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ABSTRACT
Improved anti-HIV immunogens and nucleic acid molecules that encode them are

disclosed. Immunogens disclosed include those having consensus sequences for HIV Subtype A
Envelope protein, those having consensus sequences for HIV Subtype B Envelope protein, those
having consensus sequences for HIV Subtype C Envelope protein, those having consensus
sequences for HIV Subtype D Envelope protein, those having consensus sequences for HIV
Subtype B consensus Nef-Rev protein, and those having consensus sequences form HIV Gag
protein subtypes A, B, C and D. Improved anti-HPV immunogens and nucleic acid molecules
that encode them; improved anti-HCV immunogens and nucleic acid molecules that encode
them; improved hTERT immunogens and nucleic acid molecules that encode them; and
improved anti-Influenza immunogens and nucleic acid molecules that encode them are disclosed.
Pharmaceutical composition, recombinant vaccines comprising and live attenuated pathogens are
disclosed as well methods of inducing an immune response in an individual against HIV, HPV,

HCV, hTERT and Influenza are disclosed.
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Invention Title:

Improved vaccines and methods for using the same

The following statement is a full description of this invention including the best method

of performing it known to us:
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IMPROVED VACCINES AND METHODS FOR USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a divisional application pursuant to Section 79B of the Patents Act
1990 of Australian Patent Application No. 2024200014, which is a divisional application of
Australian Patent No. 2019229397, which is a divisional application of Australian Patent No.
2017208322, which is a divisional application of Australian Patent No. 2015234338, which is a
divisional application of Australian Patent No. 2013203229, which is a divisional application of
Australian Patent No. 2013201592, which is a divisional application of Australian Patent No.
2007278831 which corresponds to International Application No. PCT/US2007/074769 filed 30
July 2007 in the Australian national phase, which claims priority to USSN 60/833,856 filed 28
July 2006, USSN 60/833,861 filed 28 July 2006 and USSN 60/890,352 filed 2 February 2007,

the complete contents of which are incorporated herein in their entirety.

FIELD OF THE INVENTION
The present invention relates to improved HIV, HPV, HCV, Influenza and cancer
vaccines, improved methods for inducing immune responses, and for prophylactically and/or

therapeutically immunizing individuals against HIV, HPV, HCV, Influenza and cancer.

BACKGROUND OF THE INVENTION

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
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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.
Vaccines 3:S161-S168; Mullins, J. I, et al. 2004. Immunogen sequence: the fourth tier of AIDS
vaccine design. Expert Rev. Vaccines 3:S151-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.

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. 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.

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
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(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).

Human Papillomavirus (HPV) has a circular dsDNA genome (7,000—8,000 base pairs).
There are up to 200 different genotypes. Phylogenetically, HPV is highly conserved. Mucosal
HPV are Classified as “High Risk” or “Low Risk”. The Low Risk group includes types 6, 11,
42, and others. Associated Diseases include: Genital Warts; Low grade cervical, anal, vulvar,
vaginal dysplasia; and Recurrent Respiratory Papillomatosis. The High Risk group includes
types 16, 18, 31, 33, 45, 52, 58, and others. Associated Diseases include: Essential cause of
Cervical cancer, pre-cancerous dysplasia; major cause of Anal, vulvar, vaginal, tonsillar cancer;
and co-factor for other aerodigestive cancer. Every Day, 800 women die of cervical cancer.

HPV E6 and E7 proteins are tumor-specific antigens, required for tumorigenesis and
maintenance of the tumor state. E7-specific immune responses are deleted in cervical cancer
patients. Both E6 and E7 proteins interact specifically with the products of cellular human tumor
suppressor genes, E6 with p53 and E7 with Rb (retinoblastoma tumor suppressor gene). E6 and
E7 are ideal immunotherapeutic targets.

hTERT is a human telomerase reverse transcriptase that synthesizes a TTAGGG tag on
the end of telomeres to prevent cell death due to chromosomal shortening. Embryonic cells and
some germ line cells normally express hTERT to regulate homeostasis of cell populations.

Cancer cells, however, exploit this mechanism of regulation to disrupt homeostasis of cell
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populations. For instance, hTERT over-expression occurs in more than 85% of human cancer
cells. Therefore, hTERT is an ideal immunotherapeutic target.

hTERT may also enhance immunotherapeutics against hyperproliferating cells expressing
hTERT due to HCV or HPV infection. The E6 oncoprotein from high-risk HPV types activates
human telomerase reverse transcriptase (W"TERT) transcription in human keratinocytes.
Dysplastic legions and early neoplastic legions within the liver also express hTERT at
abnormally high levels. Thus, immunotherapy against HPV and HCV may be enhanced by
targeting cells that express hTERT at abnormal levels. Combination immunotherapy using both
hTERT and HPV or HCV proteins or nucleic acids encoding such proteins is an attractive
immunotherapy.

Influenza Hemagglutinin (HA) is expressed on the surface of Influenza viral particles and
is responsible for initial contact between the virus and its host cell. HA is a well-known
immunogen. Influenza A strain HINS, an avian influenza strain, particularly threatens the human
population because of its HA protein which, if slightly genetically reassorted by natural
mutation, has greatly increased infectivity of human cells as compared to other strains of the
virus. Infection of infants and older or immunocompromised adults humans with the viral HINS
strain is often correlated to poor clinical outcome. Therefore, HA and other influenza molecules
of the HINS strain of Influenza are ideal immunotherapeutic targets.

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of these
matters form part of the prior art base or were common general knowledge in the field relevant to

the present disclosure as it existed before the priority date of each of the appended claims.

SUMMARY OF THE INVENTION

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.

The present invention provides consensus sequences for HIV Subtype A Envelope
protein, consensus sequences for HIV Subtype B Envelope protein, consensus sequences for HIV

Subtype C Envelope protein, consensus sequences for HIV Subtype D Envelope protein,
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consensus sequences for HIV Subtype B consensus Nef-Rev protein, and consensus sequences
form HIV Gag protein subtypes A, B, C and D.

The present invention provides constructs which encode such proteins sequences,
vaccines which comprise such proteins and/or nucleic acid molecules that encode such proteins,
and methods of inducing anti-HIV immune responses.

The present invention relates to nucleic acid molecules comprising a nucleotide sequence
selected from the group consisting of: SEQ ID NO:1; fragments of SEQ ID NO:1; sequences
having at least 90% homology to SEQ ID NO:1; fragments of sequences having at least 90%
homology to SEQ ID NO:1; SEQ ID NO:3; fragments of SEQ ID NO:3; sequences having at
least 90% homology to SEQ ID NO:3; fragments of sequences having at least 90% homology to
SEQ ID NO:3; SEQ ID NO:5; fragments of SEQ ID NO:5; sequences having at least 90%
homology to SEQ ID NO:5; fragments of sequences having at least 90% homology to SEQ ID
NO:5; SEQ ID NO:7; fragments of SEQ ID NO:7; sequences having at least 90% homology to
SEQ ID NO:7; fragments of sequences having at least 90% homology to SEQ ID NO:7; SEQ ID
NO:9; fragments of SEQ ID NO:9; sequences having at least 90% homology to SEQ ID NO:9;
fragments of sequences having at least 90% homology to SEQ ID NO:9; SEQ ID NO:11;
fragments of SEQ ID NO:11; sequences having at least 90% homology to SEQ ID NO:11;
fragments of sequences having at least 90% homology to SEQ ID NO:11.

The present invention relates to nucleic acid molecule that encode a protein selected from
the group consisting of: SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20 and SEQ ID NO:21.

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;
nucleotide sequences that encode an amino acid sequences having at least 90% homology to
SEQ ID NO:2; fragments of nucleotide sequences that encode SEQ ID NO:2; fragments of a
nucleotide sequence that encode an amino acid sequence having at least 90% homology to SEQ
ID NO:2; nucleotide sequences that encode SEQ ID NO:4; nucleotide sequences that encodes an
amino acid sequences having at least 90% homology to SEQ ID NO:4; fragments of nucleotide
sequences that encodes SEQ ID NO:4; fragments of nucleotide sequences that encodes an amino

acid sequence having at least 90% homology to SEQ ID NO:4; nucleotide sequences that encode
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SEQ ID NO:6; nucleotide sequences that encode an amino acid sequences having at least 90%
homology to SEQ ID NO:6; fragments of nucleotide sequences that encode SEQ ID NO:6;
fragments of a nucleotide sequence that encode an amino acid sequence having at least 90%
homology to SEQ ID NO:6; nucleotide sequences that encode SEQ ID NO:8; nucleotide
sequences that encodes an amino acid sequences having at least 90% homology to SEQ ID
NO:8; fragments of nucleotide sequences that encodes SEQ ID NO:8; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID NO:8;
nucleotide sequences that encode SEQ ID NO:10; nucleotide sequences that encode an amino
acid sequences having at least 90% homology to SEQ ID NO:10; fragments of nucleotide
sequences that encode SEQ ID NO:10; fragments of a nucleotide sequence that encode an amino
acid sequence having at least 90% homology to SEQ ID NO:10; nucleotide sequences that
encode SEQ ID NO:12; nucleotide sequences that encodes an amino acid sequences having at
least 90% homology to SEQ ID NO:12; fragments of nucleotide sequences that encodes SEQ ID
NO:12; fragments of nucleotide sequences that encodes an amino acid sequence having at least
90% homology to SEQ ID NO:12.

The present invention further provides pharmaceutical compositions comprising such
nucleic acid molecules and their use in methods of inducing an immune response in an individual
against HIV that comprise administering to an individual a composition comprising such nucleic
acid molecules.

The present invention further provides recombinant vaccine comprising such nucleic acid
molecules and their use in methods of inducing an immune response in an individual against
HIV that comprise administering to an individual such a recombinant vaccine.

The present invention further provides live attenuated pathogens comprising such nucleic
acid molecules and their use in methods of inducing an immune response in an individual against
HIV that comprise administering to an individual such live attenuated pathogens.
live attenuated pathogen

The present invention further provides proteins comprising amino acid sequences
selected from the group consisting of: SEQ ID NO:2, sequences having at least 90% homology
to SEQ ID NO:2; fragments of SEQ ID NO:2; fragments of sequences having at least 90%
homology to SEQ ID NO:2; SEQ ID NO:4, sequences having at least 90% homology to SEQ ID

7
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NO:4; fragments of SEQ ID NO:; fragments of sequences having at least 90% homology to SEQ
ID NO:4; SEQ ID NO:6, sequences having at least 90% homology to SEQ ID NO:6; fragments
of SEQ ID NO:6; fragments of sequences having at least 90% homology to SEQ ID NO:6; SEQ
ID NO:8, sequences having at least 90% homology to SEQ ID NO:8; fragments of SEQ ID
NO:8; fragments of sequences having at least 90% homology to SEQ ID NO:8; SEQ ID NO:10,
sequences having at least 90% homology to SEQ ID NO:10; fragments of SEQ ID NO:10;
fragments of sequences having at least 90% homology to SEQ ID NO:10; SEQ ID NO:12,
sequences having at least 90% homology to SEQ ID NO:12; fragments of SEQ ID NO:12; and
fragments of sequences having at least 90% homology to SEQ ID NO:12.

The present invention further provides proteins comprising amino acid sequences
selected from the group consisting of: SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID
NO:19; SEQ ID NO:20 and SEQ ID NO:21.

The present invention further provides pharmaceutical compositions comprising such
proteins and their use in methods of inducing an immune response in an individual against HIV
that comprise administering to an individual a composition comprising such proteins.

The present invention further provides recombinant vaccine comprising such proteins and
their use in methods of inducing an immune response in an individual against HIV that comprise
administering to an individual such a recombinant vaccine.

The present invention further provides live attenuated pathogens comprising such
proteins and their use in methods of inducing an immune response in an individual against HIV
that comprise administering to an individual such live attenuated pathogens.

Proteins comprising consensus HPV genotype 16 E6-E7 amino acid sequences and
nucleic acid molecules that comprising a nucleotide sequence encoding such proteins are
provided.

The present invention relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO:22; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:22; and fragments thereof.

The present invention also relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: a nucleic acid sequence that encodes SEQ ID

NO:23; a nucleic acid sequence that encodes SEQ ID NO:24; a nucleic acid sequence that
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encodes SEQ ID NO:25; a nucleic acid sequence that encodes SEQ ID NO:26; and a nucleic acid
sequence that encodes SEQ ID NO:27.

The present invention also relates to pharmaceutical composition such nucleic acid
molecules and to methods of inducing an immune response in an individual against HPV
comprising administering to said individual a composition comprising such nucleic acid
molecules.

The present invention further relates to recombinant vaccines comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HPV
comprising administering to said individual such a recombinant vaccine.

The present invention further relates to live attenuated pathogen comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HPV
comprising administering to said individual such live attenuated pathogens.

The present invention also relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: proteins comprising an amino acid sequence
selected from the group consisting of: SEQ ID NO:23, fragments thereof; nucleotide sequences
having at least 90% homology to SEQ ID NO:23; and fragments thereof.

The present invention also relates to proteins comprising an amino acid sequence selected
from the group consisting of: SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26;
and SEQ ID NO:27.

The present invention also relates to pharmaceutical compositions comprising such
proteins and to methods of inducing an immune response in an individual against HPV
comprising administering to said individual a composition comprising such proteins.

The present invention also relates to recombinant vaccines comprising such proteins and
to method of inducing an immune response in an individual against HPV comprising
administering to said individual such recombinant vaccines.

The present invention also relates to live attenuated pathogens comprising such protein
and to methods of inducing an immune response in an individual against HPV comprising

administering to said individual such live attenuated pathogens.
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Proteins comprising consensus HCV genotype 1a and 1b E1-E2 amino acid sequences
and nucleic acid molecules that comprising a nucleotide sequence encoding such proteins are
provided.

The present invention relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO:30; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:30; and fragments thereof.

The present invention also relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: a nucleic acid sequence that encodes SEQ ID
NO:31.

The present invention also relates to pharmaceutical composition such nucleic acid
molecules and to methods of inducing an immune response in an individual against HCV
comprising administering to said individual a composition comprising such nucleic acid
molecules.

The present invention further relates to recombinant vaccines comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HCV
comprising administering to said individual such a recombinant vaccine.

The present invention further relates to live attenuated pathogen comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HCV
comprising administering to said individual such live attenuated pathogens.

The present invention also relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: proteins comprising an amino acid sequence
selected from the group consisting of: SEQ ID NO:31; fragments thereof; nucleotide sequences
having at least 90% homology to SEQ ID NO:31; and fragments thereof.

The present invention also relates to pharmaceutical compositions comprising such
proteins and to methods of inducing an immune response in an individual against HCV
comprising administering to said individual a composition comprising such proteins.

The present invention also relates to recombinant vaccines comprising such proteins and
to method of inducing an immune response in an individual against HCV comprising

administering to said individual such recombinant vaccines.
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The present invention also relates to live attenuated pathogens comprising such protein
and to methods of inducing an immune response in an individual against HCV comprising
administering to said individual such live attenuated pathogens.

Proteins comprising consensus hTERTamino acid sequences and nucleic acid molecules
that comprising a nucleotide sequence encoding such proteins are provided.

The present invention further relates to nucleic acid molecules comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO: 34; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO: 34; and fragments thereof.

The present invention also relates to pharmaceutical composition such nucleic acid
molecules and to methods of inducing an immune response in an individual against
hyperproliferative cells expressing hTERT comprising administering to said individual a
composition comprising such nucleic acid molecules.

The present invention further relates to recombinant vaccines comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against
hyperproliferative cells expressing hTERT comprising administering to said individual such a
recombinant vaccine.

The present invention further relates to live attenuated pathogen comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against
hyperproliferative cells expressing hTERT comprising administering to said individual such live
attenuated pathogens.

The present invention also relates to nucleic acid molecules that comprising a nucleotide
sequence selected from the group consisting of: proteins comprising an amino acid sequence
selected from the group consisting of: SEQ ID NO:35; fragments thereof; nucleotide sequences
having at least 90% homology to SEQ ID NO:35; and fragments thereof.

The present invention also relates to pharmaceutical compositions comprising such
proteins and to methods of inducing an immune response in an individual against
hyperproliferative cells expressing hTERT comprising administering to said individual a

composition comprising such proteins.
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The present invention also relates to recombinant vaccines comprising such proteins and
to method of inducing an immune response in an individual against hyperproliferative cells
expressing hTERT comprising administering to said individual such recombinant vaccines.

The present invention also relates to live attenuated pathogens comprising such protein
and to methods of inducing an immune response in an individual against hyperproliferative cells
expressing hTERT comprising administering to said individual such live attenuated pathogens.

Proteins comprising Influenza HSN1 consensus HA amino acid sequences, Influenza
HINI and H5N1 consensus NA amino acid sequences, Influenza HIN1 and H5N1 consensus
M1 amino acid sequences, and Influenza HSN1 consensus M2E-NP amino acid sequences and
nucleic acid molecules that comprising a nucleotide sequence encoding such proteins are
provided.

The present invention further relates to nucleic acid molecules comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO:36; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:36; and fragments thereof.

The present invention further relates to nucleic acid molecules comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO:38; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:38; and fragments thereof.

The present invention further relates to nucleic acid molecules comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO:40; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:40; and fragments thereof.

The present invention further relates to nucleic acid molecules comprising a nucleotide
sequence selected from the group consisting of: SEQ ID NO:42; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:42; and fragments thereof.

The present invention also relates to pharmaceutical compositions comprising such
nucleic acid molecules and to methods of inducing an immune response in an individual against
HPV, HCV, and Influenza virus comprising administering to said individual a composition
comprising such nucleic acid molecules.

The present invention further relates to recombinant vaccines comprising such nucleic

acid molecules and methods of inducing an immune response in an individual against HPV,
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HCV, and Influenza virus comprising administering to said individual such a recombinant
vaccine.

The present invention further relates to live attenuated pathogens comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HPV,
HCV, and Influenza virus comprising administering to said individual such live attenuated
pathogens.

The present invention also relates to pharmaceutical compositions comprising such
nucleic acid molecules and to methods of inducing an immune response in an individual against
HPV, HCV, and Influenza virus comprising administering to said individual a composition
comprising such nucleic acid molecules.

The present invention further relates to recombinant vaccines comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HPV,
HCV, and Influenza virus comprising administering to said individual such a recombinant
vaccine.

The present invention further relates to live attenuated pathogens comprising such nucleic
acid molecules and methods of inducing an immune response in an individual against HPV,
HCV, and Influenza virus comprising administering to said individual such live attenuated
pathogens.

The present invention further relates to protein molecules comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:37; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:37; and fragments thereof.

The present invention further relates to protein molecules comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:39; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:39; and fragments thereof.

The present invention further relates to protein molecules comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:41; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:41; and fragments thereof.

The present invention further relates to protein molecules comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:43; fragments thereof; nucleotide

sequences having at least 90% homology to SEQ ID NO:43; and fragments thereof.
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The present invention also relates to pharmaceutical compositions comprising such
protein molecules and to methods of inducing an immune response in an individual against
Influenza virus comprising administering to said individual a composition comprising such
protein molecules.

The present invention further relates to recombinant vaccines comprising such protein
molecules and methods of inducing an immune response in an individual against Influenza virus
comprising administering to said individual such a recombinant vaccine.

The present invention further relates to live attenuated pathogens comprising such protein
molecules and methods of inducing an immune response in an individual against Influenza virus
comprising administering to said individual such live attenuated pathogens.

The present invention also relates to pharmaceutical compositions comprising such
protein molecules and to methods of inducing an immune response in an individual against
Influenza virus comprising administering to said individual a composition comprising such
protein molecules.

The present invention further relates to recombinant vaccines comprising such protein
molecules and methods of inducing an immune response in an individual against Influenza virus
comprising administering to said individual such a recombinant vaccine.

The present invention further relates to live attenuated pathogens comprising such protein
molecules and methods of inducing an immune response in an individual against Influenza virus

comprising administering to said individual such live attenuated pathogens.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a comparison of the amino acid sequences of EY2E1-B and EK2P-B. The
IgE leader sequence is underlined. The boxed regions show variable regions. The * denotes six
important residues involved in CCRS 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
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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 ng 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-A?2 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).
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The slenocytes 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 from pEY2E1-B and
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 I 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.
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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.

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 pEY3EI-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.
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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 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
Throughout this specification the word "comprise", or variations such as "comprises" or

"comprising", will be understood to imply the inclusion of a stated element, integer or step, or
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group of elements, integers or steps, but not the exclusion of any other element, integer or step,

or group of elements, integers or steps.

As used herein, the phrase "stringent hybridization conditions" or "stringent conditions"
refers to conditions under which a nucleic acid molecule will hybridize another a 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.

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, which is
incorporated herein by reference in its entirety) 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).

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,
which is incorporated herein by reference in its entirety). 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
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pair (HSPs) by identifying short words of length W in the query 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 BLOSUMG62 scoring matrix (see Henikoff
et al., Proc. Natl. Acad. Sci. USA, 1992, 89, 10915-10919, which is incorporated herein by
reference in its entirety) 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, which is incorporated herein by reference in its entirety) 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.

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.

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.
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Overview

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.

The invention provides improved HIV, HPV, HCV, Influenza and cancer vaccines by
providing proteins and genetic constructs that encode proteins with epitopes that make them
particularly effective as immunogens against which anti-HIV, anti-HPV, anti-HCV, antri-
influenze and anti-hTert immune responses, respectively, 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.

According to some embodiments of the invention, 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, HPV, HCV, Influenza or \TERT. When a nucleic
acid molecules 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 methods of delivering the coding sequences of the protein on
nucleic acid molecule such as plasmid, as part of recombinant vaccines and as part of attenuated
vaccines, as isolated proteins or proteins part of a vector.

According to some aspects of the present invention, compositions and methods are
provided which prophylactically and/or therapeutically immunize an individual against HIV,

HIV, HPV, HCV, Influenza and cancer.
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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

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.

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.

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.
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Fragments of SEQ ID NO:1 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:1 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodiments 360 or more nucleotides; in some
embodiments, 450 or more nucleotides; in some embodiments 540 or more nucleotides; in some
embodiments, 630 or more nucleotides; in some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodiments, 900 or more nucleotides; in some
embodiments, 990 or more nucleotides; in some embodiments, 1080 or more nucleotides; in
some embodiments, 1170 or more nucleotides; in some embodiments, 1260 or more nucleotides;
in some embodiments, 1350 or more nucleotides in some embodiments, 1440 or more
nucleotides; in some embodiments, 1530 or more nucleotides; in some embodiments, 1620 or
more nucleotides; in some embodiments, 1710 or more nucleotides; in some embodiments, 1800
or more nucleotides; in some embodiments, 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. Fragments may comprise fewer than 180 nucleotides, in
some embodiments fewer than 270 nucleotides, in some embodiments fewer than 360
nucleotides, in some embodiments fewer than 450 nucleotides, in some embodiments fewer than
540 nucleotides, in some embodiments fewer than 630 nucleotides, in some embodiments fewer
than 720 nucleotides, in some embodiments fewer than 810 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than 990 nucleotides, in some
embodiments fewer than 1080 nucleotides, in some embodiments fewer than 1170 nucleotides,
in some embodiments fewer than 1260 nucleotides, in some embodiments fewer than 1350
nucleotides, in some embodiments fewer than 1440 nucleotides, in some embodiments fewer
than 1530 nucleotides, in some embodiments fewer than 1620 nucleotides, in some embodiments
fewer than 1710 nucleotides, in some embodiments fewer than 1800 nucleotides, in some
embodiments fewer than 1890 nucleotides, in some embodiments fewer than 1980 nucleotides,
in some embodiments fewer than 1020 nucleotides, and in some embodiments fewer than 2070

nucleotides.
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Fragments of SEQ ID NO:2 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:2 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodiments, 120 or more amino acids; in some
embodiments; 150 or more amino acids; in some embodiments 180 or more amino acids; in
some embodiments, 210 or more amino acids; in some embodiments, 240 or more amino acids;
in some embodiments, 270 or more amino acids; in some embodiments, 300 or more amino
acids; in some embodiments, 330 or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids; in some embodiments, 420 or
more amino acids; in some embodiments, 450 or more amino acids; in some embodiments, 480
or more amino acids; in some embodiments, 510 or more amino acids; in some embodiments,
540 or more amino acids; in some embodiments, 570 or more amino acids; in some
embodiments, 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. Fragments may comprise fewer than 90 amino acids, in some embodiments fewer than
120 amino acids, in some embodiments fewer than 150 amino acids, in some embodiments fewer
than 180 amino acids, in some embodiments fewer than 210 amino acids, in some embodiments
fewer than 240 amino acids, in some embodiments fewer than 270 amino acids, in some
embodiments fewer than 300 amino acids, in some embodiments fewer than 330 amino acids, in
some embodiments fewer than 360 amino acids, in some embodiments fewer than 390 amino
acids, in some embodiments fewer than 420 amino acids, in some embodiments fewer than 450
amino acids, in some embodiments fewer than 480 amino acids, in some embodiments fewer
than 540 amino acids, in some embodiments fewer than 600 amino acids, in some embodiments
fewer than 660 amino acids, and in some embodiments fewer than 690 amino acids.

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

Fragments of SEQ ID NO:3 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:3 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodiments 360 or more nucleotides; in some
embodiments, 450 or more nucleotides; in some embodiments 540 or more nucleotides; in some
embodiments, 630 or more nucleotides; in some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodiments, 900 or more nucleotides; in some
embodiments, 990 or more nucleotides; in some embodiments, 1080 or more nucleotides; in
some embodiments, 1170 or more nucleotides; in some embodiments, 1260 or more nucleotides;
in some embodiments, 1350 or more nucleotides in some embodiments, 1440 or more
nucleotides; in some embodiments, 1530 or more nucleotides; in some embodiments, 1620 or
more nucleotides; in some embodiments, 1710 or more nucleotides; in some embodiments, 1800
or more nucleotides; in some embodiments, 1890 or more nucleotides; in some embodiments,
1980 or more nucleotides; in some embodiments, 2070 or more nucleotides; in some
embodiments, 2160 or more nucleotides; in some embodiments, 2250 or more nucleotides; in
some embodiments, 2340 or more nucleotides; in some embodiments, 2430 or more nucleotides;
in some embodiments, 2520 or more nucleotides; in some embodiments, 2620 or more
nucleotides; and in some embodiments, 2700 or more nucleotides. In some embodiments,
fragments of SEQ ID NO:3 may comprise coding sequences for the IgE leader sequences. In
some embodiments, fragments of SEQ ID NO:3 do not comprise coding sequences for the IgE
leader sequences. Fragments may comprise fewer than 180 nucleotides, in some embodiments
fewer than 270 nucleotides, in some embodiments fewer than 360 nucleotides, in some
embodiments fewer than 450 nucleotides, in some embodiments fewer than 540 nucleotides, in
some embodiments fewer than 630 nucleotides, in some embodiments fewer than 720

nucleotides, in some embodiments fewer than 810 nucleotides, in some embodiments fewer than
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900 nucleotides, in some embodiments fewer than 990 nucleotides, in some embodiments fewer
than 1080 nucleotides, in some embodiments fewer than 1170 nucleotides, in some embodiments
fewer than 1260 nucleotides, in some embodiments fewer than 1350 nucleotides, in some
embodiments fewer than 1440 nucleotides, in some embodiments fewer than 1530 nucleotides,
in some embodiments fewer than 1620 nucleotides, in some embodiments fewer than 1710
nucleotides, in some embodiments fewer than 1800 nucleotides, in some embodiments fewer
than 1890 nucleotides, in some embodiments fewer than 1980 nucleotides, in some embodiments
fewer than 1020 nucleotides, in some embodiments fewer than 2070 nucleotides, in some
embodiments fewer than 2160 nucleotides, in some embodiments fewer than 2250 nucleotides,
in some embodiments fewer than 2340 nucleotides, in some embodiments fewer than 2430
nucleotides, in some embodiments fewer than 2520 nucleotides, in some embodiments fewer
than 2610 nucleotides, and in some embodiments fewer than 2700 nucleotides.

Fragments of SEQ ID NO:4 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:4 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodiments, 120 or more amino acids; in some
embodiments; 150 or more amino acids; in some embodiments 180 or more amino acids; in
some embodiments, 210 or more amino acids; in some embodiments, 240 or more amino acids;
in some embodiments, 270 or more amino acids; in some embodiments, 300 or more amino
acids; in some embodiments, 330 or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids; in some embodiments, 420 or
more amino acids; in some embodiments, 450 or more amino acids; in some embodiments, 480
or more amino acids; in some embodiments, 510 or more amino acids; in some embodiments,
540 or more amino acids; in some embodiments, 570 or more amino acids; in some
embodiments, 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. Fragments may comprise fewer than 90 amino acids, in some embodiments fewer than
120 amino acids, in some embodiments fewer than 150 amino acids, in some embodiments fewer
than 180 amino acids, in some embodiments fewer than 210 amino acids, in some embodiments
fewer than 240 amino acids, in some embodiments fewer than 270 amino acids, in some

embodiments fewer than 300 amino acids, in some embodiments fewer than 330 amino acids, in
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some embodiments fewer than 360 amino acids, in some embodiments fewer than 390 amino
acids, in some embodiments fewer than 420 amino acids, in some embodiments fewer than 450
amino acids, in some embodiments fewer than 480 amino acids, in some embodiments fewer
than 540 amino acids, in some embodiments fewer than 600 amino acids, in some embodiments
fewer than 660 amino acids, and in some embodiments fewer than 690 amino acids.

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.

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

Fragments of SEQ ID NO:5 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:5 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodiments 360 or more nucleotides; in some
embodiments, 450 or more nucleotides; in some embodiments 540 or more nucleotides; in some
embodiments, 630 or more nucleotides; in some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodiments, 900 or more nucleotides; in some
embodiments, 990 or more nucleotides; in some embodiments, 1080 or more nucleotides; in
some embodiments, 1170 or more nucleotides; in some embodiments, 1260 or more nucleotides;
in some embodiments, 1350 or more nucleotides in some embodiments, 1440 or more
nucleotides; in some embodiments, 1530 or more nucleotides; in some embodiments, 1620 or
more nucleotides; in some embodiments, 1710 or more nucleotides; in some embodiments, 1800

or more nucleotides; in some embodiments, 1890 or more nucleotides; in some embodiments,
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1980 or more nucleotides; and in some embodiments, 2070 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:5 may comprise coding sequences for the IgE leader
sequences. In some embodiments, 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 embodiments fewer than 270 nucleotides, in some embodiments fewer than 360
nucleotides, in some embodiments fewer than 450 nucleotides, in some embodiments fewer than
540 nucleotides, in some embodiments fewer than 630 nucleotides, in some embodiments fewer
than 720 nucleotides, in some embodiments fewer than 810 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than 990 nucleotides, in some
embodiments fewer than 1080 nucleotides, in some embodiments fewer than 1170 nucleotides,
in some embodiments fewer than 1260 nucleotides, in some embodiments fewer than 1350
nucleotides, in some embodiments fewer than 1440 nucleotides, in some embodiments fewer
than 1530 nucleotides, in some embodiments fewer than 1620 nucleotides, in some embodiments
fewer than 1710 nucleotides, in some embodiments fewer than 1800 nucleotides, in some
embodiments fewer than 1890 nucleotides, in some embodiments fewer than 1980 nucleotides,
in some embodiments fewer than 1020 nucleotides, and in some embodiments fewer than 2070
nucleotides.

Fragments of SEQ ID NO:6 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:6 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodiments, 120 or more amino acids; in some
embodiments; 150 or more amino acids; in some embodiments 180 or more amino acids; in
some embodiments, 210 or more amino acids; in some embodiments, 240 or more amino acids;
in some embodiments, 270 or more amino acids; in some embodiments, 300 or more amino
acids; in some embodiments, 330 or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids; in some embodiments, 420 or
more amino acids; in some embodiments, 450 or more amino acids; in some embodiments, 480
or more amino acids; in some embodiments, 510 or more amino acids; in some embodiments,
540 or more amino acids; in some embodiments, 570 or more amino acids; in some
embodiments, 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
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acids. Fragments may comprise fewer than 90 amino acids, in some embodiments fewer than
120 amino acids, in some embodiments fewer than 150 amino acids, in some embodiments fewer
than 180 amino acids, in some embodiments fewer than 210 amino acids, in some embodiments
fewer than 240 amino acids, in some embodiments fewer than 270 amino acids, in some
embodiments fewer than 300 amino acids, in some embodiments fewer than 330 amino acids, in
some embodiments fewer than 360 amino acids, in some embodiments fewer than 390 amino
acids, in some embodiments fewer than 420 amino acids, in some embodiments fewer than 450
amino acids, in some embodiments fewer than 480 amino acids, in some embodiments fewer
than 540 amino acids, in some embodiments fewer than 600 amino acids, in some embodiments
fewer than 660 amino acids, and in some embodiments fewer than 690 amino acids.

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.

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

Fragments of SEQ ID NO:7 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:7 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodiments 360 or more nucleotides; in some
embodiments, 450 or more nucleotides; in some embodiments 540 or more nucleotides; in some
embodiments, 630 or more nucleotides; in some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodiments, 900 or more nucleotides; in some

embodiments, 990 or more nucleotides; in some embodiments, 1080 or more nucleotides; in
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some embodiments, 1170 or more nucleotides; in some embodiments, 1260 or more nucleotides;
in some embodiments, 1350 or more nucleotides in some embodiments, 1440 or more
nucleotides; in some embodiments, 1530 or more nucleotides; in some embodiments, 1620 or
more nucleotides; in some embodiments, 1710 or more nucleotides; in some embodiments, 1800
or more nucleotides; in some embodiments, 1890 or more nucleotides; in some embodiments,
1980 or more nucleotides; and in some embodiments, 2070 or more nucleotides; and in some
embodiments, 2140 or more nucleotides. In some embodiments, fragments of SEQ ID NO:7
may comprise coding sequences for the IgE leader sequences. In some embodiments, 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 embodiments fewer than 270 nucleotides, in
some embodiments fewer than 360 nucleotides, in some embodiments fewer than 450
nucleotides, in some embodiments fewer than 540 nucleotides, in some embodiments fewer than
630 nucleotides, in some embodiments fewer than 720 nucleotides, in some embodiments fewer
than 810 nucleotides, in some embodiments fewer than 900 nucleotides, in some embodiments
fewer than 990 nucleotides, in some embodiments fewer than 1080 nucleotides, in some
embodiments fewer than 1170 nucleotides, in some embodiments fewer than 1260 nucleotides,
in some embodiments fewer than 1350 nucleotides, in some embodiments fewer than 1440
nucleotides, in some embodiments fewer than 1530 nucleotides, in some embodiments fewer
than 1620 nucleotides, in some embodiments fewer than 1710 nucleotides, in some embodiments
fewer than 1800 nucleotides, in some embodiments fewer than 1890 nucleotides, in some
embodiments fewer than 1980 nucleotides, in some embodiments fewer than 1020 nucleotides,
in some embodiments fewer than 2070 nucleotides and in some embodiments fewer than 2140
nucleotides.

Fragments of SEQ ID NO:8 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:8 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodiments, 120 or more amino acids; in some
embodiments; 150 or more amino acids; in some embodiments 180 or more amino acids; in
some embodiments, 210 or more amino acids; in some embodiments, 240 or more amino acids;
in some embodiments, 270 or more amino acids; in some embodiments, 300 or more amino

acids; in some embodiments, 330 or more amino acids; in some embodiments, 360 or more
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amino acids; in some embodiments, 390 or more amino acids; in some embodiments, 420 or
more amino acids; in some embodiments, 450 or more amino acids; in some embodiments, 480
or more amino acids; in some embodiments, 510 or more amino acids; in some embodiments,
540 or more amino acids; in some embodiments, 570 or more amino acids; in some
embodiments, 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. Fragments may comprise fewer than 90 amino acids, in some embodiments fewer than
120 amino acids, in some embodiments fewer than 150 amino acids, in some embodiments fewer
than 180 amino acids, in some embodiments fewer than 210 amino acids, in some embodiments
fewer than 240 amino acids, in some embodiments fewer than 270 amino acids, in some
embodiments fewer than 300 amino acids, in some embodiments fewer than 330 amino acids, in
some embodiments fewer than 360 amino acids, in some embodiments fewer than 390 amino
acids, in some embodiments fewer than 420 amino acids, in some embodiments fewer than 450
amino acids, in some embodiments fewer than 480 amino acids, in some embodiments fewer
than 540 amino acids, in some embodiments fewer than 600 amino acids, in some embodiments
fewer than 660 amino acids, and in some embodiments fewer than 690 amino acids.

SEQ ID NO:9 is a subtype B Nef-Rev consensus envelope DNA sequence construct.
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 1s the Subtype B Nef-Rev consensus protein
sequence.

In some embodiments, vaccines of the invention preferably include SEQ ID NO:20
fragment thereof, a nucleic acid molecule that encodes SEQ ID NO:20, or fragments thereof. In
some embodiments, vaccines of the invention preferably include SEQ ID NO:10 or a nucleic
acid molecule that encodes it. In some embodiments, vaccines of the invention preferably
include SEQ ID NO:9. Vaccines of the present invention preferably include the IgE leader

sequence SEQ ID NO:15 or nucleic acid sequence which encodes the same.
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Fragments of SEQ ID NO:9 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:9 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodiments 360 or more nucleotides; in some
embodiments, 450 or more nucleotides; in some embodiments 540 or more nucleotides; in some
embodiments, 630 or more nucleotides; in some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodiments, 900 or more nucleotides; and in
some embodiments, 990 or more nucleotides; in some embodiments. In some embodiments,
fragments of SEQ ID NO:9 may comprise coding sequences for the IgE leader sequences. In
some embodiments, 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 embodiments
fewer than 270 nucleotides, in some embodiments fewer than 360 nucleotides, in some
embodiments fewer than 450 nucleotides, in some embodiments fewer than 540 nucleotides, in
some embodiments fewer than 630 nucleotides, in some embodiments fewer than 720
nucleotides, in some embodiments fewer than 810 nucleotides, in some embodiments fewer than
900 nucleotides, and in some embodiments fewer than 990 nucleotides.

Fragments of SEQ ID NO:2 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:2 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodiments, 120 or more amino acids; in some
embodiments; 150 or more amino acids; in some embodiments 180 or more amino acids; in
some embodiments, 210 or more amino acids; in some embodiments, 240 or more amino acids;
in some embodiments, 270 or more amino acids; in some embodiments, 300 or more amino
acids; and in some embodiments, 330 or more amino acids.

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

Fragments of SEQ ID NO:11 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:11 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodiments 360 or more nucleotides; in some
embodiments, 450 or more nucleotides; in some embodiments 540 or more nucleotides; in some
embodiments, 630 or more nucleotides; in some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodiments, 900 or more nucleotides; in some
embodiments, 990 or more nucleotides; in some embodiments, 1080 or more nucleotides; in
some embodiments, 1170 or more nucleotides; in some embodiments, 1260 or more nucleotides;
in some embodiments, 1350 or more nucleotides in some embodiments, 1440 or more
nucleotides; in some embodiments, 1530 or more nucleotides; in some embodiments, 1620 or
more nucleotides; in some embodiments, 1710 or more nucleotides; and in some embodiments,
1800 or more nucleotides. In some embodiments, fragments of SEQ ID NO:11 may comprise
coding sequences for the IgE leader sequences. In some embodiments, 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 embodiments fewer than 270 nucleotides, in some
embodiments fewer than 360 nucleotides, in some embodiments fewer than 450 nucleotides, in
some embodiments fewer than 540 nucleotides, in some embodiments fewer than 630
nucleotides, in some embodiments fewer than 720 nucleotides, in some embodiments fewer than
810 nucleotides, in some embodiments fewer than 900 nucleotides, in some embodiments fewer
than 990 nucleotides, in some embodiments fewer than 1080 nucleotides, in some embodiments
fewer than 1170 nucleotides, in some embodiments fewer than 1260 nucleotides, in some
embodiments fewer than 1350 nucleotides, in some embodiments fewer than 1440 nucleotides,

in some embodiments fewer than 1530 nucleotides, in some embodiments fewer than 1620
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nucleotides, in some embodiments fewer than 1710 nucleotides, and in some embodiments fewer
than 1800 nucleotides.

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

HPV

SEQ ID NO:22 comprises coding sequence for HPV vaccine sequence that comprises and
IgE leader sequence, a consensus sequence for HPV E6, linked to a consensus sequence for HPV
E7 by a proteolytic cleavage sequence. The consensus sequence for HPV E6 includes the
immunodominant epitope set forth in SEQ ID NO:24. The consensus sequence for HPV E7
includes the immunodominant epitope set forth in SEQ ID NO:25. The consensus sequence for
HPV E6 is SEQ ID NO:26. The consensus sequence for HPV E6 is SEQ ID NO:27. The IgE
leader sequence is SEQ ID NO:28. A proteolytic cleavage sequence useful to link the two
consensus sequences is SEQ ID NO:29.
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In some embodiments, vaccines of the invention preferably include SEQ ID NO:24
and/or SEQ ID NO:25, or nucleic acid sequence which encode one of both of them. Vaccines of
the invention preferably include SEQ ID NO:27 and/or the SEQ ID NO:28, or nucleic acid
sequences which encode one or both of them. Vaccines of the invention preferably include SEQ
ID NO:27 linked to SEQ ID NO:28 by a proteolytic cleavage sequence such as SEQ ID NO:29,
or nucleic acid sequence which encodes the fusion protein. Vaccines of the present invention
preferably include the IgE leader sequence SEQ ID NO:28 or nucleic acid sequence which
encodes the same. Vaccines of the invention preferably include SEQ ID NO:23 or the nucleic
acid sequence in SEQ ID NO:22.

In some embodiments, proteins comprises fragments of SEQ ID NO:23. In some
embodiments, proteins consist of fragments of SEQ ID NO:23. In some embodiments, nucleic
acids comprises fragment of SEQ ID NO:22. In some embodiments, nucleic acids consist of a
fragment of SEQ ID NO:22.

Fragments of SEQ ID NO:22 may comprise 30 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:22 may comprise 45 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise
60 or more nucleotides, including preferably sequences that encode an immunodominant epitope.
In some embodiments, fragments of SEQ ID NO:22 may comprise 75 or more nucleotides,
including preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:22 may comprise 90 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ ID
NO:22 may comprise 120 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise
150 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise 180 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise 210 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments

of SEQ ID NO:22 may comprise 240 or more nucleotides, including preferably sequences that
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encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may
comprise 270 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise
300 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise 360 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise 420 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:22 may comprise 480 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ ID
NO:22 may comprise 540 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise
600 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise 300 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise 660 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:22 may comprise 720 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may
comprise 780 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:22 may comprise
coding sequences for the IgE leader sequences. In some embodiments, fragments of SEQ ID
NO:22 do not comprise coding sequences for the IgE leader sequences. Fragments may
comprise fewer than 60 nucleotides, in some embodiments fewer than 75 nucleotides, in some
embodiments fewer than 90 nucleotides, in some embodiments fewer than 120 nucleotides, in
some embodiments fewer than 150 nucleotides, in some embodiments fewer than 180
nucleotides, in some embodiments fewer than 210 nucleotides, in some embodiments fewer than
240 nucleotides, in some embodiments fewer than 270 nucleotides, in some embodiments fewer
than 300 nucleotides, in some embodiments fewer than 360 nucleotides, in some embodiments

fewer than 420 nucleotides, in some embodiments fewer than 480 nucleotides, in some

36



26 Feb 2026

2026201472

15

20

25

30

embodiments fewer than 540 nucleotides, in some embodiments fewer than 600 nucleotides, in
some embodiments fewer than 660 nucleotides, in some embodiments fewer than 720
nucleotides, and in some embodiments fewer than 780 nucleotides.

Fragments of SEQ ID NO:23 may comprise 15 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:23 may comprise 18 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise
21 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise 24 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise 30 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:23 may comprise 36 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:23 may comprise 42 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise
48 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise 54 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise 60 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:23 may comprise 18 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:23 may comprise 72 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise
90 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise 120 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise 150 or more amino acids, including

preferably sequences that encode an immunodominant epitope. In some embodiments,
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fragments of SEQ ID NO:23 may comprise 180 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:23 may comprise 210 or more amino acids, including preferably sequences that encode
an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise
240 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23 may comprise 260 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise coding sequences for the IgE leader
sequences. In some embodiments, fragments of SEQ ID NO:23 do not comprise coding
sequences for the IgE leader sequences. Fragments may comprise fewer than 24 amino acids, in
some embodiments fewer than 30 amino acids, in some embodiments fewer than 36 amino acids,
in some embodiments fewer than 42 amino acids, in some embodiments fewer than 48 amino
acids, in some embodiments fewer than 54 amino acids, in some embodiments fewer than 60
amino acids, in some embodiments fewer than 72 amino acids, in some embodiments fewer than
90 amino acids, in some embodiments fewer than 120 amino acids, in some embodiments fewer
than 150 amino acids, in some embodiments fewer than 180 amino acids, in some embodiments
fewer than 210 amino acids in some embodiments fewer than 240 amino acids, and in some
embodiments fewer than 260 amino acids.

HCV

SEQ ID NO:30 comprises coding sequence for HCV vaccine sequence that comprises
and IgE leader sequence, a consensus sequence for HCV E1, linked to a consensus sequence for
HCV E2 by a proteolytic cleavage sequence. The consensus sequence for HCV El is SEQ ID
NO:32. The consensus sequence for HCV E2 is SEQ ID NO:33.

In some embodiments, vaccines of the invention preferably include SEQ ID NO:32
and/or SEQ ID NO:33, or nucleic acid sequence which encode one of both of them. Vaccines of
the invention preferably include SEQ ID NO:32 linked to SEQ ID NO:33 by a proteolytic
cleavage sequence such as SEQ ID NO:29, or nucleic acid sequence which encodes the fusion
protein. Vaccines of the present invention preferably include the IgE leader sequence SEQ ID
NO:28.or nucleic acid sequence which encodes the same. Vaccines of the invention preferably

include SEQ ID NO:31 or the nucleic acid sequence in SEQ ID NO:30.
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In some embodiments of the invention, the vaccines of the invention include the SEQ ID
NO:30 and a nucleic acid sequence or amino acid sequence encoded by the nucleic acid
sequences thereof selected from the following group: SEQ ID NO:34, SEQ ID NO:35, and any
combination thereof.

Fragments of SEQ ID NO:30 may comprise 30 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 45 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 60 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 75 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 120 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 150 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 180 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 210 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 240 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 270 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 300 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 360 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 420 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 480 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 540 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 600 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 660 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 720 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 780 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 840 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 900 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 960 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1020 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1080 or more nucleotides. In some

embodiments, fragments of SEQ ID NO:30 may comprise 1140 or more nucleotides. In some
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embodiments, fragments of SEQ ID NO:30 may comprise 1200 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1260 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1320 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1380 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1440 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1500 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1560 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1620 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1680 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 1740 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise coding sequences for the IgE leader
sequences. In some embodiments, fragments of SEQ ID NO:30 do not comprise coding
sequences for the IgE leader sequences. Fragments may comprise fewer than 60 nucleotides, in
some embodiments fewer than 75 nucleotides, in some embodiments fewer than 90 nucleotides,
in some embodiments fewer than 120 nucleotides, in some embodiments fewer than 150
nucleotides, in some embodiments fewer than 180 nucleotides, in some embodiments fewer than
210 nucleotides, in some embodiments fewer than 240 nucleotides, in some embodiments fewer
than 270 nucleotides, in some embodiments fewer than 300 nucleotides, in some embodiments
fewer than 360 nucleotides, in some embodiments fewer than 420 nucleotides, in some
embodiments fewer than 480 nucleotides, in some embodiments fewer than 540 nucleotides, in
some embodiments fewer than 600 nucleotides, in some embodiments fewer than 660
nucleotides, in some embodiments fewer than 720 nucleotides, in some embodiments fewer than
780 nucleotides, in some embodiments fewer than 840 nucleotides, in some embodiments fewer
than 900 nucleotides, in some embodiments fewer than 960 nucleotides, in some embodiments
fewer than 1020 nucleotides, in some embodiments fewer than 1080 nucleotides, in some
embodiments fewer than 1140 nucleotides, in some embodiments fewer than 1200 nucleotides,
in some embodiments fewer than 1260 nucleotides, in some embodiments fewer than 1320
nucleotides, in some embodiments fewer than 1380 nucleotides, in some embodiments fewer
than 1440 nucleotides, in some embodiments fewer than 1500 nucleotides, in some embodiments

fewer than 1560 nucleotides, in some embodiments fewer than 1620 nucleotides, in some
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embodiments fewer than 1680 nucleotides, and in some embodiments fewer than 1740

nucleotides.

Fragments of SEQ ID NO:31 may comprise 15 or more amino acids. In some

embodiments, fragments of SEQ ID NO:31 may comprise 30 or more amino acids.

embodiments, fragments of SEQ ID NO:31 may comprise 45 or more amino acids.

embodiments, fragments of SEQ ID NO:31 may comprise 60 or more amino acids.

embodiments, fragments of SEQ ID NO:31 may comprise 75 or more amino acids.

embodiments, fragments of SEQ ID NO:31 may comprise 90 or more amino acids.

embodiments, fragments of SEQ ID NO:31 may comprise 105 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 120 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 150 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 180 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 210 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 240 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 270 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 300 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 360 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 420 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 480 or more amino acids.
embodiments, fragments of SEQ ID NO:31 may comprise 540 or more amino acids.

embodiments, fragments of SEQ ID NO:31 may comprise 575 or more amino acids.

In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some

Fragments

may comprise fewer than 30 amino acids, in some embodiments fewer than 45 amino acids, in

some embodiments fewer than 60 amino acids, in some embodiments fewer than 75

in some embodiments fewer than 90 amino acids, in some embodiments fewer than

amino acids,

120 amino

acids, in some embodiments fewer than 150 amino acids, in some embodiments fewer than 180

amino acids, in some embodiments fewer than 210 amino acids, in some embodiments fewer

than 240 amino acids, in some embodiments fewer than 270 amino acids, in some embodiments

fewer than 300 amino acids, in some embodiments fewer than 360 amino acids, in some

embodiments fewer than 420 amino acids, in some embodiments fewer than 480 am
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some embodiments fewer than 540 amino acids, and in some embodiments fewer than 575
amino acids.
hTERT

hTERT is a human telomerase reverse transcriptase that synthesizes a TTAGGG tag on
the end of telomeres to prevent cell death due to chromosomal shortening. Hyperproliferative
cells with abnormally high expression of hTERT may be targeted by immunotherapy. Recent
studies also support the abnormal expression of hTERT on hyperproliferative cells infected with
HCV and HPV. Thus, immunotherapy for both HPV and HCV may be enhanced by targeting
cells that express hTERT at abnormal levels.

Recent studies demonstrate that h\TERT expression in dendritic cells transfected with
hTERT genes can induce CD8+ cytotoxic T cells and elicit a CD4+ T cells in an antigen-specific
fashion. Therefore, use of hTERT expression within antigen presenting cells (APCs) to delay
senescence and sustain their capacity to present the antigen of choice is attractive in developing
new methods of immunotherapy.

According to some embodiments of the invention, methods of inducing an immune
response in individuals against an immunogen comprise administering to the individual the
hTERT 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.

In some embodiments of the invention, the vaccines of the invention include the SEQ ID
NO:30 and a nucleic acid sequence or amino acid sequence encoded by the nucleic acid
sequences thereof selected from the following group: SEQ ID NO:34, SEQ ID NO:35, and any
combination thereof. In some embodiments of the invention, the vaccines of the invention
comprise SEQ ID NO:34 or SEQ ID NO:35. SEQ ID NO:34 comprises the nucleic acid sequence
that encodes hTERT. SEQ ID NO:35 comprises the amino acid sequence for hTERT.

In some embodiments of the invention, the vaccines of the invention comprise SEQ ID
NO:22 and SEQ ID NO:34 or SEQ ID NO: 35. Using nucleic acid sequences that encode hTERT
and/or protein of hTERT in combination with the HPV immunogens enhance the cell-mediated

immune response against HPV-infected cells.
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Fragments of SEQ ID NO:34 may comprise 30 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:34 may comprise 45 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
60 or more nucleotides, including preferably sequences that encode an immunodominant epitope.
In some embodiments, fragments of SEQ ID NO:1 may comprise 75 or more nucleotides,
including preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 90 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 120 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
150 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 180 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 210 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 240 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 270 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
300 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 360 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 420 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 480 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 540 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise

600 or more nucleotides, including preferably sequences that encode an immunodominant
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epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 300 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 660 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 720 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 780 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
840 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 900 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. . In some
embodiments, fragments of SEQ ID NO:34 may comprise 960 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. . In some embodiments,
fragments of SEQ ID NO:34 may comprise 1020 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. . In some embodiments, fragments of SEQ
ID NO:34 may comprise 1080 or more nucleotides, including preferably sequences that encode
an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
1140 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. . In some embodiments, fragments of SEQ ID NO:34 may comprise 1200 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 1260 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 1320 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:34 may comprise 1380 or more nucleotides, including preferably sequences that encode
an immunodominant epitope. . In some embodiments, fragments of SEQ ID NO:34 may
comprise 1440 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. . In some embodiments, fragments of SEQ ID NO:34 may comprise
1500 or more nucleotides, including preferably sequences that encode an immunodominant

epitope. . In some embodiments, fragments of SEQ ID NO:34 may comprise 1560 or more
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nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 1620 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 1680 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 1740 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
1800 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 1860 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 1920 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 1980 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 2040 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
2100 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 2160 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 2220 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 2280 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 2340 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
2400 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 2460 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 2520 or more nucleotides, including

preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
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of SEQ ID NO:34 may comprise 2580 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 2640 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
2700 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 2760 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 2820 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 2880 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 2940 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
3000 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 3060 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 3120 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 3180 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may
comprise 3240 or more nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise
3300 or more nucleotides, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34 may comprise 3360 or more
nucleotides, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise 3420 or more nucleotides, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 3480 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:34 may

comprise coding sequences for the IgE leader sequences. In some embodiments, fragments of
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SEQ ID NO:34 do not comprise coding sequences for the IgE leader sequences. Fragments may
comprise fewer than 60 nucleotides, in some embodiments fewer than 75 nucleotides, in some
embodiments fewer than 90 nucleotides, in some embodiments fewer than 120 nucleotides, in
some embodiments fewer than 150 nucleotides, in some embodiments fewer than 180
nucleotides, in some embodiments fewer than 210 nucleotides, in some embodiments fewer than
240 nucleotides, in some embodiments fewer than 270 nucleotides, in some embodiments fewer
than 300 nucleotides, in some embodiments fewer than 360 nucleotides, in some embodiments
fewer than 420 nucleotides, in some embodiments fewer than 480 nucleotides, in some
embodiments fewer than 540 nucleotides, in some embodiments fewer than 600 nucleotides, in
some embodiments fewer than 660 nucleotides, in some embodiments fewer than 720
nucleotides, in some embodiments fewer than 780 nucleotides, in some embodiments fewer than
840 nucleotides, in some embodiments fewer than 900 nucleotides, in some embodiments fewer
than 960 nucleotides, in some embodiments fewer than 1020 nucleotides, in some embodiments
fewer than 1080 nucleotides, in some embodiments fewer than 1140 nucleotides, in some
embodiments fewer than 1200 nucleotides, in some embodiments fewer than 1260 nucleotides,
in some embodiments fewer than 1320 nucleotides, in some embodiments fewer than 1380
nucleotides, in some embodiments fewer than 1440 nucleotides, in some embodiments fewer
than 1500 nucleotides, in some embodiments fewer than 1560 nucleotides, in some embodiments
fewer than 1620 nucleotides, in some embodiments fewer than 1680 nucleotides, in some
embodiments fewer than 1740 nucleotides, in some embodiments fewer than 1800 nucleotides,
in some embodiments fewer than 1860 nucleotides, in some embodiments fewer than 1920
nucleotides, in some embodiments fewer than 1980 nucleotides, in some embodiments fewer
than 2040 nucleotides, in some embodiments fewer than 2100 nucleotides, in some embodiments
fewer than 2160 nucleotides, in some embodiments fewer than 2220 nucleotides, in some
embodiments fewer than 2280 nucleotides, in some embodiments fewer than 2340 nucleotides,
in some embodiments fewer than 2400 nucleotides, in some embodiments fewer than 2460
nucleotides, in some embodiments fewer than 2520 nucleotides, in some embodiments fewer
than 2580 nucleotides, in some embodiments fewer than 2640 nucleotides, in some embodiments
fewer than 2700 nucleotides, in some embodiments fewer than 2760 nucleotides, in some

embodiments fewer than 2820 nucleotides, in some embodiments fewer than 2860 nucleotides,
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in some embodiments fewer than 2940 nucleotides, in some embodiments fewer than 3000
nucleotides, in some embodiments fewer than 3060 nucleotides, in some embodiments fewer
than 3120 nucleotides, in some embodiments fewer than 3180 nucleotides, in some embodiments
fewer than 3240 nucleotides, in some embodiments fewer than 3300 nucleotides, in some
embodiments fewer than 3360 nucleotides, in some embodiments fewer than 3420 nucleotides,
in some embodiments fewer than 3480 nucleotides, and in some embodiments fewer than 3510
nucleotides.

Fragments of SEQ ID NO:35 may comprise 15 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:35 may comprise 18 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
21 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 24 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 30 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 36 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:35 may comprise 42 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
48 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 54 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 60 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 66 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:35 may comprise 72 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise

90 or more amino acids, including preferably sequences that encode an immunodominant
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epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 120 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 150 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 180 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some embodiments, fragments of SEQ
ID NO:35 may comprise 210 or more amino acids, including preferably sequences that encode
an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
240 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 270 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 300 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 330 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 360 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
390 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 420 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 450 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 480 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 510 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
540 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 570 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some

embodiments, fragments of SEQ ID NO:35 may comprise 600 or more amino acids, including
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preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 630 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 660 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
690 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 720 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 750 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 780 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 810 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
840 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 870 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 900 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 930 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 960 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
990 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 1020 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 1050 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 1080 or more amino acids, including preferably sequences that

encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
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comprise 1110 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
1140 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 1170 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 1200 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 1230 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 1260 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
1290 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 1320 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 1350 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 1380 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may
comprise 1410 or more amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise
1440 or more amino acids, including preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35 may comprise 1470 or more amino
acids, including preferably sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 1500 or more amino acids, including
preferably sequences that encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise coding sequences for the IgE leader sequences. In
some embodiments, fragments of SEQ ID NO:35 do not comprise coding sequences for the IgE
leader sequences. Fragments may comprise fewer than 24 amino acids, in some embodiments
fewer than 30 amino acids, in some embodiments fewer than 36 amino acids, in some

embodiments fewer than 42 amino acids, in some embodiments fewer than 48 amino acids, in

51



26 Feb 2026

2026201472

15

20

25

30

some embodiments fewer than 54 amino acids, in some embodiments fewer than 60 amino acids,
in some embodiments fewer than 72 amino acids, in some embodiments fewer than 90 amino
acids, in some embodiments fewer than 120 amino acids, in some embodiments fewer than 150
amino acids, in some embodiments fewer than 180 amino acids, in some embodiments fewer
than 210 amino acids in some embodiments fewer than 240 amino acids, in some embodiments
fewer than 260 amino acids, in some embodiments fewer than 290 amino acids, in some
embodiments fewer than 320 amino acids, in some embodiments fewer than 350 amino acids, in
some embodiments fewer than 380 amino acids, in some embodiments fewer than 410 amino
acids in some embodiments fewer than 440 amino acids, in some embodiments fewer than 470
amino acids in some embodiments fewer than 500 amino acids, in some embodiments fewer than
530 amino acids in some embodiments fewer than 560 amino acids, in some embodiments fewer
than 590 amino acids, in some embodiments fewer than 620 amino acids, in some embodiments
fewer than 650 amino acids, in some embodiments fewer than 680 amino acids, in some
embodiments fewer than 710 amino acids, in some embodiments fewer than 740 amino acids, in
some embodiments fewer than 770 amino acids, in some embodiments fewer than 800 amino
acids, in some embodiments fewer than 830 amino acids, in some embodiments fewer than 860
amino acids, in some embodiments fewer than 890 amino acids, in some embodiments fewer
than 920 amino acids, in some embodiments fewer than 950 amino acids, in some embodiments
fewer than 980 amino acids, in some embodiments fewer than 1010 amino acids, in some
embodiments fewer than 1040 amino acids, in some embodiments fewer than 1070 amino acids,
in some embodiments fewer than 1200 amino acids, in some embodiments fewer than 1230
amino acids, in some embodiments fewer than 1260 amino acids, in some embodiments fewer
than 1290 amino acids, in some embodiments fewer than 1320 amino acids, in some
embodiments fewer than 1350 amino acids, in some embodiments fewer than 1380 amino acids,
in some embodiments fewer than 1410 amino acids, in some embodiments fewer than 1440
amino acids, in some embodiments fewer than 1470 amino acids, and in some embodiments
fewer than 1500 amino acids.
Influenza

According to some embodiments of the invention, methods of inducing an immune

response in individuals against an immunogen comprise administering to the individual the

52



26 Feb 2026

2026201472

15

20

25

30

Influenza strain HSN1 hemagglutinin (HA) 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. In some embodiments, the Influenza vaccine compositions and methods
comprise the use of a nucleic acid sequence that encodes HA protein from Influenza virus
species. In some embodiments, the Influezna vaccine compositions and method comprise the
use of nucleic acid sequences that encode HA from Influenza viral strain HINS and nucleic acid
sequences encoding Influenza proteins selected from the group consisting of: SEQ ID NO:38,
SEQ ID NO:40, and SEQ ID NO:42. In some embodiments of the invention, the vaccines of the
invention comprise SEQ ID NO:36 or SEQ ID NO:37. SEQ ID NO:36 comprises the nucleic
acid sequence that encodes HINS HA of Influenza virus. SEQ ID NO:37 comprises the amino
acid sequence for HINS HA of Influenza virus. In some embodiments of the invention, the
vaccines of the invention comprise SEQ ID NO:38 or SEQ ID NO:39. SEQ ID NO:38
comprises the nucleic acid sequence that encodes Influenza HIN1 and HSN1 NA consensus
sequences. SEQ ID NO:39 comprises the amino acid sequence for Influenza HIN1 and H5N1
NA consensus sequences. In some embodiments of the invention, the vaccines of the invention
comprise SEQ ID NO:40 or SEQ ID NO:41. SEQ ID NO:40 comprises the nucleic acid
sequence that encodes Influenza HIN1 and HSN1 M1 consensus sequences. SEQ ID NO:41
comprises the amino acid sequence for Influenza HIN1 and HSN1 M1 consensus sequences. In
some embodiments of the invention, the vaccines of the invention comprise SEQ ID NO:42 or
SEQ ID NO:43. SEQ ID NO:42 comprises the nucleic acid sequence that encodes Influenza
H5N1 M2E-NP consensus sequence. SEQ ID NO:43 comprises the amino acid sequence for
Influenza HSN1 M2E-NP consensus sequence. In some embodiments of the invention, the
vaccines of the invention include the SEQ ID NO:36 and a sequence selected from the following
group: SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ
ID NO:42, SEQ ID NO:43, and any combination thereof. The consensus sequence for Influenza
virus strain HSN1 HA includes the immunodominant epitope set forth in SEQ ID NO:36. The
Influenza virus HSN1 HA amino acid sequence encoded by SEQ ID NO:36 is SEQ ID NO:37.

The consensus sequence for Influenza virus HIN1/H5N1 NA includes the immunodominant

53



26 Feb 2026

2026201472

15

20

25

30

epitope set forth in SEQ ID NO:38. The Influenza virus strains HIN1/HSN1 NA amino acid
sequence encoded by SEQ ID NO:38 is SEQ ID NO:39. The consensus sequence for Influenza
virus strains HINI/HS5N1 M1 includes the immunodominant epitope set forth in SEQ ID NO:40.
The Influenza virus HIN1/H5N1 M1 amino acid sequence encoded by SEQ ID NO:40 is SEQ
ID NO:41. The consensus sequence for Influenza virus HSN1 M2E-NP includes the
immunodominant epitope set forth in SEQ ID NO:42. The Influenza virus HSN1 M2E-NP
amino acid sequence encoded by SEQ ID NO:42 is SEQ ID NO:43. Vaccines of the present
invention may include protein products encoded by the nucleic acid molecules defined above or
any fragments of proteins.

Fragments of SEQ ID NO:36 may comprise 30 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 45 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 60 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 75 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 90 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 120 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 150 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 180 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 210 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 240 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 270 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 300 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 360 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 420 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 480 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 540 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 600 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 660 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 720 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 780 or more nucleotides. In some

embodiments, fragments of SEQ ID NO:36 may comprise 840 or more nucleotides. In some
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embodiments, fragments of SEQ ID NO:36 may comprise 900 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 960 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1020 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1080 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1140 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1200 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1260 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1320 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1380 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1440 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1500 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1560 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1620 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1680 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 1740 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise coding sequences for the IgE leader
sequences. In some embodiments, fragments of SEQ ID NO:36 do not comprise coding
sequences for the IgE leader sequences. Fragments of SEQ ID NO:36 may comprise fewer than
60 nucleotides, in some embodiments fewer than 75 nucleotides, in some embodiments fewer
than 90 nucleotides, in some embodiments fewer than 120 nucleotides, in some embodiments
fewer than 150 nucleotides, in some embodiments fewer than 180 nucleotides, in some
embodiments fewer than 210 nucleotides, in some embodiments fewer than 240 nucleotides, in
some embodiments fewer than 270 nucleotides, in some embodiments fewer than 300
nucleotides, in some embodiments fewer than 360 nucleotides, in some embodiments fewer than
420 nucleotides, in some embodiments fewer than 480 nucleotides, in some embodiments fewer
than 540 nucleotides, in some embodiments fewer than 600 nucleotides, in some embodiments
fewer than 660 nucleotides, in some embodiments fewer than 720 nucleotides, in some
embodiments fewer than 780 nucleotides, in some embodiments fewer than 840 nucleotides, in
some embodiments fewer than 900 nucleotides, in some embodiments fewer than 960

nucleotides, in some embodiments fewer than 1020 nucleotides, in some embodiments fewer
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than 1080 nucleotides, in some embodiments fewer than 1140 nucleotides, in some embodiments

fewer than 1200 nucleotides, in some embodiments fewer than 1260 nucleotides, in some

embodiments fewer than 1320 nucleotides, in some embodiments fewer than 1380 nucleotides,

in some embodiments fewer than 1440 nucleotides, in some embodiments fewer than 1500

nucleotides, in some embodiments fewer than 1560 nucleotides, in some embodiments fewer

than 1620 nucleotides, in some embodiments fewer than 1680 nucleotides, and in some

embodiments fewer than 1740 nucleotides.

Fragments of SEQ ID NO:37 may comprise 15 or more amino acids. In some

embodiments, fragments of SEQ ID NO:37 may comprise 30 or more amino acids.

embodiments, fragments of SEQ ID NO:37 may comprise 45 or more amino acids.

embodiments, fragments of SEQ ID NO:37 may comprise 60 or more amino acids.

embodiments, fragments of SEQ ID NO:37 may comprise 75 or more amino acids.

embodiments, fragments of SEQ ID NO:37 may comprise 90 or more amino acids.

embodiments, fragments of SEQ ID NO:37 may comprise 105 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 120 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 150 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 180 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 210 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 240 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 270 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 300 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 360 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 420 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 480 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 540 or more amino acids.
embodiments, fragments of SEQ ID NO:37 may comprise 565 or more amino acids.

of SEQ ID NO:37 may comprise fewer than 30 amino acids, in some embodiments

In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
In some
Fragments

fewer than

45 amino acids, in some embodiments fewer than 60 amino acids, in some embodiments fewer

than 75 amino acids, in some embodiments fewer than 90 amino acids, in some embodiments

fewer than 120 amino acids, in some embodiments fewer than 150 amino acids, in some

56



26 Feb 2026

2026201472

15

20

25

30

embodiments fewer than 180 amino acids, in some embodiments fewer than 210 amino acids, in
some embodiments fewer than 240 amino acids, in some embodiments fewer than 270 amino
acids, in some embodiments fewer than 300 amino acids, in some embodiments fewer than 360
amino acids, in some embodiments fewer than 420 amino acids, in some embodiments fewer
than 480 amino acids, in some embodiments fewer than 540 amino acids, and in some
embodiments fewer than 565 amino acids.

According to some embodiments of the invention, methods of inducing an immune
response in individuals against an immunogen comprise administering to the individual the
Influenza strain HIN1 and Influenza strain HSN1 NA 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.

According to some embodiments of the invention, methods of inducing an immune
response in individuals against an immunogen comprise administering to the individual the
Influenza strain HIN1 and Influenza strain HSN1 M1 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.

According to some embodiments of the invention, methods of inducing an immune
response in individuals against an immunogen comprise administering to the individual the
Influenza strain HSN1 M2E-NP 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.
Vaccines

The invention provides improved vaccines by providing proteins and genetic constructs
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
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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.

According to some embodiments of the invention, 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. When a nucleic acid molecules 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 methods of delivering the
coding sequences of the protein on nucleic acid molecule such as plasmid, as part of recombinant
vaccines and as part of attenuated vaccines, as isolated proteins or proteins part of a vector.

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

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, which are each incorporated herein by reference. 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, which are both incorporated herein by reference.

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;
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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,
which are each incorporated herein by reference.

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
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.

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.

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

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,
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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.

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.

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
CMYV, RSV and EBV.

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
cell. Plasmids pVAXI, 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.

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-la, 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,
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Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DRS5, KILLER, TRAIL-
R2, TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyD88, IRAK,
TRAF6, IkB, Inactive NIK, SAP K, SAP-1, JNK, interferon response genes, NFkB, Bax,
TRAIL, TRAILrec, TRAILrecDRCS, TRAIL-R3, TRAIL-R4, RANK, RANK LIGAND, 0x40,
0x40 LIGAND, NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E, NKG2F, TAPI,
TAP2 and functional fragments thereof

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.

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.

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.

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
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 I or pcDNA3
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(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) which is incorporated herein
by reference.) Thus, the desired proteins can be prepared in both prokaryotic and eukaryotic
systems, resulting in a spectrum of processed forms of the protein.

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.

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.

In addition to producing proteins by recombinant techniques, automated peptide

synthesizers may also be employed to produce isolated, essentially pure protein. Such techniques
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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.

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 vaccinia.

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'.

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, which are
each incorporated herein by reference. Genetic vaccine facilitator agents are described in US.
Serial Number 021,579 filed April 1, 1994, which is incorporated herein by reference. 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
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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.

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.

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 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.

According to some embodiments of the invention, 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
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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
Example 1
MATERIALS AND METHODS

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.

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 to 0.2.

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.

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
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outgroup for rooting (Kuiken, C., B. T. Korber, and R. W. Shafer. 2003. HIV sequence
databases. AIDS Rev. 5:52-61).

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 CCRS 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).

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.

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.

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 [1g of
pEY2EI1-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 pug)
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
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anti-actin antibody (Sigma-Aldrich) and visualized with HRP-conjugated goat anti-human IgG
(Sigma- Aldrich) using an ECLTM Western blot analysis system (Amersham). Actin was used as
a loading control for Western Blot.

To detect the reactivity of EY2E1-B with monoclonal antibodies, the total protein lysates
from transfection (100 pg) 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.

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).

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 1pg/ml of clade B recombinant HIV-1 I1IB glycoprotein soluble gp160
(Immuno Diagnostics, MA), clade A/E primary envelope protein HIV-1 93TH975 gp120 and
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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, 3(1, 5, 51 -
tetramethylbenzidine) (Sigma-Aldrich). Reaction was stopped with 100 ul of 2.5M sulfuric acid
per well and the plates were read on the EL80S plate reader (Biotech Instrument Inc.) at OD of
450 nm.

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 I 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 I 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 I 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 pg 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
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lysis, the spleenocytes from the same group were pooled and resuspended in RPMI 1640
medium with 10% FBS. Cells were counted and prepared for analysis.

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% CO> atmosphere incubator. Then, a biotinilated anti-mouse [FN-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,
OH) with the ImmnunoSpot® software. The average number of spot forming cells (SFC) was
adjusted to 1 x 10° splenocytes for data display. The ELISpot assay was repeated three times in
three separate experiments.

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.

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
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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.

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

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 cytoplamic 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 optimization on expression and

immunogenicity of DNA candidate vaccines encoding the human immunodeficiency virus type 1
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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 EY2E1-B gene was constructed and was 2734 bp in length.
The EY2E1-B gene was subcloned into pVAX at the BamHI and NotlI sites for further study.
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 | Range of percent similarity
scores 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.

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
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Consensus/ | Early Codon- | RNA- IgELS | Cytoplasmic

Primary | transmitter | optimized | optimized tail
EYIEL-E | Consensus | Yes Yes Yes Yes No
EKIPB |Primary | No Yes Yes Yes No

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
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 LAI gp160, a
T-cell line adapted strain, our data also suggested that this synthetic envelope would not utilize
the coreceptor CXCRA4.

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.

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
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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.

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. SA). 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
pEY2EI1-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
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-
v producing cells observed by CD8+ T-cell depleted ELISpot. The IFN-y production induced by
pEY2E1-B is mediated mainly by CD8+ T-cells.

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

73



26 Feb 2026

2026201472

15

20

25

30

CDS8 depletion suggested that the IFN-y production induced by pEY2E1-B is primarily mediated
by CD8+ T-cells (Fig. 5D).

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. SE). These results illustrated that there is a
significant increase in the breadth and magnitude of cellular immune responses induced by the
EY2E1-B immunogen.

Strong cross-reactive cellular immune responses induced by pEY2E1-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
1s approximately 45% stronger than those induced by pEK2P-B in BalB/C mice.
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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 pEY2EI1-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 pEY2EI1-B vaccinated transgenic mice, while the numbers were only 305 +
38 and 310 + 62 in pEK2P-B vaccinated transgenic mice.

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-A?2 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, [FN-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
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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

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 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
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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).

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 EY2E1-B immunogen broadened the immune
responses. Moreover, the results of cross-reactive cellular immune responses study indicated that
pEY2EI-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.

A consensus sequence theoretically has advantages and disadvantages. Since a 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
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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 Immnuodeficiency 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
Immunodificiency 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.

The early phase of HIV-1 infection is dominated by non-syncytium-inducing (NSI)
viruses, which replicate slowly and use CCRS 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
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CXCR4 using HIV variants in subtype C has frequently been reported. Therefore, CCRS
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 CCRS 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 CCRS
coreceptor utilization.

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.

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 II epitopes as well. More studies in this area will

be important.
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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.

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 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 Immune Response

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 CCRS5 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
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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.

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.

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

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

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

Derdeyn et al. found that a shorter V1-V4 region 1is 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.

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

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.
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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.

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.

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
pEY3EL-C 85.3 82.7-93.1
pEK3P-C 87.4 83.6-90.2

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.

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

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.

Figure 17 Panels A-D show strong cross-reactive cellular responses elicited by pEY3E1-
C within the same clade.

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
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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.

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

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.

Example 3:
Efficacy of a novel engineered HPV-16 DNA vaccine encoding a E6/E7 fusion protein

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 p5S3 binding and degradation and mutations in Rb binding site on the E7
protein. Figure 23 provides an illustration of the immunogen design.

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

TCI1 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.

In the immunogenicity study in mice, 3 mice/per group of C57BL6 mice were
administered 100 pg 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).

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 CDS8 depletion.

Figure 26 shows results of immunodominant epitope mapping. Two sequences are noted.
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In prophylactic experiments in mice, 5 mice/per group of C57BL6 mice were
administered 100 pg 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.

In tumor regression experiments in mice, 5 mice/per group of C57BL6 mice were
administered 100 pg 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.

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.

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

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.

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 sub-
dominant HPV-16 epitopes against which antigen-specific CTL are generated after
administration of the DNA construct. The pl1667 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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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 responsed and be particularly useful. In some embodiments, IL-12
coding sequences are additional provided. U.S. Patent application pubicaton number
20070106062, which is incorporated herein by reference, discloses an HIV Vif DNA vaccine.
U.S. Patent application pubicaton number 20040106100, which is incorporated herein by
reference, 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, which are incorporated herein be reference disclose DNA
vaccines including HIV gag, HIV pol and HIV gag/pol constructs. Electroporation is described
in U.S. Patent No. 7,245,963, which is incorporated by reference. PCT application
PCT/US97/19502, which is incorporated herein be reference, discloses IL-12 constructs. U.S.
Application Publication No. 20070041941 which is incorporated herein be reference, discloses
constructs encoding IL-15.

Example 5

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.

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.

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
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plasmid IL-12 and electroporation resulted in the best immune responses, both primary and
memory, as measured by a variety of parameters.

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 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:

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:

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
pGag4dY, pEY2E1-B, and WLV 104. 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
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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:

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 IU/mL penicillin, 100pg/mL
streptomycin, and 55uM/L B-mercaptoethanol.) RBCs were lysed with ACK lysis buffer
(Cambrex Bio Science, East Rutherford, NJ).

Plasmids and plasmid products:

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

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 1x10° 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
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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):

Ninety-six well plates were coated overnight with 100ng/well of recombinant HIV-1 I1IB
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>SOs. Optical densities (OD) were
then measured.

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)

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

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

Cell stimulation and staining
PBMCs were resuspended to 1 x 10° 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
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(Staphylococcus enterotoxin B, 1 pg/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

Cells were analyzed on a modified LSR II 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-! to account for down-
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

Data are analyzed using Prism Graphpad software, and is expressed as means = SEM.
Results
ELISpot Analysis

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/10° 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).
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After two immunizations (Figure 1), the IM and IM +IL-12 groups had a modest increase
in ELISpot counts (104 + 67.9 SFU/10° PBMCs and 223 + 76.6 SFU/10° PBMCs, respectively).
EP group had responses that were almost four fold higher (1924 + 417 SFU/10% 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.

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/10° PBMCs). As with the other two immunizations, the EP+IL-12 group was
the most potent of all the vaccination groups (7228 = 2227 SFU/10° PBMCs).

Induction of cross-reactive envelope responses

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

1. Memory T cell Responses

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
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respectively), a response showing that the combined technology drives very strong T cell
memory responses.
Humoral immune responses to DNA vaccines

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

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 CDS8 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

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
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following the final immunization were stimulated with gag peptides and stained for intracellular
cytokine production of IFNy, TNFa and IL-2. Out 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

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.

After each immunization the magnitude of the antigen-specific response by IFNy
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.

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.
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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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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A nucleic acid molecule comprising a nucleotide sequence selected from the group
consisting of: SEQ ID NO:1; fragments of SEQ ID NO:1; sequences having at least 90%
homology to SEQ ID NO:1; fragments of sequences having at least 90% homology to SEQ ID
NO:1; SEQ ID NO:3; fragments of SEQ ID NO:3; sequences having at least 90% homology to
SEQ ID NO:3; fragments of sequences having at least 90% homology to SEQ ID NO:3; SEQ ID
NO:5; fragments of SEQ ID NO:5; sequences having at least 90% homology to SEQ ID NO:5;
fragments of sequences having at least 90% homology to SEQ ID NO:5; SEQ ID NO:7;
fragments of SEQ ID NO:7; sequences having at least 90% homology to SEQ ID NO:7;
fragments of sequences having at least 90% homology to SEQ ID NO:7; SEQ ID NO:9;
fragments of SEQ ID NO:9; sequences having at least 90% homology to SEQ ID NO:9;
fragments of sequences having at least 90% homology to SEQ ID NO:9; SEQ ID NO:11;
fragments of SEQ ID NO:11; sequences having at least 90% homology to SEQ ID NO:11;
fragments of sequences having at least 90% homology to SEQ ID NO:11; SEQ ID NO:22;
fragments of SEQ ID NO:22; sequences having at least 90% homology to SEQ ID NO:22;
fragments of sequences having at least 90% homology to SEQ ID NO:22; SEQ ID NO:30;
fragments of SEQ ID NO:30; sequences having at least 90% homology to SEQ ID NO:30;
fragments of sequences having at least 90% homology to SEQ ID NO:30; SEQ ID NO:34;
fragments of SEQ ID NO:34; sequences having at least 90% homology to SEQ ID NO:34;
fragments of sequences having at least 90% homology to SEQ ID NO:34; SEQ ID NO:36;
fragments of SEQ ID NO:36; sequences having at least 90% homology to SEQ ID NO:36;
fragments of sequences having at least 90% homology to SEQ ID NO:36; SEQ ID NO:38;
fragments of SEQ ID NO:38; sequences having at least 90% homology to SEQ ID NO:38;
fragments of sequences having at least 90% homology to SEQ ID NO:38; SEQ ID NO:40;
fragments of SEQ ID NO:40; sequences having at least 90% homology to SEQ ID NO:40;
fragments of sequences having at least 90% homology to SEQ ID NO:40; SEQ ID NO:42;
fragments of SEQ ID NO:42; sequences having at least 90% homology to SEQ ID NO:42; and
fragments of sequences having at least 90% homology to SEQ ID NO:42.
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2. The nucleic acid molecule of claim 1 comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:1; SEQ ID NO:3; SEQ ID NO:5; SEQ ID NO:7; SEQ ID NO:9
SEQ ID NO:11; SEQ ID NO:22; SEQ ID NO:30; SEQ ID NO:34; SEQ ID NO:36; SEQ ID
NO:38; SEQ ID NO:40; and SEQ ID NO:42.

3. The nucleic acid molecule of claim 1 comprising a sequence having at least 95%
homology to a nucleotide sequence selected from the group consisting of: SEQ ID NO:1; SEQ
ID NO:3; SEQ ID NO:5; SEQ ID NO:7; SEQ ID NO:9; SEQ ID NO:11; SEQ ID NO:22; SEQ
ID NO:30; SEQ ID NO:34; SEQ ID NO:36; SEQ ID NO:38; SEQ ID NO:40; and SEQ ID
NO:42.

4. The nucleic acid molecule of claim 1 comprising a sequence having at least 98%
homology to a nucleotide sequence selected from the group consisting of: SEQ ID NO:1; SEQ
ID NO:3; SEQ ID NO:5; SEQ ID NO:7; SEQ ID NO:9; SEQ ID NO:11; SEQ ID NO:22; SEQ
ID NO:30; SEQ ID NO:34; SEQ ID NO:36; SEQ ID NO:38; SEQ ID NO:40; and SEQ ID
NO:42.

5 The nucleic acid molecule of claim 1 comprising a sequence having at least 99%
homology to a nucleotide sequence selected from the group consisting of: SEQ ID NO:1; SEQ
ID NO:3; SEQ ID NO:5; SEQ ID NO:7; SEQ ID NO:9; SEQ ID NO:11; SEQ ID NO:22; SEQ
ID NO:30; SEQ ID NO:34; SEQ ID NO:36; SEQ ID NO:38; SEQ ID NO:40; and SEQ ID
NO:42.

6. The nucleic acid molecule of claim 1 comprising a nucleotide sequence that encodes a
protein selected from the group consisting of: SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18;
SEQ ID NO:19; SEQ ID NO:20 and SEQ ID NO:21. SEQ ID NO:23; SEQ ID NO:24; SEQ ID
NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:31; SEQ ID NO:35; SEQ ID NO:37; SEQ
ID NO:39; SEQ ID NO:41; and SEQ ID NO:43.
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7. A nucleic acid molecule comprising a nucleotide sequence selected from the group
consisting of: nucleotide sequences that encode SEQ ID NO:2; nucleotide sequences that encode
an amino acid sequences having at least 90% homology to SEQ ID NO:2; fragments of
nucleotide sequences that encode SEQ ID NO:2; fragments of a nucleotide sequence that encode
an amino acid sequence having at least 90% homology to SEQ ID NO:2; nucleotide sequences
that encode SEQ ID NO:4; nucleotide sequences that encodes an amino acid sequences having at
least 90% homology to SEQ ID NO:4; fragments of nucleotide sequences that encodes SEQ ID
NO:4; fragments of nucleotide sequences that encodes an amino acid sequence having at least
90% homology to SEQ ID NO:4; nucleotide sequences that encode SEQ ID NO:6; nucleotide
sequences that encode an amino acid sequences having at least 90% homology to SEQ ID NO:6;
fragments of nucleotide sequences that encode SEQ ID NO:6; fragments of a nucleotide
sequence that encode an amino acid sequence having at least 90% homology to SEQ ID NO:6;
nucleotide sequences that encode SEQ ID NO:8; nucleotide sequences that encodes an amino
acid sequences having at least 90% homology to SEQ ID NO:8; fragments of nucleotide
sequences that encodes SEQ ID NO:8; fragments of nucleotide sequences that encodes an amino
acid sequence having at least 90% homology to SEQ ID NO:8§; nucleotide sequences that encode
SEQ ID NO:10; nucleotide sequences that encode an amino acid sequences having at least 90%
homology to SEQ ID NO:10; fragments of nucleotide sequences that encode SEQ ID NO:10;
fragments of a nucleotide sequence that encode an amino acid sequence having at least 90%
homology to SEQ ID NO:10; nucleotide sequences that encode SEQ ID NO:12; nucleotide
sequences that encodes an amino acid sequences having at least 90% homology to SEQ ID
NO:12; fragments of nucleotide sequences that encodes SEQ ID NO:12; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID
NO:12; nucleotide sequences that encode SEQ ID NO:23; nucleotide sequences that encodes an
amino acid sequences having at least 90% homology to SEQ ID NO:23; fragments of nucleotide
sequences that encodes SEQ ID NO:23; fragments of nucleotide sequences that encodes an
amino acid sequence having at least 90% homology to SEQ ID NO:23; nucleotide sequences that
encode SEQ ID NO:31; nucleotide sequences that encodes an amino acid sequences having at
least 90% homology to SEQ ID NO:31; fragments of nucleotide sequences that encodes SEQ ID

NO:31; fragments of nucleotide sequences that encodes an amino acid sequence having at least
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90% homology to SEQ ID NO:31; nucleotide sequences that encode SEQ ID NO:35; nucleotide
sequences that encodes an amino acid sequences having at least 90% homology to SEQ ID
NO:35; fragments of nucleotide sequences that encodes SEQ ID NO:35; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID
NO:35; nucleotide sequences that encode SEQ ID NO:37; nucleotide sequences that encodes an
amino acid sequences having at least 90% homology to SEQ ID NO:37; fragments of nucleotide
sequences that encodes SEQ ID NO:37; fragments of nucleotide sequences that encodes an
amino acid sequence having at least 90% homology to SEQ ID NO:37; nucleotide sequences that
encode SEQ ID NO:39; nucleotide sequences that encodes an amino acid sequences having at
least 90% homology to SEQ ID NO:39; fragments of nucleotide sequences that encodes SEQ ID
NO:39; fragments of nucleotide sequences that encodes an amino acid sequence having at least
90% homology to SEQ ID NO:39; nucleotide sequences that encode SEQ ID NO:41; nucleotide
sequences that encodes an amino acid sequences having at least 90% homology to SEQ ID
NO:41; fragments of nucleotide sequences that encodes SEQ ID NO:41; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID
NO:41; nucleotide sequences that encode SEQ ID NO:43; nucleotide sequences that encodes an
amino acid sequences having at least 90% homology to SEQ ID NO:43; fragments of nucleotide
sequences that encodes SEQ ID NO:43; and fragments of nucleotide sequences that encodes an

amino acid sequence having at least 90% homology to SEQ ID NO:43.

8. The nucleic acid molecule of claim 7 comprising a nucleotide sequence that encodes a
protein selected from the group consisting of: SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18;
SEQ ID NO:19; SEQ ID NO:20 and SEQ ID NO:21. SEQ ID NO:23; SEQ ID NO:31; SEQ ID
NO:35; SEQ ID NO:37; SEQ ID NO:39; SEQ ID NO:41; and SEQ ID NO:43.

0. The nucleic acid molecule of claim 1 comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:1; fragments of SEQ ID NO:1; sequences having at least 90%
homology to SEQ ID NO:1; fragments of sequences having at least 90% homology to SEQ ID
NO:1; SEQ ID NO:3; fragments of SEQ ID NO:3; sequences having at least 90% homology to
SEQ ID NO:3; fragments of sequences having at least 90% homology to SEQ ID NO:3; SEQ ID
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NO:5; fragments of SEQ ID NO:5; sequences having at least 90% homology to SEQ ID NO:5;
fragments of sequences having at least 90% homology to SEQ ID NO:5; SEQ ID NO:7;
fragments of SEQ ID NO:7; sequences having at least 90% homology to SEQ ID NO:7;
fragments of sequences having at least 90% homology to SEQ ID NO:7; SEQ ID NO:9;
fragments of SEQ ID NO:9; sequences having at least 90% homology to SEQ ID NO:9;
fragments of sequences having at least 90% homology to SEQ ID NO:9; SEQ ID NO:11;
fragments of SEQ ID NO:11; sequences having at least 90% homology to SEQ ID NO:11; and
fragments of sequences having at least 90% homology to SEQ ID NO:11.

10. The nucleic acid molecule of claim 7 comprising a nucleotide sequence selected from the
group consisting of: nucleotide sequences that encode SEQ ID NO:2; nucleotide sequences that
encode an amino acid sequences having at least 90% homology to SEQ ID NO:2; fragments of
nucleotide sequences that encode SEQ ID NO:2; fragments of a nucleotide sequence that encode
an amino acid sequence having at least 90% homology to SEQ ID NO:2; nucleotide sequences
that encode SEQ ID NO:4; nucleotide sequences that encodes an amino acid sequences having at
least 90% homology to SEQ ID NO:4; fragments of nucleotide sequences that encodes SEQ ID
NO:4; fragments of nucleotide sequences that encodes an amino acid sequence having at least
90% homology to SEQ ID NO:4; nucleotide sequences that encode SEQ ID NO:6; nucleotide
sequences that encode an amino acid sequences having at least 90% homology to SEQ ID NO:6;
fragments of nucleotide sequences that encode SEQ ID NO:6; fragments of a nucleotide
sequence that encode an amino acid sequence having at least 90% homology to SEQ ID NO:6;
nucleotide sequences that encode SEQ ID NO:8; nucleotide sequences that encodes an amino
acid sequences having at least 90% homology to SEQ ID NO:8; fragments of nucleotide
sequences that encodes SEQ ID NO:8; fragments of nucleotide sequences that encodes an amino
acid sequence having at least 90% homology to SEQ ID NO:8; nucleotide sequences that encode
SEQ ID NO:10; nucleotide sequences that encode an amino acid sequences having at least 90%
homology to SEQ ID NO:10; fragments of nucleotide sequences that encode SEQ ID NO:10;
fragments of a nucleotide sequence that encode an amino acid sequence having at least 90%
homology to SEQ ID NO:10; nucleotide sequences that encode SEQ ID NO:12; nucleotide

sequences that encodes an amino acid sequences having at least 90% homology to SEQ ID
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NO:12; fragments of nucleotide sequences that encodes SEQ ID NO:12; and fragments of
nucleotide sequences that encodes an amino acid sequence having at least 90% homology to

SEQ ID NO:12;

11. The nucleic acid molecule of claim 1 comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:22; fragments of SEQ ID NO:22; sequences having at least
90% homology to SEQ ID NO:22; and fragments of sequences having at least 90% homology to
SEQ ID NO:22.

12. The nucleic acid molecule of claim 7 comprising a nucleotide sequence selected from the
group consisting of: nucleotide sequences that encode SEQ ID NO:23; nucleotide sequences that
encodes an amino acid sequences having at least 90% homology to SEQ ID NO:23; and
fragments of nucleotide sequences that encodes SEQ ID NO:23; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID

NO:23.

13. The nucleic acid molecule of claim 1 comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:30; fragments of SEQ ID NO:30; sequences having at least
90% homology to SEQ ID NO:30; and fragments of sequences having at least 90% homology to
SEQ ID NO:30.

14. The nucleic acid molecule of claim 7 comprising a nucleotide sequence selected from the
group consisting of: nucleotide sequences that encode SEQ ID NO:31; nucleotide sequences that
encodes an amino acid sequences having at least 90% homology to SEQ ID NO:31; and
fragments of nucleotide sequences that encodes SEQ ID NO:31; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID

NO:31.

15. The nucleic acid molecule of claim 1 comprising a nucleotide sequence selected from the

group consisting of: SEQ ID NO:34; fragments of SEQ ID NO:34; sequences having at least
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90% homology to SEQ ID NO:34; and fragments of sequences having at least 90% homology to
SEQ ID NO:34.

16. The nucleic acid molecule of claim 7 comprising a nucleotide sequence selected from the
group consisting of: nucleotide sequences that encode SEQ ID NO:35; nucleotide sequences that
encodes an amino acid sequences having at least 90% homology to SEQ ID NO:35; and
fragments of nucleotide sequences that encodes SEQ ID NO:35; fragments of nucleotide
sequences that encodes an amino acid sequence having at least 90% homology to SEQ ID

NO:35.

17. The nucleic acid molecule of claim 1 comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:36; fragments of SEQ ID NO:36; sequences having at least
90% homology to SEQ ID NO:36; and fragments of sequences having at least 90% homology to
SEQ ID NO:36; SEQ ID NO:38; fragments of SEQ ID NO:38; sequences having at least 90%
homology to SEQ ID NO:38; fragments of sequences having at least 90% homology to SEQ ID
NO:38; SEQ ID NO:40; fragments of SEQ ID NO:40; sequences having at least 90% homology
to SEQ ID NO:40; fragments of sequences having at least 90% homology to SEQ ID NO:40;
SEQ ID NO:42; fragments of SEQ ID NO:42; sequences having at least 90% homology to SEQ
ID NO:42; and fragments of sequences having at least 90% homology to SEQ ID NO:42.

18. The nucleic acid molecule of claim 7 comprising a nucleotide sequence selected from the
group consisting of: nucleotide sequences that encode SEQ ID NO:37; nucleotide sequences that
encodes an amino acid sequences having at least 90% homology to SEQ ID NO:37; fragments of
nucleotide sequences that encodes SEQ ID NO:37; fragments of nucleotide sequences that
encodes an amino acid sequence having at least 90% homology to SEQ ID NO:37; nucleotide
sequences that encode SEQ ID NO:39; nucleotide sequences that encodes an amino acid
sequences having at least 90% homology to SEQ ID NO:39; fragments of nucleotide sequences
that encodes SEQ ID NO:39; fragments of nucleotide sequences that encodes an amino acid
sequence having at least 90% homology to SEQ ID NO:39; nucleotide sequences that encode

SEQ ID NO:41; nucleotide sequences that encodes an amino acid sequences having at least 90%
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homology to SEQ ID NO:41; fragments of nucleotide sequences that encodes SEQ ID NO:41;
fragments of nucleotide sequences that encodes an amino acid sequence having at least 90%
homology to SEQ ID NO:41; nucleotide sequences that encode SEQ ID NO:43; nucleotide
sequences that encodes an amino acid sequences having at least 90% homology to SEQ ID
NO:43; and fragments of nucleotide sequences that encodes SEQ ID NO:43; and fragments of
nucleotide sequences that encodes an amino acid sequence having at least 90% homology to

SEQ ID NO:43.

19. The nucleic acid molecule of any of claims 1-18 wherein said molecule is a plasmid.

20. A pharmaceutical composition comprising a nucleic acid molecule of any of claims 1-19.
21.  Aninjectable pharmaceutical composition comprising a nucleic acid molecule of any of
claims 1-19.

22. A recombinant vaccine comprising a nucleic acid molecule of any of claims 1-18.

23. The recombinant vaccine of claim 22 wherein said recombinant vaccine is a recombinant

vaccinia vaccine.

24. A live attenuated pathogen comprising a nucleic acid molecule of any of claims 1-18.

25. A protein comprising an amino acid sequence selected from the group consisting of: SEQ
ID NO:2, sequences having at least 90% homology to SEQ ID NO:2; fragments of SEQ ID
NO:2; fragments of sequences having at least 90% homology to SEQ ID NO:2; SEQ ID NO:4,
sequences having at least 90% homology to SEQ ID NO:4; fragments of SEQ ID NO:; fragments
of sequences having at least 90% homology to SEQ ID NO:4; SEQ ID NO:6, sequences having
at least 90% homology to SEQ ID NO:6; fragments of SEQ ID NO:6; fragments of sequences
having at least 90% homology to SEQ ID NO:6; SEQ ID NO:8, sequences having at least 90%
homology to SEQ ID NO:8; fragments of SEQ ID NO:8; fragments of sequences having at least
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90% homology to SEQ ID NO:8; SEQ ID NO:10, sequences having at least 90% homology to
SEQ ID NO:10; fragments of SEQ ID NO:10; fragments of sequences having at least 90%
homology to SEQ ID NO:10; SEQ ID NO:12, sequences having at least 90% homology to SEQ
ID NO:12; fragments of SEQ ID NO:12; fragments of sequences having at least 90% homology
to SEQ ID NO:12; SEQ ID NO:23, sequences having at least 90% homology to SEQ ID NO:23;
fragments of SEQ ID NO:23; fragments of sequences having at least 90% homology to SEQ ID
NO:23; SEQ ID NO:31, sequences having at least 90% homology to SEQ ID NO:31; fragments
of SEQ ID NO:31; fragments of sequences having at least 90% homology to SEQ ID NO:31;
SEQ ID NO:35, sequences having at least 90% homology to SEQ ID NO:35; fragments of SEQ
ID NO:35; fragments of sequences having at least 90% homology to SEQ ID NO:35; SEQ ID
NO:37, sequences having at least 90% homology to SEQ ID NO:37; fragments of SEQ ID
NO:37; fragments of sequences having at least 90% homology to SEQ ID NO:37; SEQ ID
NO:39, sequences having at least 90% homology to SEQ ID NO:39; fragments of SEQ ID
NO:39; fragments of sequences having at least 90% homology to SEQ ID NO:39; SEQ ID
NO:41, sequences having at least 90% homology to SEQ ID NO:41; fragments of SEQ ID
NO:41; fragments of sequences having at least 90% homology to SEQ ID NO:41; SEQ ID
NO:43, sequences having at least 90% homology to SEQ ID NO:43; fragments of SEQ ID
NO:43; and fragments of sequences having at least 90% homology to SEQ ID NO:43.

26 The protein of claim 25 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:2; SEQ ID NO:4; SEQ ID NO:6; SEQ ID NO:8; SEQ ID NO:10; and
SEQ ID NO:12; SEQ ID NO:23; SEQ ID NO:31; SEQ ID NO 35; SEQ ID NO:37; SEQ ID
NO:39; SEQ ID NO:41; and SEQ ID NO:43.

27 The protein of claim 25 comprising a sequences having at least 95% homology to an
amino acid sequence selected from the group consisting of: SEQ ID NO:2; SEQ ID NO:4; SEQ
ID NO:6; SEQ ID NO:8; SEQ ID NO:10; and SEQ ID NO:12; SEQ ID NO:23; SEQ ID NO:31;
SEQ ID NO 35; SEQ ID NO:37; SEQ ID NO:39; SEQ ID NO:41; and SEQ ID NO:43.
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28. The protein of claim 25 comprising a sequences having at least 98% homology to an
amino acid sequence selected from the group consisting of: SEQ ID NO:2; SEQ ID NO:4; SEQ
ID NO:6; SEQ ID NO:8; SEQ ID NO:10; and SEQ ID NO:12; SEQ ID NO:23; SEQ ID NO:31;
SEQ ID NO 35; SEQ ID NO:37; SEQ ID NO:39; SEQ ID NO:41; and SEQ ID NO:43.

29. The protein of claim 25 comprising a sequences having at least 99% homology to an
amino acid sequence selected from the group consisting of: SEQ ID NO:2; SEQ ID NO:4; SEQ
ID NO:6; SEQ ID NO:8; SEQ ID NO:10; and SEQ ID NO:12; SEQ ID NO:23; SEQ ID NO:31;
SEQ ID NO 35; SEQ ID NO:37; SEQ ID NO:39; SEQ ID NO:41; and SEQ ID NO:43.

30. The protein of claim 25 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:2, sequences having at least 90% homology to SEQ ID NO:2;
fragments of SEQ ID NO:2; fragments of sequences having at least 90% homology to SEQ ID
NO:2; SEQ ID NO:4, sequences having at least 90% homology to SEQ ID NO:4; fragments of
SEQ ID NO:; fragments of sequences having at least 90% homology to SEQ ID NO:4; SEQ ID
NO:6, sequences having at least 90% homology to SEQ ID NO:6; fragments of SEQ ID NO:6;
fragments of sequences having at least 90% homology to SEQ ID NO:6; SEQ ID NO:8,
sequences having at least 90% homology to SEQ ID NO:8; fragments of SEQ ID NO:8§;
fragments of sequences having at least 90% homology to SEQ ID NO:8; SEQ ID NO:10,
sequences having at least 90% homology to SEQ ID NO:10; fragments of SEQ ID NO:10;
fragments of sequences having at least 90% homology to SEQ ID NO:10; SEQ ID NO:12,
sequences having at least 90% homology to SEQ ID NO:12; fragments of SEQ ID NO:12; and
fragments of sequences having at least 90% homology to SEQ ID NO:12.

31. The protein of claim 30 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20
and SEQ ID NO:21.

32. The protein of claim 25 comprising an amino acid sequence selected from the group

consisting of: SEQ ID NO:23, sequences having at least 90% homology to SEQ ID NO:23;
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fragments of SEQ ID NO:23; and fragments of sequences having at least 90% homology to SEQ
ID NO:23.

33. The protein of claim 32 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; and SEQ ID
NO:27.

34, The protein of claim 25 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:31, sequences having at least 90% homology to SEQ ID NO:31;
fragments of SEQ ID NO:31; and fragments of sequences having at least 90% homology to SEQ
ID NO:31.

35. The protein of claim 34 comprising an amino acid sequence selected from the group

consisting of: SEQ ID NO:31; SEQ ID NO:32; and SEQ ID NO:33.

36. The protein of claim 25 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:35, sequences having at least 90% homology to SEQ ID NO:35;
fragments of SEQ ID NO:35; and fragments of sequences having at least 90% homology to SEQ
ID NO:35.

37. The protein of claim 34 comprising an amino acid sequence SEQ ID NO:35.

38.  The protein of claim 25 comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:37, sequences having at least 90% homology to SEQ ID NO:37;
fragments of SEQ ID NO:37; fragments of sequences having at least 90% homology to SEQ ID
NO:37; SEQ ID NO:39, sequences having at least 90% homology to SEQ ID NO:39; fragments
of SEQ ID NO:39; fragments of sequences having at least 90% homology to SEQ ID NO:39;
SEQ ID NO:41, sequences having at least 90% homology to SEQ ID NO:41; fragments of SEQ
ID NO:41; fragments of sequences having at least 90% homology to SEQ ID NO:41; SEQ ID
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NO:43, sequences having at least 90% homology to SEQ ID NO:43; fragments of SEQ ID
NO:43; and fragments of sequences having at least 90% homology to SEQ ID NO:43.

39. The protein of claim 38 comprising an amino acid sequence selected from the group

consisting of: SEQ ID NO:37; SEQ ID NO:39; SEQ ID NO:41; and SEQ ID NO:43.

40. A pharmaceutical composition comprising a protein of any of claims 25-39.

41.  Aninjectable pharmaceutical composition comprising a protein any of claims 25-39.

42. A recombinant vaccine comprising a protein of any of claims 25-39.

43. The recombinant vaccine of claim 42 wherein said recombinant vaccine is a recombinant

vaccinia vaccine.

44. A live attenuated pathogen comprising a protein of any of claims 25-39.

45. A method of inducing an immune response in an individual against HIV comprising
administering to said individual a composition comprising a nucleic acid molecule

of claim 9 or 10 or a protein of claim 30 or 31.

46. A method of inducing an immune response in an individual against HPV comprising
administering to said individual a composition comprising a nucleic acid molecule

of claim 11 or 12 or a protein of claim 32 or 33.
47. A method of inducing an immune response in an individual against HCV comprising

administering to said individual a composition comprising a nucleic acid molecule

of claim 13 or 14 or a protein of claim 34 or 35.
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48. A method of inducing an immune response in an individual against h\TERT comprising
administering to said individual a composition comprising a nucleic acid molecule

of claim 15 or 16 or a protein of claim 36 or 37.
49. A method of inducing an immune response in an individual against influenza comprising

administering to said individual a composition comprising a nucleic acid molecule

of claim 17 or 18 or a protein of claim 38 or 39.
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Figure 3, Panels A and B
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Figure 4
Panel A
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Figure 6
Panels A-D
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Figure 6
Panel E-H
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Figure 10
Panel A

subtype B consensus env-specific IFN-gamma ELISpot
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Figure 11
Panel A

subtype B MN env-specific IFN-gamma ELISpot
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Figure 12
Panel A

subtype C consensus env-specific IFN-gamma
ELISpot
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Figure 12
Panel C

subtype C C1.C.UY.01L.TRA3011 env.specific IFN-
gamma ELISpot
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Figure 13
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Figure 17

Panel A
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Subtype C (Uruguay) env-Specific IFN-y ELISpot
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Figure 18
Panel A
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Figure 19
Panel A
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Figure 19
Panel C

Subtype B (U.S.) env-Specific IFN-y ELISpot
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Figure 19
Panel E

Group M env-Specific IFN-y ELISpot
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Figure 20
Panel A
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Figure 20
Panel D

HIV-1 3993 gag-specific IFN-gamma E

R e R sy
b
S e

PYAX{10G) Gaga2{ 100} ConGag{lan) ' CotGagl163)

i

TR T
A,

GVAX(50} Gago2{5o] ConGag(50} CotGag {50}

s S : é%f,g{i 2
< AL

:‘::ﬁ"ffg%g???;, oy o .

moud
EBDLEE!
EBbuzf
LLET

Hi¥-1 Du gag-specific IFN-gamma E

o e e
ST ,f’%“pi- S e —“yf Aot
200 ,;;?:?* L ’?;C;%:?:% o
1800 féé*‘ ﬁgfsﬁamm e
16 DI e,

SRR

CorGagiio} Cot&ag{so;




31/50

Figure 20
Panel G
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Figure 20
Panel J

HIV-1 clade A consensus gag-specific IFN-gamm
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Figure 20

HIV-1 ciade B consensus gag-specific IFN~ga9
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Figure 20
Panel P

HIV 1 clade B consensus gag-specsflc IFN-gamma
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Figure 20
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Figure 20
Panel V

HIV-1 clade € consensus gag-specific IFN-gamma
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Figure 21
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Figure 22
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Figure 24
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Figure 25
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Figure 26
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Figure 27
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Sequence Listing

1 Sequence Listing
Information
1-1 File Name 206108-0003-07AU_SequenceListing.xml
1-2 DTD Version V1 3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.3.0
1-5 Production Date 2024-02-26
1-6 Original free text language | en
code
1-7 Non English free text
language code
2 General Information
2-1 Current application: IP AU
Office
2-2 Current application: 2024200014
Application number
2-3 Current application: Filing |2024-01-02
date
2-4 Current application: 206108-0003-07AU
Applicant file reference
2-5 Earliest priority application:{US
IP Office
2-6 Earliest priority application:| US 60/833861
Application number
2-7 Earliest priority application:| 2006-07-28
Filing date
2-8en Applicant name The Trustees of the University of Pennsylvania
2-8 Applicant name: Name
Latin
2-9en Inventor name David Weiner
2-9 Inventor name: Name Latin
2-10en Invention title IMPROVED VACCINES AND METHODS FOR USING THE SAME
2-11 Sequence Total Quantity |43




26 Feb 2026
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3-1

3-1-1
3-1-2
3-1-3
3-1-4

3-1-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

1
DNA
2142

misc_feature 1..2142
note=Subtype A consensus Envelope DNA sequence construct
source 1..2142

mol_type=other DNA

organism=synthetic construct

ggat ccat gg
agagt gat gg
ggcat gat ca
cct gt gt gga
accgaagt gc
gagat caacc
cagat gcaca
acccctct gt
ggcgagat ca
gt gt acagcc
cagt accggc
ttcgagccca
gacaaggagt
ggcat caagc
gt gat gatcc
aagcccgt ga
ggccct ggcc
t gcaat gt ga
aagtacttca
accacccaca
aacagcacct
at caccct gc
at gt acgccc
ct gaccagag
gacat gaggg
ct gggcgt gg
ggcat cggeg
agcat caccc
aacct gct ga
aaacagct gc
ggcat ct ggg
t ggagcaaca
gagat cagca
gagaagaacg
gacat cagca
ggcct gagaa

act ggacctg
gcat ccagceg
tcatctgctc
aggacgccga
acaatgtgtg
t ggagaacgt
ccgacat cat
gcgt gaccct
agaact gcag
tgttctacaa
t gat caact g
tccccatcca
ttaacggcac
ccgtggtgtc
ggagcgagaa
agatcaattg
aggccttcta
gccggaccga
acaacaagac
gcttcaattg
ggaacggcaa
cct gccggat
ctcccatcca
at ggcggega
acaact ggcg
cccccaccaa
ccgtgttcct
t gaccgt gca
gagccat cga
aggcccgcegt
gct gcagegg
agagccagag
act acaccga
agcaggat ct
actggctgtg
tcgtgttcge

gattctgttc
gaatt gccag
t gccgecgag
gaccaccctg
ggccacccac
gaccgaggag
cagcct gt gg
gaact gcagc
cttcaacatg
gct ggacgt g
caacaccagc
ctact gcgee
cggcccect ge
cacccagctg
cat caccaac
cacccggccc
cgccaccggce
gt ggaacgag
catcatcttc
t ggcggcgag
cggcaccaag
caagcagat ¢
gggcgt gat ¢
caacaacagc
gagcgagctg
ggccaagaga
gggcttcctg
ggccagacag
ggcccagecag
gctggeegt g
caagct gatc
cgagat ct gg
tat catctac
gct ggccctg
gt acat caag
cgtgctgtct

ct ggt ggeeg
cacct gt gga
aacct gt ggg
ttctgcgeca
gcct gegt ge
ttcaacat gt
gaccagagcc
aacgt gaacg
accaccgagc
gt gcagat ca
gccat cacce
cct gccggcet
aagaat gt ga
ct gct gaacg
aacgccaaga
aacaacaaca
gacat cat cg
accct gcaga
accaacagca
ttcttctact
aagaagaaca
at caat at gt
agat gcgaga
aagaacgaga
t acaagt aca
agagt ggt gg
ggagccgcecg
ctgct gageg
cacct gctga
gagagat acc
t gcaccacca
gacaacat ga
aacct gat cg

gacaagt ggg
atcttcatca

gt gt gactcg

ccgccaccag
gat ggggcac
tgaccgtgta
gcgacgccaa
ctaccgatcc
ggaagaacaa
t gaagccttg
t gaccaccaa
t gcgggacaa
acaagagcaa
aggcct gece
tcgccat cct
gcaccgt gca
gcagcct gge
acat cat cgt
cccggaagag
gcgat at cag
aagt ggccaa
gcggcggeag
gcaat acctc
gcaccgagag
ggcagagggt
gcaacat cac
ccttcagacc
aagt ggt gaa
agcgggagaa
gaagcaccat
gcattgtgca
agct gacagt
t gaaggacca
acgtgccctg
cctggctgca
aggagagcca
ccaacctgtg
tgatt gt ggg
ag

agt gcacagc
catgatcctg
ctacggegtg
ggcct acgat
caacccccag
cat ggt ggag
cgt gaagctg
cat cat gaag
gaagcagaaa
cagcagcagc
caaagt gagc
gaagt gcaag
gt gcacccac
cgaggaggaa
gcagct gacc
cat cagaat ¢
gcaggcccac
gcagct gcgg
act gagaat ¢
cggectgttce
caacgacacc
gggccaggec
cggectgetg
tggcggcgga
gat cgagccc
gagagct gt g
gggagccgcece
gcagcagagc
gt ggggcat ¢
gcagctgetg
gaat agcagc
gt gggacaag
gaaccagcag
gaact ggttc
cggcctgatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2142

32
3-2-1
3-2-2
3-2-3
3-2-4

3-2-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

2
AA
709

REGION 1..709

note=Subtype A consensus Envelope protein sequence construct

source 1..709
mol_type=protein
organism=synthetic construct

MDWIW LFLV AAATRVHSRV
VKDAETTLFC ASDAKAYDTE
HTDI | SLWDQ SLKPCVKLTP
SLFYKLDWVQ | NKSNSSSQY
EFNGTGPCKN VSTVQCTHG
VKI NCTRPNN NTRKSI RI GP
FNNKTI | FTN SSGGRLRI TT

LPCRI KQ | N MAQRVGQAMY
RDNWRSELYK YKWKI EPLG

TLTVQARQLL SG VQQQSNL
WGCSCKLI CT TNVPVRSSWS
NEQDLLALDK WANLWAWEDI

M3 QRNCQHL
VHNVWATHAC
LCVTLNCSNV
RLI NCNTSAI
KPWSTQLLL
GQAFYATGD
HSFNCGGEFF
APPI QGVI RC
VAPTKAKRRV
LRAI EAQQHL
NKSQSE! VDN
SNWLWYI KI F

VRWGTM LGM | | | CSAAENL
VPTDPNPQE! NLENVTEEFN
NVTTNI MKGE | KNCSENMTT
TQACPKVSFE PI Pl HYCAPA
NGSLAEEEVM | RSENI TNNA
| GDI RQAHCN VSRTEWKNETL
YCNTSGLFNS TWNGNGTKKK
ESNI TGLLLT RDGGDNNSKN
VEREKRAVG GAVFLGFLGA
LKLTVWG KQ LQARVLAVER
MMLQADKEI  SNYTDI | YNL
I M VGGLI GL RI VFAVLSV

WTVYYGVPV

60

MAKNNWEQM 120

EL RDKKQKVY
GFAI LKCKDK
KNI | VQLTKP
QKVAKQLRKY
NSTESNDTI T

180
240
300
360
420

ETFRPGGGDM 480

AGSTMGAASI

YLKDQQLLG
| EESQNQQEK

540
600
660
709

3-3

3-3-1
3-3-2
3-3-3
3-3-4

Sequences
Sequence Number [ID]
Molecule Type

Length

Features

3

DNA

2734

misc_feature 1..2734
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3-3-5

Location/Qualifiers

NonEnglishQualifier Value
Residues

note=Subtype B consensus Envelope DNA sequence construct
source 1..2734
mol_type=other DNA

organism=synthetic construct

ggat ccgcca
cacagcagag
ctgct gggca
ggcgt gect g
t acgat accg
cct caggaag
gt ggagcaga
aagct gaccc
aagggcgaga
aaggagt acg
taccggct ga
gagcccat cc
aagaagttca
at cagacccg
gt gat ccgga
agcgt ggaga
cctggccagg
aat at cagcc
cagttcggca
at gcacagct
agcacct gga
ctgccctgee
gccectccca
agagat ggcg
at gagggaca
ggcgt ggecc
at cggcgcca
at gaccct ga
ct gct gagag
cagct gcagg
at ct ggggct
agcaacaaga
at cgacaact
aagaacgagc
at caccaact
ct gagaat cg
gaattcgtaa
aagagagt ga
caat gacggg
gagggat gt g
ccggat gatg
cgaggt aagt
gagagt gaca
at gacgggt a
gggat gt gt ¢
ggat gat gt c

ccatggactg
t gaagggcat
t gct gat gat
t gt ggaagga
aagt gcacaa
t ggt gct gga
t gcacgagga
ctctgtgcgt
t caagaactg
ccctgttcta
t cagct gcaa
ccatccacta
acggcaccgg
t ggt gt ccac
gcgagaattt
t caact gcac
ccttctacac
gggccaagt g
acaagaccat
t caact gt gg
acgt gaacgg
ggat caagca
t cagaggcca
gcaacaat aa
act ggcggag
ccaccaaggc
tgtttctggg
ccgt gcaggce
ccat cgaggc
cccgegt get
gcagcggcaa
gcct ggacga
acaccagcct
aggagct gct
ggct gt ggt a
tgttcgeegt
gt aagt gt ca
catttctcac
t aat agt gac
tecttttottt
tcttggectc
aagtgtcata
tttctcacta
at agt gacaa
ttttgttttt
ttggcctctg

gacct ggat t
ccggaagaac
ctgttctgee
ggccaccacc
t gt gt gggcece
gaacgt gacc
cat cat cagc
gaccct gaac
cagct t caac
caagct ggac
caccagcgtg
ctgcgeccct
cccttgcacc
ccagctgcetg
caccaacaac
ccggcccaac
caccggcgag
gaacaacacc
cgt gt t caac
cggcgagttc
gacct ggaac
gat cat caat
gat ccggt gc
caccaacgag
cgagct gt ac
caagagaaga
ctttctggga
cagacagctg
ccagcagcac
ggccgt ggag
gctgatctgc
gat ct gggac
gat ct acacc
ggagct ggac
cat caagat ¢
gct gagcat ¢
t at gggagag
t aacct aaga
aagaaat gt a
tttataatta
tgtttgctac
t gggagagct
acct aagaca
gaaat gt atc
t at aatt aaa

tttgctgegg

ctgttcctgg
taccagcacc
gccgagaagce
accctgttct
acccacgcct
gagaacttca
ct gt gggacc
t gcaccgacc
at caccacct
gt ggt gccca
at cacccagg
gccggettcg
aat gt gagca
ct gaacggca
gccaagacca
aacaat accc
at cat cggeg
ct gaagcaga
cagagcagcg
ttctactgca
aacaacaccg
at gt ggcagg
agcagcaat a
accgagat ct
aagt acaaag
gt ggt gcagce
gccgecggaa
ct gagcggca
ctgct gcage
agat acct ga
accaccaccg
aacat gacct
ct gat cgagg
aagt gggcca
ttcatcatga
tacccctacg
ctcgact aga
caggagggcc
tcact ccaac
aaaagggt ga
cggt at cgat
cgact agact
ggagggccegt
act ccaacct
aagggt gaca
ccgce

t ggccgeege
t gt ggagat g
t gt gggt gac
gcgccagcga
gcgt gect ac
acat gt ggaa
agagcct gaa
t gagcggcga
ccat ccggga
t cgacaacga
cctgccccaa
ccat cct gaa
ccgtgcagtg
gcct ggccga
tcat cgtgca
ggaagagcat
at at caggca
t cgt gaagaa
gcggcagacc
acacaaccca
agggcaacga
aggt gggcaa
t caccggcect
ttagacct gg
t ggt gaagat
gggagaagag
gcaccat ggg
t cgt gcagca
tgacagtgtg
aggaccagca
t gccct ggaa
ggat ggagt g
agagccagaa
gcct gt ggaa
ttgt gggcgg
acgtgcccga
ct ggacagcc
gt caaagct a
ct aagacagg
cat gt ccgga
gttaacgtcg
ggacagccaa
caaagct act
aagacaggcg
t gt ccggagce

caccagagtg
gggcaccatg
cgt gt act ac
cgccaaggcc
cgat cccaac
gaacaacat g
gccttgegtg
gaagat ggag
caaagt gcag
caacaccagc
agt gagcttc
gt gcaacgac
cacccacggc
ggaagaagt g
gct gaacgag
ccacat cggc
ggcccact gc
gct gcgggag
t agaatcgt g
gct gt t caac
caccat cacc
ggccat gt ac
gct gct gacc
cggcggagac
cgagcccctg
agct gt gggce
agccgccagce
gcagaacaac
gggcat caag
gct gct ggga
cgccaget gg
ggagcggoag
ccagcaggag
ctggttcgac
cct gat cgge
ttacgcctga
aat gacgggt
ctgcctaatc
cgcagcctcc
gccgt gctge
accccgggcet
t gacgggt aa
gcct aat cca
cagcct ccga
cgtgctgecce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2734

3-4
3-4-1
3-4-2
3-4-3
3-4-4

3-4-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

4
AA
715

REGION 1..715

note=Subtype B consensus Envelope protein sequence construct
source 1..715

mol_type=protein

organism=synthetic construct

MDWIW LFLV AAATRVHSRV KG RKNYQHL WRWGTMLLGM LM CSAAEKL
VKEATTTLFC ASDAKAYDTE VHNVWATHAC VPTDPNPQEV VLENVTENFN
HEDI | SLMDQ SLKPCVKLTP LCVTLNCTDL SGEKMEKGE! KNCSFNI TTS
LFYKLDVWPI DNDNTSYRLI SCNTSVI TQA CPKVSFEPI P | HYCAPAGFA
GTGPCTNVST VQCTHG RPV VSTQLLLNGS LAEEEWWI RS ENFTNNAKT

NCTRPNNNTR KSI Hl GPGQA FYTTGEI | GD | RQAHCNI SR AKWANTLKQ

KTI VFNQSSG GRPRI VVHSF NCGGEFFYCN TTQLFNSTWN VNGTVWNNNTE
| KQ | NMAQE VGKAMYAPPI RGQ RCSSNI TGLLLTRDGG NNNTNETEI F
WRSELYKYKV VKI EPLGVAP TKAKRRWQR EKRAVG GAM FLGFLGAAGS
VQARQLLSG VQQONNLLRA | EAQQOHLLQL TWWGE KQLQA RVLAVERYLK
SGKLI CTTTV PWNASWBNKS LDEI WDNMMW MEWEREI DNY TSLI YTLI EE
ELLELDKWAS LWKWFDI TNW LWI KI FI M VGGLI GLRI V. FAVLSI YPYD

W/TVYYGVPV

60

MAKNNWEQM 120

| RDKVQKEYA
| LKCNDKKFN
| VQLNESVE

VKKLREQFGN
GNDTI TLPCR
RPGGGDVRDN
TMGAASMILT
DQULLG WEC

180
240
300
360
420
480
540
600

SONQQEKNEQ 660

VPDYA

715

3-5

Sequences
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3-5-1
3-5-2
3-5-3
3-5-4

3-5-5

Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

5
DNA
2140

misc_feature 1..2140
note=Subtype C consensus Envelope DNA sequence construct
source 1..2140

mol_type=other DNA

organism=synthetic construct

ggat ccgcca
cacagcagag
gggt t ct gga
ggcgt gect g
t acgagaccg
cct caggaga
gt ggaccaga
aagct gaccc
at gaaggagg
cagaaggt gt
agcaacgact
gtgtccttcg
t gcaacaaca
acccacggca
gaggagatta
ct gaat gaga
agaat cggcc
gcccact gca
ct gaaggagc
gagat cacca
ctgttcaaca
ccctgeccgga
cctcccatcg
gat ggcggea
agggacaact
gtggcecccta
ggcgecegt gt
acact gaccg
ct gagagcca
ctgcagacca
tggggctgta
aacaagagcc
agcaact aca
aacgagaagg
accaact ggc
agaat cat ct

ccatggattg
t gcggggcat
t gct gat gat
t gt ggaagga
aggt gcacaa
t ggt gct gga
t gcacgagga
ctctgtgegt
agat caagaa
acgccctgtt
accggct gat
accccat ccc
agaccttcaa
t caagcct gt
t cat ccggag
gcgt ggagat
ct ggccagac
at at cagcga
acttccccaa
cccacagctt
gcacct acat
t caagcagat
agggcaacat
agaacgacac
ggcggagega
ccaaggccaa
ttctgggett
t gcaggccag
t cgaggccca
gagt gct ggc
gcggcaagct
aggaggacat
ccgacaccat
acct gct gge
t gt ggt acat
tcgcegt get

gacct ggatt
cct gagaaat
ctgcaacgtg
ggccaagacc
t gt gt gggcce
gaacgt gacc
cat cat cagc
gaccct gaac
ctgcagettc
ctaccggctg
caact gcaac
cat ccact at
cggcaccggce
ggt gt ccacc
cgagaacctg
cgt gt gtacc
cttttacgcc
ggagaagt gg
t aagaccat ¢
caact gcagg
gcccaacagce
catcaatatg
cacct gcaag
caat gacacc
gct gt acaag
gaggagagt g
t ct gggagcece
acagctgctg
gcagcacatg
cat cgagcgce
gat ct gt acc
ct gggacaac
ctacaggctg
cct ggacagce
caagatcttc
gagcat ct ga

ctgttcctgg
t gccagcagt
at gggcaacc
accctgttct
acccacgcct
gagaacttca
ct gt gggacc
t gccggaaca
aacat cacca
gacat cgt gc
accagcgcca
tgtgcccectg
ccctgcaata
cagct gct gc
accaacaacg
cggcccaaca
accggcgaca
aacaagaccc
aagttcgccce
ggcgagt t ct
accaacaat a
t ggcaggaag
t ccaacat ca
gagaccttca
t acaaggt gg
gt ggagaggg
gccggatcta
agcggcat cg
ctgcagct ga
t acct gaagg
accgccegt gc
at gacct gga
ct ggaggaca
t ggaagaacc
atcatgattg
t agcggecgce

t ggccgeege
ggtggat ct g
t gt gggt gac
gt gccagcga
gt gt gcccac
acat gt ggaa
agagcct gaa
acgt gaacaa
ccgagct gcg
ccct gaacga
t cacccaggc
ccggct acge
at gt gagcac
t gaat ggcag
ccaagaccat
acaat acccg
t cat cggcga
t gcagcgggt
ct agcagcgg
tctactgcaa
ccaacaccac
t gggcagage
ccggect get
gacct ggcgg
t ggagat caa
agaagagagc
caat gggagc
t gcagcagca
cagt gt gggg
at cagcagct
cttggaat ag
t gcagt ggga
gccagaacca
t gt ggaact g
t gggcggect

cacaagagtg
gggcattctg
cgt gt act ac
t gccaaggcc
cgat cccaac
gaacgacat g
gccttgegtg
caacaacacc
ggacaagaag
gaagaacaac
ctgtcccaag
cat cct gaag
cgt gcagt gt
cct ggccgag
cattgtgcac
gaagagcat ¢
t at caggcag
gt ccgagaag
cggcagactg
t accagcaag
cat caccctg
cat gt acgcc
gct gacaaga
cggagacatg
gcct ct gggce
cgt gggcat ¢
cgccagcat ¢
gagcaatctg
cat caagcag
gct gggcat ¢
cagct ggagc
ccgggagat ¢
gcaggagaag
gttcgacatc
gat cggectg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2140

36
3-6-1
3-6-2
3-6-3
3-6-4

3-6-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

6
AA
705

REGION 1..705
note=Subtype C consensus Envelope protein sequence construct

source 1..705
mol_type=protein
organism=synthetic construct

MDWIW LFLV AAATRVHSRV
VKEAKTTLFC ASDAKAYETE
HEDI | SLWDQ SLKPCVKLTP
ALFYRLDI VP LNEKNNSNDY
TENGTGPCNN VSTVQCTHG
VEI VCTRPNN NTRKSI Rl GP
FPNKTI KFAP SSGGRLEI TT
KQ | NMWQEV GRAMYAPP| E
RSELYKYKW EI KPLGVAPT
QARQLLSG V. QQOSNLLRAI
GKLI CTTAVP VNSSVBNKSQ
LLALDSWKNL WKWFDI TNV

RG LRNCQOW W WG LGFWW LM CNVIVGNL
VHNVMATHAC VPTDPNPQEM VLENVTENFN

LCVTLNCRNN VNNNNTNVKEE
RLI NONTSAI  TQACPKVSFD
KPWSTQLLL NGSLAEEE! |
GQTFYATGDl | GDI RQAHCN
HSFNCRGEFF YCNTSKLFNS
GNI TCKSNI T GLLLTRDGGK
KAKRRWERE KRAVG GAVF
EAQOHMLQALT WG KQLQTR
EDI WDNMTWW QWDRE! SNYT
Wl KI FIM V GGLI GLRI | F

I KNCSENI TT
Pl PI HYCAPA
| RSENLTNNA
| SEEKVWNKTL
TYMPNSTNNT
NDTNDTETFR

AVLSI

WTVYYGVPV

60

MAKNDWDQM 120

EL RDKKQKVY
GYAI LKCNNK
KTI | VHLNES
QRVSEKLKEH
NTTI TLPCRI

180
240
300
360
420

PGGGDVRDNW 480
LGFLGAAGST MGAASI TLTV 540
VLAI ERYLKD QQLLG WECS 600
DTl YRLLEDS QNQQEKNEKD 660

705

37
3-7-1
3-7-2
3-7-3
3-7-4

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

7
DNA
2089
misc_feature 1..2089

note=Subtype D consensus Envelope DNA sequence construct
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3-7-5

NonEnglishQualifier Value
Residues

source 1..2089
mol_type=other DNA
organism=synthetic construct

gggcat caag cggaattacc
gat gacct gc agcgt ggccg agaacct gt g ggt gaccgtg
gaaggaagcc accaccaccc tgttctgcge cagcgatgcec
ccacaat atc tgggccaccc acgcctgegt gectaccgat
gct ggagaac gtgaccgaga acttcaacat gtggaagaac
cgaggacat ¢ atcagcctgt gggaccagag cct gaagcct
gt gcgt gacc ctgaactgca ccgacggcat gaggaacgac
cat ggaggag ggcgagat ga agaact gcag cttcaacatc
gaagaagcag gtgcacgccc tgttctacaa gctggacgtg
caccaacaac agcaactacc ggctgatcaa ctgcaacacc
ccccaaagtg accttcgagc ccatccccat ccactactgce
cct gaagt gc aaggat aaga agttcaacgg caccggcccc
gcagt gcacc cacggcatca gacccgtggt gtccacccag
ggccgaggag gagat catca tccggagcga gaacctgacc
t gt gcagct g aacgagagcg tgaccatcaa ttgcacccgg
gcgcat cccc atcggectgg gccaggectt ctacaccacce
cagacaggcc cactgcaata tcagcggagc cgagt ggaat
caagaagct g ggcgacctgc tgaacaagac caccatcatc
cagacct aga atcaccaccc acagcttcaa ttgtggcgge
cagccggct g ttcaacagca cctggagcaa gaacagcacc
caacaccat c accctgccct gccggat caa gcagatcatc
caaggccat g tacgcccctc ccatcgaggg cct gat caag
cctgctgctg accagagatg gcggagccaa caact cccac
cggcggagac atgagggaca act ggcggag cgagct gt ac
cgagcccct g ggegt ggecce ccaccagagc caagagaaga
agccat cgga ctgggcgeca tgttcctggg cttcctggga
agccgcecage ctgaccctga ccgtgcaggc cagacagetg
gcagaacaac ctgctgagag ccattgaggc ccagcagcac
gggcattaag cagct gcagg ccaggattct ggccgt ggag
gct gct ggga at ct ggggct gcagcggcaa gcacat ct ge
tagcagct gg agcaacaaga gcctggacga gatct ggaac
ggagagggag atcgacaact acaccggcct gatctacagce
ccagcaggag aagaacgagc aggagctgct ggagct ggac
ctggttcagc atcacccagt ggctgtggta catcaagatc
cctgatcggc ctgagaatcg tgttcgecgt gectgagectg

agcacct gt g gaagt ggggc

accat gct gc
tact acggcg
aagagct aca
cccaaccctc
aacat ggt gg
t gcgt gaage
accaacgat a
accaccgaag
gtgcccat cg
agcgccat ca
gccect geeg
tgcaagaat g
ctgctgctga
aacaacgcca
ccctacaaca
agaggcat ca
aagaccct gc
ttcaagccta
gagttcttct
agcaact cca
aat at gt ggc
t gcagcagca
aacgagacct
aagt acaaag
gt ggt ggagce
gccgeccggaa
ct gagcggca
ctgct gcagce
cgct acctga
accaccaccg
aacat gacct
ct gat cgagg
aagt gggcca
ttcatcatga
t gact cgag

t gggcat get
tgcctgtgtg
agaccgaggc
aggagat cga
agcagat gca
t gacccctct
ccaacgt gac
t gcgggacaa
acgacaacaa
cccaggcectg
gcttcgecat
t gagcaccgt
acggcagcct
agat cat cat
at acccggaa
t cggcgacat
agcaggt ggc
gcagcggegg
act gcaat ac
ccaaggagaa
agggagt ggg
acat caccgg
t cagacct gg
t ggt gaagat
gggagaagag
gcaccat ggg
t cgt gcagca
tgacagtgtg
aggat cagca
tgccttggaa
ggat ggagt g
agagccagac
gcct gt ggaa
tt gt gggcgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2089

3-8

3-8-1
3-8-2
3-8-3
3-8-4

3-8-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

8

AA

714

REGION 1..714

note=Subtype D consensus Envelope protein sequence construct

source 1..714
mol_type=protein
organism=synthetic construct

MDWIW LFLV AAATRVHSRV RG KRNYQHL WKWGTMLLGM LMICSVAENL

VKEATTTLFC ASDAKSYKTE AHNI WATHAC VPTDPNPQE!
HEDI | SLMDQ SLKPCVKLTP LCVTLNCTDG MRNDTNDTNV
KKKQVHALFY KLDVVPI DDN NTNNSNYRLI NCNTSAI TQA
| LKCKDKKFN GTGPCKNVST VQCTHG RPV VSTQLLLNGS
| VQLNESVTI NCTRPYNNTR KRI Pl GLGQA FYTTRG | GD
AKKLGDLLNK TTI | FKPSSG GRPRI TTHSF NCGGEFFYCN
NNTI TLPCRI KQ | NMAQGY GKAMYAPPI E GLI KCSSNI T
GGGDVRDNWR SELYKYKWK | EPLGVAPTR AKRRVWEREK
GAASLTLTVQ ARQLLSG VQ QONNLLRAI E AQQHLLQLTV
QLLG WECSG KHI CTTTVPW NSSWSNKSLD El VWNMTVAWE

ELENVTENFN
TMVEEGEMKNC
CPKVTFEPI P
LAEEE! | | RS
| RQAHONI SG
TSRLFNSTWS
GLLLTRDGGA
RAI GLGANFL

WG KQLQARI

W/TVYYGVPV

60

MAKNNWEQM 120

SFNI TTEVRD
| HYCAPAGFA
ENLTNNAKI

AEWKRKTLQQV
KNSTSNSTKE
NNSHNETFRP

180
240
300
360
420
480

GFLGAAGSTM 540
LAVERYLKDQ 600
WEREI DNYTG LI YSLI EESQ 660
TQQEKNEQEL LELDKWASLW NWFSI TQALW YI KI FI M VG GLI GLRI VFA VLSL

714

3-9

3-9-1
3-9-2
3-9-3
3-9-4

3-9-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

9

DNA

1049

misc_feature 1..1049

note=Subtype B consensus Nef-Rev DNA sequence construct

source 1..1049
mol_type=other DNA
organism=synthetic construct

ggat ccgcca ccatggactg gacctggatt ctgttcctgg tggccgcetge caccagagtg 60
cacagcagca agagaagcgt ggtgggttgg cctacagtgc gggagaggat gagaagagcc 120




26 Feb 2026

2026201472

gagcct gccg
accagcagca
gaggaagt gg
gccgt ggat ¢
cagaagcggc
t ggcagaat t
aagct ggt gc
gccgeccacce
aagttcgaca
aaggact gcc
ct gct gaaaa
gagggcacca
at cagaagca

ccgat ggagt
ataccgccgce
gcttccctgt
t gagccact t
aggacat cct
acacccct gg
ct gt ggagcce
ct at gagcct
gcagget gge
ggggcaggaa
cagt gcggct
gacaggcccg
tcagcgagtg

gggcgeegt g
caacaat gcc
gagagcccag
cct gaaggag
ggat ct gt gg
ccctggecatc
t gagaaagt g
gcacggcatg
cttccaccac
gagaagaagc
gat caagttc
gagaaaccgg
gattct gagc

t ct agagat ¢
gact gcgcecet
gt ggccct ga
aagggcggec
gt gt accaca
agat accctc
gaggaggcca
gacgat cccg
at ggccagag
gccggcagaa
ctgtaccaga
aggaggcggt
acctacctgg

t ggagaagca
ggct ggaggce
gagccat gac
t ggagggcect
cccagggct a
tgaccttcgg
acgagggcga
agagggaagt
agct gcaccce
gcggcgacag
gcaaccctcc
ggagagagag
gcagacccgce

cggcgecat ¢
ccaggaggag
ct acaaggcc
gat ct acagc
cttcceccgac
ctggtgettc
gaacaat t ct
gct ggt gt gg
cgagt act ac
cgacgaggag
tcccageecce
gcagcggeag
cgagcecgtg

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

ccecctgecage tgecccccct ggagagactg accctggact gcaacgagga ctgcggcacc 960
agcggcaccc agggagt ggg cagcccccag atcctggtgg agagccctge cgtgcetggag 1020
agcggcacca aggagtgatg agcggccgc 1049
3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 341
3-10-4 Features REGION 1..341
Location/Qualifiers note=Subtype B consensus Nef-Rev protein sequence construct
source 1..341
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-10-5 Residues MDWIW LFLV AAATRVHSSK RSWGWPTVR ERVRRAEPAA DGVGAVSRDL EKHGAI TSSN 60
TAANNADCAW LEAQEEEEVG FPVRAQVALR AMIYKAAVDL SHFLKEKGGL EGLI YSQKRQ 120
DI LDLW/YHT QGYFPDWONY TPGPAE RYPL TFGACFKLVP VEPEKVEEAN EGENNSAAHP 180
MBLHGVDDPE REVLWKFDS RLAFHHVARE LHPEYYKDCR GRKRRSAGRS GDSDEELLKT 240
VRLI KFLYQS NPPPSPEGTR QARRNRRRRW RERQRQ RSI SEW LSTYLG RPAEPVPLQL 300
PPLERLTLDC NEDCGTSGTQ GVGSPQ LVE SPAVLESGTK E 341
3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type DNA
3-11-3 Length 1863
3-11-4 Features misc_feature 1..1863
Location/Qualifiers note=Gag consensus DNA sequence of subtype A, B, C and D construct
source 1..1863
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-11-5 Residues ggat ccgcca ccatggactg gacctggatt ctgtttctgg tcgccgeccge cacaagagtg 60

cacagcggcg
agact gaggc
gagct ggaga
at cat cggcc
aacaccgt gg
gccct ggaca
gccgacaccg

ggccagat gg
gaggagaagg
acacct cagg
at gct gaagg
gccggacct a
acct ccaccce
gacat ct aca
gtgtccatcc
ttcttcaaga
accct gctgg
ggcgccaccce
gccagagt gc
ggcaacttca
at cgccagaa
caccagat ga
cacaagggca
gagagcttcg
gagct gt acc
ccctacgacg
gact agactg
gagggceegt ¢
ctccaaccta
agggt gacat

ccagagccag
ct ggcggcaa
gattcgccct
agct gcagec
ccaccctgta
agat cgagga
gcaacagcag
t gcaccaggc
ccttcagecce
acct gaacac
at accat caa
tcgccect gg
t gcaagagca
agcggt ggat
t ggat at cag
ccct gagagce
t gcagaacgc
t ggaggagat
t ggccgaggce
gaggccccag
act gt agggce
aggact gt ac
gacccggcaa
gcttcggcga
ctctggccag
tgcccgatta
gacagccaat
aaagct actg
agacaggcgc
gt ccggagcce

cgtgctgtce
gaagaagt ac
gaat cct ggc
cgcect gcag
ct gcgt gcac
ggagcagaac
ccaggtgtcc
cat cagcccce
t gaggt gat ¢
cat gct gaac
cgaggaggcc
ccagat gaga
gat cggct gg
cat cct gggc
gcagggcccce
cgagcaggcc
caaccccgac
gat gaccgcc
cat gagccag
gaggat cgt g
ccccaggaag
cgagcggcag
tttcctgcag
ggagat cacc
cct gaagagc
cgcct gagaa
gacgggt aag
cct aat ccaa
agcct ccgag
gtgct gcceg

ggcggcaagce
cggct gaagce
ctgct ggaga
accggcagceg
gagaagat cg
aagagcaagc
cagaact acc
agaaccct ga
cctatgttca
acagt ggggg
gccgagt ggg
gagcccagag
at gaccagca
ct gaacaaga
aaggagccct
agccaggacg
t gt aagacca
tgccagggag
gccaccaaca
aagtgcttca
aagggct gct
gccaatttcc
agcagacctg
cccagcccca
ctgttcggca
ttcgtaagta
agagt gacat
t gacgggt aa
ggat gt gt ct

t ggacgcect g
accttgtgtg
ccagcgaggg
aggagct gag
aggt gaagga
agaaggccca
ccatcgt gca
at gcct gggt
gcgccct gag
gccaccaggce
acagact gca
gcagcgacat
acccccccat
tt gt gaggat
t cagagact a
t gaagaact g
t cct gagagc
tgggcggacc
gcaacat cat
act gt ggcaa
ggaagt gt gg
t ggggaagat
agcccaccgce
agcaggagcc
acgat cccct
agt gt cat at
ttctcactaa
t agt gacaag
tttgtttttt

ggagaagat ¢
ggccagcaga
ct gt aagcag
aagcct gt ac
caccaaggag
gcaggccgece
gaat ct gcag
gaaggt gat ¢
cgagggcgcc
cgccat gcag
cccegt gcac
cgcecggeacc
ccct gt ggge
gt acagcccce
cgt ggaccgg
gat gaccgag
cct gggecect
cggccacaag
gat gcagegg
ggagggccac
caaagagggg
ct ggcccage
ccctcecgece
caaggacaga
gagccagt ac
gggagagct ¢
cct aagacag
aaat gt at ca
at aat t aaaa

gatgatgtct tggcctctgt ttgetgegge

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
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cgc 1863

3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type AA
3-12-3 Length 524
3-12-4 Features REGION 1..524
Location/Qualifiers note=Gag consensus protein sequence of subtype A, B, C and D construc t
source 1..524
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-12-5 Residues MDWIW LFLV AAATRVHSGA RASVLSGGKL DAVEKI RLRP GGKKKYRLKH LVWASRELER 60
FALNPGLLET SEGCKQ | GQ LQPALQTGSE ELRSLYNTVA TLYCVHEKI E VKDTKEALDK 120
| EEEQNKSKQ KAQQRAAADTG NSSQVSQNYP | VONLQGRW HQAI SPRTLN AW/KVI EEKA 180
FSPEVI PMFS ALSEGATPQD LNTMLNTVGG HQAAMOMLKD TI NEEAAEVWD RLHPVHAGPI 240
APGQVREPRG SDI AGTTSTL QEQ GAMISN PPI PVGDI YK RW I LGLNKI  VRMYSPVSI L 300
Dl RQGPKEPF RDYVDRFFKT LRAEQASQDV KNWMTETLLV QNANPDCKTI LRALGPGATL 360
EEMMTACQGY GGPGHKARVL AEAMSQATNS NI MMOQRGNFR GPRRI VKCFN CGKEGHI ARN 420
CRAPRKKGCW KCGKEGHQWK DCTERQANFL GKI WPSHKGR PGNFLQSRPE PTAPPAESFG 480
FCGEEI TPSPK QEPKDRELYP LASLKSLFGN DPLSQYPYDV PDYA 524
3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type DNA
3-13-3 Length 43
3-13-4 Features misc_feature 1..43
Location/Qualifiers note=IgE Primer Sequence 1
source 1..43
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-13-5 Residues gtcgctccge tagettgtgg gtcacagtct attatggggt acc 43
3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type DNA
3-14-3 Length 35
3-14-4 Features misc_feature 1..35
Location/Qualifiers note=IgE Primer Sequence 2
source 1..35
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-14-5 Residues ggtcggatcc ttactccacc actctccttt ttgcc 35
3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type AA
3-15-3 Length 17
3-15-4 Features REGION 1..17
Location/Qualifiers note=IgE leader sequence
source 1..17
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-15-5 Residues MOWIW LFLV AAATRVH 17
3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type AA
3-16-3 Length 692
3-16-4 Features REGION 1..692
Location/Qualifiers note=Subtype A consensus Envelope protein sequence
source 1..692
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-16-5 Residues SRVME QRNC QHLVRWGTM  LGM | | CSAA ENLW/TVYYG VPWKKDAETT LFCASDAKAY 60

DTEVHENVWAT HACVPTDPNP QEI NLENVTE EFNMAKNNW EQVHTDI | SL. WDQSLKPCVK 120
LTPLCVTLNC SNVNVTTNI M KGEI KNCSFN MITELRDKKQ KVYSLFYKLD WWQ NKSNSS 180
SQYRLI NCNT SAI TQACPKV SFEPI Pl HYC APAGFAI LKC KDKEFNGTGP CKNVSTVQCT 240
HG KPWSTQ LLLNGSLAEE EVM RSENI' T NNAKNI | VQL TKPVKI NCTR PNNNTRKSI R 300
| GPGQAFYAT GDI | GDI RQA HCNVSRTEWN ETLOKVAKQL RKYFNNKTI I FTNSSGGRLR 360
| TTHSFNCGG EFFYCNTSGL FNSTWNGNGT KKKNSTESND TI TLPCRI KQ | | NMQRVGQ 420
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AMYAPPI QGV | RCESNI TGL LLTRDGGDNN SKNETFRPGG GDVRDNWRSE LYKYKVVKI E 480
PLGVAPTKAK RRVWEREKRA VG GAVFLGF LGAAGSTMGA ASI TLTVQAR QLLSG VQQQ 540
SNLLRAI EAQ QHLLKLTWMG | KQLQARVLA VERYLKDQQL LG WGCSGKL | CTTNVPWKS 600

SWENKSQSEI WDNMITW.QAD KEI SNYTDI |
FDI SN\EWYT KI FI M VGGEL | GLRI VFAVL

YNLI EESQNQ QEKNEQDLLA LDKWANLWNW 660

SV

692

3-17

3-17-1
3-17-2
3-17-3
3-17-4

3-17-5

Sequences

Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

17

AA

697

REGION 1..697

note=Subtype B consensus Envelope protein sequence

source 1..697
mol_type=protein
organism=synthetic construct

RVKG RKNYQ HLWRWGTM.L GMLM CSAAE
TEVHNWWATH ACVPTDPNPQ EVWLENVTEN
TPLCVTLNCT DLSGEKMEKG ElI KNCSFNI T
LI SCNTSVI T QACPKVSFEP | Pl HYCAPAG
PWSTQLLLN GSLAEEEWWI RSENFTNNAK
QAFYTTGE! | GDI RQAHCNI  SRAKWNNTLK
SFNCGGEFFY CNTTQLFNST WWNVNGTVWNN
Pl RGQ RCSS NI TGLLLTRD GGNNNTNETE
APTKAKRRW QREKRAVG G AMFLGFLGAA
RAI EAQQHLL QLTVWG KQL QARVLAVERY
KSLDEI WONM TWVEWEREI D NYTSLI YTLI

KLW/TVYYGY PVWKEATTTL FCASDAKAYD
FNMAKNNMVE QVHEDI | SLW DQSLKPCVKL
TSI RDKVQKE YALFYKLDWW Pl DNDNTSYR
FAI LKCNDKK FNGTGPCTNV STVQCTHG R
TI 1 VQLNESV EI NCTRPNNN TRKSI HI GPG
Q VKKLREQF GNKTI VFNQS SGGRPRI VIVH
TEGNDTI TLP CRI KQ | NMA QEVGKAMYAP
| FRPGGGDVR DNWRSELYKY KWWKI EPLGV
GSTMGAASMT LTVQARQLLS Gl VQQONNLL
LKDQQLLG W GCSGKLI CTT TVPWNASWSN
EESQNQQEKN EQELLEL DKW ASLWAWFDI T

60

120
180
240
300
360
420
480
540
600
660

NWLWYT KIFI M VGGELI GLR | VFAVLSI YP YDVPDYA 697

3-18

3-18-1
3-18-2
3-18-3
3-18-4

3-18-5

Sequences

Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

18

AA

687

REGION 1..687

note=Subtype C consensus Envelope protein sequence
source 1..687

mol_type=protein

organism=synthetic construct

RVRG LRNCQ QWA WG LGF WWLM CNVMG NLWTVYYGV PVWKEAKTTL FCASDAKAYE 60
TEVHNVWATH ACVPTDPNPQ EMVLENVTEN FNMAKNDMYD QVHEDI | SLW DQSLKPCVKL 120
TPLCVTLNCR NNVNNNNTMK EEI KNCSFNI TTELRDKKQK VYALFYRLDI VPLNEKNNSN 180
DYRLI NCNTS Al TQACPKVS FDPI PI HYCA PAGYAI LKCN NKTFNGTGPC NNVSTVQCTH 240
G KPWSTQL LLNGSLAEEE |11 RSENLTN NAKTI | VHLN ESVEI VCTRP NNNTRKSI Rl 300
GPGQTFYATG DI | GDl RQAH CNI SEEKWRK TLQRVSEKLK EHFPNKTI KF APSSGGRLEI 360
TTHSFNCRGE FFYCNTSKLF NSTYMPNSTN NTNTTI TLPC RI KQ | NMAQ EVGRAMYAPP 420
| EGNI TCKSN | TGLLLTRDG GKNDTNDTET FRPGGGDVRD NWRSELYKYK WWEI KPLGVA 480
PTKAKRRWE REKRAVG GA VFLGFLGAAG STMGAASI TL TVQARQLLSG | VQQQSNLLR 540
Al EAQOHMLQ LTWWGE KQLQ TRVLAI ERYL KDQQLLG WG CSGKLI CTTA VPWNSSWSNK 600
SQEDI WONMT WWIQADREI SN YTDTI YRLLE DSQNQQEKNE KDLLALDSWK NLWKWEDI TN 660
VLWYI KI FI M | VGGLI GLRI | FAVLSI 687

3-19

3-19-1
3-19-2
3-19-3
3-19-4

3-19-5

Sequences

Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

19

AA

696

REGION 1..696

note=Subtype D consensus Envelope protein sequence
source 1..696

mol_type=protein

organism=synthetic construct

RVRG KRNYQ HLVWKWGTM.L GMLMTCSVAE NLW/TVYYGY PVWKEATTTL FCASDAKSYK 60
TEAHNI WATH ACVPTDPNPQ El ELENVTEN FNMAKNNMVE QVHEDI | SLW DQSLKPCVKL 120
TPLCVTLNCT DGVRNDTNDT NVTMEEGEMK NCSFNI TTEV RDKKKQVHAL FYKLDWWPI D 180
DNNTNNSNYR LI NONTSAI T QACPKVTFEP | Pl HYCAPAG FAI LKCKDKK FNGTGPCKNV 240
STVQCTHG R PWSTQLLLN GSLAEEEI || RSENLTNNAK |11 VQLNESV TI NCTRPYNN 300
TRKRI Pl GLG QAFYTTRG | GDI RQAHCNI  SGAEWRKTLQ QVAKKLGDLL NKTTI | FKPS 360
SGGRPRI TTH SFNCGGEFFY CNTSRLFNST WSKNSTSNST KENNTI TLPC RI KQ | NMAQ 420
GVGKAMYAPP | EGLI KCSSN | TGLLLTRDG GANNSHNETF RPGGGDVRDN WRSELYKYKV 480
VKI EPLGVAP TRAKRRWER EKRAI GLGAM FLGFLGAAGS TMGAASLTLT VQARQLLSG 540
VQQONNLLRA | EAQQHLLQL TVWGE KQLQA RI LAVERYLK DQQLLG WEC SGKHI CTTTV 600
PWKNSSWENKS LDEI WNNMTW MEWEREI DNY TGLI YSLI EE SQTQQEKNEQ ELLELDKWAS 660
LWAWESI TQW LWYI KI FIM  VGGLI GLRI V' FAVLSL 696

3-20

Sequences
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3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type AA
3-20-3 Length 323
3-20-4 Features REGION 1..323
Location/Qualifiers note=Subtype B consensus Nef-Rev protein sequence
source 1..323
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-20-5 Residues SKRSWGAPT VRERVRRAEP AADGVGAVSR DLEKHGAI TS SNTAANNADC AW.EAQEEEE 60
VGFPVRAQVA LRAMTYKAAV DLSHFLKEKG GLEGLI YSQK RQDI LDLW/Y HTQGYFPDWQ 120
NYTPGPA RY PLTFGACFKL VPVEPEKVEE ANEGENNSAA HPMSLHGVDD PEREVLWKF 180
DSRLAFHHVA RELHPEYYKD CRGRKRRSAG RSGDSDEELL KTVRLI KFLY QSNPPPSPEG 240
TRQARRNRRR RWRERQRQ R S| SEW LSTY LGRPAEPVPL QLPPLERLTL DCNEDCGTSG 300
TQGVGSPQ L VESPAVLESG TKE 323
3-21 Sequences
3-21-1 Sequence Number [ID] 21
3-21-2 Molecule Type AA
3-21-3 Length 506
3-21-4 Features REGION 1..506
Location/Qualifiers note=Gag consensus protein sequence of subtype A, B, C and D
source 1..506
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-21-5 Residues GARASVLSGG KLDAVEKI RL RPGGKKKYRL KHLWWASREL ERFALNPGLL ETSEGCKQ | 60
GQLQPALQIG SEELRSLYNT VATLYCVHEK | EVKDTKEAL DKI EEEQNKS KQKAQQRAAAD 120
TGNSSQVSON YPI VONLQGQ MVHQAI SPRT LNAW/KVI EE KAFSPEVI PM FSALSEGATP 180
QDLNTMLNTV GGHQAAMOML  KDTI NEEAAE WDRLHPVHAG Pl APGQVREP RGSDI AGTTS 240
TLQEQ GAMT SNPPI PVGDI  YKRW | LGLN KI VRMYSPVS | LDI RQGPKE PFRDYVDRFF 300
KTLRAEQASQ DVKNWMTETL LVQNANPDCK Tl LRALGPGA TLEEMMIACQ GVGGPGHKAR 360
VLAEAVBQAT NSNI MVQRGN FRGPRRI VKC FNCGKEGHI A RNCRAPRKKG CVWKCGKEGHQ 420
MKDCTERQAN FLGKI WPSHK GRPGNFLQSR PEPTAPPAES FGFGEEI TPS PKQEPKDREL 480
YPLASLKSLF GNDPLSQYPY DVPDYA 506
3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type DNA
3-22-3 Length 818
3-22-4 Features misc_feature 1..818
Location/Qualifiers note=HPV genotype 16 E6-E7 DNA sequence
source 1..818
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-22-5 Residues gaattcgcca ccatggactg gacctggatc ctgttcctgg tggccgeccge cacacgggtg 60
cacagcttcc aggaccccca ggagagcggc agaaagctgc ctcagctgtg taccgagctg 120
cagaccacca tccacgacat catcctggag tgtgtgtact gtaagcagca gctgctgagg 180
agagaggt gt acgaccggga cctgtgtatc gtgtacaggg acggcaatcc ctacgccgtg 240
t gt gacaagt gcctgaagtt ctacagcaag atcagcgagt accggcacta ctgctacagc 300
ctgtacggca ccaccctgga gcagcagtac aacaagcccc tgtgtgacct gctgatccgg 360
t gt at caact gccagaagcc cctgcagaga cacctggaca agaagcagcg gttccacaac 420
at caggggca gat ggaccgg cagat gtatg agct gct gcc ggagcagcag aaccagaagg 480
gagacccagc tgagaggccg gaagagaaga agccacggcg atacccccac cctgcacgag 540
tacat gct gg acctgcagcc tgagaccacc gatctgtacg gctacggcca gctgaat gac 600
agcagcgagg aggaggat ga gatcgacggc cctgccggcc aggccgagcc cgacagagcc 660
cactacaaca tcgtgacctt ttgctgtaag tgtgacagca ccctgagact gtgcgtgcag 720
agcacccacg tggacatcag aaccctggag gatctgctga tgggcaccct gggcatcgtg 780
tgtcccatct gctcccagaa accctgatga gcggccgce 818
3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type AA
3-23-3 Length 264
3-23-4 Features REGION 1..264
Location/Qualifiers note=HPV genotype 16 E6-E7 protein sequence
source 1..264
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-23-5 Residues MOWIW LFLV AAATRVHSFQ DPQESGRKLP QLCTELQTTI HDI | LECVYC KQQLLRREVY 60

DRDLCI VYRD GNPYAVCDKC LKFYSKI SEY RHYCYSLYGT TLEQQYNKPL CDLLI RCI NC 120
QKPLORHLDK  KQRFHNI RGR WIGRCMSCCR SSRTRRETQL RGRKRRSHGD TPTLHEYMLD 180
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LQPETTDLYG YGQLNDSSEE EDEI DGPAGQ AEPDRAHYNI VTFCCKCDST LRLCVQSTHV 240

DI RTLEDLLM GTLQ VCPI C SQKP 264
3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type AA
3-24-3 Length 15
3-24-4 Features REGION 1..15
Location/Qualifiers note=HPV E6 immunodominant epitope
source 1..15
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-24-5 Residues LCl VYRDGNP YAVCD 15
3-25 Sequences
3-25-1 Sequence Number [ID] 25
3-25-2 Molecule Type AA
3-25-3 Length 15
3-25-4 Features REGION 1..15
Location/Qualifiers note=HPV E7 immunodominant epitope
source 1..15
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-25-5 Residues AEPDRAHYNI VTFCC 15
3-26 Sequences
3-26-1 Sequence Number [ID] 26
3-26-2 Molecule Type AA
3-26-3 Length 142
3-26-4 Features REGION 1..142
Location/Qualifiers note=HPV E6 consensus sequence
source 1..142
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-26-5 Residues FQDPQESGRK LPQLCTELQT TI HDI | LECV YCKQQLLRRE VYDRDLCI VY RDGNPYAVCD 60
KCLKFYSKI' S EYRHYCYSLY GTTLEQQYNK PLCDLLI RCI NCQKPLQRHL DKKQRFHNI R 120
GRWIGRCMSC CRSSRTRRET QL 142
3-27 Sequences
3-27-1 Sequence Number [ID] 27
3-27-2 Molecule Type AA
3-27-3 Length 97
3-27-4 Features REGION 1..97
Location/Qualifiers note=HPV E7 consensus sequence
source 1..97
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-27-5 Residues HGDTPTLHEY MLDLQPETTD LYGYGQLNDS SEEEDEI DGP AGQAEPDRAH YNI VTFCCKC 60
DSTLRLCVQS THVDI RTLED LLMGTLGA VC Pl CSQKP 97
3-28 Sequences
3-28-1 Sequence Number [ID] 28
3-28-2 Molecule Type AA
3-28-3 Length 18
3-28-4 Features REGION 1..18
Location/Qualifiers note=IgE Leader Sequence
source 1..18
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-28-5 Residues MDWIW LFLV AAATRVHS 18
3-29 Sequences
3-29-1 Sequence Number [ID] 29
3-29-2 Molecule Type AA
3-29-3 Length 7
3-29-4 Features REGION 1..7
Location/Qualifiers note=Proteolytic Cleavage Sequence
source 1..7

mol_type=protein
organism=synthetic construct
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3-29-5

NonEnglishQualifier Value
Residues

RGRKRRS

3-30

3-30-1
3-30-2
3-30-3
3-30-4

3-30-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

30
DNA
1766

misc_feature 1..1766

note=HCV genotype la and 1b consensus E1-E2 DNA sequence
source 1..1766

mol_type=other DNA

organism=synthetic construct

gaattcgcca
cacagct acc
agcagcat cg
gt gagagagg
gat ggcagcc
accctgtgta
ctgttcacct
cccggecaca
accgccect gg
ggagcccact
aaggt gctcg
agcgagaccc
ttcacccctg
aacagcaccg
taccagcaca
gat gagttcg
agaccct act
t gt ggccccg
ggagccccca
agaccccccce
gt gt gt ggcg
accgact gct
ct gaccccca
aacttcacca
gcctgtaatt
tccectetge
cccgeect ga
tacggagt gg
ttcctgetge
caggccgagg

ccat ggactg
aagt gaggaa
t gt acgaggc
gcaacagct c
tgcccaccac
gcgccatgta
t cagccccag
t caccggcca
tggt gt ccca
ggggcgt get
t ggt gct gct
acgt gaccgg
gcgccaagca
ccct gaactg
agttcaacag
cccagggcetg
gctggcact a
tgtactgctt
cctacagctg
tgggcaattg
ccecctecctg
t cagaaagca
gat gt at ggt
tcttcaaagt
ggaccagggg
tgctgtccac
gcaccggcect
gct ct agcat
t ggccgacgce
cct gat gagc

gacct ggat ¢
t agcagcggce
cgccgacatg
cagat gct gg
caccct gagg
t gt gggcgat
aaggcact gg
cagaat ggcc
gct gct gaga
ggccggeat ¢
gctgttcgece
cggcaccgcc
gaacat ccag
t aacgacagc
cagcggct gc
gggccccat ¢
cgcccccaga
cacccct agc
gggcgagaac
gttcgget gt
t gt gat cggc
cccecgaggcece
ggact acccc
gaggat gt at
cgagagat gt
caccgagt gg
gat ccacctg
cgtgtcctgg
cagagt gt gt
ggccge

ctgttcctgg
ctgtaccacg
at cat gcaca
gt ggccct ga
agacacgt gg
ctgtgtggca
accgt gcagg
t gggacat ga
atccct cagg
gcctacttca
ggcgt ggacy
ggcagaacca
ct gat caaca
ct gaacaccg
cccgagagaa
acctacgcca
ccct gt ggca
cccgtggttg
gagaccgacg
acct ggat ga
ggagt gggca
acctactcca
t acaggct gt

gt ggggggcg
gacct ggagg
caggt gctgc
caccagaaca
gccat caagt
agct gect gt

t ggccget ge
t gaccaacga
cccecggetg
cccctaccgt
acctgcttgt
gcgtgtttct
act gt aactg
t gat gaact g
ccat cgt gga
gcat ggt ggg
gcagaggcag
cagccggcecet
ccaacggcag
gct gget gge
t ggccagcet g
at ggcagcgg
tcgtgccege
t gggcaccac
t gct ggt gt
acagcaccgg
acaacaccct
gat gt ggcag
ggcact accc
t ggagcacag
accgggat ag
cttgtagett
t cgt ggacgt
gggagt acgt
ggat gat gct

aacacgggtg
ctgct ccaac
tgtgcect gt
ggccgecaga
gggcagegec
t gt gggccag
ctccatctac
gagccct acc
cat ggt ggcc
caact gggcc
gaagagaagg
t gt gggect g
ctggcacatc
cggectgtte
tagacccct g
ccct gaccag
caagagcgtg
cgacagaagc
gaacaacacc
cttcaccaaa
gacct gccecc
cggaccttgg
ctgtaccgtg
act ggaggcc
aagcgagctg
caccaccctg
gcagtacctg
ggtgctgctg
gct gat cagc

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
1766

3-31

3-31-1
3-31-2
3-31-3
3-31-4

3-31-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

31
AA
580

REGION 1..580
note=HCV genotype 1la and 1b consensus E1-E2 protein sequence

source 1..580

mol_type=protein

organism=synthetic construct

MDWIW LFLV AAATRVHSYQ VRNSSGLYHV TNDCSNSSI V' YEAADM VHT

PGCVPCVREG 60

NSSRCWALT PTVAARDGSL
SPRRHWIVQD CNCSI YPGH

GVLAG AYFS M/GNWAKVLV
AKQNI QLI NT NGSWHI NSTA
QGAGPI TYAN GSGPDQRPYC
YSWGENETDV LVLNNTRPPL
RKHPEATYSR CGSGPW.TPR
TRGERCDLED RDRSELSPLL
SSI VSWAI KW EYWLLFLLL

PTTTLRRHVD LLVGSATLCS AMYVGDLCGS VFLVGQLFTF 120
TGHRVAVWDMM MNWSPTTALV VSQLLRI PQA | VDMWAGAHW 180
VLLLFAGVDG RGRKRRSETH VTGGTAGRTT AGLVGLFTPG 240
LNCNDSLNTG W.AGLFYQHK FNSSGCPERM ASCRPLDEFA 300
VWHYAPRPCG VPAKSVCGPV YCFTPSPVVWV GITDRSGAPT 360
GNWFGCTWWN STGFTKVCGA PPCVI GGVGN NTLTCPTDCF 420
CWDYPYRLW HYPCTVNFTI FKVRMYVGGY EHRLEAACNW 480
LSTTEWQVLP CSFTTLPALS TGLI HLHONI VDVQYLYGVG 540
ADARVCSCLW MVLLI SQAEA 580

3-32

3-32-1
3-32-2
3-32-3
3-32-4

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value

32

AA

192

REGION 1..192

note=HCV E1 consensus sequence

source 1..192
mol_type=protein
organism=synthetic construct
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3-32-5

Residues

YQVRNSSGLY HVTNDCSNSS | VYEAADM M HTPGCVPCVR EGNSSRCWA LTPTVAARDG 60
SLPTTTLRRH VDLLVGSATL CSAMYVGDLC GSVFLVGQLF TFSPRRHWIV QDCNCSI YPG 120
H TGHRVAWD MVVNWSPTTA LVWSQLLRI P QAI VDWAGA HWGVLAG AY FSMWGNWAKV 180

LWLLLFAGY DG

192

3-33

3-33-1
3-33-2
3-33-3
3-33-4

3-33-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

33

AA

363

REGION 1..363

note=HCV E2 consensus sequence

source 1..363
mol_type=protein
organism=synthetic construct

ETHVTGGTAG RTTAGLVGLF
QHKFNSSGCP ERMASCRPLD
GPVYCFTPSP VWVGTTDRSG
CGAPPCVI GG VGNNTLTCPT
FTI FKVRMYV GGVEHRLEAA
ALSTGLI HLH QNI VDVQYLY
AEA

TPGAKQNI QL
EFAQGNGPI T
APTYSWGENE
DCFRKHPEAT
CNWIRGERCD
GVGSS! VSWA

| NTNGSWHI N
YANGSGPDQR
TDVLVLNNTR
YSRCGSGPW.
LEDRDRSELS
| KAEYWLLF

STALNCNDSL
PYCWHYAPRP
PPLGNWFGCT
TPRCWDYPY

LLLADARVCS

NTGALAGLFY 60
CG VPAKSVC 120
WWNSTGFTKV 180
RLWHYPCTVN 240
PLLLSTTEWQ VLPCSFTTLP 300
CLWWMLLI SQ 360

363

3-34

3-34-1
3-34-2
3-34-3
3-34-4

3-34-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

34

DNA

3512

source 1..3512
mol_type=other DNA
organism=Homo sapiens

ggt accgaat tcgccaccat
agagt gcaca gccccagggce
taccgggagg tgctgcccct
ct ggt gcaga gaggcgaccc
gtgccct ggg acgccagacc
aaagaact gg tggcccgggt
gccttcgget tcgecctget
tccgt gagaa gctacctgece
ggcct gct gc t gcgcagagt
ctgttcgtge tggtcgecce
ct gggagccg ccacccagge
ggct gcgage gggect ggaa
gccect ggcg ccagaagaag
cccagacgcg gagccgeccce
caccct ggcc ggaccagagg
cccgeccgagg aagccacctc
agcgt gggecc gccagcacca
gacacccctt gcccccct gt
aaagagcagc tgcggcccag
aggcgcct gg t ggagaccat
cggct gccca ggetgeccca
ggcaaccacg cccagt gccc
gccgt gaccc cagccgecgg
cccgaggaag aggacaccga
ccttggcagg tgtacggett
t ggggcagca ggcacaacga
gggaagcacg ccaagctgtc
gcct ggct ga gaagat cccc
gaggaaat cc tggccaagtt
agatccttct tctacgtgac
aagagcgt gt ggagcaagct
ct gagagagc tgtccgaggc
accagccgge tgcggttcat
tacgt ggt gg gcgccaggac
gt gaaggccc tgttcagegt
gccagegt gc tgggect gga
cgggcecagg acccccctcc
gacaccat cc cccaggaccg
acctactgcg tgcggagata
gcctt caaga gccacgt gag
gcccacct gc aggaaaccag
ct gaacgagg ccagcagcgg
gt gcggat cc ggggcaagag
tccaccctge tgtgcetccect
aggcgggacg gact gct get

ggact ggacc
ccccaggt gc
ggccaccttc
tgccgecttce
tcccectgee
gct gcagegg
ggacggegec
caacaccgtg
gggcgacgac
cagct gcgece
cagaccccct
ccacagcgtg
gggcggeage
t gagcccgag
ccccagcgac
cct ggaaggce
cgcecggaccce
gt acgccgag
cttcctgetg
ctttctgggc
gcggt act gg
ctacggegtg
agt gt gcgece
ccccagacgce
cgt gcgggece
gcggeggt tt
cct gcaggaa
t ggcgt ggge
cctgcactgg
cgagaccacc
gcagagcat ¢
cgaagt gagg
ccccaagecce
cttccggeygg
gct gaact ac
cgacat ccac
cgagct gt ac
gct gaccgag
cgcegtggtg
caccct gacc
cccect gcgg
cctgttcgac
ctacgt gcag
gt gct acggce
gagact ggt g

tggat cct gt
agagccgt gc
gt gcggaggce
agagccct gg
gcccct aget
ct gt gcgaga
agaggcggcc
accgacgccc
gt gct ggt gc
taccaggt gt
cct cacgcect
cgggaggccg
gccagcagaa
agaacccccg
cggggcet tct
gccct gageg
cccagcacct
accaagcact
t ccagcct ga
agccggecct
cagat gaggc
ct gct gaaaa
agagagaagc
ct ggt gcagc
t gcct gagaa
ctgcggaaca
ct gacct gga
tgcgtgectg
ct gat gagcg
tt ccagaaga
ggcat ccggce
cagcaccggg
gacggcct gc
gagaagcggg
gagcgggeca
cgggect gge
tt cgt gaagg
gt gat cgcca
cagaaggccg
gacct gcagc
gat gccgt gg
gtgttcctga
t gccagggca
gacat ggaaa
gacgacttcc

tcct ggt gge
ggagcct get
t gggccct ca
tggcccagtg
t ccggcaggt
ggggcgccaa
ct cccgaggce
t gagaggcag
acct gct ggc
gcggeccacce
ccggecccag
gcgt gcccect
gcct geccct
t gggccaggg
gcgtggtgtc
gcaccaggca
ccaggccccce
tcct gt acag
ggccect cect
ggat gcccgg
ctctgttcct
cccact gccc
ct cagggcag
t gct gcggca
ggct ggt gee
ccaagaagt t
agat gagcgt
ccgccgagea
t gt acgt ggt
actacctgtt
agcacct gaa
aggccagacc
ggcccat cgt
ccgagcggct
ggcggccagg
ggaccttcgt
t ggacgt gac
gcat cat caa
cccacggcca
cct acat gcg
t gat cgagca
gattcatgtg
t cccacaggg
acaagctgtt
t gct ggt gac

cgctgccaca
gcggagccac
9999t ggcgg
cctggt gt gc
gtcctgectg
gaacgtgctg
cttcaccacc
cggegcet t gg
cagat gcgcec
cct gt accag
gcggagact g
gggcct gcca
gcccaagegg
ctcttgggcec
cccegecaga
cagccacccc
caggccct gg
cagcggcgac
gaccggcgct
cacccccagg
ggaactgctg
cct gagagcc
cgt ggcegcet
gcacagcagc
ccctggectg
cat cagcctg
gcggggcet ge
ccgget gegg
ggagctgctg
cttctaccgg
gcgggt geag
tgccctgetg
gaacat ggac
gacct cgagg
cct gct ggge
gct gagagt g
aggcgcct ac
gccccagaac
cgt gcggaag
gcagttcgtg
gagcagcagc
ccaccacgcc
cagcatcctg
cgcecggeat ¢
ccceccacctg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
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acccacgcca
gt gaacct ga
gccttcegtge
cggaccct gg
ctgaccttca
ctgcggct ga
t gcaccaaca
cagct gecct
gacaccgcca
gccaagggag
tttctgetga
accgcccaga
gccgccaacc
cccgact acg

agacctttct
gaaagaccgt
agat gcct gc
aagt gcagag
acaggggct t
agt gccacag
t ct acaagat
ttcaccagca
gcctgtgeta
ccgceggacc
agct gacccg
cccagcetgtc
ccgeectgee
cct gat gagc

gcggaccctg
ggt gaacttc
ccatggactg
cgact acagc
caaggccggce
cctgtttctg
cctgctgetg
ggt gt ggaag
cagcatcctg
tctgcccage
gcaccgggt g
ccggaagctg
ctccgacttc
ggccgegage

gt gcgcggeg
ccegt ggagg
ttcccttggt
agct acgecce
aggaacat gc
tacct gcagg
caggcct acc
aaccct acct
aaggccaaga
gaggccgt ge
acct acgt gc
cctggcacca
aagaccat cc
tc

tgcccgagta
acgaggccct
gcggget get
ggaccagcat
ggcggaagcet
t gaacagcct
ggtt ccacgce
tcttcctgeg
acgccggceat
agtggctgtg
ccctgect ggg
ccct gacagce
t ggact accc

cggct gegt g
gggcggcaca
gct ggacacc
ccgggectce
gtttggegtg
gcagaccgt g
ctgecgtgetg
ggt gat cagc
gagcct ggge
ccaccaggcc
cagcct gcgg
cct ggaagcece
ctacgacgtg

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3512

3-35

3-35-1
3-35-2
3-35-3
3-35-4

3-35-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

35
AA
1158

source 1..1158
mol_type=protein
organism=Homo sapiens

MOWIW LFLV AAATRVHSPR
PAAFRALVAQ CLVCVPWDAR

APRCRAVRSL

LRSHYREVLP

L DGARGGPPE
PSCAYQVCGP
RGGSASRSLP
SLEGALSGTR
SFLLSSLRPS
PYGVLLKTHC
FVRACLRRLV
PGVGCVPAAE
LGS G RQHL
TFRREKRAER
PELYFVKVDV

AFTTSVRSYL

PLYQLGAATQ ARPPPHASGP

L PKRPRRGAA
HSHPSVGRQH
LTGARRLVET
PLRAAVTPAA
PPGLWGSRHN
HRLREEI LAK
KRVQLRELSE
LTSRVKALFS
TGAYDTI PQD

PPPAAPSFRQ VSCLKELVAR
PNTVTDALRG SGAWGLLLRR

PEPERTPVGQ GSWAHPGRTR

STLTDLQPYM RQFVAHLQET
SYVQOQG PQ GSI LSTLLCS
LRTLVRGVPE YGCWNLRKT

HAGPPSTSRP
| FLGSRPW/P
GVCAREKPQG
ERRFLRNTKK
FLHWLVBVYV
AEVRQHREAR
VLNYERARRP
RLTEVI ASI

SPLRDAWI E
LCYGDVENKL
VWNFPVEDEA

SDYSSYARTS | RASLTFNRG FKAGRNVRRK
| LLLQAYRFH ACVLQLPFHQ QUWKNPTFFL
PLPSEAVQWAL CHQAFLLKLT RHRVTYVPLL

PSDFKTI LDY

PYDVPDYA

PRPWDTPCPP
GTPRRLPRLP
SVAAPEEEDT
FI SLGKHAKL
VELLRSFFYV
PALLTSRLRF
GLLGASVLGL
KPQNTYCVRR
QSSSLNEASS
FAG RRDGLL
LGGTAFVQWP
LFGVLRLKCH
RVI SDTASLC
GSLRTAQTQL

LATFVRRLGP
VLQRLCERGA
VGDDVLVHLL

RRRL GCERAW NHSVREAGVP

GPSDRGFCW
VYAETKHFLY
QRYWOVRPLF
DPRRLVQLLR
SLQELTVKMG
TETTFQKNYL
| PKPDGLRP

DDl HRAWRTF

YAWKAAHG

QGRLVQRED
KNVLAFGFAL
ARCALFVLVA
LGLPAPGARR
SPARPAEEAT
SSGDKEQLRP
LELLGNHAQC
QHSSPWVYG
VRGCAW.RRS
FFYRKSVWBK
VNVDYWWGAR
VLRVRAQDPP
HVRKAFKSHV

GLFDVFLRFM CHHAVRI R&K

LRLVDDFLLV
AHGLFPWCGL
SLFLYLQVNS
YSI LKAKNAG
SRKLPGTTLT

TPHLTHAKTF
LLDTRTLEVQ
LQTVCTNI YK
VBLGAKGAAG
ALEAAANPAL

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1158

3-36

3-36-1
3-36-2
3-36-3
3-36-4

3-36-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

36
DNA
1707

misc_feature 1..1707
note=Influenza H5N1 HA consensus sequence
source 1..1707

mol_type=other DNA

organism=synthetic construct

at ggaaaaga
at cggct acc
accgt gaccc
gacggcgt ga
cccat gt gcg
cccgt gaacg
ctgtcccgga
cacgaggcca
cggaacgt gg
aacaacacca
gccgagcaga
ct gaaccagc
cggat ggaat
ggcaacttca
at gaagagcg
at caacagca
t acgt gaaga
cggcgggecg
cagggcat gg
gccgecgaca
at cat cgaca
cggcggat cg

tcgtget get
acgccaacaa
acgcccagga
agcccct gat
acgagtt cat
acctgtgcta
tcaaccactt
gect gggegt
t gt ggct gat
accaggaaga
ccaagctgta
ggct ggt gec
tcttctggac
tcgcceccega
agct ggaat a
gcat gccctt
gcaacaggct
ccgeeecgggg
t ggacgggt g
aagagagcac
agat gaacac
agaacct gaa

gttcgccatc
cagcaccgag
cat cct ggaa
cct gcgggac
caacgt gccc
ccceggegac
cgagaagat ¢
gagcagcgcc
caagaagaac
tctgctggtc
ccagaacccce
ccggat cgcc
cat cct gaag
gtacgcct ac
cggcaact gc
ccacaacat c
ggt gct ggce
cctgttcgge
gt acggct ac
ccagaaggcc
ccagttcgag
caagaaaat g

gt gagect gg
caggt ggaca
aagacccaca
t gcagcgt gg
gagt ggagct
tt caacgact
cagat cat cc
tgcccat acc
agcacct acc
ct gt ggggca
accacct aca
acccggt cca
cccaacgatg
aagat cgt ga
aacaccaagt
caccccctga
accggcct gc
gccat cgecg
caccacagca
at cgacggcg
gcegt gggec
gaagat ggct

t gaagagcga
ccat cat gga
acggcaagct
ccggct ggct
acat cgt gga
acgaggaact
ccaagagcag
agggcaagt ¢
ccaccat caa
t ccaccaccc
t cagcgt ggg
aggt gaacgg
ccat caactt
agaagggcga
gccagacccc
ccat cggcga
ggaacagccc
gcttcatcga
at gagcaggg
t caccaacaa
gggagtt caa
t cct ggacgt

ccagat ct gc
aaaaaacgtg
gtgcgacctg
gct gggcaac
gaaggccaac
gaagcacctg
ct ggt ccagce
cagcttcttc
gcggagct ac
caacgacgcc
caccagcacc
ccagagcggce
cgagagcaac
cagcaccat ¢
cat gggcgec
gtgccccaag
ccagcgggag
gggcggct gg
cagcggct ac
ggt gaacagc
caacct ggaa
gt ggacct ac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
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aacgccgagce
gt gaagaacc
aacggct gct
ggcacct acg
ggcgt gaaac
agcagcct gg
agcct gcagt

t gct ggt get
t gt acgacaa
tcgagttcta
actaccccca
t ggaaagcat
ccct ggecat

gccggatctg

gat ggaaaac
agt gcggctg
ccacaagt gc
gt acagcgag
cggcat ct ac
cat ggt ggcc
cat ct ag

gagcggaccce
cagct gcggg
gacaacgagt
gaagcccgge
cagat cct ga
ggcct gagec

tggacttcca
acaacgccaa
gcat ggaaag
t gaagcggga
gcat ct acag
tgtggatgtg

cgacagcaac
agagct gggc
cgt gcggaac
ggaaat cagc
caccgt ggcc
cagcaacggc

1380
1440
1500
1560
1620
1680
1707

3-37

3-37-1
3-37-2
3-37-3
3-37-4

3-37-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

37
AA
568

REGION 1..568
note=Influenza H5N1 HA consensus sequence

source 1..568

mol_type=protein
organism=synthetic construct

MEKI VLLFAI  VSLVKSDQ C
DGVKPLI LRD CSVAGALLGN
LSRI NHFEKI Q| PKSSWSS
NNTNQEDLLV LWE HHPNDA
RVEFFWIT LK PNDAI NFESN
I NSSMPFHNI - HPLTI GECPK

QGWDGWYGY HHSNEQGSGY
RRI ENLNKKM EDGFLDVWI'Y

| GYHANNSTE
PMCDEF! NVP
HEASLGVSSA
AEQTKLYQNP
GNFI APEYAY
YVKSNRLVLA
AADKESTQKA
NAELLVLVEN

NGCFEFYHKC DNECMESVRN GTYDYPQYSE
SSLALAI WA GLSLWMCSNG SLQCRI Cl

QVDTI MEKNV
EWBY! VEKAN
CPYQGKSSFF
TTYI SVGTST
KI VKKGDST

TGLRNSPQRE
| DGVTNKVNS
ERTLDFHDSN
EARLKREEI S

TVTHAQDI LE
PVNDLCYPGD
RNV KKN
LNQRLVPRI A
MKSELEYGNC
RRAAARGLFG
I | DKMNTQFE
VKNL YDKVRL
GVKLESI G Y

KTHNGKLCDL
FNDYEELKHL
STYPTI KRSY
TRSKVNGQSG
NTKCQTPMGA

60

120
180
240
300

Al AGFI EGGW 360

AVGREFNNLE
QLRDNAKELG
Q LSI YSTVA

420
480
540
568

3-38

3-38-1
3-38-2
3-38-3
3-38-4

3-38-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

38
DNA
1466

misc_feature 1..1466
note=Influenza HIN1&H5N1 NA consensus Sequence
source 1..1466
mol_type=other DNA
organism=synthetic construct

ggt accgaat
cgggt gcaca
at cggcat cg
agcat ccaga
gagaaggccg
t gggcegt gt
at ccgggagce
ggggecct ge
accct gat ga
gt ggect ggt
ggccct gaca
aagagct ggc
agctgcttca
aagat ggaaa
gaggaat gca
cacggcagca
at ct gcageg
cct gt gageg
gt gt ggat cg
cccaacggct
accgact ggt
t gcat ccggce
t ggaccagcg
t ggcccgacg
tacgccet gat

t cgccaccat
gcat gaaccc
t gagcct gat
ccggcaacca
t ggccagcegt
acagcaagga
ccttcatcag
t gaacgacaa
gct gccecgt
ccgeccagegce
acggcgccegt
ggaacaacat
ccgt gat gac
agggcaaggt
gct gctacce
accggccctg
gegt gt t cgg
ccaacggcgce
gccggaccaa
ggaccgagac
ccggct acag
cctgettttg
gcagcagcat
gcgccgagcet
gagcggccgce

ggact ggacc
caaccagaag
gct gcagat c
gcaccaggcc
gaccct ggcc
caacagcat ¢
ct gcagccac
gcacagcaac
gggcgaggcee
ctgccacgac
ggccgtget g
cct gcggacce
cgacggcccce
ggt gaagagc
cgacgccggce
ggtgtccttc
cgacaacccc
ctacggegtg
gagcaccaac
cgacagcagc
cggcagettc
ggt ggagct g
cagcttttgce
gcccttcacce
gagctc

tggat cct gt
at cat cacca
ggcaacat ga
gagcccat ca
ggcaacagca
cggat cggca
ct ggaat gcc
ggcaccgt ga
cccagcccct
ggcaccagct
aagt acaacg
caggaaagcg
agcaacggcc
gt ggagct gg
gagat cacct
aaccagaacc
aggcccaacg
aagggcttca
agcagat ccg
tt cagcgt ga
gt gcagcacc
at cagaggca
ggcgt gaaca
at cgacaagt

tcct ggt ggc
t cggcagcat
tcagcatctg
gcaacaccaa
gcct gt gece
gcaagggcga
ggaccttctt
aggacagaag
acaacagccg
ggct gaccat
gcat cat cac
agt gcgectg
aggccagct a
acgcccccaa
gcgt gt gceg
t ggaat acca
at ggcaccgg
gcttcaagta
gct t cgagat
agcaggacat
ccgagct gac
ggcccaaaga
gcgacaccgt
acccctacga

cgct gccacc
ctgcatggtg
ggt gt cccac
ctttctgacc
cat cagcggce
cgtgttcgtg
cct gacccag
cccctaccgg
gttcgagagc
cggcat cagc
cgacaccat c
cgt gaacggce
caagatcttc
ctaccactac
ggacaact gg
gat cggct ac
cagct gcggce
cggcaacggc
gat ct gggac
cgt ggccatc
cggcct ggac
gagcaccat ¢
gagct ggt cc
cgt gcccgac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1466

3-39

3-39-1
3-39-2
3-39-3
3-39-4

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value

39
AA
476

REGION 1..476
note=Influenza HIN1&H5N1 NA consensus sequence

source 1..476

mol_type=protein
organism=synthetic construct
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3-39-5

Residues

MDWIW LFLV
QHQAEPI SNT
SCSHLECRTF
ACHDGTSW.T
TDGPSNGQAS
VWSFENQNLEY
KSTNSRSGFE
WELI RGRPK

AAATRVHSMWN
NFLTEKAVAS
FLTQGALLND
| G SGPDNGA
YKI FKVEKGK
Q GYI CSGVF
M VIDPNGWIE
ESTI WISGSS

PNOXI 1 TI GS
VTLAGNSSLC
KHSNGTVKDR
VAVLKYNG |

VVKSVELDAP
GDNPRPNDGT
TDSSFSVKQD
| SFCGVNSDT

I CwWI G VSL
Pl SGMAVYSK
SPYRTLMSCP
TDTI KSWRNN
NYHYEECSCY
GSCGPVSANG
I VAI TDWSGY
VSWSWPDGAE

M.Q G\M S
DNSI Rl GSKG
VGEAPSPYNS
| LRTQESECA
PDAGEl TCVC
AYGVKGFSFK
SGSFVQHPEL
LPFTI DKYPY

VW/SHSI QTGN
DVFVI REPFI
RFESVAWBAS

60
120
180

CVNGSCFTVM 240

RDNVHGSNRP
YGNGVW GRT
TGLDCI RPCF
DVPDYA

300
360
420
476

3-40
3-40-1
3-40-2
3-40-3
3-40-4

3-40-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

40
DNA
875

misc_feature 1..875
note=Influenza HIN1&H5N1 M1 consensus sequence

source 1..875

mol_type=other DNA

organism=synthetic construct

ggt accggat
cgggt gcaca
agcggecctc
accgacct gg
aagggcat cc
cggagat tcg
gt gaagct gt
ct gagct aca
accgt gacca
agccagcaca
aaccggat gg
gagcaggccg
cggaccat cg
ct gcaggcect
gt gcccgact

ccgccaccat
gcat gagcct
t gaaggccga
aagccct gat
tgggct tcgt
t gcagaacgc
acaagaagct
gcacaggcgce
ccgaggt gge
gat cccaccg
tcctggecetc
ccgaagccat
gcacccaccc
accagaaacg
acgcctgatg

ggact ggacc
gct gaccgag
gat cgcccag
ggaat ggct g
gttcaccctg
cct gaacggce
gaagcgggag
cct ggccage
cttcggectg
gcagat ggcc
caccaccgcc
ggaagt ggcc
cagcagcagc
gat gggcgt g
agcggecgeg

tggattctgt
gt ggagacct
cggct ggaag
aaaacccggce
accgtgccca
aacggcgacc
at caccttcc
t gcat gggcece
gt gt gcgcca
accaccacca
aaggccat gg
agccaggcca
gccggact gc
cagat gcagc
agctc

t cct ggt ggc
acgtgctgtc
atgtgttcge
ccat cct gag
gcgagegggg
ccaacaacat
acggcgccaa
t gat ct acaa
cct gcgagcea
accccct gat
aacagat ggc
ggcagat ggt
gggacgacct
ggtt caagt a

cgct gccacce
cat catcccc
cggcaagaac
cccect gacc
cctgcagcgg
ggaccgggec
agaggt ggcc
ccggat ggge
gat cgccgac
ccggcacgag
cggcagcagce
gcaggccatg
gct ggaaaac
cccct acgac

60

120
180
240
300
360
420
480
540
600
660
720
780
840
875

3-41

3-41-1
3-41-2
3-41-3
3-41-4

3-41-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

41
AA
279

REGION 1..279

note=Influenza HIN1&H5N1 M1 consensus sequence

source 1..279
mol_type=protein
organism=synthetic construct

MDWIW LFLV AAATRVHSMS LLTEVETYVL
MEWLKTRPI L SPLTKG LGF VFTLTVPSER
LKREI TFHGA KEVALSYSTG ALASCMGLIY

Sl | PSGPLKA ElI AQRLEDVF AGKNTDLEAL
GLQRRRFVQN ALNGNGDPNN MDRAVKL YKK
NRMGTVTTEV AFGLVCATCE Q ADSQHRSH

RQVATTTNPL | RHENRWLA STTAKAVEQM AGSSEQAAEA MEVASQARQM VQAMRTI GTH

PSSSAGLRDD LLENLQAYQK RMEVQMORFK

YPYDVPDYA

60

120
180
240
279

3-42

3-42-1
3-42-2
3-42-3
3-42-4

3-42-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

42

DNA

1700

misc_feature 1..1700

note=Influenza HSN1 M2E-NP consensus sequence

source 1..1700
mol_type=other DNA
organism=synthetic construct

ggt accgaat tcgccaccat ggactggacc

tggatcctgt tcctggtcge

agggt gcaca
cggt gcageg
cggagct acg
agcgt gggca
aagct gt ccg
ct gt ccgcecet
gaccccaaga
ctgat cct gt
gacgccacag
taccagcgga
cagggcagca
accat ggt ga
aggggcgaga

gcagcct get
acagcagcga
agcagat gga
gaat ggt cgg
act acgaggg
t cgacgagcg
aaaccggcgg
acgacaaaga
ccggect gac
caagggct ct
cact gcccag
t ggaact gat
acggcaggeg

gaccgaggt g
ccggggcagg
aacaggcggc
cggcat cggc
ccggctgatc
gcggaacaga
acccat ctac
ggaaat ccgg
ccacctgatg
ggt ccggacc
aagaagcgga
ccggat gatc
gacccggat ¢

gagaccccca
aagcggagaa
gagcggcaga
cggttctaca
cagaacagca
t acct ggaag
cggcggaggg
cggat ct ggc
at ct ggcaca
ggcat ggacc
gcegcet ggeg
aagcggggea
gcct acgagce

cccggaacga
gcgccageca
acgccaccga
tccagatgtg
t caccat cga
agcaccccag
acggcaagtg
ggcaggccaa
gcaacct gaa
cccggatgtg
cagccgt gaa
t caacgaccg
ggat gt gcaa

t gccgecacce
gt ggggct ge
gggcaccaag
gat ccgggcc
caccgagctg
gcggat gat g
cgccggcaag
ggt gcgggag
caacggcgag
cgacgccacc
cagcctgatg
gggcgt ggge
gaatttttgg
cat cct gaag

60

120
180
240
300
360
420
480
540
600
660
720
780
840
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ggcaagttcc
cccggcaacg
ggcagcegt gg
ggct acgact
cagaact ccc
ctggt ct gga
cggggcacca
aacgagaaca
at ccggacca
gt gcagccca
gccttcaccg
at ggaaagcg
gat gagaagg
ttcttcggeg
t gat gagcgg

agacagccgce
ccgagat cga
cccacaagag
tcgagcggga
aggtgttcag
t ggcct gcca
gagt ggt gcc
t ggaagccat
gaagcggcgg
ccttcteegt
gcaacaccga
ccaggcccga
ccaccaaccc
acaacgccga
ccgcgagcet c

ccagcgggcce
ggacct gatc
ctgcctgeece
gggct acagce
cctgatccgg
cagcgccgec
caggggccag
ggacagcaac
caacaccaac
gcagcggaac
gggccggacc
ggacgt gagc
cat cgt gccc
ggaat acgac

at gat ggacc
ttcctggceca
gcct gegt gt
ct ggt cggca
cccaacgaga
ttcgaggatc
ctgtccacca
accct ggaac
cagcagcggg
ctgcccttceg
agcgacat gc
ttccagggca
agcttcgaca
aact acccct

aggt ccggga
gaagcgccct
acggact ggc
tcgacccctt
accccgcecca
t gagagt gag
ggggcgt gca
t gcggagccg
ccagcgcecgg
agagggccac
ggaccgagat
ggggcgt gt t
t gaacaacga
acgacgt gcc

gagccggaac
gat cct gcgg
cgt ggccagce
ccggetgetg
caagt cccag
cagcttcatc
gat cgccagce
gt act gggcc
acagat cagc
cat cat ggcc
cat caggatg
cgagctgtcc
gggcagct ac
cgact acgcc

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1700

3-43
3-43-1
3-43-2
3-43-3
3-43-4

3-43-5

Sequences

Sequence Number [ID]

Molecule Type
Length
Features

Location/Qualifiers

NonEnglishQualifier Value

Residues

43
AA
554

REGION 1..554
note=Influenza HSN1 M2E-NP consensus sequence

source 1..554

mol_type=protein

organism=synthetic construct

MDWIW LFLV
ETGGERQNAT
RRNRYLEEHP
THLM WHSNL
| RM KRG ND
EDLI FLARSA
SLI RPNENPA
MDSNTLELRS
EGRTSDVRTE
EEYDNYPYDV

AAATRVHSSL
El RASVGRW
SAGKDPKKTG
NDATYQRTRA
RNFWRGENGR
LI LRGSVAHK
HKSQLVWWAC
RYWAI RTRSG
| | RMVESARP
PDYA

LTEVETPTRN EWGCRCSDSS
GG GRFY!I QM CTELKLSDYE
GPI YRRRDGK W/RELI LYDK
LVRTGVDPRM CSLMQGSTLP
RTRI AYERMC NI LKGKFQTA
SCLPACVYGL AVASGYDFER
HSAAFEDLRV SSFI RGTRW
GNTNQORASA GQ SVQPTFS
EDVSFQGRGV FELSDEKATN

DRGRKRRSAS
GRLI QNSI TI
EEl RRI WRQA
RRSGAAGAAV
AQRAMVDQVR
EGYSLVG DP
PRGQLSTRGV
VQRNLPFERA
Pl VPSFDVNN

QGTKRSYEQM 60

ERWVL SAFDE
NNGEDATAGL
KGVGTMVVEL
ESRNPGNAE

FRLLQNSQVF
Q ASNENVEA
TI MAAFTGNT
EGSYFFGDNA

120
180
240
300
360
420
480
540
554
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