 ELISA. The proliferative capacity of antigen-specific T cells
were determined by CFSE staining. Intracellular cytokine staining was done to further
characterize the functional characteristics of the induced T-cell response.

[0148] Plasmid IL-12 enhanced cellular responses to our optimized constructs. However the
use of electroporation to enhance the delivery of plasmids was able to improve both the cellular
and humoral response compared to IM immunization with plasmid IL-12. The combination of
plasmid IL-12 and electroporation resulted in the best immune responses, both primary and
memory, as measured by a variety of parameters.

[0149] Optimized DNA constructs encoding HIV gag and env in rhesus macaques in the
presence or absence of plasmid IL-12 as a DNA adjuvant was compared. IL-12 could
substantially increase T cell responses 5-fold in a quantitative ELISpot format resulting in
substantially better memory T cell responses. However, EP delivered DNA was more efficient at
generating T cell responses and memory that were 2-fold higher compared to the IL-12 IM
adjuvanted DNA vaccine. The best responses were observed in the combination arm of EP +
IL-12 adjuvant. Memory responses in this arm were 10-fold higher than the IM DNA alone and
almost 2-fold higher than EP alone. We also observed 4-fold better immune expansion by
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CFSE in the EP + IL-12 arm compared to EP alone. The presence of polyfunctional T cells also
suggested that the DNA + cytokine + EP arm is most effective.

Materials and Methods

Animals:

[0150] Rhesus macaques (Macaca mulatta) were housed at BIOQUAL, Inc. (Rockville, MD), in
accordance with the standards of the American Association for Accreditation of Laboratory
Animal Care. Animals were allowed to acclimate for at least 30 days in quarantine prior to any
experimentation.

Immunization:

[0151] Five rhesus macaques were immunized at weeks 0, 4, and 11 with 1.0mg of pGag4Y
and pEY2E1-B. The DNA at each immunization time point was delivered into two injection sites,
one in each quadriceps muscle. Three of the macaques were electroporated following IM
injection. Another group of five macaques were immunized at weeks 0, 4, and 8 with 1.0mg of
pGag4Y, pEY2E1-B, and WLV104. Of the five animals, two animals received the immunization
by IM injection and three animals were electroporated following IM injection. All electroporation
procedures were performed using the constant current Cellectra™ device (VGX Immune
Therapeutics Division of VGX Pharmaceuticals, The Woodlands, TX). Electroporation
conditions were 0.5 Amps, 3 pulses, 52 msec pulse length with 1 sec between pulses. This
software-controlled device was designed to measure the tissue resistance immediately prior to
plasmid delivery and generation of constant current square wave pulses, eliminating the risk of
delivery outside the muscle tissue and potential plasmid loss.

Blood Collection:

[0152] Animals were bled every two weeks for the duration of the study. 10 mL of blood were
collected in EDTA tubes. PBMCs were isolated by standard Ficoll-hypaque centrifugation and
then resuspended in complete culture medium (RPMI 1640 with 2mM/L L-glutamine
supplemented with 10% heat-inactivated fetal bovine serum, 100 1U/mL penicillin, 100ug/mL
streptomycin, and 55uM/L B-mercaptoethanol.) RBCs were lysed with ACK lysis buffer
(Cambrex Bio Science, East Rutherford, NJ).

Plasmids and plasmid products:
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[0153] Gag4Y contains an expression cassette encoding for a consensus sequence of the gag
protein of HIV clades A, B, C, and D with several modifications including: the addition of a kozak
sequence, a substituted IgE leader sequence, codon and RNA optimization for expression in
mammalian cells (SEQ ID NO:11 discloses HIV Gag consensus sequence.). The Gag4Y gene
was subcloned into the expression vector, pVax, for further study. pEY-2E1-B contains an
expression cassette encoding for a consensus sequence of the envelope of HIV clade B. (SEQ
ID NO:3 discloses HIV Env consensus sequence.) WLV104M is a plasmid encoding a rhesus
IL-12 gene. Plasmids were produced at Aldevron (Fargo, ND), and re-formulated at VGX
Immune Therapeutics (The Woodlands, TX), in sterile water for injection with low molecular
weight 0.1% poly-L-glutamate sodium salt

CFSE of Cryo-preserved PBMCs

[0154] Cryo-preserved PBMCs were quick-thawed in a 37°C water bath and washed with
complete media. Cells were incubated overnight in a 37°C incubator and cell counts were
obtained the following day. Cells were pelleted and resuspended in 1 ml CFDA SE (Molecular
Probes, Eugene, OR) in PBS (1:2000 dilution). Cells were incubated at 37°C for 10 min. Cells

were washed with complete media and resuspended to a concentration of 1x108 cells/100 ul
and plated in 96 well round bottom plates with 100 ul of 2 pg/ml recombinant HIV-1 p24 or
gp120 (ImmunoDiagnostics, Woburn, MA) plus peptide pools. 5 pg/ml Concavalin A (positive)
and complete media (negative) were used as controls. Cultures were incubated for 5 days.
Cells were first stained with Vivid dye violet, a live/dead cell marker, for 15 min on ice. Cells
were washed once with PBS. Cells were then stained using anti-human CD3-PE (clone SP34-2)
(BD Pharmingen) and anti-human CD4-PerCP (clone L200), anti-human CD8-APC (SK1) for 1
hour at 4°C. Cells were then washed twice with PBS and fixed with 1% paraformaldehyde. Data
was collected using a LSRII flow cytometer (BD Biosciences, Franklin Lakes, NJ). Flow

cytometry data was analyzed using FlowJo software (Tree Star, Ashland, OR), gating on CD3*

lymphocytes. Thirty to fifty thousand CD3* lymphocytes were collected per sample.

Enzyme Linked Immunosorbant Assay (ELISA):

[0155] Ninety-six well plates were coated overnight with 100ng/well of recombinant HIV-1 11IB
p24 or gp120 (ImmunoDiagnostics) to determine HIV gag and env responses respectively.
Plates coated with 100ng/well of bovine serum albumin served as a negative control. Plates
were blocked with 3%BSA-PBST for 1 hour at 37°C. Plates were then incubated with four-fold
serial serum dilutions for 1 hour at 37°C. Goat anti-monkey IgG horseradish peroxidase
conjugated antibody was then added at a 1:10,000 dilution (MP Biomedicals, Aurora, OH) to
the plates and incubated for 1 hour at 37°C. Tetramethylbenzidine (R&D systems, Minneapolis,
MN) was used to develop the plates and reactions were stopped with 2N H>SO4. Optical

densities (OD) were then measured.
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[0156] IgG end-point titers were defined as the reciprocal serum dilution that resulted in OD
values that were greater than twice the average OD value of the BSA wells.

Enzyme Linked Immunospot Assay (ELISpot)

[0157] Antigen specific responses were determined by subtracting the number of spots in the
negative control wells from the wells containing peptides. Results are shown as the mean value
(spots/million splenocytes) obtained for triplicate wells.

1. Intracellular Cytokine Staining

Antibody Reagents

[0158] Directly conjugated antibodies were obtained from the following: BD Biosciences (San
Jose, CA): IL-2 (PE), CD3 (Pacific Blue), IFN-y (PE-Cy7), and TNF-a (Alexa Fluor 700), CD8
(APC) and CD4 (PerCP).

Cell stimulation and staining

[0159] PBMCs were resuspended to 1 x 108 cells/100 ul in complete RPMI and plated in 96
well plates with stimulating peptides 100ul of 1:200 dilutions. An unstimulated and positive
control (Staphylococcus enterotoxin B, 1 pyg/mL; Sigma-Aldrich) was included in each assay.
Cells were incubated for 5 hours at 37°C. Following incubation, the cells were washed (PBS)
and stained with surface antibodies. The cells were washed and fixed using the
Cytofix/Cytoperm kit (BD PharMingen, San Diego, CA) according to instructions. Following
fixation, the cells were washed twice in the perm buffer and stained with antibodies against
intracellular markers. Following staining, the cells were washed, fixed (PBS containing 1%
paraformaldehyde), and stored at 4°C until analysis.

Flow cytometry

[0160] Cells were analyzed on a modified LSR Il flow cytometer (BD Immunocytometry
Systems, San Jose, CA). Fifty thousand CD3+ events were collected per sample. Data analysis
was performed using FlowJo version 8.4.1 (TreeStar, San Carlos, CA). Initial gating used a
forward scatter area (FSC-A) versus height (FSC-H) plot to remove doublets. The events were
subjected to a lymphocyte gate by a FSC-A versus SSC plot. Following this, events are

sequentially gated on CD3*, CD8*, and CD4  events versus IFN-y to account for down-
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regulation. Following identification of CD8" T cells, a gate was made for each respective
function using combinations that provided optimal separation. After the gates for each function
were created, we used the Boolean gate platform to create the full array of possible
combinations, equating to 8 response patterns when testing 3 functions. Data are reported
after background correction. Thresholds for positive responses were 10 events or 0.05%.

Statistical Analysis

[0161] Data are analyzed using Prism Graphpad software, and is expressed as means + SEM.

Results

ELISpot Analysis

[0162] The induction of the cellular immune response was evaluated after each immunization
by IFNy ELISpot. After a single immunization (Figure 1), the group receiving plasmid DNA by IM

injection alone displayed weak cellular responses (74 + 29 SFU/108 PBMCs). Co-immunization

with rhesus IL-12 plasmid resulted in a higher response (136 + 51.4 SFU/10® PBMCs). The
electroporated (EP) group had an average response that was six times higher than the IM

group (482 + 181 SFU/10% PBMCs). The combination of IL-12 co-immunization with EP further
doubled the number of IFNy-producing cells (1030 + 494 SFU/10% PBMCs).

[0163] After two immunizations (Figure 1), the IM and IM +IL-12 groups had a modest increase
in ELISpot counts (104 + 67.9 SFU/108 PBMCs and 223 + 76.6 SFU/10% PBMCs, respectively).

EP group had responses that were almost four fold higher (1924 + 417 SFU/108 PBMCs) than
the previous immunization and the EP+IL-12 group had again doubled the number of IFNy-

producing cells (2819 + 872 SFU/10% PBMCs) compared to the EP arm alone.

[0164] After the third immunization (Figure 1), the number of antigen specific cells in the EP
group was more than a log higher than that of the IM group (5300 + 3781 and 370 £ 110

SFU/10% PBMCs, respectively). The IM+IL-12 group also had a dramatic increase in cellular
responses with ELISpot counts that were nearly a log higher than the previous immunization

(2042 + 311 SFU/108 PBMCs). As with the other two immunizations, the EP+IL-12 group was
the most potent of all the vaccination groups (7228 + 2227 SFU/108 PBMCs).

Induction of cross-reactive envelope responses
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[0165] A successful HIV vaccine will require the induction of a cross-reactive immune
responses in this regard it was interesting to see if EP + IL-12 could improve the magnitude of
cross-reactivity to divergent peptide libraries. We compared the cross-reactive CTL responses
induced by the env antigen using a peptide library from a consensus group M. Cross-reactivity
was observed in all groups. However the results displayed the same magnitude differences
observed in the subtype B ELISpot analysis (Figure 2). After 3 immunizations, the IM group had

the lowest response to the group M envelope peptides (222 + SEM SFU/108 PBMCs). The
addition of IL-12 doubled the response (540 *+ SEM SFU/10® PBMGCs). Higher group M
envelope responses were induced with EP (830 + SEM SFU/108 PBMCs), which were further
enhanced with IL-12 co-injection (1238 + SEM SFU/108 PBMCs).

1. Memory T cell Responses

[0166] An important issue is to be able to improve the generation of memory responses with
the DNA platform. We performed ELISpot analysis five months after the last DNA vaccination
(Figure 3). In the IM groups, the addition of plasmid IL-12 resulted in nearly a 10-fold increase

in memory cells (751 + 11.1 and 78.6 + 16.9 SFU/10% PBMCs). It is clear that IL-12 can
positively impact this important T cell phenotype. The number of antigen-specific IFNy
producing cells was substantial in the EP group as well, however the IL-12 adjuvant + EP

resulted in the most robust memory response (1231 + 523.5 and 3795 + 1336 SFU/10% PBMCs
respectively), a response showing that the combined technology drives very strong T cell
memory responses.

Humoral immune responses to DNA vaccines

[0167] A weakness of IM DNA vaccine technology lies in its inability to induce clear antibody
responses in non-human primates and in human clinical studies. We evaluated each group's
ability to induce both HIV-1 gag and env specific antibody titers to recombinant p24 and gp160
antigens in an ELISA format. For both antigens, the IM and IM + IL-12 groups did not show
significant antibody titers (<1:50 endpoint titer). The electroporated groups exhibited
dramatically higher gag antibody titers that were able to bind to recombinant p24. Although
both the EP and the EP + IL-12 groups had similar endpoint titers at week 12 (22,400 and
12,800 respectively), the EP + IL-12 group generated a more efficient antibody response. That
response appeared earlier in the immunization scheme and rose to the maximum level
quickest. The env antibody responses also reflected the results we observed with the gag
antigen, albeit with lower endpoint titers.

CD4* and CD8* T cell proliferation
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[0168] Having observed substantial ELISpot responses, we next examined additional

parameters of cellular immunity. We examined the ability of gag specific CD4™ and CD8* T cells
to proliferate in vitro following peptide stimulation among the different immunization arms. Cryo-
preserved samples, collected two weeks after the final immunization, were stimulated and

analyzed by CFSE assay. The average CD4™" response increased similar to that observed in
the ELISpot assay. By comparison, the CD8 proliferation induction was much more dramatic in

magnitude. We observed that IL-12 increased CD8* T cell proliferation over IM alone and EP

was substantially higher. The EP + IL-12 group had the highest percentage of CD8™ cells that
were able to proliferate after in vitro stimulation (2.51 + SEM % and 4.88 + SEM %,
respectively). Obvious CD8 T cell proliferation bands were observed in the EP + IL-12 arm,
demonstrating the potent proliferative potential of this combined immunization.

Polyfunctional CD8* T cell responses

[0169] Although we have clearly observed the induction of a robust IFNy effector response
following EP and IL-12 co-immunization, we wanted to further characterize the functions of the

antigen specific CD8" T cell responses in the various arms. Samples taken three months
following the final immunization were stimulated with gag peptides and stained for intracellular
cytokine production of IFNy, TNFa and IL-2. Qut of all groups, only one animal in the IM + IL-12
and one animal in the EP only group had a detectable IFNy response. However two out of the

three animals in the EP + IL-12 immunized group had gag-specific IFNy producing CD8* T
cells. The IM + IL-12 responder had a small percentage of polyfunctional cells that stained for
all three cytokines as well as a population that had lost its ability to produce IL-2. The EP
responder had slightly higher polyfunctional responses that were comprised of four different
populations. The most dramatic response was seen in the second EP + IL-12 animal. More

than 2% of its CD8" T cells were able to produce all three cytokines and 2% were able to
produce both IFNy and TNFa. Clearly the number of animals in each group is low and requires
additional primate studies to confirm these results, however collectively the trends observed
appear clear and encouraging.

Discussion

[0170] IL-12 as a DNA vaccine adjuvant improved ELISpot responses several fold over plasmid
alone. In addition proliferation was clearly enhanced. The EP group exhibited a higher average
response than either IM group alone or the IM + IL-12 arm exhibiting a combined ELISpot
response that was 3x higher than the IM + IL-12 group. The best ELISpot responses were
observed in the EP + IL-12 arm, which was almost 4x over the IM+IL-12 arm 19x IM alone.

[0171] After each immunization the magnitude of the antigen-specific response by IFNy
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ELISpot was determined. After a single immunization all of the animals in the EP and EP + IL-
12 groups not only had detectable responses, they had averages that were higher than those
seen in the IM group after three immunizations. After two immunizations, IFNy responses in the
EP and EP + IL-12 groups were comparable to responses that have been reported in studies
using viral vectors. Substantial memory responses were observed in the IM + IL-12 and both
EP groups five months after the last immunization.

[0172] IM immunization, with or without IL-12, did not result in a significant amount of antibody.
Electroporation was able to enhance the humor immune response as reported previously. All of
the animals in the electroporated groups seroconverted. Although the EP and the EP + IL-12
groups had similar endpoint titers after three immunizations the kinetics of antibody induction
was slightly faster in the EP + IL-12 group.

[0173] The proliferative capacity of CD8 T cells appeared to be enhanced with EP and plasmid
IL-12. This data supports the memory expansion observed in the ELISpot assay where
expansion of antigen specific T cell is likely a result of the enhanced proliferative potential of the
EP+ IL-12 arm.
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<212> DNA

<213> Artificial Sequence

<220>

<223> Subtype A consensus Envelope DNA sequence construct

<400>1
ggatccatgg

agagtgatgg
ggcatgatea
cctgtgtaga
accgaagtge
gagatcaacc
cagatgcaca
acccctetgt
ggcgagatca
gtgtacagec
cagtaccggce
ttegagecea
gacaaggagt
ggcatcaagce

gtgatgatee

aagecaecgtga
ggcectggea
tgcaatgtga
aagtacttca
accacccaca
aacagcacct
atcaccctge
atgtacgcec
ctgaccagag
gacatgaggg
ctgggegtgyg
ggcatcggeg
agcatcacece
aacctgotga
aaacagcetge
ggeatctggyg

tagagcaaca

actggacctg
gcatcocageyg
tecatctgetce
aggacgccga
acaatgtgtg
tggagaacgt
cegacateat
gecgtgaccet
agaactgcag
tgttctacaa
tgatcaactg
tccceatcca
ttaacggecac
ccgtggtagtce

ggagcgagaa

agatcaattyg
aggcctteta
gceggacega
acaacaagac
gcttcaattyg
ggaacggcaa
cctgecggat
ctcccatcca
atggcggcga
acaactggcg
ccceccaccaa
cegtgttect
tgaccgtgca
gagccatcga
aggeccegegt
getgecagegyg

agagccagaq

gattctgtte
gaattgoccag
tgcegecgag
gaccaccctg
ggccacaecac
gaccgaggag
cagactagtgg
gaactgcagac
cttcaacatg
gctggacgtyg
caacaccagc
ctactgegce
cggcecctge
cacccagetyg

catcaccaac

cacccggeea
cgccaccgyge
gtggaacgag
catcatette
tggcggegag
cggeaccaag
caagcagatc
gggcgtgate
caacaacagce
gagcgagetg
ggccaagaga
gggcettectg
ggccagacag
ggcccageaqg
getggecgtyg
caagetgate

cgagatctaa

ctggtggecy
cacctgtgga
aacctgtggg
ttetgegeoca
goectgegtge
ttcaacatgt
gaccagagoc
aacgtgaacg
accaccgage
gtgcagatca
gccatcaccce
cctgeegget
aagaatgtga
ctgetgaacyg

aacgccaaga

aacaacaaca
gacatcatcg
accctgocaga
accaacagca
ttcttetact
aagaagaaca
atcaatatgt
agatgcgaga
aagaacgaga
tacaagtaca
agagtggtgg
ggagcegeceg
ctgetgageg
cacctgetga
gagagatacc
tgcaccacca

gacaacatga

ccgeccaceag
gatggggcac
tgaccgtgta
gcgacgccaa
ctaccgatce
ggaagaacaa
tgaagccttyg
tgaccaccaa
tgcgggacaa
acaagagcaa
aggecctgecce
tegaeatect
gcaccgtgea
gcagectgge

acatcategt

coccggaagag
gecgatatcag
aagtggccaa
geggeggcag
gcaataccte
gcaccgagag
ggcagagggt
gcaacatcac
ccttcagace
aagtggtgaa
agcgggagaa
gaagcaccat
gcattgtgea
agctgacagt
tgaaggacca
acgtgececctyg

cctaactaca

agtgcacagce
catgatectg
ctacggcgtyg
ggcctacgat
caacceccaqg
catggtggag
cgtgaagectg
catcatgaag
gaagcagaaa
cageageage
caaagtgagc
gaagtgcaag
gtgcacccac
cgaggaggaa

gcagctgacc

catcagaatc
gcaggeceac
gcagetgegg
actgagaatc
cggectgtte
caacgacace
gggecaggec
cggcetgety
tggcggaegga
gatogagecce
gagagctgtg
gggagccagec
gcagcagagce
gtggggcate
gcagctgetg
gaatagcagce

atgggacaaq
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60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



gagatcagca actacaccga tatcatctac aacctgatcg aggagagcca gaaccagcag
gagaagaacg agcaggatct gotggecocctg gacaagtggg ccaacctgtg gaactggttce

gacatcageca actggetgtg gtacatcaag atcttcatca tgattgtggg cggectgatce

ggcctgagaa tcgtgttege cgtgetgtet gtgtgacteg ag

<210> 2
<211>709
<212> PRT

<213> Artificial Sequence

<220>
<223> Subtype A consensus Envelope protein sequence construct

<400> 2

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
15

1

His

Trp

Asn

Glu

val

Pro

Lys

Asp

Leu

145

Ile

Gln

Lys

Ser Arg Val Met Gly Ile Gln Arg Asn Cys Gln His Leu Trp Arg

Gly Thr

Leu

50

Thr

His

Gln

Asn

Gln

130

Asn

Lys

Lys

Ser

35

Trp

Thr

Asn

Glu

Asn

115

Ser

Cys

Asn

val

Asn
195

20

Met Ile Leu Gly Met Ile Ile Ile Cys Ser Ala Ala Glu

Val

Leu

Val

Ile

100

Met

Leu

Ser

Cys

Tyr

180

Ser

5

Thr

Phe

Trp

85

Asn

val

Lys

Asn

Ser

165

Ser

Ser

Val

Cys

70

Ala

Leu

Glu

Pro

val

150

Phe

Leu

Ser

Tyr

55

Ala

Thr

Glu

Gln

Cys

135

Asn

Asn

Phe

Gln

40

Tyr

Ser

His

Asn

Met

120

Vval

Val

Met

Tyr

Tyr
200

25

Gly

Asp

Ala

Val

105

His

Lys

Thr

Thr

Lys

185

Arg

10

Val

Ala

Cys

90

Thr

Thr

Leu

Thr

Thr

170

Leu

Leu

Pro

Lys

75

Val

Glu

Asp

Thr

Asn

155

Glu

Asp

Ile

val

60

Ala

Pro

Glu

Ile

Pro

140

Ile

Leu

val

Asn

45

Trp

Tyr

Thr

Phe

Ile

125

Leu

Met

Arg

Val

Cys
205

30

Lys

Asp

Asn

110

Ser

Cys

Lys

Asp

Gln

190

Asn

Asp

Thr

Pro

95

Met

Leu

val

Gly

Lys

175

Ile

Thr

Ala

Glu

80

Asn

Trp

Trp

Thr

Glu

160

Lys

Asn

Ser

DK/EP 3037429 T3

1980
2040
2100

2142



Ala

His

225

Glu

Thr

Ser

Asn

Cys

305

Gly

Ala

val

Thr

Cys

385

Thr

Asp

Gln

Arg

Asp

465

Arg

Glu

Ile

210

Tyr

Phe

His

Leu

Ala

290

Thr

Gln

His

Ala

Asn

370

Gly

Trp

Thr

Arg

Cys

450

Asn

Asp

Pro

Thr

Cys

Asn

Gly

Ala

275

Lys

Arg

Ala

Cys

Lys

355

Ser

Gly

Asn

Ile

Val

435

Glu

Asn

Asn

Leu

Gln

Ala

Gly

Ile

260

Glu

Asn

Pro

Phe

Asn

340

Gln

Ser

Glu

Gly

Thr

420

Gly

Ser

Ser

Trp

Gly

A A

Ala

Pro

Thr

245

Lys

Glu

Tle

Asn

Tyr

325

Val

Leu

Gly

Phe

Asn

405

Leu

Gln

Asn

Lys

Arg

485

val

Cys

Ala

230

Gly

Pro

Glu

Ile

Asn

310

Ala

Ser

Arg

Gly

Phe

390

Gly

Pro

Ala

Ile

Asn

470

Ser

Ala

Pro

215

Gly

Pro

Val

Val

val

295

Asn

Thr

Arg

Lys

Arg

375

Tyr

Thr

Cys

Met

Thr

455

Glu

Glu

Pro

Lys

Phe

Cys

Val

Met

280

Gln

Thr

Gly

Thr

Tyr

360

Leu

Cys

Lys

Arg

Tyr

440

Gly

Thr

Leu

Thr

Val

Ala

Lys

Ser

265

Ile

Leu

Arg

Asp

Glu

345

Phe

Arg

Asn

Lys

Ile

425

Ala

Leu

Phe

Tyr

Lys

-A -

Ser

Ile

Asn

250

Thr

Arg

Thr

Lys

Ile

330

Trp

Asn

Ile

Thr

Lys

410

Lys

Pro

Leu

Arg

Lys

490

Ala

Phe

Leu

235

Val

Gln

Ser

Lys

Ser

315

Ile

Asn

Asn

Thr

Ser

395

Asn

Gln

Pro

Leu

Pro

475

Tyr

Lys

Glu

220

Lys

Ser

Leu

Glu

Pro

300

Ile

Gly

Glu

Lys

Thr

380

Gly

Ser

Ile

Ile

Thr

460

Gly

Lys

Arg

Pro

Cys

Thr

Leu

Asn

285

val

Arg

Asp

Thr

Thr

365

His

Leu

Thr

Ile

Gln

445

Arg

Gly

Val

Arg

Ile Pro

Lys Asp

Val Gln
255

Leu Asn
270

Ile Thr

Lys Ile

Ile Gly

Ile Arg
335

Leu Gln
350

Ile Tle

Ser Phe

Phe Asn

Glu Ser
415

Asn Met
430

Gly Vval

Asp Gly

Gly Asp

Val Lys

495

Val val

A

Ile

Lys

240

Cys

Gly

Asn

Asn

Pro

320

Gln

Lys

Phe

Asn

Ser

400

Asn

Trp

Ile

Gly

Met

480

Ile

Glu
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SUu 2U2 2LV

Arg Glu Lys Arg Ala Val Gly Ile Gly Ala Val Phe Leu Gly Phe Leu
515 520 525

Gly Ala Ala Gly Ser Thr Met Gly Ala Ala Ser Ile Thr Leu Thr Val
530 535 540

Gln Ala Arg Gln Leu Leu Ser Gly Ile Val Gln Gln Gln Ser Asn Leu
545 550 555 560

Leu Arg Ala Ile Glu Ala Gln Gln His Leu Leu Lys Leu Thr Val Trp
565 570 575

Gly Ile Lys Gln Leu Gln Ala Arg Val Leu Ala Val Glu Arg Tyr Leu
580 585 590

Lys Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile
595 600 605

Cys Thr Thr Asn Val Pro Trp Asn Ser Ser Trp Ser Asn Lys Ser Gln
610 615 620

Ser Glu Ile Trp Asp Asn Met Thr Trp Leu Gln Trp Asp Lys Glu Ile
625 630 635 640

Ser Asn Tyr Thr Asp Ile Ile Tyr Asn Leu Ile Glu Glu Ser Gln Asn
645 650 655

Gln Gln Glu Lys Asn Glu Gln Asp Leu Leu Ala Leu Asp Lys Trp Ala
660 665 670

Asn Leu Trp Asn Trp Phe Asp Ile Ser Asn Trp Leu Trp Tyr Ile ILys
675 680 685

Ile Phe Ile Met Ile Val Gly Gly Leu Ile Gly Leu Arg Ile Val Phe
690 695 700

Ala Val Leu Ser Val
705

<210>3

<211> 2734

<212> DNA

<213> Artificial Sequence

<220>
<223> Subtype B consensus Envelope DNA sequence construct

<400> 3

ggatccgeca ccatggactg gacctggatt ctgttectgg tggccgecoge caccagagtg
cacagcagag tgaagggcat ccggaagaac taccagcacce tgtggagatg gggcaccatg
ctgetgggea tgctgatgat ctgttcetgee gecgagaage tgtgggtgac cgtgtactac

ggcgtgectyg tgtggaagga ggccaccacc accctgttet gegecagega cgccaaggec
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60
120
180

240
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tacgataceg aagtgcacaa tgtgtgggce acccacgect gogtgectac cgateccaac 300
ccteaggaag tggtgctgga gaacgtgacc gagaacttca acatgtggaa gaacaacatg 360
gtggagcaga tgcacgagga catcatcagc ctgtgggacc agagcctgaa gecttgegtg 420
aagctgaccoe ctetgtgcogt gaccctgaac tgecaccgacce tgagoggega gaagatggag 480
aagggcgaga tcaagaactg cagcecttcaac atcaccacet ccatccggga caaagtgeag 540
aaggagtacg ccctgttcta caagectggac gtggtgeccca tcgacaacga caacaccage 600
taccggotga tcagetgcaa caccagegtg atcacccagg cckgceccocccaa agtgagette 660
gagcccatcc ccatccacta ctgeogeccct gececggettceg ccatcctgaa gtgcaacgac 720
aagaagttca acggcaccgg cccttgocacce aatgtgagca ccgtgcagtg cacccacggo 780
atcagacceqg tggtgtccac ccagetgetyg ctgaacggeca goctggecga ggaagaagtg 840
gtgatccocgga gegagaattt caccaacaac gecaagacca tcatcgtgea getgaacgag 200
agegtggaga tcaactgeac coggcdcaac aacaataccod ggaagagcat cecacategge 960
cotggcocagg cottotacac caceggcgag atcateggdg atatcaggea ggceocactgd 1020
aatatcagcc gggccaagtg gaacaacactc ctgaagcaga tcgtgaagaa gctgcgggag 1080
cagttcggra dcaagaccat cgtgttcaac cagagcageg geggcagacc tagaategtg 1140
atgcacaget tcaactgtgg cggcgagtte ttctactgea acacaaccca getgttcaac 1200
agcacctgga acgtygaacgyg gacctggaad aacaacaccy agggcaacga caccatcacco 1260
ctgcectgee ggatcaagca gatcatcaat atgtggcagg aggtgggcaa ggccatgtac 1320
gcecctocca tcagaggcca gatccocggtge agcagcaata tcaccggect getgcotgace 1380
agagatggeg gcaacaataa caccaacgag accgagatet ttagacctgg cggoggagac 1440
atgagggaca actggcggag cgagotgtac aagtacaaag tggtgaagat cgagccccotg 1500
ggcgtggece ceaccaaggce caagagaaga gtggtgcage gggagaagag agetgtggge 1560
atecggecgeca tgtttetggg ctttetggga geccgocggaa geaccatggg agecgocage 1620
atgacccotga ccgtgeagge cagacagetg ctgageggea tegtgcagea goagaacaac 1680
ctgetgagag ccatcgagge ccagecagcac ctgcetgcage tgacagtgtyg gggcatcaag 1740
cagctgdagyg ccecgcegtgct ggccgtggag agatacctga aggaccagea getgetggga 1800
atctggggct gcagaggcaa gctgatetge accaccaceg tgecctggaa cgecagetgg 1860
agcaacaaga geotggacga gatctgggac aacatgaccet ggatggagtyg ggagegggag 1920
atecgacaact acaccagect gatctacacce ctgatcgagg agagcocagaa ccagcaggag 1980
dagaacgagce aggagctgct ggagctggac aagtgggcaca gectgtggaa ctggttegac 2040
atcaccaact ggctgtggta catcaagatc ttcatcatga ttgtgggcgg cctgatcegge 2100
ctgagaatcg tgttegecgt geotgageate tacccetacg acgtgeeccga ttacgoetga 2160
gaattcogtaa gtaagtgtca tatgggagag ctegactaga ctggacagec aatgacgggt 2220
aagagagtga catttctcac taacctaaga caggagggee gtcaaagcta ctgectaatce 2280
caatgacggg taatagtgac aagaaatgta tcactecaac ctaagacagg cgcagectece 2340
gagggatgtg tettttgttt tttataatta aaaagggbga catgtoccgga gocgtgotge 2400
ccggatgatg tcttggecte tgtttgetac cggtatcgat gttaacgteg accecggget 2460
cgaaataagt aaatatcata taggagaogct coactagact cggacadccaa toacogotaa 2520



gagagtgaca tttctcacta acctaagaca ggagggcegt
atgacgggta atagtgacaa gaaatgtatc actccaacct
gggatgtgte ttttgttttt tataattaaa aagggtgaca
ggatgatgtc ttggectctg tttgetgegg ccge
<210>4

<211>715

<212> PRT
<213> Artificial Sequence

<220>

caaagctact gectaatcea
aagacaggceg cagcctcaega

tgteccggage cgtgetgece

<223> Subtype B consensus Envelope protein sequence construct

<400> 4

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala

1 5 10

His Ser Arg Val Lys Gly Ile Arg Lys Asn Tyr Gln

20 25

Trp Gly Thr Met Leu Leu Gly Met Leu Met Ile Cys

35 40

Lys Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val

50 55

Thr Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala

65 70 75

Val His Asn Val Trp Ala Thr His Ala Cys Val Pro

85 80

Pro Gln Glu Val Val Leu Glu Asn Val Thr Glu Asn

100 105

Lys Asn Asn Met Val Glu Gln Met His Glu Asp Ile

115 120

Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro

130 135

Leu Asn Cys Thr Asp Leu Seér Gly Glu Lys Met
145 150 155

Lys Asn Cys Ser Phe Asn Ile Thr Thr Ser Ile
165 170

Lys Glu Tyr Ala Leu Phe Tyr Lys Leu Asp Val
180 185

Asp Asn Thr Ser Tyr Arg Leu Ile Ser Cys Asn

60

140

Glu

Arg

Val

Thr

Ala Thr

His Leu

30

Ser Ala

45

Trp Lys

Tyr Asp

Thr Asp

Phe Asn

110

Ile Ser

125

Leu Cys

Arg
15

Trp

Ala

Glu

Thr

Pro

95

Met

Leu

Val

val

Arg

Glu

Ala

Glu

80

Asn

Trp

Trp

Thr

Lys Gly Glu Ile

Asp Lys

Pro Ile
190

Ser val

Val
175

160

Gln

Asp Asn

Ile

Thr

DK/EP 3037429 T3

2580
2640
2700

2734



Gln

Ala

225

Gly

Ile

Glu

Thr

Pro

305

Phe

Asn

Lys

Ser

Glu

385

Val

Leu

Lys

Asn

Asn

465

Trp

Gly

Ala

210

Pro

Thr

Arg

Glu

Ile

290

Asn

Tyxr

Ile

Leu

Gly

370

Phe

Asn

Pro

Ala

Ile

450

Glu

Arg

Val

195

Cys

Ala

Gly

Pro

Glu

275

Ile

Asn

Thr

Ser

Arg

355

Gly

Phe

Gly

Cys

Met

435

Thr

Thr

Ser

Ala

Pro

Gly

Pro

val

260

val

Val

Asn

Thr

Arg

340

Glu

Arg

Tyr

Thr

Arg

420

Tyr

Gly

Glu

Glu

Pro

LYot

Lys

Phe

Cys

245

val

Val

Gln

Thr

Gly

325

Ala

Gln

Pro

Cys

Trp

405

Ile

Ala

Leu

Ile

Leu

485

Thr

Val

Ala

230

Thr

Ser

Ile

Leu

Arg

310

Glu

Lys

Phe

Arg

Asn

390

Asn

Lys

Pro

Leu

Phe

470

Tyr

Lys

Ser

215

Ile

Asn

Thr

Arg

Asn

295

Lys

Ile

Trp

Gly

Ile
375

Thr

AsSn

Gln

Pro

Leu

455

Arg

Lys

Ala

200

Phe

Leu

Val

Gln

Ser

280

Glu

Ser

Ile

Asn

Asn

360

Val

Thr

Asn

Ile

Tle

440

Thr

Pro

Tyr

Lys

Glu

Lys

Ser

Leu

265

Glu

Ser

Ile

Gly

Asn

345

Lys

Met

Gln

Thr

Ile

425

Arg

Arg

Gly

Lys

arg

-~

Pro

Cys

Thr

250

Leu

Asn

Val

His

Asp

330

Thr

Thr

His

Leu

Glu

410

Asn

Gly

Asp

Gly

val

490

Arg

Ile

Asn

235

Val

Leu

Phe

Glu

Ile

315

Ile

Leu

Ile

Ser

Phe

395

Gly

Met

Gln

Gly

Gly

475

Val

Val

Pro
220

Asp

Gln

Asn

Thr

Ile

300

Gly

Arg

Lys

Vval

Phe
380

Asn

Asn

Trp

Ile

Gly

460

Asp

Lys

Val

205

Ile

Lys

Cys

Gly

Asn

285

Asn

Pro

Gln

Gln

Phe

365

Asn

Ser

Asp

Gln

Arg

445

Asn

Met

Ile

Gln

His

Lys

Thr

Ser

270

Asn

Cys

Gly

Ala

Ile

350

Asn

Cys

Thr

Thr

Glu

430

Cys

Asn

Arg

Glu

Brg

A A

Tyr

Phe

His

255

Leu

Ala

Thr

Gln

His

335

Val

Gln

Gly

Trp

Ile

415

Val

Ser

Asn

Asp

Pro

495

Glu

Cys

Asn

240

Gly

Ala

Tys

Arg

Ala

320

Cys

Lys

Ser

Gly

Asn

400

Thr

Gly

Ser

Thr

Asn

480

Leu

Lys

DK/EP 3037429 T3



Arg

Gly

Gln

545

Ile

Gln

Gln

Thr

Trp
625

Thr

Lys

Asn

Met

Ser
705

Ala

Ser

530

Leu

Glu

Ley

Leu

val

810

asp

Ser

Asn

Trp

Ile

690

Ile

<210>5
<211> 2140
<212> DNA

<213> Artificial Sequence

<220>
<223> Subtype C consensus Envelope DNA sequence construct

<400> 5
ggatccgcca ccatggattg gacctggatt ctgttecctgg tggeccgecge cacaagagtg

DUl

vVal Gly Ile
515

Thr Met Gly

Leu Ser Gly

Ala Gln Gln
565

Gln Ala Arg
580

Leu Gly Ile
595

Pro Trp Asn

Asn Met Thr

Gly

Ala

Ile

550

His

val

Trp

Ala

TEp
630

Ala

Ala

535

Val

Len

Leu

Gly

Ser

615

Met

Met

520

Ser

Gln

Leu

Ala

Cys
600

Trp

Glu

aUo OLU

Phe Leu Gly Phe Leu Gly Ala Ala
525

Met Thr Leu Thr Val Gln Ala Arg
540

Gln Gln Asn Asn Leu Leu Arg Ala
555 560

Gln Leu Thr Val Trp Gly Ile Lys
570 575

Val Glu Arg Tyr Leu Lys Asp Gln
585 590

Ser Gly lLys Leu Ile Cys Thr Thr
605

Ser Asn Lys Ser Leu Asp Glu Ile
620

Trp Glu Arg Glu Ile Asp Asn Tyr
635 640

Leu Ile Tyr Thr Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu

645

650 655

Glu Gln Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp

660

665 670

Phe Asp Ile Thr Asn Trp Leu Trp Tyr Ile Lys Ile Phe Ile

675

680

685

Val Gly Gly Leu Ile Gly Leu Arg Ile Val Phe Ala Val Leu

695

700

Tyt Pro Tyr Asp Val Pro Asp Tyr Ala

710

715

cacagcagag tgeggggcat ccoctgagaaat tgecagecagt ggtggatotg gggcattetg

gggttctgga tgctgatgat ctgcaacgtyg atgggcaacce tgtgggtgac cgtgtactac

ggcgtgcctg tgtggaagga ggccaagacc accctgttet gtgccagega tgccaaggcce

DK/EP 3037429 T3

60
120
180

240



tacgagacecg
cctcaggaga
gtggaccaga
aagctgacee
atgaaggagg
cagaaggtgt
agcaacgact
gtgtectteg
tgcaacaaca
acccacggea
gaggagatta
ctgaatgaga

agaatcggoc

gaccactgea
ctgaaggagc
gagatcacca
ctgttcaaca
cactgecgga
ccteceateg
gatggcggea
agggacaact
gtggceccta
ggcgccgtgt
acactgaccg
ctgagagcca
ctgcagacca
tggggetgta
aacaagagod
agcaactaca
aacgagaagqg
accaactgge
agaatcatct
<210>6

<211>705
<212> PRT

aggtgcacaa
tggtgctgga
tgcacgagga
ctetgtgegt
agatcaagaa
acgccctgtt
accggcetgat
accccateoee
agaccttcaa
tcaagecctgt
tcatccggag
gcgtggagat

ctggeccagac

atatcagcga
actteecccaa
cccacagcett
gcacctacat
tcaagcagat
agggcaacat
agaacgacac
ggcggagega
ccaaggccaa
ttctgggett
tgcaggeccag
tcgaggeeea
gagtgctggce
gcggeaaget
aggaggacat
ccgacaccat
acctgetgge
tgtggtacat

tcgeegtget

tgtgtgggce
gaacgtgacc
catcatcage
gaccctgaac
ctgcagctte
ctaccggctg
caactgcaac
catccactat
cggecaccgge
ggtgtccace
cgagaacctg
cgtgtgtace

cttttacgee

ggagaagtgg
taagaccatc
caactgcagyg
gcccaacage
catcaatatg
cacctgeaag
caatgacacce
gctgtacaag
gaggagagtg
tctgggagee
acagctgetg
gcagecacatg
catcgagcgce
gatctgtace
ctgggacaac
ctacaggctg
cctggacage
caagatcktte

gagcatctga

<213> Artificial Sequence

acccacgect
gagaacttca
ctgtgggacce
tgccggaaca
aacatcacca
gacatcgtge
accagcgeca
tgtgcecetg
ccectgcaata
cagctgetge
accaacaacy
cggcccaaca

accggcgaca

aacaagacce
aagttecgoce
ggcgagttct
accaacaata
tggcaggaag
tccaacatca
gagaccttca
tacaaggtgg
gtggagaggg
gccggatceta
agcggcatcg
ctgecagctga
tacctgaagyg
accgecgtge
atgacctgga
ctggaggaca
tggaagaace
atcatgattg

tagcggeege

gtgtgeecac
acatgtggaa
agagcctgaa
acgtgaacaa
cecgagetgeg
ccctgaacga
tcacccagge
ccggetacge
atgtgagcac
tgaatggcag
ccaagaccat
acaatacccy

tcateggega

tgcagegggt
ctagecagcgy
tctactgcaa
ccaacaccac
tgggcagage
ceggectget
gacctggcegy
tggagatcaa
agaagagagc
caatgggagc
tgcagcagea
cagtgtgggy
atcagcagct
cttggaatag
tgcagtggga
gccagaacca
tgtggaactg

tgggcageet

cgatcccaac
gaacgacatg
gecttgegtg
caacaacacc
ggacaagaag
gaagaacaac
ctgtcccaag
catcctgaag
cgtgcagtgt
coktggecgag
cattgtgcac
gaagagcatc

tatcaggcag

gtccgagaag
cggcagactg
taccagcaag
catcaccctg
catgtacgecc
gctgacaaga
cggagacatg
gecctetggge
cgtgggecatc
cgccagcatc
gagcaatctg
catcaagcag
gctgggecatc
cagctggage
ccgggagatc
gcaggagaag
gttegacate

gatcggeetg

DK/EP 3037429 T3

300
360
420
480
540
600
660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

2140
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<220>
<223> Subtype C consensus Envelope protein sequence construct

<400> 6
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Arg Val Arg Gly Ile Leu Arg Asn Cys Gln Gln Trp Trp Ile
20 25 30

Trp Gly Ile Leu Gly Phe Trp Met Leu Met Ile Cys Asn Val Met Gly
35 40 45

Asn Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Glu Ala

50 55 60

Lys Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu Thr Glu
65 70 75 80

Val His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn
85 S0 95

Pro Gln Glu Met Val Leu Glu Asn Val Thr Glu Asn Phe Asn Met Trp
100 105 110

Lys Asn Asp Met Val Asp Gln Met His Glu Asp Ile Tle Ser Leu Trp
115 120 125

Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr
130 135 140

Leu Asn Cys Arg Asn Asn Val Asn Asn Asn Asn Thr Met Lys Glu Glu
145 150 155 160

Ile Lys Asn Cys Ser Phe Asn Ile Thr Thr Glu Leu Arg Asp Lys Lys
165 170 175

Gln Lys Val Tyr Ala Leu Phe Tyr Arg Leu Asp Ile Val Pro Leu Asn
180 185 190

Glu Lys Asn Asn Ser Asn Asp Tyr Arg Leu Ile Asn Cys Asn Thr Ser
195 200 205

Ala Ile Thr Gln Ala Cys Pro Lys Val Ser Phe Asp Pro Ile Pro Ile
210 215 220

His Tyr Cys 2la Pro Ala Gly Tyr Ala Ile Leu Lys Cys Asn Asn Lys
225 230 235 240

Thr Phe Asn Gly Thr Gly Pro Cys Asn Asn Val Ser Thr Val Gln Cys
245 250 255

Thr His Gly Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly
260 265 270



Ser

Asn

Cys

305

Gly

Ala

Val

Ala

Cys

385

Thr

Pro

Ala

Ile

Asp

465

Arg

val

Ala

Ser

Leu
545

Glu

Leu

Ala
290

Thr

Gln

His

Ser

Pro

370

Arg

Tyr

Cys

Met

Thr

450

Thr

Ser

Ala

Val

Thr

530

Leu

Ala

Ala
275

Lys

Arg

Thr

Cys

Glu

355

Ser

Gly

Met

Tyr

435

Gly

Glu

Glu

Pro

Gly

515

Met

ser

Gln

Glu Glu

Thr Tle

Pro Asn

Phe Tyr
325

Asn Ile
340

Lys Leu

Ser Gly

Glu Phe

Pro Asn

405

Ile Lys
420

Ala Pro

Leu Leu

Thr Phe

Leu Tyr

485

Thr Lys

500

Ile Gly

Gly Ala

Gly Ile

Gln His Met Leu Gln Leu Thr Val Trp Gly Ile Lys Gln

565

Glu

Ile

Asn

310

Ala

Ser

Lys

Gly

Phe

390

Ser

Gln

Pro

Leu

Arg

470

Lys

Ala

Ala

Ala

val
550

Ile Ile Ile Arg Ser Glu 2Zsn Leu Thr Asn

val
295

Asn

Thr

Glu

Glu

Arg

375

Tyr

Thr

Ile

Ile

Thr

455

Pro

Tyr

Lys

Val

Ser

535

Gln

280

His

Thr

Gly

Glu

His

360

Leu

Cys

Asn

Ile

Glu

440

Arg

Gly

Lys

Arg

Phe

520

Ile

Gln

Leu Asn GBlu Ser Val Glu Ile Vval

Arg

Asp

Lys

345

PhLie

Glu

Asn

Asn

Asn

425

Gly

Asp

Gly

val

Arg

505

Leu

Thr

Gln

Lys

Ile

330

Trp

Bro

Ile

Thr

Thr

410

Met

Asn

Gly

Gly

val

490

Val

Gly

Leun

Ser

Ser

315

Ile

Asn

Asn

Thr

Ser

395

Asn

Trp

Ile

Gly

Asp

475

Glu

Val

Phe

Thr

Asn
555

570

300

Ile

Gly

Lys

Lys

Thr

380

Lys

Thr

Gln

Thr

Lys

460

Met

Ile

Glu

Leu

Val

540

Leu

285

Arg

Asp

Thr

Thr

365

His

Leu

Thr

Glu

Cys

445

Asn

Arg

Lys

Arg

Gly

525

Gln

Leu

Ile

Ile

Leu

350

Ile

Ser

Phe

Ile

Val

430

Lys

Asp

Asp

Pro

Glu

510

Ala

Ala

Arg

Gly

Arg

335

Gln

Lys

Phe

Asn

Thr

415

Gly

Ser

Thr

Asn

Leu

495

Lys

Ala

Arg

Ala

Pro

320

Gln

Arg

Phe

AsSn

Ser

400

Leu

Arg

Asn

Asn

Trp

480

Gly

Arg

Gly

Gln

Ile
560

575
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Leu Gln

Leu Leu

Thr

Gly

Arg Val

580

Ile Trp

595

Val Pro

610

Asp Asn

625

Asp Thr

Glu

Asn

Trp Phe

Trp

Met

Ile

Lys

Asp

Asn Ser

Thr Trp

Leu Ala

Gly Cys

Ser Trp

Met Gln

Ile

Ser
600

Ser
615

Trp

630

Tyr Arg

645

Asp Leu

660

Ile Thr

675

Ile Val

690

Ile

705
<210>7
<211> 2089
<212> DNA

Gly

Gly Leu

Leu Leu

Leu Ala

Asn Trp

Ile Gly

Glu

Leu

Leu
680

Leu
695

<213> Artificial Sequence

<220>

Glu
585

Arg Tyr

Gly Lys Leu

Asn Lys Ser

Glu
635

Asp Arg

Ser Gln

650

Asp

Asp Ser

665

Trp

Trp Tyr Ile

Arg Ile Ile

Leu Lys

Asp

Gln Gln

590

Ile Cys

605

Gln
620

Glu
Ile Ser
Gln

Asn

Lys Asn

Thr

Asp

Asn

Gln

Leu

Thr Ala

Ile

Trp

Thr
640

Tyr

Glu
655

Lys

Trp Asn

670

Tle
685

Lys

Phe
700

Ala

Phe

Val

Ile Met

Leu Ser

<223> Subtype D consensus Envelope DNA sequence construct

<400>7
gggcatcaag

gatgacctge
gaaggaagcea
ccacaatatce
gotggagaac
cgaggacatc

gtgcgtgace

catggaggag
gaagaagcag
caccaacaac
ccccaaagty
cctgaagtge

rerarrh e ares

cggaattacc
agegtggeceg
agccaccacaa
tgggccacec
gtgaccgaga
atcagecctgt

ctgaactgea

ggcgagatga
gtgcacgecce
agcaactace
accttegage

aaggataaga

Narreremad mn

agcacctgtyg
agaacctgtg
tgttatgaga
acgectgegt
acttcaacat

gggaccagag

cegacggcat

agaactgcag
tgttetacaa
ggctgatcaa
ccateccocat

agttcaacgg

fat-Ralalalo t ool

gaagtggggc
ggtgaccgtyg
cagcgatgee
gcctaccgat
gtggaagaac
cctgaagecot

gaggaacgac

cttcaacate
gctggacgtg
ctgcaacace
ccactactge

caccggecce

ek rrts s ey

accatgctgc
tactacggeyg
aagagctaca
cccaaccete
aacatggtgy
tgcgtgaage

dccaacgata

accaccgaag
gtgecccateg
agecgecatca
gccectgecyg
tgcaagaatyg

i v reob e

tgggcatget
tgectgtgtg
agaccgaggco
aggagatcga
agcagatgea
tgacccatcet

cacaacgtgac

tgcgggacaa
acgacaacaa
cccaggcectyg
gcttegeecat
tgagcaccgt

EYalala 2o Vo re Vel o

DK/EP 3037429 T3

60
120
180
240
300
360

420

480
540
600
660

720



G LY
ggccgaggag
tgtgcagectyg
gegeateocec
cagacaggcc
caagaagctg
cagacctaga
cageceggetyg
caacaccatc
caaggccatyg
cotgetgetg
cggeggagac
cgagecectyg
agccategga
agcecgecagao
gcagaacaac
gggcattaag
gcetgatggga
tagcagetgg
ggagagggag
ccagcaggag
ctggtteage
caetgategge
<210> 8

<211>714
<212> PRT

caLyyvavua
gagatcatca
aacgagagceg
atcggectgy
cactgcaata
ggcgacctge
atcaccaccce
ttcaacagca
accctgeect
tacgececcote
accagagatg
atgagggaca
ggcgtggecc
ctgggecgeca
ctgaccctga
ctgetgagag
cagctgcagg
atectgggget
agcaacaaga
atcgacaact
aagaacgagc
atcacccagt

ctgagaatcg

Ya sy Ly L
tecggagega
tgaccatcaa
gocaggectt
tcagcggagce
tgaacaagac
acagecttcaa
cetggagcaa
gcecggatcaa
ccatagaggyg
gaggagecaa
actggcggag
ccaccagage
tgttectaggg
cacgtgcagge
ccattgagge
ccaggattet
gcagaggoaa
gactggacga
acaccggccet
aggagctget
ggctgtggta

tgttegeegt

<213> Artificial Sequence

<220>

Y L aLLsay
gaacctgace
ttgcaccegg
ctacaccace
cgagtggaat
caccateate
ttgtggcgge
gadcagcacce
gcagatcate
cctgatcaag
caactcccac
cgagcetgtac
caagagaaga
cttectggga
cagacagctg
coagcagcac
ggcegtggag
gcacatctge
gatctggaac
gatctacagce
ggagctggac
catcaagatc

gctgagectg

LY LY Ly e
aacaacgcca
cectacaaca
agaggcatca
aagaccctge
ttecaagecta
gagttettet
agcaactcca
aatatgtgge
tgcagcagaa
aacgagacct
aagtacaaag
gtggtggage
gocgocggaa
ctgageggea
ctgectgeage
cgctacctga
accaccaceqg
aacatgacct
ctgatcgagg
aagtgggcca
ttcatcatga

tgactegag

avyyLay e
agatcatcat
atacccggaa
tcggcgacat
agcaggtgge
gcageggcegg
actgcaatac
ccaaggagaa
agggagtggg
acatcaccegy
tcagacctgg
tggtgaagat
gggagaagag
gcaccatggg
tcgtgcagea
tgacagtgtg
aggatcageca
tgcecttggaa
ggatggagtyg
agagccagac
gecctgtggaa

ttgtgggegy

<223> Subtype D consensus Envelope protein sequence construct

<400> 8

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val

1

5

10

15

His Ser Arg Val Arg Gly Ile Lys Arg Asn Tyr Gln His Leu Trp Lys

20

25

30

Trp Gly Thr Met Leu Leu Gly Met ILeu Met Thr Cys Ser val Ala Glu

35

40

45

Asn Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Glu Ala

50

55

60

DK/EP 3037429 T3

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040

2089



Thr

65

Ala

Pro

Lys

Asp

Leu

145

Thr

Glu

Asp

Leu

Thr
225

Ile

Asn

Thr

Asn

305

Lys

Ile

Trp

Thr

His

Gln

Asn

Gln

130

Asn

Met

Val

val

Ile

210

Phe

Leu

Val

Gln

Ser

290

Glu

Arg

Ile

Asn

Thr

Asn

Glu

Asn

115

Ser

Cys

Glu

Arg

val

185

Asn

Glu

Lys

Ser

Leu

275

Glu

Ser

Ile

Gly

Lys
2RR

Leu

Ile

Ile

100

Met

Leu

Thr

Glu

Asp

180

Pro

Cys

Pro

Cys

Thr

260

Leu

Asn

val

Fro

Asp

340

Thr

Phe

Trp

85

Glu

val

Lys

Asp

Gly

165

Lys

Ile

Asn

Ile

Lys

245

Val

Leu

Leu

Thr

Ile

325

Ile

Leu

Cys

70

Ala

Leu

Glu

Pro

Gly

150

Glu

Lys

Asp

Thr

Pro
230

Asp

Gln

Asn

Thr

Ile

310

Gly

Arg

Gln

Ala

Thr

Glu

Gln

Cys

135

Met

Met

Lys

Asp

Ser

215

Ile

Lys

Cys

Gly

Asn

295

Asn

Leu

Gln

Gln

Ser

His

Asn

Met

120

val

Arg

Lys

Gln

Asn

200

Ala

His

Lys

Thr

Ser

280

Asn

Cys

Gly

Ala

Val
EN

Asp

Ala

val

105

His

Lys

Asn

Asn

Val

185

Asn

Ile

Tyr

Phe

His

265

Leu

Ala

Thr

Gln

His

345

Ala

Ala

Cys

90

Thr

Glu

Leu

Asp

Cys

170

His

Thr

Thr

Cys

Asn

250

Gly

Ala

Lys

Arg

Ala

330

Cys

Lys

Lys Ser

75

Val Pro

Glu Asn

Asp Ile

Thr Pro

Tyr

Thr

Phe

Ile

Lys

Asp

Asn

110

125

140

Thr Asn

155

Ser Phe

Ala Leu

Asn Asn

Gln Ala

Leu

Asp

Asn

Phe

Ser

Ser

Cys

Thr

Ile

Tyr

Thr Glu

80

Pro Asn

95

Met Trp

Leu Trp

Val Thr

Asn Val

160

Thr Thr

175

190

205

220

Ala Pro

235

Gly Thr

Ile Arg

Glu Glu

Ile Ile

300

Pro Tyr

315

Phe Tyr

Asn Ile

Lys Leu

Gly

Pro

Glu

285

Ile

Asn

Thr

Ser

Gly
2gR

Cys

Ala

Pro

val

270

Ile

val

Asn

Thr

Gly

350

Asp

Asn

Pro

Gly

Cys

255

Val

Ile

Gln

Thr

Arg

335

Ala

Leu

Lys Leu

Tyr Arg

Lys Val

Phe Ala

240

Lys

Ser

Ile

Leu

Arg

320

Gly

Glu

Leu

DK/EP 3037429 T3



Asn

Ile

385

Thr

Ser

Ile

Ile

Thr

465

Gly

Lys

Phe

Leu

545

Gln

Gln

Val

Ser

Ser

625

Trp

Lys

370

Thr

Ser

Thr

Ile

Glu

450

Arg

Gly

Val

Arg

Leu

530

Thr

Gln

Leu

Glu

Gly

610

Asn

Glu

Je e}

Thr

Thr

Arg

Lys

Asn

435

Gly

Asp

Gly

val

Vval

515

Gly

Len

Asn

Thr

Arg

595

Lys

Lys

Arg

Thr

His

Leu

Glu

420

Met

Leu

Gly

Asp

Lys

500

val

Phe

Thr

Asn

Vval

580

Tyr

His

Ser

Glu

Ile

Ser

Phe

405

Asn

Trp

Ile

Gly

Met

485

Ile

Glu

Leu

Val

Leu

565

Trp

Leu

Ile

Leu

Ile
645

Ile

Phe

390

Agn

Asn

Gln

Lys

Ala

470

Arg

Glu

Arg

Gly

Gln

550

Leu

Gly

Lys

Cys

Asp

630

Asp

Phe

375

Asn

Ser

Thr

Gly

Cys

455

Asn

Asp

Pro

Glu

Ala

535

Ala

Arg

Ile

Asp

Thr

615

Glu

Asn

LoV

Lys

Cys

Thr

Ile

Val

440

Ser

Asn

Asn

Leu

Lys

520

Ala

Arg

Ala

Lys

Gln

600

Thr

Ile

Tyr

Pro

Gly

Trp

Thr

425

Gly

Ser

Ser

Trp

Gly

505

Arg

Gly

Gln

Ile

Gln

585

Gln

Thr

Trp

Thr

Ser

Gly

Ser

410

Leu

Lys

Asn

His

Arg

430

Val

Ala

Ser

Leu

Glu

570

Leu

Leu

val

Asn

Gly
650

Ser Gly
380

Glu Phe
395

Lys Asn

Pro Cys

Ala Met

Ile Thr
460

Asn Glu
475

Ser Glu

Ala Pro

Ile Gly

Thr Met

QU

Gly

Phe

Ser

Arg

Tyr

445

Gly

Thr

Leu

Thr

Leu

Arg

Tyr

Thr

Ile

430

Ala

Leu

Phe

Tyr

Arg

Pro

Cys

Ser

415

Lys

Pro

Leu

Arg

Lys

Arg

Asn

400

Asn

Gln

Pro

Leu

Pro

480

Tyr

495

510

525

Gly

540

Leu Ser

555

Ala Gln

Gln Ala

Leu Gly

Pro Trp

Gly

Gln

Arg

Ile

Gly

Ala

Ile

His

Ile

Ala Lys

Ala Met

Ala Ser

vVal Gln

560

Leu Leu

575

590

605

620

Asn Met

635

Leu Ile

Thr

Tyr

Asn

Trp

Ser

Trp

Ser

Leu Ala

Gly Cys

Ser Trp

Met Glu

640

Leu Ile

655

DK/EP 3037429 T3



Glu

Leu

660

675

Leu
690

Leu
705

<210>9

<211> 1049
<212> DNA

680

695

710

<213> Artificial Sequence

<220>

665

Arg Ile Val Phe Ala Val Leu Ser Leu

Glu Ser Gln Thr Gln Gln Glu Lys Asn Glu Gln Glu Leu Leu Glu

670

685

700

Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe Ser Ile Thr Gln Trp

Trp Tyr Ile Lys Tle Phe Ile Met Ile Val Gly Gly Leu Ile Gly

<223> Subtype B consensus Nef-Rev DNA sequence construct

<400>9

ggatccgeca
cacagcagca
gagcctgeeg
accagcagca
gaggaagtgg
gecegtggato
cagaagegge
tggcagaatt
aagctggtge
gocgaccace
aagttcgaca
aaggactgce
ctgctgaaaa
gagggcacca
atcagaagcea
ccectgeage
agcggcaceca
agcggcacca
<210> 10

<211> 341
<212> PRT

ccatggactyg
agagaagegt
ccgatggagt
ataccgeccge
getteectgt
tgagccactt
aggacatcct
acaccccetgg
ctgtggagece
ctatgagcct
geaggctgge
ggggcaggaa
cagtgegget
gacaggcecg
tcagcgagtg
tgcecaccect
agggagtggg

aggagtgatg

gacctggatt
ggtgggttgg
gggcgecgty
caacaatgec
gagagcccag
cctgaaggag
ggatctgtgg
cectggeate
tgagaaagtg
geacggeatg
cttecaccac
gagaagaagec
gatcaagtte
gagaaaccegg
gattctgage
ggagagactg
cagcccccag

agcggacge

<213> Artificial Sequence

ctgttectgy
cctacagtge
tectagagatce
gactgcgcct
gtggcecctga
aagggcggcce
gtgtaccaca
agataccctc
gaggaggcca
gacgatccog
atggeocagayg
gccggcagaa
ctgtaccaga
aggaggeggt
acctacectgg
accctggact

atcctggtgg

tggecegetge
gggagaggat
tggagaagca
ggctggagge
gagccatgac
tggagggcct
cccagggceta
tgaccttegg
acgagggega
agagggaagt
agctgeacce
gcggcgacag
gcaaccctaec
ggagagagag
gcagaccage
gcaacgagga

agagccctge

caccagagtyg
gagaagagac
cggecgecate
ccaggaggag
ctacaaggcce
gatctacage
ctteceecgac
ctggtgectte
gaacaattot
gctggtgtgg
cgagtactac
cgacgaggag
tcecagecoo
gcagcggceag
cgagcecgtyg
ctgeggecace

cgtgctggag

DK/EP 3037429 T3

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1049



<220>
<223> Subtype B consensus Nef-Rev protein sequence construct

<400> 10

Met Asp Trp

1

His

Met

Asp

Asn

Phe

ala

Leu

His

Gly

145

Val

Ala

Val

Arg

Arg

225

val

Glu

Arg

Ser

Arg

Leu

50

Ala

Pro

Vval

Ile

Thr

130

Ile

Glu

Ala

Leu

Glu

210

Ser

Arg

Gly

Gln

Ser

Arg
35

Glu

Asp

Val

Asp

Tyr

115

Gln

Arg

Pro

Hig

val

195

Leu

Ala

Leu

Thr

Arg
275

Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
15

Lys Arg Ser Val Val Gly Trp Pro Thr Val Arg Glu Arg
30

20

Ala Glu Pro Ala Ala Asp Gly Val Gly Ala Val Ser Arg
45

Lys

Cys

Arg

Leu

100

Ser

Gly

Tyr

Glu

Pro

180

Trp

His

Gly

Ile

Arg

260

Gln

5

His

Ala

Ala

Ser

Gln

Tyr

Pro

Lys

165

Met

Lys

Pro

Arg

Lys

245

Gln

Ile

Gly

Trp

Gln

His

Lys

Phe

Leu

150

Val

Ser

Phe

Glu

Ser

230

Phe

Ala

Arg

Ala

55

Leu

Val

Phe

Arg

Pro

135

Thr

Glu

Leu

Asp

Tyr

215

Gly

Leu

Arg

Ser

40

Ile

Glu

Ala

Leu

Gln

120

AsSp

Phe

Glu

Hisg

Ser

200

Tyr

Asp

Tyr

Arg

Ile
280

25

Thr

Ala

Leu

Lys

105

Asp

Trp

Gly

Ala

Gly

185

Arg

Lys

Ser

Gln

Asn

265

Ser

10

Ser

Gln

Arg

Glu

Ile

Gln

Trp

Asn

170

Met

Leu

Asp

RAsp

Ser

250

Arg

Glu

Ser

Glu

Ala

Lys

Leu

Asn

Cys

155

Glu

Asp

Ala

Cys

Glu

235

Asn

Arg

Trp

Asn

60

Glu

Met

Gly

Asp

Tyr

140

Phe

Gly

Asp

FPhe

Arg

220

Glu

Pro

Ile

Thr Ala Ala

Glu

Thr

Gly

Leu

125

Thr

Lys

Glu

Pro

His

205

Gly

Leu

Pro

Arg

Leu
285

Glu

Tyr

Leu

110

Trp

Pro

Leu

Asn

Glu

190

His

Arg

Leu

Pro

Trp

270

Ser

val

Lys

95

Glu

val

Gly

Val

Asn

175

Arg

Met

Lys

Lys

Ser

255

Arg

Thr

Asn

Gly

Ala

Gly

Tyr

Pro

Pro

160

Ser

Glu

Ala

Arg

Thr

240

Pro

Glu

Tyx

DK/EP 3037429 T3



Leu Gly Arg Pro Ala Glu Pro Val Preo Leu Gln Leu Pro Pro Leu Glu
300

290

Arg Leu Thr Lel

305

Gly Val Gly Ser

Ser Gly Thr Lys

<210> 11

<211> 1863
<212> DNA

295

310

325

Glu
340

<213> Artificial Sequence

<220>

330

Asp Cys Asn Glu Asp Cys Gly Thr Ser Gly Thr Gln
315

320

Pro Gln Ile Leu Val Glu Ser Pro Ala Val Leu Glu

335

DK/EP 3037429 T3

<223> Gag consensus DNA sequence of subtype A, B, C and D construct

<400> 11

ggatccgeca
cacageggoeg
agactgagge
gagctggaga
atcatcggece
aacaccgtgg
gacctggaca
gocgacaceg
ggccagatgyg
gaggagaagyg
acacctcagg
atgctgaagg
gacggaccta
accteccacec
gacatctaca
gtgtccatcec
ttecttcaaga
accctgetgg
ggcgacacec

gccagagtge

ggcaacttca

atcegecagaa

ccatggacty
cocagagecaqg
ctggeggcaa
gattecgecect
agctgcagec
ccaccctgta
agatcgagga
gcaacagcaqg
tgcaccaggce
cctteagecce
acctgaacac
ataccatcaa
tcgacactgyg
tgcaagagca
agcggtggat
tggatatcag
ccotgagage
tgcagaacgce
tggaggagat

tggcegagge

gaggeccceag

actgtaggge

gacctggatt
cgtgetgtee
gaagaagtac
gaatcctgge
cgecectgcag
ctgegtgeac
ggagcagaac
ccaggtgtcoe
catcagecee
tgaggtgatce
catgetgaac
cgaggaggce
ccagatgaga
gatcggotgg
catecetggge
geagggocce
cgagcaggec
caaccccgac
gatgaccgec

catgagccag

gaggatcgtyg

cocccaggaayg

ctgtttetgy
ggcggcaage
cggctgaage
ctgetggaga
accggecageg
gagaagatcyg
aagagcaagc
cagaactace
agaaccctga
cctatgttea
acagtggggyg
gecgagtggy
gagoeccagag
atgaccagca
ctgaacaaga
aaggagccct
agccaggacyg
tgtaagacca
tgccagggag

gccaccaaca

aagtgcttca

aagggcetget

tecgeegeage
tggacgectyg
accttgtgtyg
ccagcgaggyg
aggagctgag
aggtgaagga
agaaggccda
ccategtgea
atgectgggt
gegecctgag
gccaccagge
acagactgca
goagegacat
acacccccat
ttgtgaggat
tcagagacta
tgaagaactyg
tectgagage
tgggeggace

gcaacatcat

actgtggcaa

ggaagtgtgyg

cacaagagtg
ggagaagatc
ggccagcaga
ctgtaagecag
aagcctgtac
caccaaggag
gcaggacgaoe
gaatctgcag
gaaggtgatc
cgagggegee
cgccatgcag
ceccgtgeac
cgcoggeace
cectgtggge
gtacagcecec
cgtggacegg
gatgaccgag
cctgggeccet
cggcecacaag

gatgcagegg

ggagggcecac

caaagqagqgq

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

260

1020

1080

1140

1200

1260

1320



caccagatga
cacaagggca
gagagctteg
gagctgtace
ccctacgacg
gactagactg
gagggccgtc
ctccaaceta
agggtgacat
cge
<210>12

<211> 524
<212> PRT

aggactgtac
gaccceggcaa
getteggega
ctetggecag
tgcecgatta
gacagccaat
aaagctactg
agacaggcge

gtecggagee

cgagcggeag
tttcecctgcag
ggagatcacc
cctgaagage
cgectgagaa
gacgggtaag
cctaatccaa
agectcogag

gtgetgeeag

<213> Artificial Sequence

<220>

gccaatttec
agcagacctg
cccageccca
ctgtteggea
ttecgtaagta
agagtgacat
tgacgggtaa
ggatgtgtct

gatgatgtct

tggggaagat
agcccaccgce
agcaggagec
acgatcecet
agtgtcatat
ttctcactaa
tagtgacaag
tttgtttttt

tggecetetgt

ctggeececage
ccctecegee
caaggacaga
gagccagtac
gggagagcte
cctaagacag
aaatgtateca
ataattaaaa

ttgctgegge

DK/EP 3037429 T3

1380
1440
1500
1560
1620
1680
1740
1800
1860

1863

<223> Gag consensus protein sequence of subtype A, B, C and D construct

<400> 12

Met Asp Trp

1

His Ser

Trp Glu

35

His
50

Lys

Pro
65

Gly
Gln

Leu

Asn Thr

Gly

Lys

Leu

Leu

Pro

val

Thr Trp

Ala
20

Arg
Ile Arg
Vval

Trp

Leu Glu

Ile

Ala

Leu

Ala

Thr

Leu Phe

val

Ser

Pro
40

Arg

Ser
55

Arg

Ser Glu

70

Ala ILeu

83

Ala
100

Thr

Gln

Leu Tyr

Asp Thr Lys

115

Gln
130

Lys Lys

Val
145

Ser Gln

Thr Gly

Cys

val
10

Leu

Leu Ser

25

Gly Gly

Glu Leu

Gly Cys

75

Ser Glu

val
105

His

Ala Ala

Gly

Lys

Glu

Lys

Glu

Glu

Ala

Gly Lys

30

Lys Lys

45

Arg Phe

60

Gln Ile

Leu

Arg

Lys Ile

Thr

Leu

Tyr

Ala

Ile

Ser

Glu

Arg Val

15

Asp Ala

Arg Leu
Asn

Leu

Gln
80

Gly

Leu
95

Tyr

Val Lys

110

Glu Ala Leu Asp Lys Ile Glu Glu Glu Gln Asn Lys Ser

120

125

Ala Gln Gln Ala Ala Ala Asp Thr Gly Asn Ser Ser Gln

135

140

Asn Tyr Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val

150

155

160



His

Glu

Ser

Gly

Glu

225

Ala

Thr

Ile

Lys

Gly

305

Leu

Thr

Ala

Gly

Ser

385

Gly

Ile

Gly

Phe

Gln

Glu

Glu

Gly

210

Ala

Pro

Ser

Pro

Ile

290

Pro

Arg

Leu

Leu

val

370

Gln

Pro

Ala

Lys

Leu
450

Ala

Lys

Gly

185

His

Ala

Gly

Thr

Val

275

Val

Lys

Ala

Leu

Gly
355

Gly

Ala

Arg

Arg

Glu

435

Gly

Ile

Ala

180

Ala

Gln

Glu

Gln

Leu

260

Gly

Arg

Glu

Glu

Val

340

Pro

Gly

Thr

Arg

Asn

420

Gly

Lys

Ser

165

Phe

Thr

Ala

Trp

Met

245

Gln

AsSp

Met

Pro

Gln

325

Gln

Gly

Pro

Asn

Ile

405

Cys

His

Ile

Pro

Ser

Pro

Ala

Asp

230

Arg

Glu

Ile

Tyr

Phe

310

Ala

Asn

Ala

Gly

Ser

390

val

Arg

Gln

Trp

Arg

Pro

Gln

Met

215

Arg

Glu

Gln

Tyr

Ser

295

Arg

Ser

Ala

Thr

His Lys Ala Arg Val

375

Asn

Lys

Ala

Met

Pro
455

Thr

Glu

Asp

200

Gln

Leu

Pro

Ile

Lys

280

Pro

Asp

Gln

Asn

Leu
360

Ile

Cys

Pro

Lys

440

Ser

Leu

val

185

Leu

Met

His

Arg

Gly

265

Arg

Val

Tyr

Asp

Pro

345

Glu

Met

Phe

Arg

425

Asp

His

Asn

170

Ile

Asn

Leu

Pro

Gly

250

Trp

Trp

Ser

val

Val

330

Asp

Glu

Met

Asn

410

Lys

Cys

Lys

Ala

Pro

Thr

Lys

Val

235

Ser

Met

Ile

Ile

Asp

315

Lys

Cys

Met

Gln

Trp

Met

Met

Asp

220

His

Asp

Thr

Ile

Leu

300

Arg

Asn

Lys

Met

Leu

Val

Phe

Leu

205

Thr

Ala

Ile

Ser

Leu

285

Asp

Phe

Trp

Thr

Thr
365

380

3%5

Cys

Lys

Thr

Gly

Arg

Gly

Gly

Glu

Arg

BAla

Gly

Lys

Cys

Arg

Tys

Ser

190

Asn

Ile

Gly

Ala

Asn

270

Gly

Ile

Phe

Met

Ile

350

Ala

Glu

Asn

Glu

Trp

val

175

Ala

Thr

Asn

Pro

Gly

255

Pro

Leu

Arg

Lys

Thr

335

Leu

Cys

ITle

Leu

val

Glu

Ile

240

Thr

Pro

Asn

Gln

Thr

320

Glu

Arg

Gln

Ala Met

Phe Arg

400

Gly His

415

430

445

460

Pro

Gln

Gly

Lys Cys

Ala Asn

Asn Phe

DK/EP 3037429 T3



Leu Gln Ser Arg Pro Glu Pro Thr Ala Pro Pro Ala

465 470 475

Phe Gly Glu Glu Ile Thr Pro Ser Pro Lys Gln Glu

485 490

Glu Leu Tyr Pro Leu Ala Ser Leu Lys Ser Leu Phe

500 505

Leu Ser Gln Tyr Pro Tyr Asp Val Pro Asp Tyr Ala

515 520

<210>13

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> IgE Primer Sequence 1

<400> 13
gtcgceteege tagettgtgg gtcacagtct attatgggot acc

<210> 14

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> IgE Primer Sequence 2

<400> 14
ggtcggatcc ttactccacc actctecttt ttgec 35

<210> 15

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> IgE leader sequence

<400> 15

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val

1 5 10

His

<210> 16
<211> 692
<212> PRT

Glu Ser Phe Gly

Pro Lys Asp Arg

Gly Asn Asp Pro

43

510

495

15

480

DK/EP 3037429 T3



DK/EP 3037429 T3

<213> Artificial Sequence

<220>
<223> Subtype A consensus Envelope protein sequence

<400> 16
Ser Arg Val Met Gly Ile Gln Arg Asn Cys Gln His Leu Trp Arg Trp
1 5 10 15

Gly Thr Met Ile Leu Gly Met Ile Ile Ile Cys Ser Ala Ala Glu Asn
20 25 30

Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Asp Ala Glu
35 40 45

Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Asp Thr Glu Val

His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn Pro
65 70 75 80

Gln Glu Ile Asn Leu Glu Asn Val Thr Glu Glu Phe Asn Met Trp Lys
85 30 95

Asn Asn Met Val Glu Gln Met His Thr Asp Ile Ile Ser Leu Trp Asp
100 105 110

Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu
115 120 125

Asn Cys Ser Asn Val Asn Val Thr Thr Asn Ile Met Lys Gly Glu Ile

130 135 140

Lys Asn Cys Ser Phe Asn Met Thr Thr Glu Leu Arg Asp Lys Lys Gln
145 150 155 160

Lys Val Tyr Ser Leu Phe Tyr Lys Leu Asp Val Val Gln Ile Asn Lys
165 170 175

Ser Asn Ser Ser Ser Gln Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala
180 185 190

Ile Thr Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His
195 200 205

Tyr Cys Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys Glu
210 215 220

Phe Asn Gly Thr Gly Pro Cys Lys Asn Val Ser Thr Val Gln Cys Thr
225 23¢ 235 240

His Gly Ile Lys Pro Val Val Ser Thr Gln Leu Leu Lel Asn Gly Ser
245 250 255



Len

Ala

Thr

Gln

305

His

Ala

Asn

Gly

Trp

385

Thr

Arg

Cys

Asn

Asp

465

Pro

Glu

Ala

Ala

Arg
545

Ala

Lys

Arg

290

Ala

Cys

Lys

Ser

Gly
370

Asn

Ile

Val

Glu

Asn

450

Asn

Leu

Lys

Ala

Arg

530

Ala

Glu

Asn

275

Pro

Phe

Asn

Gln

Ser

355

Glu

Gly

Thr

Gly

Ser

435

Ser

Trp

Gly

Arg

Gly

515

Gln

Ile

Glu

260

Ile

Asn

Tyr

val

Leu

340

Gly

Phe

Asn

Leu

Gln

420

Asn

Lys

Arg

Val

Ala

500

Ser

Leu

Glu

Glu

Ile

Asn

Ala

Ser

325

Arg

Gly

Phe

Gly

Pro

405

Ala

Ile

Asn

Ser

Ala

485

val

Thr

Leu

Ala

Val

Val

Asn

Thr

310

Arg

Lys

Arg

Tyr

Thr

390

Cys

Met

Thr

Glu

Glu

470

Pro

Gly

Met

Ser

Gln
550

Met

Gln

Thr

295

Gly

Thr

Tyr

Leu

Cys
375

Lys

Arg

Tyr

Gly

Thr

455

Leu

Thr

Ile

Gly

Gly

535

Gln

Ile

Leu

280

Arg

Asp

Glu

Phe

Arg

360

Asn

Lys

Tle

Ala

Leu

440

Phe

Tyr

Lys

Gly

Ala

520

Ile

His

Arg

265

Thr

Lys

Ile

Trp

Asn

345

Ile

Thr

Lys

Lys

Pro

425

Leu

Arg

Lys

Ala

Ala

505

aAla

val

Leu

Ser

Lys

Ser

Ile

Asn

330

Asn

Thr

Ser

Asn

Gln

410

Pro

Leu

Pro

Tyr

Lys

490

Val

Ser

Gln

Leu

Glu

Pro

Ile

Gly

315

Glu

Lys

Thr

Gly

Ser

395

Ile

Il=a

Thr

Gly

Lys

475

Arg

Phe

Ile

Gln

Lys
555

Asn

val

Arg

300

Asp

Thr

Thr

His

Leu
380

Thr

Ile

Gln

Arg

Gly

460

Val

Arg

Leu

Thr

Gln

540

Leu

Ile

Lys

285

Ile

Ile

Leu

Ile

Ser

365

Phe

Glu

Asn

Gly

Asp

445

Gly

Val

Val

Gly

Leu

525

Ser

Thr

Thr Asn Asn
270

Ile Asn Cys

Gly Pro Gly

Arg Gln Ala
320

Gln Lys Val
335

Ile Phe Thr
350

Phe Asn Cys

Asn Ser Thr

Ser Asn Asp
400

Met Trp Gln
415

Val Ile Arg
430

Gly Gly Asp

Asp Met Arg

Lys Ile Glu
480

Val Glu Arg
495

Phe Leu Gly
510

Thr Val Gln

Asn Leu Leu

Val Trp Gly
560

DK/EP 3037429 T3



Ile

Bsp

Thr

Glu

Asn
625

Gln

Leu

Phe

Val

Lys

Gln

Thr

Ile

610

Tyr

Glu

Trp

Ile

Gln Leu Gln

565

Gln Leu Leu

580

Asn Val Pro

585

Trp Asp Asn

Thr Asp Ile

Ala Arg

Gly Ile

Trp Asn

Met Thr

615

Ile Tyr
630

val

Trp

Ser

600

Trp

Asn

Leu

Gly

585

Ser

Leu

Leu

Ala
570

Cys

Trp

Gln Trp

Ile Glu

Val

Ser

Ser

GLlu Arg

Gly Lys

Asn Lys

605

Asp Lys

620

635

Glu Ser

Tyr

Leu

590

Ser

Glu

Gln

Leu Lys

575

Ile Cys

Gln Ser

Ile Ser

Asn Gln
640

Lys Asn Glu Gln Asp Leu Leu Ala Leu Asp Lys Trp Ala Asn

645

650

655

Asn Trp Phe Asp Ile Ser Asn Trp Leu Trp Tyr Ile Lys Ile
670

660

665

Met Ile Val Gly Gly Leu Ile Gly Leu Arg Ile Val Phe Ala
685

675

Leu Ser Val

690

<210> 17

<211> 697
<212> PRT
<213> Artificial Sequence

<220>
<223> Subtype B consensus Envelope protein sequence

<400> 17
Arg val Lys

1

Thr

Trp

Thr

Asn

65

Glu

Asn

Met

val

Leu

50

Val

val

Met

Leu

Thr

Phe

Trp

Val

val

Gly

Leu

20

Val

Cys

Ala

Leu

Glu
100

Ile

Gly

Tyr

Ala

Thr

Glu

Gln

Arg Lys

Met Leu

Tyr Gly

Sar Asp

55

His Ala
70

Asn Val

Met His

680

Asn

Met

Val

40

Ala

Cys

Thr

Glu

Tyr

Ile

25

Pro

Lys

Val

Glu

Asp
105

Gln

10

Cys

Val

Ala

Pro

Asn

920

Ile

His

Ser

Trp

Tyr

Thr

75

Phe

Ile

Leu Trp

Ala Ala

Lys Glu

45

Asp Thr

Asp Pro

Asn Met

Ser Leu

30

Arg Trp

15

Glu Lys

Ala Thr

Glu Vval

Asn Pro

Trp Lys

35

Trp Asp

110

Gly

Leu

Thr

Hisg

Gln

80

Asn

Gln

DK/EP 3037429 T3



Ser

Cys

Cys

145

Tyr

Thr

Cys

Ala

Gly

225

Pro

Glu

Ile

Asn

Thr

305

Ser

Arg

Gly

Phe

Gly
385

Cys

Leu

Thr
130

Ser

Ala

Ser

Pro

Gly

210

Bro

Val

val

val

Asn

290

Thr

Arg

Glix

Arg

Tyr

370

Thr

Arg

Lys
115

Asp

Phe

Leu

Tyr

Lys

185

Phe

Cys

Val

Val

Gln

275

Thr

Gly

Ala

Gln

Pro

355

Cys

Trp

Ile

Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu Asn

Leu Ser Gly Glu Lys Met Glu Lys Gly Glu Ile Lys Asn

Asn

Phe

Arg

180

Val

Ala

Thr

Ser

Ile

260

Leu

Arg

Glu

Lys

Phe

340

Arg

Asn

Asn

Lys

Ile

Tyr

165

Leu

Ser

Ile

Asn

Thr

245

Arg

Asn

Lys

Ile

Trp

325

Gly

Ile

Thr

Asn

Gln
405

Thr

150

Lys

Ile

Phe

Leu

Val

230

Gln

Ser

Glu

Ser

Ile

310

Asn

Asn

val

Thr

Asn
390

Ile

135

Thr

Leu

Ser

Glu

Lys

215

Ser

Leu

Glu

Ser

Ile

295

Gly

Asn

Lys

Met

Gln

375

Thr

Ile

120

Ser

Asp

Cys

Pro

200

Cys

Thr

Leu

Asn

Val

280

His

Asp

Thr

Thr

His

360

Leu

Glu

Asn

Ile

val

Asn

185

Ile

Asn

val

Leu

Phe

265

Glu

ITle

Ile

Leu

Ile

345

Ser

Phe

Gly

Met

Arg

val

170

Thr

Pro

Asp

Gln

Asn

250

Thr

Ile

Gly

Arg

Lys

330

val

Phe

Asn

Asn

Trp
410

Asp

155

Pro

Ser

Ile

Lys

Cys

235

Gly

Asn

Asn

Pro

Gln

315

Gln

Phe

Asn

Ser

Asp
395

Gln

125

140

Lys Val Gln

Ile

Vval

His

Lys

220

Thr

Ser

Asgn

Cys

Gly

300

Ala

Ile

Asn

Cys

Thr

380

Thr

Glu

Asp

Ile

Tyr

205

Phe

His

Leu

Ala

Thr

285

Gln

His

Val

Gln

Gly

365

Trp

Ile

Val

Asn

Thr

190

Cys

Asn

Gly

Ala

Lys

270

Arg

Ala

Cys

Lys

Ser

350

Gly

Asn

Thr

Gly

Lys

Asp

175

Gln

Ala

Gly

Ile

Glu

255

Thr

Pro

Phe

Asn

Lys

335

Ser

Glu

val

Leu

Lys
415

Glu

160

Asn

Ala

Pro

Thr

Arg

240

Glu

Ile

Asn

Tyr

Ile

320

Leu

Gly

Phe

Asn

Pro
400

Ala

DK/EP 3037429 T3



Met

Thr

Thr

Ser

465

Ala

val

Thr

Leu

Ala

545

Gln

Leu

Pro

Asn

Leu

625

Glu

Phe

Val

Tyr

Tyr

Gly

Glu

450

Glu

Pro

Gly

Met

Ser

530

Gln

Ala

Gly

Trp

Met

610

Ile

Gln

Asp

Gly

Pro
690

Ala

Leu

435

Ile

Leu

Thr

Ile

Gly

515

Gly

Gln

Arg

Ile

Asn

595

Thr

Tyr

Glu

Ile

Gly
675

Tyr

<210> 18
<211> 687

Pro

420

Leu

Phe

Tyr

Lys

Gly

500

Ala

Ile

His

val

Trp

580

Ala

Trp

Thr

Leu

Thr
660

Leu

Asp

Pro

Leu

Arg

Lys

Ala

485

Ala

Ala

Val

Leu

Leu

565

Gly

Ser

Met

Leu

Leu
645

Asn Trp Leu Trp Tyr Ile Lys Ile Phe Ile Met Ile

Ile Gly Leu Arg Ile Val Phe Ala Val Leu Ser Ile
680

Ile

Thr

Pro

Tyr

470

Lys

Met

Ser

Gln

Leu

550

Ala

Cys

Trp

Glu

Ile

630

Glu

Arg

Arg

Gly

455

Lys

Arg

Phe

Met

Gln

535

Gln

Val

Ser

Ser

Trp

615

Glu

Leu

Gly

Asp

440

Gly

Val

Arg

Leu

Thr

520

Gln

Leu

Glu

Gly

Asn

600

Glu

Glu

Asp

Gln

425

Gly

Gly

Val

val

Gly

505

Leu

Asn

Thr

Arg

Lys

585

Lys

Arg

Ser

Lys

Tle

Gly

Asp

Lys

Val

430

Phe

Thr

Asn

val

Tyr

570

Leu

Ser

Glu

Gln

Trp
650

665

Val Pro Asp Tyr Ala

685

Arg

Asri

Met

ILle

475

Gln

Leu

Val

Leu

Trp

555

Leu

Ile

Leu

Ile

Asn

635

Ala

Cys

Asn

Arg

460

Glu

Gly

Gln

Leu

540

Gly

Lys

Cys

Asp

Asp

620

Gln

Ser

Ser

Asn

445

Asp

Pro

Glu

Ala

Ala

525

Arg

Ile

Asp

Thr

Glu

€605

Asn

Gln

Leu

Ser

430

Thr

Asn

Leu

Lys

Ala

510

Arg

Ala

Lys

Gln

Thr

580

Ile

Tyr

Glu

Trp

Asn

Asn

Trp

Gly

Arg

495

Gly

Gln

Ile

Gln

Gln

575

Thr

Trp

Thr

Lys

Asn
655

670

685

Ile

Glu

Arg

Val

480

Ala

Ser

Leu

Glu

Leu

560

Leu

vVal

Asp

Ser

Asn

640

Trp

DK/EP 3037429 T3



DK/EP 3037429 T3

<212> PRT
<213> Artificial Sequence

<220>
<223> Subtype C consensus Envelope protein sequence

<400> 18
Arg Val Arg Gly Ile Leu Arg Asn Cys Gln Gln Trp Trp Ile Trp Gly
1 5 10 15

Ile Leu Gly Phe Trp Met Leu Met Ile Cys Asn Val Met Gly Asn Leu
20 25 30

Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Glu Ala Lys Thr
35 40 45

Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu Thr Glu Val His

Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn Pro Gln
65 70 75 80

Glu Met Val Leu Glu Asn Val Thr Glu Asn Phe Asn Met Trp Lys Asn

Asp Met Val Asp Gln Met His Glu Asp Ile Tle Ser Leu Trp Asp Gln
100 105 110

Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu Asn
115 120 125

Cys Arg Asn Asn Val Asn Asn Asn Asn Thr Met Lys Glu Glu Ile Lys
130 135 140

Asn Cys Ser Phe Asn Ile Thr Thr Glu Leu Arg Asp Lys Lys Gln Lys
145 150 155 160

Val Tyr Ala Leu Phe Tyr Arg Leu Asp Ile Val Pro Leu Asn Glu Lys
165 170 175

Asn Asn Ser Asn Asp Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile
180 185 190

Thr Gln Ala Cys Pro Lys Val Ser Phe Asp Pro Ile Pro Ile His Tyr
195 200 205

Cys Ala Pro Ala Gly Tyr Ala Ile Leu Lys Cys Asn Asn Lys Thr Phe
210 215 220

Asn Gly Thr Gly Pro Cys Asn Asn Val Ser Thr vVal Gln Cys Thr His
225 230 235 240

Gly Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu
245 250 255

Ala Glu Glu Glu Ile Ile Ile Arg Ser Glu Asn Leu Thr Asn Asn Ala



Lys

Arg

Thr

305

Cys

Glu

Ser

Gly

Met

385

Arg

Tyr

Gly

Glu

Glu

465

Bro

Gly

Met

Ser

Gln

545

Thr

Thr

Pro

290

Phe

Asn

Lys

Ser

Glu

370

Pro

Ile

Ala

Leu

Thr

450

Leu

Thr

Ile

Gly

Gly

530

Gln

Arg

Ile

275

Asn

Tyr

Ile

Leu

Gly

355

Phe

Asn

Lys

Pro

Leu

435

Phe

Tyr

Lys

Gly

Ala

515

Ile

His

Vval

260

Ile

Asn

Ala

Ser

Lys

340

Gly

Phe

Ser

Gln

Pro

420

Leu

Arg

Lys

Ala

Ala

500

Ala

val

Met

Leu

Val

Asn

Thxr

Glu

325

Glu

Arg

Tyr

Thr

Ile
405

Ile

Thr

Pro

Tyr

Lys

485

val

Ser

Gln

Leu

Ala

His

Thr

Gly

310

Glu

His

Leu

Cys

Asn

390

Ile

Glu

Arg

Gly

Lys

470

Arg

Phe

Ile

Gln

Gln

550

Ile

Leu

Arg

295

Asp

Lys

Phe

Glu

Asn

375

Asn

Asn

Gly

Asp

Gly

455

val

Arg

Leu

Thr

Gln

535

Leu

Glu

Asn

280

Lys

Tle

Trp

Pro

Tle

360

Thr

Thr

Met

Asn

Gly

440

Gly

Val

Val

Gly

Leu

520

Ser

Thr

Arg

265

Glu

Ser

Ile

Asn

Asn

345

Thr

Ser

Asn

Trp

Ile

425

Gly

Asp

Glu

Val

Phe

505

Thr

Asn

val

TyE

Ser

Ile

Gly

Lys

330

Lys

Thr

Lys

Thr

Gln
410

Thr

Lys

Met

Ile

Glu

490

Leu

Val

Leu

Trp

Leu

Val

Arg

Asp

315

Thr

Thr

His

Leu

Thr

395

Glu

Cys

Asn

Arg

Lys

475

Arg

Gly

Gln

Leu

Gly

555

Lys

Glu

Ile

300

Ile

Leu

Ile

Ser

Phe

380

Ile

val

Lys

Asp

Asp

460

Pro

Glu

Ala

Ala

Arg

540

Ile

Asp

Ile

285

Gly

Arg

Gln

Lys

Phe

365

Asn

Thr

Gly

Ser

Thr

445

Asn

Leu

Lys

Ala

Arg

525

Ala

Lys

Gln

270

Val

Pro

Gln

Arg

Phe

350

Asn

Ser

Leu

Arg

Asn

430

Asn

Trp

Gly

Arg

Gly

510

Gln

Ile

Gln

Gln

Cys

Gly

Ala

Val

335

Ala

Cys

Thr

Pro

Ala
415

Ile

Asp

Arg

val

Ala

495

Ser

Leu

Glu

Leu

Leu

Thr

Gln

His

320

Ser

Pro

Arg

Tyr

Cys

400

Met

Thr

Thr

Ser

Ala

480

Val

Thr

Leu

Ala

Gln

560

Leu
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Gly

Trp

Met

Ile

625

Lys

Asp

Gly

Ile

Asn

Thr

610

Tyr

Asp

Ile

Gly

Trp

Ser

595

Trp

Arg

Leu

Thr

Leu
675

<210>19

<211> 696
<212> PRT
<213> Artificial Sequence

<220>

<223> Subtype D consensus Envelope protein sequence

<400> 19
Arg Val Arg

1

Thr

Trp

Thr

aAsn

65

Glu

Asn

Ser

Met

Val

Leu

50

Ile

Ile

Met

Leu

Leu

Thr

35

Phe

Trp

Glu

Val

Lys

Gly

580

Ser

Meb

Leu

Leu

Asn

660

Ile

Gly

Leu

20

Vval

Cys

Ala

Leu

Glu

100

Pro

565

Cys

Trp

Gln

Leu

Ala

645

Trp

Gly

Ile

Gly

Tyr

Ala

Thr

Glu

85

Gln

Cys

Ser

Ser

Trp

Glu

630

Leu

Leu

Leu

Lys

Met

Tyr

Ser

His

70

Asn

Met

Vval

Gly Lys

Asn Lys
600

Asp Arg

615

Asp Ser

Asp Ser

Trp Tyr

Leu

585

Ser

Glu

Gln

Trp

Ile

665

570

Ile

Gln

Ile

Asn

Lys

650

Lys

Cys

Glu

Ser

Gln

635

Asn

Ile

Thr Thr

Asp

Asn
620

Gln Glu

Leu Trp

Phe

575

590

Ile
605

Tyr

Ile Met Ile

Ala Val Pro

Trp Asp Asn

Thr Asp Thr

Lys Asn Glu

640

655

670

Arg Ile Tle Phe Ala Val Leu Ser Ile

680

Arg Asn

Leu Met

Gly val

40

Asp Ala

55

Ala Cys

Vval Thr

His Glu

Lys Leu

Tyr

Thr

25

Pro

Lys

Val

Glu

Asp

105

Thr

Gln

10

Cys

Val

Ser

Pro

Asn

90

Ile

Pro

Hig

Leu

Ser Val

Trp Lys

Tyr Lys

60

Thr Asp

75

Phe Asn

Ile Ser

Leu Cys

685

Trp

Ala

Glu

45

Thr

Pro

Met

Leu

vVal

Lys Trp
15

Glu Asn

Ala Thr

Glu Ala

Asn Pro

Trp Lys

385

Trp Asp
110

Thr Leu

Asn Trp Phe

val

Gly

Leu

Thr

His

Gln

80

Asn

Gln

Asn

DK/EP 3037429 T3



Cys

Glu
145

Val

Asn

Glu

Lys

225

Ser

Leu

Glu

Ser

Ile

305

Gly

Lys

Thr

Thr

Arg

385

Lys

Thr
130

Glu

Asp

Pro

Cys

Pro

210

Cys

Thr

Leu

Asn

Val

290

Pro

Asp

Thr

Thr

His

370

Leu

Glu

PO

115

Asp

Gly

Lys

Ile

Asn

195

Ile

Lys

Val

Léen

Leu

275

Thr

Ile

Ile

Leu

Ile

355

Ser

Phe

Asn

L.

Gly

Glu

Lys

Asp
180

Thr

Pro

Asp

Gln

Ash

260

Thr

Ile

Gly

Arg

Gln

340

Ile

Phe

Asn

Asn

Met

Met

Lys

165

Asp

Ser

Ile

Lys

Cys

245

Gly

Asn

Asn

Leu

Gln

325

Gln

Phe

Agn

Ser

Thr
405

~

120

Arg Asn Asp
135

Lys Asn Cys
150

Gln Val His

Asn Asn Thr

Ala Ile Thr
200

His Tyr Cys
215

Lys Phe Asn
230

Thr His Gly

Ser Leu Ala

Asn Ala Lys
280

Cys Thr Arg
295

Gly Gln ala
310

Ala His Cys

Val Ala Lys

Lys Pro Ser
360

Cys Gly Gly
375

Thr Trp Ser
390

Ile Thr Leu

*rod Ao Tooa

Thr

Ser

Ala

Asn
185

Gln

Ala

Gly

Ile

Glu

265

Ile

Pro

Phe

Asn

Lys

345

Ser

Glu

Lys

Pro

Asn

Phe

Leu

170

Asn

Ala

Pro

Thr

Arg

250

Glu

Ile

Tyr

Tyr

Ile

330

Leu

Gly

Phe

Asn

Cys
410

e

Asp

Asn
155

Phe

Ser

Cys

Ala

Gly

235

Pro

Glu

Ile

Asn

Thr

315

Ser

Gly

Gly

Phe

Ser

395

Arg

moioa

Thr

140

Ile

Tyr

Pro

Gly

220

Pro

Val

Ile

Val

Asn

300

Thr

Gly

Asp

Arg

Tyr

380

Thr

Ile

»a =

Asn

125

Lys

205

Phe

Cys

Val

Ile

Gln

285

Thr

Arg

Ala

Leu

Pro

365

Cys

Ser

Lys

Asn

Thr

Lys

Tyr

Val Thr Met

Thr Glu Val

160

Leu Asp Val

175

190

val

Ala

Lys

Ser

Ile

270

Leu

Arg

Gly

Glu

Leu

350

Arg

Asn

Asn

Gln

Thr

Ile

Asn

Thr

255

Arg

Asn

Lys

Ile

Trp

335

Asn

Ile

Thr

Ser

Ile
415

Arg Leu Ile

Phe

Leu

val

240

Gln

Ser

Glu

Arg

Ile

320

Asn

Lys

Thr

Ser

Thr

400

Ile

DK/EP 3037429 T3
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ASID MET 1IIrP Ll Lliy Val Lly LYS Ala MEU YD Ald PO Fro Lie uiu

420 425 430

Gly Leu Ile Lys Cys Ser Ser Asn Ile Thr Gly Leu Leu Leu Thr Arg

435 440 445

Asp Gly Gly Ala Asn Asn Ser His Asn Glu Thr Phe Arg Pro Gly Gly
450 455 460

Gly Asp Met Arg Asp Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val
465 470 475 480

Val Lys Ile Glu Pro Leu Gly Val Ala Pro Thr Arg Ala Lys Arg Arg
485 490 495

Val val Glu Arg Glu Lys Arg Ala Ile Gly Leu Gly Ala Met Phe Leu
500 505 510

Gly Phe Leu Gly 2la Ala Gly Ser Thr Met Gly Ala aAla Ser Leu Thr
515 520 525

Leu Thr Val Gln Ala Arg Gln Leu Leu Ser Gly Ile Val Gln Gln Gln
530 535 540

Asn Asn Leu Leu Arg Ala Ile Glu Ala Gln Gln His Leu Leu Gln Leu
545 550 555 560

Thr Val Trp Gly Ile Lys Gln Leu Gln Ala Arg Ile Leu Ala Val Glu
565 570 575

Arg Tyr Leu Lys Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly
580 585 590

Lys His Ile Cys Thr Thr Thr Val Pro Trp Asn Ser Ser Trp Ser Asn
595 600 605

Lys Ser Leu Asp Glu Ile Trp Asn Asn Met Thr Trp Met Glu Trp Glu
610 615 620

Arg Glu Ile Asp Asn Tyr Thr Gly Leu Ile Tyr Ser Leu Ile Glu Glu
625 630 635 640

Ser Gln Thr Gln Gln Glu Lys Asn Glu Gln Glu Leu Leu Glu Leu Asp
645 650 655

Lys Trp Ala Ser Leu Trp Asn Trp Phe Ser Ile Thr Glan Trp Leu Trp
660 665 670

Tyr Ile Lys Ile Phe Ile Met Ile Val Gly Gly Leu Ile Gly Leu Arg
675 680 685

Ile val Phe Ala Val Leu Ser Leu
690 695

<210> 20
<211> 323



<212> PRT
<213> Artificial Sequence

<220>
<223> Subtype B consensus Nef-Rev protein sequence

<400> 20

Ser Lys Arg

1

Arg

Glu

Asp

Val

65

Asp

Tyr

Gln

Pro

145

His

Val

Leu

Ala

Leu
225

Thr

Ala

Lys

Cys

50

Arg

Leu

Ser

Gly

Tyr

130

Glu

Pro

Trp

His

Gly
210

Ile

Arg

Glu

His

35

Ala

Ala

Ser

Gln

Tyr

115

Pro

Lys

Met

Lys

Pro

195

Arg

Lys

Gln

Ser

Pro

20

Gly

Trp

Gln

His

Lys

100

Phe

Leu

Vval

Ser

Phe

180

Glu

Ser

Phe

Ala

val

Ala

Ala

Leu

Vval

Phe

Arg

Pro

Thr

Glu

Leu

165

Asp

Tyr

Gly

Leu

Arg

Aare

val

Ala

Ile

Glu

Ala

70

Leu

Gln

Asp

Phe

Glu

150

His

Ser

Tyr

Asp

Tyxr
230

Arg

Gly

Asp

Thr

Ala

55

Leu

Lys

Asp

Trp

Gly

135

Ala

Gly

Arg

Lys

Ser
215

Gln

Asn

Trp

Gly

Ser

40

Gln

Arg

Glu

Ile

Gln

120

Trp

Asn

Met

Len

Asp

200

Asp

Ser

Arg

Pro

val

25

Ser

Glu

Ala

Lys

Leu

105

Asn

Cys

Glu

Asp

Ala

185

Cys

Glu

Asn

Arg

Thr

10

Gly

Asn

Glu

Met

Gly

%0

Asp

Tyr

Phe

Gly

Asp

170

Phe

Glu

Pro

Arg

Acn

val

Ala

Thr

Glu

Thr

75

Gly

Leu

Thr

Lys

Glu

155

Pro

His

Gly

Leu

Pro
235

Arg

Arg

Val

Ala

Glu

60

Tyr

Leu

Trp

Pro

Leu

140

Asn

Glu

His

Leu
220

Pro

Trp

Glu

Ser

Ala

45

Val

Lys

Glu

Val

Gly

125

Val

Asn

Arg

Met

Lys

205

Lys

Ser

Arg

Arg

Arg

30

Asn

Gly

Ala

Gly

Tyr

110

Pro

Pro

Ser

Glu

Ala

130

Arg

Thr

Pro

Glu

Met

15

Asp

Asn

Phe

Ala

Leu

95

His

Gly

Val

Ala

Val

175

Arg

Arg

val

Glu

Arg

AEE

Arg

Leu

Ala

Pro

val

80

Ile

Thr

Ile

Glu

Ala

160

Leu

Glu

Ser

Arg

Gly
240

Gln

DK/EP 3037429 T3



Thr

Gly
305

Thr

<210> 21

44D

Gln Ile Arg Ser Ile Ser

260

Pro Ala Glu Pro Val Pro

275

Leu Asp Cys Asn Glu Asp

230

295

Ser Pro Gln Ile Leu Val

Lys

Glu

<211> 506
<212> PRT
<213> Artificial Sequence

<220>
<223> Gag consensus protein sequence of subtype A, B, Cand D

<400> 21
Gly Ala Arg Ala

1

Lys

Leu

Leu

Pro
65

Val

Lys

Lys

Gln

Ala
145

Ile Arg Leu

val

Leu
50

Ala

Ala

Glu

Ala

Asn

130

Ile

Trp
35

Glu

Leu

Thr

Ala

Gln

115

Tyr

Ser

20

Ala

Thr

Gln

Leu

Leu

100

Gln

Pro

Fro

310

Ser Val
5

Arg Pro

Ser Arg

Ser Glu

Thr Gly
70

Tyr Cys

85

Asp Lys

Ala Ala

Ile vVal

Arg Thr
150

Leu

Gly

Glu

Gly

55

Ser Glu Glu

Val

Ile

Ala

Gln

135

Leu

Glu Trp

T.eu Gln

280

Cys Gly

Glu Ser

Ser Gly

Gly Lys

Leu Glu

40

Cys Lys

His

Glu

Asp

120

Asn

Asn

265

25

Glu

Glu

105

Thr

Leu

Ala

PAary)

Ile Leu Ser Thr Tyr

Leu Pro Pro

Thr Ser Gly
300

Pro Ala Val
315

Gly Lys Leu
10

Lys Lys Tyr

Arg Phe Ala

Gln Ile Ile
60

Leu Arg Ser

75

Leu
285

Thr

Leu

270

Glu

Gln

Glu

42D

Leu Gly

Arg Leu

Gly Vval

Ser Gly
320

Asp Ala Trp Glu

15

Arg Leu Lys His

30

Leu Asn Pro Gly

45

Gly Gln Leu Gln

Leu Tyr Asn Thr

80

Lys Ile Glu Val Lys Asp Thr

90

85

Glu Gln Asn Lys Ser Lys Gln

110

Gly Asn Ser Ser Gln Val Ser

125

Gln Gly Gln Met Val His Gln

140

Trp Val Lys Val Ile Glu Glu

155

160

DK/EP 3037429 T3



Lys

Gly

His

Ala

Gly

225

Thr

Val

Val

Lys

Ala

305

Leu

Gly

Gly

Ala

Arg

385

Glu

Gly

Ser

Ala

Ala

Gln

Glu

210

Gln

Leu

Gly

Arg

Glu

290

Glu

vVal

Pro

Gly

Thr

370

Arg

Asn

Gly

Lys

Arg

Phe

Thr

Ala

195

Trp

Met

Gln

Asp

Met

275

Pro

Gln

Gln

Gly

Pro

355

Asn

Ile

Cys

His

Ile

435

Pro

Ser

Ero

180

Ala

Asp

Arg

Glu

Tle

260

Tyr

Phe

Ala

Asn

Ala

340

Gly

Ser

val

Arg

Gln
420

Trp

Glu

Pro

165

Gln

Met

Arg

Glu

Gln

245

Tyr

Ser

Arg

Ser

Ala

325

Thr

His

Asn

Lys

Ala

405

Met

Pro

Pro

Glu

Asp

Gln

Leu

Pro

230

Ile

Lys

Pro

Asp

Gln

310

Asn

Leu

Lys

Ile

Cys

390

Pro

Lys

Ser

Thr

Val

Leu

Met

His

215

Arg

Gly

Arg

Val

Tyr

295

Asp

Pro

Glu

Ala

Met

375

Phe

Arg

Asp

His

Ala

Ile

Asn

Leu

200

Fro

Gly

Trp

Trp

Ser

280

val

val

Asp

Glu

Arg

360

Met

Asn

Lys

Cys

Lys

440

Pro

Pro

Thr

185

Lys

val

Ser

Met

Ile

265

Ile

Asp

Lys

Cys

Met

345

val

Gln

Cys

Lys

Thr

425

Gly

Pro

Met

170

Met

Asp

His

Asp

Thr

250

Ile

Leu

Arg

Asn

Lys

330

Met

Leu

Arg

Gly

Gly

410

Glu

Arg

aAla

Phe

Leu

Thr

Ala

Ile

235

Ser

Leu

Asp

Phe

Trp

315

Thr

Thr

Bla

Gly

Lys

395

Cys

Arg

Pro

Glu

Ser

Asn

Ile

Gly

220

Ala

Asn

Gly

Ile

Phe

300

Met

Ile

Ala

Glu

Asn

Ala

Thr

Asn

205

Prao

Gly

Pro

Leu

Arg

285

Lys

Thr

Leu

Cys

Ala

Leu

Val

190

Glu

Ile

Thr

Pro

Asn

270

Gln

Thr

Glu

Arg

Gln

Ser

175

Gly

Glu

Ala

Thr

Ile

255

Lys

Gly

Leu

Thr

Ala

Glu

Gly

Ala

Pro

Ser

240

Pro

Ile

Pro

Arg

Leu

320

Leu

335

350

365

380

Glu

Trp

Gly

Ser

Gln

Phe

Gly

Lys

Ala

Asn

Met

Arg

His

Cys

Asn

Gly Val

Ser Gln

Gly Pro

Ile Ala

400

Gly Lys

415

430

445

Phe

Phe

Gly

Phe Leu

Leu Gln

Phe Gly

DK/EP 3037429 T3



450

Glu Glu
465

Tyr Pro

Gln Tyr

<210> 22
<211> 818

<212> DNA

455

470

485

500

<213> Artificial Sequence

<220>

475

490

Pro Tyr Asp Val Pro Asp Tyr Ala

505

<223> HPV genotype 16 E6-E7 DNA sequence

<400> 22

gaattecgecca
cacagcttee
cagaccacca

agagaggtgt

tgtgacaagt
ctgtacggea
tgtatcaact
atcaggggca
gagacccage
tacatgotgg
agcagcgagg
cactacaaca
agcacccacg
tgtececatct
<210> 23

<211> 264
<212> PRT

ccatggactg
aggaccccca
tccacgacat

acgaccggga

gectgaagtt
ccaccctgga
gccagaagcec
gatggaccgg
tgagaggccg
acctgecagece
aggaggatga
tcgtgacett
tggacatcag

gctcccagaa

gacctggatce
ggagagcggc
catcctggag

ccotgtgtate

ctacagcaag
gcagcagtac
cctgcagaga
cagatgtatg
gadgagaaga
tgagaccacc
gatcgacgga
ttgcetgtaag
aaccctggag

accctgatga

<213> Artificial sequence

<220>

ctgttectgg
agaaagctge
tgtgtgtact

gtgtacaggy

atcagecgagt
aacaagccecc
cacctggaca
agctgectgee
agccacggcg
gatctgtacg
cetgoeoggac
tgtgacagea
gatctgctga

gcggcecge

460

tggccgeege
cteoagctgty
gtaagcagca

acggecaatce

accggeacta
tgtgtgacct
agaagcagcg
ggagcagcag
ataccecccac
gctacggeca
aggcocgages
cectgagact

tgggcacecct

<223> HPV genotype 16 E6-E7 protein sequence

<400> 23

Ile Thr Pro Ser Pro Lys Gln Glu Pro Lys Asp Arg Glu Leu

480

Leu Ala Ser Leu Lys Ser lLeu Phe Gly Asn Asp Pro Leu Ser

495

cacacgggtg
taccgagetyg
gotgctgagg

ctacgecogtyg

ctgetacage
gctgateecgg
gttccacaac
aaccagaagg
cckgecacgag
gctgaatgac
cgacagagcc
gtgcgtgeag

gggcatcgtg

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val

1

5

10

15

DK/EP 3037429 T3

60
120
180

240

300
360
420
480
540
600
660
720
780

818



His

Cys

Tyr

Cys

65

Leu

Leu

Leu

Asp

Cys

145

Tyr

Gln

Gly

Cys

225

Asp

Cys

Ser

Thr

Cys

50

Ile

Lys

Tyr

Leu

Lys.

130

Met

Gly

Met

Leu

Gln

210

Lys

Ile

Pro

Phe

Glu

35

Lys

val

Phe

Gly

Ile
115

Lys

Ser

Arg

Leu

Asn

195

Ala

Cys

Arg

Ile

<210>24
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> HPV E6 immunodominant epitope

Gln

20

Leu

Gln

Tyr

Tyr

Thr

100

Arg

Gln

Cys

Lys

ASp

180

Asp

Glu

Asp

Thr

Cys
260

Asp

Gln

Gln

Arg

Ser

85

Thr

Cys

Arg

Cys

Arg

165

Leu

Ser

Pro

Ser

Leu

245

Ser

Pro

Thr

Leu

Asp

70

Lys

Leu

Ile

Phe

Arg

150

Arg

Gln

Ser

Asp

Thr

230

Glu

Gln

Gln

Thr

Leu

55

Gly

Ile

Glu

Asn

His

135

Ser

Ser

Pro

Glu

Arg

215

Leu

Asp

Lys

Glu Ser Gly Arg
25

Ile His Asp Ile
40

Arg Arg Glu Val

Asn Pro Tyr Ala
75

Ser Glu Tyr Arg
20

Gln Gln Tyr Asn
105

Cys Gln Lys Pro
120

Asn Ile Arg Gly

Ser Arg Thr Arg
155

His Gly Asp Thr
170

Glu Thxr Thr Asp
185

Glu Glu Asp Glu
200

Ala His Tyr Asn

Arg Leu Cys Val
235

Leu Leu Met Gly
250

Pro

Lys

Ile

Tyr

60

Val

His

Lys

Leu

Arg

140

Arg

Pro

Leu

Ile

Ile

220

Gln

Thr

Leu

Leu

45

Asp

Cys

Tyr

Pro

Gln
125

Trp

Glu

Thr

Tyr

Asp

205

Val

Ser

Leu

Pro

30

Glu

Arg

Asp

Cys

Leu

110

Arg

Thr

Thr

Leu

Gly

190

Gly

Thr

Thr

Gly

Gln

Cys

Asp

Lys

Tyr

95

Cys

His

Gly

Gln

Hig

175

Tyr

Pro

Phe

His

Ile
255

Leu

Val

Leu

Cys

80

Ser

Asp

Leu

Arg

Leu

160

Glu

Gly

Ala

Cys

Val

240

Val
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<400> 24

Ieu Cys Ile Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp
1 5 10 15
<210> 25

<211>15

<212> PRT

<213> Artificial Sequence

<220>
<223> HPV E7 immunodominant epitope

<400> 25

Ala Glu Pro Asp Arg Ala His Tyr Asn Ile Val Thr Phe Cys Cys
1 5 10 15
<210> 26

<211> 142

<212> PRT

<213> Artificial Sequence

<220>
<223> HPV E6 consensus sequence

<400> 26
Phe Gln Asp Pro Gln Glu Ser Gly Arg Lys Leu Pro Gln Leu Cys
1 5 10 15

Glu Leu Gln Thr Thr Ile His Agp Ile Ile Leu Glu Cys Val Tyr
20 25 30

Lys Gln Gln Leu Leu Arg Arg Glu vVal Tyr Asp Arg Asp Leu Cys
35 40 45

Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp Lys Cys Leu
50 55 60

Phe Tyr Ser Lys Ile S8er Glu Tyr Arg His Tyr Cys Tyr Ser Leu
65 70 75

Gly Thr Thr lLeu Glu Gln Gln Tyr Asn Lys Pro Leu Cys Asp Leu
85 90 85

Ile Arg Cys Ile Asn Cys Gln Lys Pro Leu Gln Arg His Leu Asp
100 105 110

Lys Gln Arg Phe His Asn Ile Arg Gly Arg Trp Thr Gly Arg Cys
115 120 125

Ser Cys Cys Arg Ser Ser Arg Thr Arg Arg Glu Thr Gln Leu
130 135 140

<210> 27

Thr

Cys

Ile

Lys

Tyr

80

Leu

Lys

Met

DK/EP 3037429 T3
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<211> 97
<212> PRT
<213> Artificial Sequence

<220>
<223> HPV E7 consensus sequence

<400> 27
His Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gln Pro
1 5 10 15

Glu Thr Thr Asp Leu Tyr Gly Tyr Gly Gln Leu Asn Asp Ser Ser Glu

20 25 30

Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly Gln Ala Glu Pro Asp Arg
35 40 45

Ala His Tyr Asn Ile Val Thr Phe Cys Cys Lys Cys Asp Ser Thr Leu
50 55 60

Arg Leu Cys Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu Asp
65 70 75 80

Leu Leu Met Gly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln Lys
85 20 95

Pro

<210> 28

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> IgE Leader Sequence

<400> 28
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser

<210> 29

<<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> Proteolytic Cleavage Sequence

<400> 29

Awrrr 2Tvr Bva Tare Ara BAr~ Qar



FRLA] WY ALY MYO ALY SRy T

1

<210> 30

<211> 1766
<212> DNA

5

<213> Artificial Sequence

<220>

<223> HCV genotype 1a and 1b consensus E1-E2 DNA sequence

<400> 30

gaattcgeca
cacagctacc
agcagcateg
gtgagagagg
gatggcagec
accctgtgta
ctgttcacet
ceeggecaca
accgccetgg
ggageccact
aaggtgcteg
agcgagaccc
ttcacccctg
aacagcaccg
taccagcaca
gatgagttcg
agaccctact
tgtggccceg
ggagcecccea
agaccccece
gtgtgtggeg
accgactget
ctgacececca
aacttcacca
goctgtaatt
tacecatotge
cocgecctga
tacggagtgg

ttectgatge

ccatggactg
aagtgaggaa
tgtacgagge
gcaacagcete
tgcccaccac
gcgecatgta
tcagececcag
tcacecggcca
tggtgtcececa
ggggegtget
tggtgetget
acgtgaccgyg
gcgccaagca
aactgaacty
agttcaacag
cecagggetyg
gctggcacta
tgtactgett
cctacagcectg
tgggcaattg
ccecteectg
tcagaaagca
gatgtatggt
tcettcaaagt
ggaccaggygy
tgctgtecac
gcaccggcecct
gctctageat

tggccgacge

gacctggate
tagcagcgge
cgccgacatg
cagatgetgg
caccctgagyg
tgtgggcgat
aaggcactgg
cagaatggec
gctgctgaga
ggccggcate
getgttagee
cggcacegce
gaacatccag
taacgacagce
cageggetge
gggecccatc
cgcceccaga
cacecctage
gggcgagaac
gttecggetgt
tgtgatcgge
ccocegaggeo
ggactaccce
gaggatgtat
cgagagatgt
caccgagtgg
gatccacctg
cgtgtecctgg

cagagtgtgt

ctgttectgg
ctgtaccacyg
atcatgcaca
gtggeccctga
agacacgtgg
ctgtgtggea
acegtgcagg
tgggacatga
atcccteagg
gcctacttea
ggcegtggacy
ggcagaacca
ctgatcaaca
ctgaacaccg
cccgagagaa
acctacgecca
cecetgtggea
coegtggttyg
gagaccgacg
acctggatga
ggagtgggea
acctactceca
tacaggctgt
gtggggggcyg
gacctggagg
caggtgctge
caccagaaca
gccatcaagt

agctgectgt

tggcegetge
tgaccaacga
cdeceggetyg
cccctaccgt
acctgettgt
goegtgtttet
actgtaactg
tgatgaactg
ccategtgga
gcatggtggyg
gcagaggcag
cagceggect
ccaacggcag
getggetgge
tggccagetyg
atggcagegyg
tegtgeccge
tgggcaccac
tgctggtget
acagcaccgg
acaacaccct
gatgtggcag
ggcactacce
tggagcacag
accgggatag
cttgtagett
tegtggacgt
gggagtacgt

ggatgatgct

aacacgggtyg
ctgctccaac
tgtgecetgt
ggccgocaga
gggcagegec
tgtgggceag
ctccatctac
gagccctace
catggtggece
caactgggec
gaagagaagg
tgtgggecty
ctggcacatc
cggectgtte
tagacccctg
cactgaccag
caagagegtyg
cgacagaagc
gaacaacacec
cttcaccaaa
gaccatgeceoce
cggaccttgg
ctgtaccgtg
actggaggec
aagcgagctg
caccacectg
gcagtacctyg
ggtgctgetg

gatgatcage

DK/EP 3037429 T3

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

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

1740



caggccgagg cctgatgagc ggeccge

<210> 31

<211> 580
<212> PRT
<213> Artificial Sequence

<220>
<223> HCV genotype 1a and 1b consensus E1-E2 protein sequence

<400> 31

Met Asp Trp Thr

1

His

Asp

His

Cys

65

Pro

Thr

Leu

Gln

Met

145

Val

Gly

Gly

2sp

Thr
225

Ser

Cys

Thr
50

Trp

Thr

Leu

vVal

Asp

130

Ala

Ser

Ala

Asn

Gly
210

Ala

Tyr Gln
20

Ser Asn
35

Pro Gly

Val Ala

Thr Thr

Cys Ser
100

Gly Gln
115

Cys Asn

Trp Asp

Gln Leu

His Trp
180

Trp Ala
195

Arg Gly

Gly Arg

Trp Ile Leu Phe ILeu Val Ala

Val Arg Asn Ser Ser Gly Leu
25

Ser Ser Ile Val Tyr Glu Ala
40

Cys Val Pro Cys Val Arg Glu
55

Leu Thr Pro Thr Val Ala 3Ala
70 75

Leu Arg Arg His Val Asp Leu

Ala Met Tyr Val Gly Asp Leu
105

Leu Phe Thr Phe Ser Pro Arg
120

Cys Ser Ile Tyr Pro Gly His
135

Met Met Met Asn Trp Ser Pro
150 155

Leu Arg Ile Pro Gln Ala Ile
165 170

Gly Val Leu Ala Gly Ile Ala
185

Lys Val Leu Val Val Leu Leu
200

Arg Lys Arg Arg Ser Glu Thr
215

Ala

Tyr

Ala

Gly

60

Arg

Leu

Cys

Ile

140

Thr

Val

Tyr

Leu

His
220

Ala

His

Asp

45

Asn

Asp

val

Gly

His

125

Thr

Thr

Asp

Phe

Phe

205

Val

Thr

Val

30

Met

Ser

Gly

Gly

Ser

110

Trp

Gly

Ala

Met

Ser

130

Ala

Thr

Arg

15

Thr

Ile

Ser

Ser

Ser

95

Val

Thr

His

Leu

Val

175

Met

Gly

Gly

val

Asn

Met

Arg

Leu

80

Ala

Phe

Val

Arg

Vval

160

Ala

Val

Val

Gly

Thr Thr Ala Gly Leu Val Gly Leu Phe Thr Pro Gly
240

230 235

DK/EP 3037429 T3
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Ala

Asn

Ala

Pro

305

Trp

Cys

Thr

Asp

Gly

385

Pro

Thr

Ser

Leu

Met

465

Thr

Ser

Phe

Lys

Ser

Gly

Met

290

Ile

His

Gly

Asp

val

370

Cys

Pro

Asp

Gly

Trp

450

Tyr

Arg

Pro

Thr

Gln

Thr

Leu

275

Ala

Thr

Tyr

Pro

Arg

355

Len

Thr

Cys

Cys

Pro

435

His

Vval

Gly

Leu

Thr
515

Asn

Ala

260

FPhe

Ser

Tyr

Ala

val

340

Ser

val

Trp

val

Phe
420

Trp

Tyr

Gly

Glu

Lieu
500

Leu

Ile

245

Leu

Tyr

Cys

Ala

Pro

325

Tyr

Gly

Leu

Met

Ile

405

Arg

Leu

Pro

Gly

Gln

Asn

Gln

Arg

Asn

310

Arg

Cys

Ala

Asn

Agn

3%0

Gly

Lys

Thr

Cys

val

470

Leu

Cys

His

Pro

295

Gly

Pro

Phe

Pro

Asn

375

Ser

Gly

His

Pro

Thr

455

Glu

Ile

Asn

Lys

280

Leu

Ser

Cys

Thr

Thr

360

Thr

Thr

Val

Pro

Arg

440

val

His

Arg Cys Asp Leu

485

Leu Ser Thr Thr

Pro Ala Leu Ser

520

Asn

Asp

265

Phe

Asp

Gly

Gly

Pro

345

Tyr

Arg

Gly

Gly

Glu

425

Cys

Asn

Arg

Thr

250

Ser

Asn

Glu

Pro

Ile

330

Ser

Ser

Pro

Phe

Asn

410

Ala

Met

Phe

Leu

Asn

Leu

Ser

Phe

Asp

315

Val

Pro

Trp

Pro

Thr

395

Asn

Thr

Val

Thr

Glu

475

Gly

Asn

Ser

Ala

300

Gln

Pro

val

Gly

Leu

380

Lys

Thr

Tyr

Asp

Ile

460

Ala

Ser

Thr

Gly

285

Gln

Arg

Ala

val

Glu

365

Gly

Val

Leu

Ser

Tyr

445

Phe

Ala

Trp

Gly

270

Cys

Gly

Pro

Lys

val

350

Asn

Asn

Cys

Thr

Arg

430

Pro

Ly's

Cys

His

255

Trp

Pro

Trp

Tyr

Ser

335

Gly

Glu

Trp

Gly

Cys

415

Cys

Tyr

val

Asn

Ile

Leu

Glu

Gly

Cys

320

Val

Thr

Thr

Phe

Ala

400

Pro

Gly

Arg

Arg

Trp

480

Glu Asp Arg Asp Arg Ser Glu Leu
495

490

Glu Trp Gln Val Leu Pro Cys Ser
510

505

Thr Gly Leu Ile His Leu His Gln
525

DK/EP 3037429 T3



Asn

Ser

545

Ala

Gln

Ile Val Asp Val Gln Tyr Leu Tyr Gly Val Gly Ser Ser Ile

530

535

540

val

Trp Ala Ile Lys Trp Glu Tyr Val Val Leu Leu Phe Leu Leu Leu

550

555

Asp Ala Arg Val Cys Ser Cys Leu Trp Met Met Leu Leu Ile

Ala Glu Ala

<210> 32

<211> 192
<212> PRT
<213> Artificial Sequence

<220>
<223> HCV E1 consensus sequence

<400> 32

Tyr Gln Val

1

Ser

Pro

val

Thr

65

Cys

Gly

Cys

Trp

Gln

145

His

Trp

Asn

Gly

Ala

50

Thr

Ser

Gln

Asgn

Asp

130

Leu

Trp

Ala

Ser

Cys

35

Leu

Leu

Ala

Leu

Cys

115

Met

Leu

Gly

Lys

580

Arg

Ser

20

val

Thr

Arg

Met

Phe

100

Ser

Met

Arg

Val

val

565

Asn

Ile

Pro

Pro

Arg

Tyr
85

Thr

Ile

Met

Ile

Leu

165

Leu

Ser

val

Cys

Thr

His

70

Val

Phe

Tyr

Asn

Pro

150

Ala

Val

Ser

Tyr

val

val

55

Val

Gly

Ser

Pro

Trp

135

Gln

Gly

Val

Gly

Glu

Arg

40

Ala

Asp

asp

Pro

Gly

120

Ser

Ala

Ile

Leu

Leu

Ala

25

Glu

Ala

Leu

Leu

Arg

105

His

Pro

Ile

Ala

Leu

570

Tyr

10

Ala

Gly

Arg

Leu

Cys
90

Arg

Ile

Thr

Vval

Tyr

170

Leu

His

Asp

Asn

Asp

Val

75

Gly

His

Thr

Thr

Asp

155

Phe

Phe

val

Met

Ser

Gly

60

Gly

Ser

Trp

Gly

Ala

140

Met

Ser

Ala

Thr

Ile

Ser

45

Ser

Ser

Val

Thr

His

125

Leu

val

Met

Gly

Asn

Met.

30

Arg

Leu

Ala

Phe

val

110

Arg

val

Ala

Val

Val

575

Asp

His

Cys

Pro

Thr

Leu
95

Gln

Met

val

Gly

Gly

175

Asp

560

Ser

Cys

Thr

Trp

Thr

Leu

80

Val

Asp

3la

Ser

Ala

160

Asn

Gly

DK/EP 3037429 T3



<210> 33
<211> 363
<212> PRT

<213> Artificial Sequence

<220>
<223> HCV E2 consensus sequence

<400> 33

Glu Thr His

1

Val

Thr

Ser

Asn
65

Glu

Pro

Ile

Ser

Ser

145

Pro

Phe

Asn

Ala

Met
225

Gly

Asn

Leu
50

Ser

Phe

Asp

Val

Fro

130

Trp

Pro

Thr

Asn

Thr

210

Val

Leu

Gly

35

Asn

Ser

Ala

Gln

Pro

115

Val

Gly

Leu

Lys

Thr

185

Tyr

Asp

180

Vval

Phe

20

Ser

Thr

Gly

Gln

Arg
100

Ala

val

Glu

Gly

val

180

Leu

Ser

Tyr

Thr

Thr

Trp

Gly

Cys

Gly

Pro

Lys

val

Asn

Asn

165

Cys

Thr

Arg

Pro

Gly

Pro

His

Trp

Pro

70

Trp

Tyr Cys

Ser

Gly

Glu

150

Trp

Gly

Cys

Cys

Tyr
230

Gly

Gly

Ile

Leu

55

Glu

Gly

Vval

Thr

135

Thr

Phe

Ala

Pro

Gly

215

Arg

Thr

Ala

Asn

40

Ala

185

Ala

Lys
25

Ser

Gly

Arg Met

Pro

Trp

Cys

120

Thr

Asp

Gly

Pro

Thr

200

Ser

Leu

Ile

His

105

Gly

Asp

Val

Cys

Pro

185

Asp

Gly

Trp

10

Gln

Ala

Thr

90

Tyr

Pro

Arg

Leu

Thr

170

Cys

Cys

Pro

Hisg

Gly

Thr

Leu

75

Arg

Asn

Ala

Phe

Ser

Tyr

Ala

60

Thr

Ile

Leu

Tyr

Cys

Ala

Pro

45

Val Tyr Cys

Ser

Val

155

Trp

Val

Phe

Trp

Tyr
235

Gly

140

Leu

Met

Ile

Arg

Leu

220

Pro

125

Ala

Asn

Asn

Gly

Lys

205

Thr

Cys

Thr

Gln

Asn

Gln

Arg

Asn

Arg

130

Ala Gly Leu

15

Leu Ile Asn

Cys Asn Asp

His Lys Phe

Pro Leu Asp

80

Gly Ser Gly

95

Pro Cys Gly

110

Phe

Pro

Asn

Ser

Gly

190

His

Pro

Thr

Thr Pro

Thr Tyr

Thr Arg

160

Thr Gly

175

val Gly

Pro Glu

Arg Cys

Val Asn
240

DK/EP 3037429 T3



Phe Thr Ile

Leu Glu Ala

Asp Arg Asp

275

Gln
290

Trp Val

Gly
305

Leu Ile

Gly Val Gly

Val Leu Leu

Trp Met Met

355
<210> 34
<211> 3512
<212> DNA

Phe Lys

245

Ala
260

Cys
Arg Ser
Pro

Leu

His Leu

val

Asn

Glu

Cys

His

Arg Met

Trp Thr

Tyr

Arg

Val
250

Gly

Gly Glu

265

Ser
280

Leu

Ser Phe

295

Gln Asn

310

Ser
325

Ser

Phe
340

Leu

Leu Leu

<213> Homo sapiens

<400> 34
ggtaccgaat

agagtgeaca
taccgggagyg
ctggtgecaga
gtgecctggyg
aaagaactgg
geccttcegget
tecgtgagaa
ggcetgetge
ctgttogtge
ctgggageeg
ggctgegage
goecectggeg
cocagacgey
caccctggec
cccgecgagyg

agcgtgggec

tcgacaccat
gcecccaggge
tgctgecect
gaggcgacec
acgccagacc
tggecegggt
tcgecctget
gctacetgeo
tgegcagagt
tggteogoece
ccacccagge
gggcctggaa
ccagaagaaqg
gagoegecce
ggaccagagyg
aagccacctc

gacagcacca

Ile

Leu

Ile

Val Ser

Leu Ala

Pro

Thr

Ile

Trp

Asp

Leu Leu

Thr Leu

Gly

Leu

Pro

Val Glun

Cys Asp

270

Ser Thr

285

Ala Leu

300

Val Asp

315

Ala
330

Ile

Ala Arg

345

Gln
360

Ser

ggactggacc
cccecaggtge
ggccacctte
tgecgectte
tcccectgec
getgeagaegg
ggacggcgee
caacaccgtg
gggcgacgac
cagcetgegec
cagaccecect
ccacagcgtg
gggceggcage
tgagccogag
ceccagegac
cctggaaggce

cgocggacee

Ala

Glu Ala

tggatcctgt
agagececgtge
gtgcggagge
agagccetgg
gcccctaget
ctgtgegaga
agaggcggcc
accgacgecce
gtgctggtge
taccaggtgt
cctcacgecet
cgggaggecg
gccagcagaa
agaacccecy
cggggcttct
gcecctgageg

cacagcacct

Val

Lys

Val

Gln Tyr

Glu

Trp

Ser
350

Cys

toctggtgge
ggagecctget
tgggccctca
tggeccagtg
tecggcagat
ggggegecaa
ctcceocgagge
tgagaggcag
acctgctgge
gcggeecaca
ccggccceag
gcgtgceect
gactgeccet
tgggecaggy
gegtggtgte
gcaccaggca

ccaggeeceo

His
255

Arg

Leu Glu

Thr Glu

Ser Thr

Leu Tyr

320

Tyr Val

335

Cys Leu

cgctgccaca
goggageeac
ggggtggcgay
catggtgtge
gtectgoetg
gaacgtgctg
cttcaccacc
eggegettgg
cdagatgagece
cctgtaccag
geggagactg
gggcctgeca
gecoaagegg
ctettgggec
gocdgacaga
cagccaccec

caggeactgyg

DK/EP 3037429 T3

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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gacacccctt
aaagagcagc
aggcgcctgyg
cggetgeocceca
ggcaaccacg
gcecgtgacee
coccgaggaag
ccttggecagg
tggggcagea
gggaagecacg

goctggetga

gaggaaatce
agatcettet
aagagegtgt
ctgagagagce
accagecggce
tacgtggtgg
gtgaaggecca
gecagegtge
cgggcceagyg
gacaccatcc
acctactgeg
gccttcaaga
gaccacctge
ctgaacgagg
gtgcggatce
tecacectge
aggegggacyg
acccacgecca
gtgaacctga
gecttegtge
cggaccatgg
ctgaccttea
ctgeggetga
tgcaccaaca
cagctgcect

gacacegeea

Tatala XY IOV

gccecectgt
tgeggececag
tggagaccat
ggctgoceca
ccecagtgeec
cagacgecgy
aggacaccga
tgtacggett
ggcacaacga
ccaagctgte

gaagatcececa

tggccaagtt
tctacgtgac
ggagcaagct
tgtcegagge
tgeggtteat
gegecaggac
tgttecagegt
tgggeetgga
accceeectee
ccocaggaccy
tgcggagata
gccacgtgag
aggaaaccag
ccagcagcegg
ggggcaagag
tgtgecteaccet
gactgctget
agacctttet
gaaagaccght
agatgcctge
aagtgcagag
acaggggctt
agtgccacag
tctacaagat
ttcaccagea

gcctgtgeta

lalalalalalolet-Tolal

gtacgccgag
cttectgetg
ctttetggge
gcggtactgy
ctacggegtg
agtgtgcgee
ceecagacge
cgtgegggee
geggeggttt
cctgcaggaa

tggegtggge

accaagcact
teccagectga
agceggccct
cagatgaggc
ctgctgaaaa
agagagaagc
ctggtgecage
tgecctgagaa
ctgcggaaca
ctgacctgga

tgogtgectg

tcctgtacag
ggeccctecct
ggatgcccgy
ctotgttect
ccractgeee
ctocagggaag
tgctgeggea
ggctggtgee
ccaagaagtt
agatgagcgt

cogocgagea

cetgcactgg ctgatgageg tgtacgtggt

cgagaccace
gcagageatc
cgaagtgagyg
acccaagced
ctteceggcgg
gctgaactac
cgacatccac
cgagctgtac
getgaccgag
cgcegtggtyg
caccetgace
ccccctgogy
cctgttcgac
ctacgtgcag
gtgctacgge
gagactggtyg
geggacectg
ggtgaacttc
ccatggactg
cgactacagao
caaggceggc
cetgtttetg
cectgetgety
ggtgtggaag
cagcatcctg

L el e 2ove Ve oy ot

ttccagaaga
ggcateoegge
cagcaccggy
gacggcectge
gagaagcyggyg
gagegggeca
cgggectgge
ttegtgaagg
gtgatcgcca
cdgaaggccy
gacctgcage
gatgcegtgg
gtgttectga
tgccagggea
gacatggaaa
gacgactteco
gtgcgeggedg
ccegtggagyg
ttcecettggt
agctacgoce
aggaacatgc
tacctgeagyg
caggectace
aaccctaccet

aaggccaaga

rYsrrrerirmer reen

actacctgtt
agcacctgaa
aggccagacc
ggcccategt
ccgageggcet
ggcggcecagy
ggaccttcgt
tggacgtgac
gcatcatcaa
ccecacggeca
cctacatgeg
tgatcgagea
gattcatgtyg
teccacaggy
acaagctgtt
tgetggtgac
tgccecgagta
acgaggccct
gegggetget
ggaccageat
ggcggaaget
tgaacagcct
ggttccacge
tettectgeg

acgccggeat

aretevrert rebore

cagecggegac
gaceggaget
cacccccagg
ggaactgetg
cctgagagee
cgtggcaget
gcacagcagce
cectggcctyg
catcagectg
gcggggetge

ceggetgegg

ggagctgetyg
cttetaccgg
gegggtgoag
tgcecctgetyg
gaacatggac
gacctcgagy
cctgotggge
gctgagagtyg
aggcgecctac
gccccagaac
cgtgeoggaag
gcagttcogtyg
gagcagcage
ccaccacgec
cagcatactyg
cgceggeate
cecccacctyg
caggetgegtyg
gggcggcaca
gctggacace
cegggecten
gtttggegtyg
geagaccgtg
ctgcgtgetyg
ggtgatcage

gagcctggge

P et T BV e v

DK/EP 3037429 T3

Lugu
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180

3240

AN



Yosaayyyay
tttotgetga
accgeccaga
gcogecaace

cccgactacg

<210> 35

<211> 1158

<212> PRT

el g A
agetgacceg
cacagctgta
cagecctgec

cetgatgage

<213> Homo sapiens

<400> 35

Met Asp Trp

1

His Ser

Ser His

Gly Pro

50

Ala
65

Pro Pro

val

Leu

Val Leu

Pro

Tyr

35

Gln

Leu

Pro

Ala

Ala

Thr Trp

Arg Ala

Arg Glu

Gly Trp

Vval Ala

Ala Ala

85

Arg Val

100

Phe Gly

115

Glu
130

Pro

Thr
145

Asp
Val Gly
Val

Leu

Tyr Gln

Ala

Ala

Asp

Val

Leu

Phe Thr

Leu

Arg

Val
165

AsSp

Ala
180

Pro

Gly Ala

195

Gly Pro

210

Arg

Arg Arg

Ile

Pro

val

Arg

Gln

70

Pro

Leu

Phe

Thr

Gly

150

Leu

Ser

Ala

Leu

et e e i L A
geacegggtyg acctacgtge
ceggaagetyg cctggeaccea
ctecgactte aagaccatcce

ggocgegage te

Phe val Ala

10

Leu Leu

Arg Cys Arg Ala Val

Leu Pro Leu Ala Thr

40

Leu Val Gln

55

Arg Gly

val Val

75

Cys Leu Cys

Phe Gln

90

Ser Arg Val

Gln Leu Glu

105

Arg Cys

Ala Leu Leu

120

Asp Gly

Ser Val Ser

135

Arg Tyr

Ser Gly Ala Trp Gly

155

val Leu Ala

170

His Leu

Cys Ala Tyr Gln Val

185

Thr Gln

200

Ala Arg Pro

Gly Glu Ala

215

Cys

B g g g
caectgetggy
cectgacage

tggactacece

Ala Ala

Arg Ser

Phe Val

45

Asp Pro

60

Pro Trp

Ser

Cys

Gly

Thr

Leu

Arg

Ala

Asp

Leu

Ala

CuaLLaY Y
cagcctgegyg
cetggaagec

ctacgacgtg

Arg Val

15

Leu Arg

Arg Leu

Ala Phe

Ala Arg

80

Lys Glu

95

Lys Asn

110

Ala Arg

125

Leu Pro

140

Leu

Leu

Cys

Cys Gly

Gly

Asn

Leu

Ala

Pro

Gly Pro

Thr Val

Arg Arg

160

Leu
175

Phe

Pro Leu

190

Pro
205

Pro

Trp Asn

220

His

His

Ala Ser

Ser Val

DK/EP 3037429 T3
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Arg

225

Arg

Arg

Trp

Val

Ala

305

His

Pro

Gly

Pro

Ser

385

Gln

His

Arg

Gln

Leu
465

Phe

Ser

Ser

LV I

Glu

Gly

Gly

ala

val

290

Leu

Ala

Cys

Asp

Ser

370

Arg

Arg

Ala

Ala

Gly

450

Val

val

Arg

Leu

Ala

Gly

Ala

His

275

Ser

Ser

Gly

Pro

Lys

355

Leu

Pro

Tyr

Gln

Ala

435

Ser

Gln

Arg

His

Gly

515

Tr=

Gly

Ser

Ala

260

Pro

Pro

Gly

Pro

Pro

340

Glu

Thr

Trp

Trp

Cys

420

Val

val

Leu

Ala

Asn
500

Lys

Ao

Val

Ala

245

Pro

Gly

Ala

Thr

Pro

325

val

Gln

Gly

Met

Gln

405

Pro

Thr

Ala

Leu

Cys
485

Glu

His

ok Y

Pro

230

Ser

Glu

Arg

Arg

Arg

310

Ser

Tyr

Leu

Ala

Pro

390

Met

Tyr

Pro

Ala

Arg
470

Leu

Arg

Ala

Pewm

Leu

Arg

Pro

Thr

Pro

295

His

Thr

Ala

Arg

Arg

375

Gly

Arg

Gly

Ala

Pro

455

GLln

Arg

Arg

Lys

AT~

Gly

Ser

Glu

Arg

280

Ala

Ser

Ser

Glu

Pro

360

Arg

Thr

Pro

val

Ala

440

Glu

His

Arg

Phe

Leu
520

Leu

Leu

Arg

265

Gly

Glu

His

Arg

Thr

345

Ser

Leu

Pro

Leu

Leu

425

Gly

Glu

Ser

Leu

Leu
505

Ser

Bro

Pro

250

Thr

Pro

Glu

PFro

Pro

330

Lys

Phe

Val

Arg

Phe

410

Leu

Val

Glu

Ser

val
490

Arg

Leu

Ala

235

Leu

Bro

Ser

Ala

Ser

315

Bro

His

Leu

Glu

Arg

395

Leu

Lys

Cys

Asp

Pro
475

Pro

Asn

Gln

Pro

Pro

Vval

Asp

Thr

300

Val

Arg

Phe

Leu

Thr

380

Leu

Glu

Thr

Ala

Thr

460

Trp

Pro

Thr

Glu

Gly

Lys

Gly

Arg

285

Ser

Gly

Pro

Leu

Ser

365

Ile

Pro

Leu

Hisg

Arg

445

Asp

Gln

Gly

Lys

Leu
525

Ala

Arg

Gln

270

Gly

Leu

Arg

Trp

Tyr

350

Ser

Phe

Arg

Leu

Cys

430

Glu

Pro

val

Leu

Lys
510

Thr

Fak Y

Arg

Pro

255

Gly

Phe

Glu

Gln

Asp

335

Ser

Leu

Leu

Leu

Gly

415

Pro

Lys

Aryg

Tyr

Trp
495

Phe

Trp

X7

Arg

240

Arg

Ser

Cys

Gly

His

320

Thr

Ser

Arg

Gly

Pro

400

Asn

Leu

Pro

Arg

Gly
480

Gly

Ile

Lys

ok I

DK/EP 3037429 T3



P L

Cys

545

Phe

Phe

Tyr

His

Gln

825

Ile

Val

Ser

Arg
705

Pro

Ile

Gln

Hisg

Asp

785

Ser

Glu

2eL

530

Val

Leu

Phe

Arg

Leu

610

His

Pro

Gly

Arg

Pro

690

Ala

Glu

Pro

Asn

Gly

770

Leu

Pro

Ala

Vel

Pro

His

Tyr

Lys

595

Lys

Arg

Lys

Ala

val

675

Gly

Trp

Leu

Gln

Thr

155

His

Gln

Leu

Ser

ary

Ala

Trp

val

580

Ser

Arg

Glu

Bro

Arg

660

Lys

Leu

Arg

Tyr

Asp

740

Tyr

Val

Pro

Arg

Ser
820

LY

Ala

Leu

565

Thr

Val

val

Ala

Asp

645

Thr

Ala

Leu

Thr

Phe

725

Arg

Cys

Arg

Tyr

Asp

805

Gly

wys

Glu

550

Met

Glu

Trp

Gln

Arg

630

Gly

Phe

Leu

Gly

Phe

710

Val

Leu

Val

Lys

Met

790

Ala

Leu

Ala

535

His

Ser

Thr

Ser

Leu

615

Pro

Teu

Arg

Phe

Ala

695

val

Lys

Thr

Arg

Ala

775

Arg

val

Phe

LER

RArg

Vval

Thr

Lys

600

Arg

Ala

Arg

Arg

Ser

680

Ser

Leu

Val

Glu

Arg

760

Phe

Gln

val

Asp

LU

Leu

Tyr

Phe

585

Leu

Glu

Leu

Pro

Glu

665

val

Val

Arg

Asp

Val

745

Tyr

Lys

Phe

Ile

Val
825

ALY

Arg

Val

570

Gln

Gln

Leu

Leu

Ile

650

Lys

Leu

Leu

Val

Val

730

Ile

Ala

Ser

val

Glu

810

Phe

snry

Glu

555

val

Lys

Ser

Ser

Thr

635

Val

Arg

Asn

Gly

Arg

715

Thr

Ala

Val

His

Ala

795

Gln

Leu

oeLn

540

Glu

Glu

Asn

Ile

Glu

620

Ser

Asn

Ala

Tyr

Leu

700

Ala

Gly

Ser

Val

Val

780

His

Ser

Arg

L

Ile

Leu

Tyr

Gly

605

Ala

Arg

Met

Glu

Glu

685

Asp

Gln

Ala

Ile

Gln

765

Ser

Leu

Ser

Phe

WLy

Leu

Leu

Leu

590

Ile

Glu

Leu

Asp

Arg

670

Arg

Asp

ASp

Tyr

Ile

750

Lys

Thr

Gln

Ser

Met
830

veal

Ala

Arg

575

Phe

Arg

Vval

Arg

Tyr

655

Leu

Ala

Ile

Pro

Asp

735

Lys

Ala

Leu

Glu

Leu

815

Cys

Ly

Lys

560

Ser

Phe

Gln

Arg

Phe

640

Vval

Thr

Arg

His

Pro

720

Thr

Pro

Ala

Thr

Thr

800

Asn

His

DK/EP 3037429 T3



His

Pro

Asp

865

Leu

Ala

Cys

Glu

Bhe

945

Ser

Phe

Gly

Asn

Leu

His

Ser

Ala

Ser

Leu

Ala val

Gln

850

Met

Arg

Lys

val val

Ala
930

Pro

Asp

Asn

val

Ser
1010

Gln
1025

Gln
1040

Asp
1055

Gly
1070

Glu
1085

Thr
1100

Thr

835

Arg

Gly Ser

Glu Asn

Leu

Thr Phe

915

Leu

Trp Cys

Val

Asn

Gly

900

Tyr Ser

Aryg

Gly
980

Lys

Asp

Leu

Leu

Gly

Gly

Ile Arg

Ile Leu

Leu

Gly

Ser

Lys

840

855

870

885

Asp

Arg

Arg

Thr

Leu

Phe

Phe

Thr

Lys

Ala

Thr

Ala

Leu

Leu

Thr

Ser

Leu

Gly

Leu

Val

Tyr

Leu

Ile

Val

Val

Cys

Arg

Gln Cys

845

Ser Leu

860

875

830

905

920

935

950

Ser
965

Phe Lys Ala

Leu Arg Leu

995

Leu

Ala

Gln

Thr

Met

Ala

Arg

Ala

Gln

Tyr

Val

Ala

Ser

Val

His

Gln

Thr

Arg

Trp

Ser

Leu

Gln

Arg

Thr

Tyr

Lys Cys

Val

Phe

Lys

Leu

Gly

Trp

Val

Gln

Leu

Ala

Phe

Leu

Arg

Gly

val

val

Asp

Thr

Arg

val

Gln

Thr

Ser

Thr

Gly

Asn

Met

Arg

Arg Asp

Pro His

Val Pro

Phe Pro

925

Pro Ala

940

955

970

985

His

1000

Cys
1015

His
1030

Asn
1045

Cys
1060

Ala
1075

Leu
1090

Thr
1105

Leu

Thr

Ala

Pro

Tyr

Lys

Cys

Tyr

Ser

Asn

Cys

Thr

Ser

Gly

His

val

Arg

Tle

Vval

Phe

Tle

Ala

Gln

Pro

Lys

Ile

Tyr

Leu

Phe

Leu

Ala

Ala

Leu

Leu

Thr Leu

Arg Ala

Ser Leu Phe Leu Tyr

Gln

Cys

Gly

Leu

Glu

910

val

His

Glu

Ser

990

1005

Lys
1020

Gln
1035

Leu
1050

Lys
1065

Gly
1080

Phe
1095

Leu
1110

Pro

Tle

Leu

Arg

Ala

Pro

Leu

Gly

Gly

Gly

Tyr

Leu

Thr

895

Tyr

Glu

Gly

val

Leu
975

Leu

Pro

val

Lys

Leu

Leu

Ser

Thr

Ile

Gly

Leu

880

His

Gly

AsSp

Len

Gln

960

Thr

Arg Asn Met Arg Arg Lys Leu Phe

Leu Gln Val

Leu

Phe

Ile

Asn

Pro

Lys

Leu

Thr

DK/EP 3037429 T3



1115

1120

1125

Leu Thr Ala Leu Glu Ala Ala Ala 2Asn Pro Ala Leu Pro Ser Asp

1130

Phe Lys
1145

<210> 36

<211> 1707
<212> DNA

1135

1150

<213> Artificial Sequence

<220>

<223> Influenza H5N1 HA consensus sequence

<400> 36

atggaaaaga
atcggetace

accgtgacce

gacggegtga
cacatgtgeg
cccgtgaacy
ctgteocegga
cacgaggcca
cggaacgtgg
aacaacacca
gccgagcaga
ctgaaccagc
cggatggaat
ggcaactteca
atgaagagag
atcaacagca
tacgtgaaga
cggcgggeeyg
cagggcatgyg
gccgocgaca
atcatcgaca
cggeggateg
aacgccgagce
gtgaagaacc

aacggectget

teégtgetget
acgccaacaa

acgeccagga

agcccectgat
acgagttcat
acctgtgceta
tcaaccactt
gcetgggegt
tgtggectgat
adcaggaaga
ccaagctgta
ggetggtgee
tcttetggac
tegeoceoccga
agctggaata
gcatgccctt
gcaacaggct
ccgecccggygy
tggacgggty
aagagagcac
agatgaacac
agaacctgaa
tgctggtgcet
tgtacgacaa

tcgagttcta

gttegecate
cagcaccgag

catcctggaa

cctgegggac
caacgtgcce
ceeeggegac
cgagaagatc
gagcagegee
caagaagaac
tetgetggte
cgagaaccec
ceggategee
catcctgaag
gtacgcctac
cggcaactge
cecacaacatc
ggtgetggee
cctgtteogge
gtacggectac
ccagaaggec
ccagttcgag
caagaaaatg
gatggaaaac
agtgeggetyg

ccacaagtge

gtgagcectgg
caggtggaca

aagacccaca

tgcagegtgg
gagtggagct
ttcaacgact
cagatcatcoc
tgcceatacc
agcacctacce
ctgtggggca
accacctaca
acceggteca
cccaacgatg
aagategtga
aacaccaagt
caccccetga
accggectge
gccatcgecy
caccacagca
atcgacggag
gcegtgggee
gaagatggct
gagcggaccc
cagctgeggg

gacaacgagt

1140

1155

tgaagagcga
ccatcatgga

acggcaagct

ceggetgget
acategtgga
acgaggaact
ccaagagcag
agggcaagte
ccaccatcaa
taocaccacec
tcagegtggyg
aggtgaacgg
ccatcaactt
agaagggcga
gccagacace
ccateggega
ggaacagcce
gcttcatcga
atgagcaggyg
tcaccaacaa
gggagttcaa
tecctggacgt
tggacttcca
acaacgccaa

geatggaaag

Thr Ile Leu Asp Tyr Pro Tyr Asp Val Pro Asp Tyr Ala

ccagatctge
aaaaaacgtg

gtgcgacctg

gctgggcaac
gaaggccaac
gaagcacctg
ctggtccage
cagcttettce
gcggagetac
caacgacgod
caccageace
coagagegge
cgagagcaac
cagcaccatc
catgggegec
gtgaccccaag
ccagegggag
gggcggctgg
cageggetac
ggtgaacagce
caacctggaa
gtggacctac
cgacagcaac
agagctggge

cgtgeggaac

DK/EP 3037429 T3
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240
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ggcacctacg actaccccca gtacagcgag gaagcccggce tgaagcggga ggaaatcage
ggcgtgaaac tggaaagcat cggcatctac cagatcctga gcatctacag caccgtggeco

agcagecetgg ccctggeccat catggtggee ggectgagee tgtggatgtg cagecaacgge

agcctgeagt goaggatctg catctag

<210> 37

<211> 568

<212> PRT

<213> Artificial Sequence

<220>
<223> Influenza H5N1 HA consensus sequence

<400> 37
Met Glu Lys Ile Val Leu Leu Phe Ala Ile Val Ser
1 5 10

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser
20 25

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His
35 40

Leu Glu Lys Thr His Asn Gly Lys Leu Cys asp Leu

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp

Pro Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp
85 30

Glu Lys Ala Asn Pro Val Asn Asp Leu Cys Tyr Pro
100 105

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile
115 120

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Ser
130 135 140

Leu Gly Val Ser Ser Ala Cys Pro Tyr Gln Gly Lys
145 150 155

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr
165 170

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu
180 185

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr
195 200

Asn Pro Thr Thr Tyr Ile Ser Val Gly Thr Ser Thr

Leu

Thr

Ala

45

Asp

Leu

Ser

Gly

Asn

125

His

Ser

Tyr

Leu

Lys

205

Leu

Val Lys
15

Glu Gln
30

Gln Asp

Gly val

Leu Gly

Tyr Ile
95

Asp Phe
110

His Phe

Glu Ala

Ser Phe

Pro Thr

175

Val Leu
190

Leu Tyr

Asn Gln

Ser

Val

Ile

Lys

Asn

Val

Asn

Glu

Sexr

Phe

160

Ile

Trp

Gln

Arg

DK/EP 3037429 T3
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Leu
225

Arg

Phe

Val

Asn

Met

305

Tyr

Pro

Ala

Gly

Glu

385

Ile

Asn

Gly

Glu

Tyr

465

Asn

Ser

Arg

210

val

Met

Glu

Lys

Cys

290

Pro

val

Gln

Gly

Tyr

370

Ser

Ile

Asn

Phe

Asn

450

Asp

Gly

Val

Leu

Pro

Glu

Ser

Lys

275

Asn

Phe

Lys

Arg

Phe

355

His

Thr

Asp

Leu

Leu

435

Glu

Lys

Cys

Arg

Lys
515

Arg

Phe

Asn

260

Gly

Thr

His

Ser

Glu

340

Ile

His

Gln

Lys

Glu

420

Asp

Aryg

Val

Phe

Asn
500

Arg Glu Glu Ile Ser Gly Val Lys Leu Glu Ser Ile Gly
520

Ile

Phe
245

Gly

Asp

Lys

Asn

Asn

325

Arg

Glu

Ser

Lys

Met

405

Arg

Val

Thr

Arg

Glu

485

Gly

Ala
230

Trp

Asn

Ser

Cys

Ile

310

Arg

Arg

Gly

Asn

Ala

390

Asn

Arg

Trp

Leu

Leu

470

Phe

Thr

215

Thr

Thr

Phe

Thr

Gln

295

Hisg

Leu

Ala

Gly

Glu

375

Ile

Thr

Ile

Thr

Asp

455

Gln

Tyx

Tyr

Arg

Ile

Ile

Ile

280

Thr

Pra

val

Ala

360

Gln

Asp

Gln

Glu

Tyr

440

Phe

Leu

His

Asp

Ser

Leu

Ala

265

Met

Pro

Leu

Leu

Ala

345

Gln

Gly

Gly

Phe

Asn

425

Asn

His

Arg

Lys

Tyr
505

Lys

Lys
250

Pro

Lys

Met

Thr

Ala

330

Arg

Gly

Ser

Vval

Glu

410

Leu

Ala

Asp

Asp

Cys

490

Pro

Val
235

Pro

Glu

Ser

Gly

Ile

315

Thr

Cly

Met

Gly

Thr

395

Ala

Asn

Glu

Ser

Asn

475

Asp

Gln

220

Asn

Asn

Tyr

Glu

Ala

300

Gly

Gly

Leu

Val

Tyr

380

Asn

Val

Lys

Leu

Agn

460

Ala

Asn

Tyr

Gly

Asp

Ala

Leu

285

Ile

Glu

Leu

Phe

Asp

365

Ala

Lys

Gly

Lys

Leu

445

vVal

Lys

Glu

Ser

Gln

aAla

Tyr

270

Glu

Asn

Cys

Arg

Gly

350

Gly

Ala

val

Arg

Met

430

Val

Lys

Glu

Cys

Glu
510

525

Ser

Ile
255

Lys

Tyr

Ser

Pro

Asn

335

Ala

Trp

Asp

Asgn

Glu

415

Glu

Leu

Asn

Leu

Met

495

Glu

Gly
240

Asn

Ile

Gly

Ser

Lys

320

Ser

Ile

Tyr

Lys

Ser

400

Phe

Asp

Met

Leu

Gly

480

Glu

Ala

DK/EP 3037429 T3



Ile Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala

530

535

540

Leu Ala Ile Met Val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
550

545

Ser Leu Gln Cys Arg Ile Cys Ile

<210> 38

<211> 1466
<212> DNA

565

<213> Artificial Sequence

<220>

555

<223> Influenza HIN1&H5N1 NA consensus Sequence

<400> 38
ggtaccgaat

cgggtgcaca
atcggcateg
agcatccaga
gagaaggccg
tgggcegtgt
atcecgggagce
ggggcectge
accctgatga
gtggecctggt
ggcectgaca
aagagctgge
agctgecttea
aagatggaaa
gaggaatgca
cacggecagea
atctgcageyg

cetgtgageg

gtgtggatcg
cccaacgget
accgactggt
tgcatcaggc
tggaccageg

tagécedaca

tegeccaceat
gcatgaacce
tgagcctgat
ccggcaacca
tggeccagegt
acagcaagga
ccttcatcag
tgaacgacaa
gctgeccegt
ccgacagege
acggegeegt
ggaacaacat
cegtgatgac
agggcaaggt
gctgectacce
accggacctg
gegtgttogyg

ccaacggege

gccggaccaa
ggaccgagac
ccggcetacag
cétgctttitg
gcagcagcat

agcaecaqaact

ggactggacce
caaccagaag
gcetgaagate
gcaccaggee
gaccctggee
caacagcate
ctgcagccac
gcacagcaac
gggcgaggcee
ctgecacgac
ggccgtgetyg
cetgeggace
cgacggocec
ggtgaagage
cgacgccgge
ggtgtectte
dgacaaccec

ctacggegtg

gagcaccaac
cgacagcage
cggcagette
ggtggagety
cagettttge

agcccttcacc

tggatectgt
atcatcacca
ggcaacatga
gagcccateca
ggcaacagca
cggatcggca
ctggaatgac
ggcacegtga
cccagcccect
ggcaccaget
aagtacaacy
caggaaagcg
agcaacggcc
gtggagctgg
gagatcacct
aaccagaace
aggcccaacg

aagggettea

agcagatceg
ttcagegtga
gtgecagcacce
atcagaggca

ggcegtgaaca

atcagacaaat

teetggtgge
tcggecagcat
tcagcatctg
gcaacaccaa
gectgtgece
gcaagggega
ggaccttett
aggacagaag
acaacagccy
ggctgaccat
gecatcatcac
agtgegecty
aggcecagota
acgceocccaa
gegtgtgeeg
tggaatacca
atggcacegyg

gcttecaagta

gcttcgagat
agcaggacat
ccgagctgac
ggcccaaaga
gcgacaccgt

acccectacaa

560

cggetgecace
ctgcatggtg
ggtgtcccac
ctttectgace
catcagcgge
cgtgttegty
cctgacecag
ccectacegyg
gttecgagage
cggcatcage
cgacaccatc
cgtgaacgge
caagatetto
ctaccactac
ggacaactgg
gatcggetac
cagcetgcgge

cggcaacgge

gatctgggac
cgtggeccate
cggectggac
gagcaccatc
gagctggtec

catacécaac

DK/EP 3037429 T3
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tacgcctgat gageggecge gagetce

<210> 39

<211> 476

<212> PRT

<213> Artificial Sequence

<220>

<223> Influenza HIN1&H5N1 NA consensus sequence

<400> 39
Met Asp Trp Thr Trp Ile Leu Phe
1 5

His Ser Met Asn Pro Asn Gln Lys
20

Met Val Ile Gly Ile vVal Ser Leu

Ser Ile Trp Val Ser His Ser Ile
50 55

Glu Pro Ile Ser Asn Thr Asn Phe
65 70

Val Thr Leu Ala Gly Asn Ser Ser
85

Val Tyr Ser Lys Asp Asn Ser Ile
100

Phe Val Ile Arg Glu Pro Phe Ile
115 120

Thr Phe Phe Ieu Thr Gln Gly Ala
130 135

Gly Thr Val Lys Asp Arg Ser Pro
145 150

Val Gly Glu Ala Pro Ser Pro Tyr
165

Trp Ser Ala Ser Ala Cys His Asp
180

Ile Ser Gly Pro Asp Asn Gly Ala
195 200

Ile Ile Thr Asp Thr Ile Lys Ser
210 215

Gln Glu Ser Glu Cys Ala Cys val
298 230

Leu

Ile

Met

Gln

Leu

Leu

Arg

105

Ser

Leu

Tyr

Asn

Gly

185

val

Trp

Asn

Val Ala Ala
10

Ile Thr Ile

Leu Gln Ile

Thr Gly Asn
60

Thr Glu Lys
75

Cys Proc Ile
90

Ile Gly Ser

Cys Ser His

Ala Thr Arg Val
15

Gly Ser Ile Cys

Gly Asn Met Ile
45

Gln His Gln Ala

Ala Vval Ala Ser
80

Ser Gly Trp Ala
95

Lys Gly Asp Val
110

Leu Glu Cys Arg
125

Leu Asn Asp Lys His Ser Asn

140

Arg Thr Leu Met Ser Cys Pro

155

Ser Arg Phe
170

Thr Ser Trp

Ala Val Leu

Arg Asn Asn
220

Gly Ser Cys
PG

160

Glu Ser Val Ala
175

Leu Thr Ile Gly
190

Lys Tyr Asn Gly
205

Ile Leu Arg Thr

Phe Thr Val Met
240

DK/EP 3037429 T3



Thr

Glu

His

Val

Asn

305

Gly

Ser

Asn

Phe

Phe

385

Ser

Thr

Asp

Ile
465

Asp Gly

Lys Gly

Tyr Glu
275

Cys Arg
290

Gln Asn

Asp Asn

Ala Asn

Gly Vval
355

Glu Met
370

Ser Val

Gly Ser

Pro Cys

Ile Trp
435

Thr Val
450

Asp Lys

<210>40
<211> 875
<212> DNA
<213> Artificial Sequence

<220>
<223> Influenza HIN1&H5N1 M1 consensus sequence

Pro

Lys

260

Glu

Asp

Leu

Pro

Gly

340

Ile

Lys

Phe

Phe

420

Thr

Ser

Tyr

Ser

245

Val

Cys

Asn

Glu

Arg

325

Ala

Ile

Trp

Gln

Val

405

Trp

Ser

Trp

Pro

Asn

Val

Ser

Trp

Tyr

310

Pro

Tyxr

Gly

Asp

Asp

380

Gln

Val Glu Leu Ile Arg Gly Arg Pro Lys Glu Ser
425

Gly Ser Ser Ile Ser Phe Cys Gly Val Asn Ser
440

Ser Trp Pro Asp Gly Ala Glu Leu Pro Phe Thr
455

Gly

Lys

Cys

His

295

Gln

Asn

Gly

Arg

Pro

375

Ile

His

Gln

Ser

Tyr

280

Gly

Ile

Asp

Val

Thr

360

Asn

Val

Pro

Ala

Val

265

Pro

Ser

Gly

Gly

Lys

345

Lys

Gly

Ala

Glu

Ser

250

Glu

Asp

Asn

Tyr

Thr

330

Gly

Ser

Trp

Ile

Leu

410

Tyr

Leu

Ala

Arg

Ile

315

Gly

Phe

Thr

Thr

Thr

395

Thr

Lys

Asp

Gly

Pro

300

Cys

Ser

Ser

Asn

Glu

380

Asp

Gly

460

Ile

Ala

Glu

285

Trp

Ser

Cys

Phe

Ser

365

Thr

Trp

Leu

Phe

Pro

270

Ile

Val

Gly

Gly

Lys

350

Arg

Asp

Ser

Asp

Lys

255

Asn

Thr

Ser

Vval

Pro

335

Tyr

Ser

Ser

Gly

Cys

Met

Tyr

Cys

Phe

Phe

3290

Val

Gly

Gly

Ser

Tyr

400

Ile

415

430

445

Tyr Asp Val Pro Asp Tyr Ala

470

475

DK/EP 3037429 T3



<400> 40
ggtaccggat

cgggtgceaca
agcggcecto
accgacctgg
aagggcatcecc
cggagatteg
gtgaagetgt
ctgagctaca
accgtgacca
agccagceaca
aaccggatgg
gagcaggccy
cggaccateg
ctgeaggect
gtgcacgact
<210> 41

<211> 279
<212> PRT

aagocacceat
gcatgageet
tgaaggccga
aagccctgat
tgggcttegt
tgcagaacgc
acaagaagct
gcacaggcgce
cegaggtgge
gatccdecaccyg
tcctggectce
ccgaagecceat
gcaceccacce
accagaaacg

acgcctgatg

ggactggace
getgacogag
gategecceoag
ggaatggctg
gttcaccctg
cctgaacgge
gaagcgggag
cctggecage
cttdggcetg
gcagatggee
caccaccgece
ggaagtggee
cagcagcagc
gatgggegty

agceggcegeyg

<213> Artificial Sequence

<220>

tggattctgt
gtggagacet
cggctggaag
aaaacccggce
accgtgceca
aacggcgacc
atcaccttece
tgcatgggec
gtgtgegeca
accaccacca
aaggccatgg
agccaggeca
geceggactge
cagatgcage

agcte

tactggtgge
acgtgetgte
atgtgttcge
ccatectgag
gcgageggygyg
ccaacaacat
acggegecaa
tgatctacaa
cotgagagea
acccectgat
aacagatggc
ggcagatggt
gggacgacct

ggttcaagta

<223> Influenza HIN1&H5N1 M1 consensus sequence

<400> 41

Met Asp Trp

1

His Ser

Ile Pro

35

Vval Phe

50

Lys Thr

65

val Phe

Phe Vval

Met

Ser

Ala

Arg

Thr

Gln

Thr Trp

Ser Leu

20

Gly Pro

Gly Lys

Pro Ile

70

Thr
85

Leu

Asn Ala

100

Ile

Leu

Leu

Asn

Leu

val

Leu

Leu Phe

Thr

Glu

Ala
40

Lys

Thr
55

Asp
Ser Pro
Ser

Pro

Asn Gly

Val
10

Leu Ala

Vval Glu Thr

25

Glu Ile Ala

Leu Glu Ala

Leu Thr Lys

75

Glu Arg Gly

Asn
105

Gly Asp

Ala Ala

Tyr Val

Gln Arg

45

Leu Met

60

Gly Ile

Gln

Leu

Pro Asn

Thr

Leu

30

Leu

Glu

Leu

Arg

Asn

cgctgecace
catcatcececc
cggcaagaac
ceccctktgace
cetgcagegyg
ggaccgggcec
agaggtggec
ccggatggge
gategdcgac
ccggcacgag
cggcagcage
gcaggccatg
gctggaaaac

ccectacgac

Arg Val

15

Ser Ile

Glu Asp
Leu

Trp

Phe
80

Gly
Arg

Arg

Met Asp

110
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Ala

Val

Lys Leu

115

Gly Ala

130

Cys Met

145

Ala Phe

His

Arg

His Glu

Lys

Gly

Gly

Ser

Asn

Glu val

Leu Ile

Tyr

Ala

Tyr

Lys Lys

120

Ieu Ser

135

Asn Arg

150

Val
165

Leu

His
180

Arg

Arg Met

195

Gln Met

210

Ser Gln

225

Pro Ser

Ala

Tyr

Tyr Asp

Ala

Ala

Ser

Gln

Vval

Gly Ser

Arg Gln

Cys

Gln

val

Ser

Met

Ala Thr

Met

Ala

Ala
200

Leu

Glu
215

Gln

Val Gln

230

Ala
245

Ser

Lys
260

Arg

Pro Asp

275

<210> 42

<211> 1700
<212> DNA

Gly

Met

Tyr

Leu Arg

Val

Gly

Ala

<213> Artificial Sequence

<220>

Leu Lys Arg

Tyr Ser Thr

Met Thr

155

Gly

Glu
170

Cys Gln

Thr
185

Thr Thr

Ser Thr Thr

Ala Ala Glu

Ala Met Arg

235

Asp Asp Leu

250

Gln
265

Met Gln

Glu Ile

125

Gly Ala

140

Val Thr

Ile

Ala

Aszsn Pro

Thr

Leu

Thr

Asp

Leu

Phe His

Ala Ser

Glu Val

160

Ser Gln

175

Ile Arg

130

Ala Lys

205

Ala
220

Met

Thr Ile

Glu

Arg Phe

Ala

Glu

Gly

Asn

Lys

Met Glu

Val Ala

Thr His

240

Leu Gln

255

Tyr Pro

270

<223> Influenza H5N1 M2E-NP consensus sequence

<400> 42
ggtaccgaat

agggtgcaca
cggtgcagey
cggagctacg
agcgtgggea
aagctgtceceg
ctgtcecgeet

gaccccaaga

tegecaceat
gcagcectget
acagecagecga
agcagatgga
gaatggtcgy
actacgaggg
tegacgageg

aaaccggegyg

ggactggace
gaccgaggtyg
ccggggcagy
aacaggcgge
cggcatcgge
ceggetgate
gdggaacaga

acccatctac

tggatcoctgt
gagacecccca
aagcggagaa
gagcggcaga
cggttctaca
cagaacagca

tacctggaag

eggcggaggyg

tectggtege
ccecggaacga
gcgecageca
acgccaccga
tccagatgty
tcaccataga

agcaccccag

acggcaagtyg

tgcegecace
gtggggetyge
gggcaccaaqg
gatccogggece
caccgagcetg
gcggatggtg
cgccggcaag

ggtgcgggag
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ctgatcctgt
gacgccacag
taccagcgga
cagggecagca
accatggtga
aggggcgaga
ggcaagttcc
cocggcaacyg
ggcagcegtgg
ggctacgact
cagaactccc

ctggtcetgga

cggyggeacea
aacgagaaca
atccggacca
gtgcagceca
gcecttcaceg
atggaaagcg
gatgagaagg
ttctteggeg
tgatgagegg
<210> 43

<211> 554
<212> PRT

acgacaaaga
coggecetgac
caagggctct
cactgccecag
tggaactgat
acggecaggeg
agacagccge
ccgagatcga
cccacaagag
tecgageggga
aggtgttcag

tggcctgecea

gagtggtgece
tggaagcecat
gaagcggcegyg
cctteteogt
gcaacaccga
ccaggecega
ccaccaacec
acaacgccga

cogegagetce

ggaaatcegyg
ccacctgatg
ggtccggace
aagaagcgga
ccggatgate
gacccggatc
ccagegggec
ggacctgate
ctgecectgeoee
gggctacage
cetgateccgg

cagegcogee

caggggceag
ggacagcaac
caacaccaac
gcagcggaac
gggeoggace
ggacgtgage
catcgtgede

ggaatacgac

<213> Artificial Sequence

<220>

cggatctgge
atctggcaca
ggcatggace
gcegetggeg
aagcggggca
gcctacgagce
atgatggacc
ttecectggeca
gectgegtgt
ctggteoggea
cccaacgaga

ttecgaggatc

ctgteccacca
accctggaac
cagcageggg
ctgecetteg
agcgacatge
ttccagggea
agcttegaca

aactacccct

ggcaggccaa
gcaacctgaa
cecggatgtyg
cagccgtgaa
tecaacgaccg
ggatgtgcaa
aggtecggga
gaagcgcect
acggactgge
tcgaccectt
acccegocca

tgagagtgag

ggggcgtgea
tgcggageay
ccagegcegy
agagggccac
ggaccgagat
ggggcgtgtt
tgaacaacga

acgacgtgeo

<223> Influenza H5N1 M2E-NP consensus sequence

<400> 43

Met Asp Trp Thr

1

His Ser

Gly Cys
35

Ala Ser
50

Ser Leu

Arg Cys

Gln Gly

20

Trp Ile

Leu Thr

Ser Asp

Thr Lys

Leu Phe

Glu

Ser
40

Arg Ser

55

Vval Glu

Ser Asp

Val Ala
10

Leu

Thr Pro
25

Arg Gly

Tyr Glu Gln

Ala

Thx
30

Arg
45

Met
60

Ala Thr Arg

Arg Asn Glu

Lys Arg Arg

Glu Thr Gly

caacggcgag
cgacgceace
cagcctgatg
gggegtggge
gaatttttgg
catcctgaag
gagcceggaac
gatecectgegg
cgtggecage
ccggetgetg
caagtcocag

cagctteatce

gatcgececage
gtactgggec
acagatcage
catcatggecc
catcaggatg
cgagctgtec
gggcagoetac

cgactacgec

Vval

15

Trp

Ser

Gly

DK/EP 3037429 T3
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Glu

65

Gly

Ser

Met

His

Arg

145

Glu

Thr

Ala

Arg

Ala

225

Ile

Glu

Leu

val

Phe

305

Ser

Asp

Leu

Arg

Gly

Asp

Val

Pro

130

Arg

Glu

Ala

Thr

Met

210

Ala

Arg

Asn

Lys

Arg

290

Leu

Cys

Phe

Leu

Gln

Ile

Tyr

Leu

115

Ser

Arg

Ile

Gly

Tyr

195

Cys

Gly

Met

Gly

Gly

275

Glu

Ala

Leu

Glu

Gln

A

Asn

Gly

Glu

100

Ser

Ala

Asp

Arg

Leu

180

Gln

Ser

Ala

Ile

Arg

260

Lys

Ser

Arg

Pro

Arg

340

Asn

Ala

Arg

85

Gly

Ala

Gly

Gly

Arg

165

Thr

Arg

Leu

Ala

Lys

245

Arg

Phe

Arg

Ser

Ala

325

Glu

Ser

Thr

70

Phe

Arg

Phe

Ly§

Lys

150

Ile

His

Thr

Met

val

230

Arg

Thr

Gln

Asn

Ala

310

Cys

Gly

Gln

Glu

Tyr

Leu

Asp

Asp

135

Trp

Trp

Leu

Arg

Gln

215

Lys

Gly

Arg

Thr

Pro

285

Leu

val

Tyr

Val

Ile

Ile

Ile

Glu

120

Pro

val

Arg

Met

Ala

200

Gly

Gly

Ile

Ile

Ala

280

Gly

Ile

Tyr

Ser

Phe

~on

Arg Ala Ser Val
75

Gln Met Cys Thr
90

Gln Asn Ser Ile
105

Arg Arg Asn Arg

Lys Lys Thr Gly

140

Arg Glu Leu Ile
155

Gln Ala Asn Asn
170

Ile Trp His Ser
185

Leu Val Arg Thr

Ser Thr Leu Pro
220

Val Gly Thr Met
235

Asn Asp Arg Asn
250

Ala Tyr Glu Arg
265

Ala Gln Arg Ala

Asn Ala Glu Ile
300

Leu Arg Gly Ser
315

Gly Leu Ala Val
330

Leu Val Gly Ile
345

Ser Leu Ile Arg

Gly

Glu

Thr

Tyr

125

Gly

Leu

Gly

Asn

Gly

205

Arg

val

Phe

Met

Met

285

Glu

val

Ala

Asp

Pro

-~

Arg Met

Leu Lys
95

Ile Glu
110

Leu Glu

Pro Ile

Tyr Asp

Glu Asp

175

Leu Asn

190

Met Asp

Arg Ser

Met Glu

Trp Arg

255

Cys Asn

270

Met Asp

Asp Leu

Ala His

Ser Gly

335

Pro Phe
350

Asn Glu

val

80

Leu

Arg

Glu

Tyr

Lys

160

Ala

Asp

Pro

Gly

Leu

240

Gly

Ile

Gln

Ile

Lys

320

Tyr

Asn

DK/EP 3037429 T3



Pro

Phe

385

Pro

Asn

Trp

Ser

Leu

465

Glu

Ser

Leu

Asn

Asn
545

Ala
370

Glu

Arg

Met

Ala

Ala

450

Pro

Gly

Ala

Ser

Asn

530

Tyr

399

His

Asp

Gly

Glu

Ile

435

Gly

Phe

Arg

Arg

Asp

515

Glu

Pro

Lys

Leu

Gln

Ala

420

Arg

Gln

Glu

Thr

Pro

500

Glu

Gly

Tyr

Ser

Arg

Leu

405

Met

Thr

Ile

Arg

Ser

485

Glu

Lys

Ser

Asp

Gln

Val

390

Ser

Asp

Arg

Ser

Ala

470

Asp

Asp

Ala

Tyr

Vval
550

S0V

300

Leu Val Trp Met Ala Cys His Ser Ala Ala

375

Ser

Thr

Ser

Ser

Val

455

Thr

Met

val

Thr

Phe

535

Pro

Ser Phe TIle

Arg

Asn

Gly

440

Gln

Ile

Arg

Ser

Asn

520

Phe

Asp

Gly

Thr

425

Gly

Pro

Met

Thr

Phe

505

Pro

Gly

Tyr

val

410

Leu

Asn

Thr

aAla

Glu

490

Gln

ILle

Asp

Ala

Arg

395

Gln

Glu

Thr

Phe

Ala

475

Ile

Gly

Val

Asn

380

Gly

Ile

Leu

Asn

Ser

460

Phe

Ile

Arg

Pro

Ala
540

Thr

Ala

Arg

Gln

445

Val

Thr

Arg

Gly

Ser

525

Glu

Arg Val Val

Ser

Ser

430

Gln

Gln

Gly

Met

val

510

Phe

Glu

Asn

415

Arg

Arg

Arg

Asn

Met

495

Phe

Asp

Tyr

400

Glu

Tyr

Ala

Asn

Thr

480

Glu

Glu

Met

Asp
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Patentkrav

1. Protein, der omfatter en aminosyresekvens valgt fra gruppen, der bestar
af: SEQ ID NO: 2 og fragmenter af SEQ ID NO: 2, der omfatter 600 eller flere
aminosyrer af SEQ ID NO:2, hvor aminosyresekvensen inducerer et
immunrespons mod HIV.

2. Protein ifglge krav 1, der omfatter aminosyresekvensen SEQ ID NO: 16.

3. Nukleinsyremolekyle, der koder for proteinet ifglge krav 1.

4. Nukleinsyremolekyle ifglge krav 3, der omfatter en nukleotidsekvens valgt
fra gruppen, der bestar af: SEQ ID NO: 1; fragmenter af SEQ ID NO: 1, der
omfatter 1890 eller flere nukleotider af SEQ ID NO: 1; og sekvenser, der har
mindst 90 % lighed med SEQ ID NO: 1.

5. Nukleinsyremolekyle ifglge krav 4, der omfatter en nukleotidsekvens valgt
fra gruppen, der bestar af: en nukleotidsekvens, der har mindst 95 % lighed
med SEQ ID NO: 1; en nukleotidsekvens, der har mindst 98 % lighed med
SEQ ID NO: 1; og en nukleotidsekvens, der har mindst 99 % lighed med
SEQ ID NO: 1.

6. Nukleinsyremolekyle ifglge krav 4, der omfatter en nukleotidsekvens, der
koder for et protein, der omfatter aminosyresekvensen SEQ ID NO: 16.

7. Nukleinsyremolekyle ifglge et hvilket som helst af kravene 4-6, hvor
molekylet er et plasmid.

8. Rekombinant vaccine, der omfatter et protein ifolge krav 1 eller krav 2 eller
et nukleinsyremolekyle ifalge et hvilket som helst af kravene 3-6.

9. Levende svaekket patogen, der omfatter et protein ifglge krav 1 eller krav 2
eller et nukleinsyremolekyle ifglge et hvilket som helst af kravene 3-6.

10. Farmaceutisk sammenseaetning, der omfatter et protein ifglge krav 1 eller
krav 2 eller et nukleinsyremolekyle ifalge et hvilket som helst af kravene 3-6.
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11. Injicerbart farmaceutikum, der omfatter et protein ifglge krav 1 eller krav 2
eller et nukleinsyremolekyle ifalge et hvilket som helst af kravene 3-6.

12. Sammenseetning ifolge krav 10 eller krav 11 til anvendelse i en
fremgangsmade til inducering af et immunrespons hos et individ mod HIV.
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subtype B consensus env-specific IFN-gamma ELISpot
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Subtype C Consensus env-Specific IFN-Y ELISpot
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Subtype C (S. Africa) env-Specific IFN-y ELISpot
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Subtype C (Uraguay) env-Specific IFN-y ELISpot
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Subtype C (S. Africa) env-Specific IFN~y ELISpot
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Subtype B Consensus env-Specific IFN+ ELISpot
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HIV-1 clade A consensus gag-specific IFN-gamma
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HIV-1 clade B consensus gag-specific IFN-gamma
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