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RECOMBINANT MODIFIED ANKARA VIRAL HIV-1 VACCINES
INCORPORATION BY REFERENCE

This application claims priority to U.S. provisional patent application Serial No.
60/908,082 filed March 26, 2007.

The foregoing applications, and all documents cited therein or during their
prosecution (“appln cited documents™) and all documents cited or referenced in the appln
cited documents, and all documents cited or referenced herein (“herein cited documents”),
and all documents cited or referenced in herein cited documents, together with any
manufacturer’s instructions, descriptions, product specifications, and product sheets for any
products mentioned herein or in any document incorporated by reference herein, are hereby
incorporated herein by reference, and may be employed in the practice of the invention.

FIELD OF THE INVENTION

The field of the present invention relates to novel recombinant modified Ankara viral
vectors (MVA) encoding HIV-1 antigens for use as HIV-1 vaccines.

BACKGROUND OF THE INVENTION

AIDS, or Acquired Immunodeficiency Syndrome, is caused by human
immunodeficiency virus (HIV) and is characterized by several clinical features including
wasting syndromes, central nervous system degeneration and profound immunosuppression
that results in opportunistic infections and malignancies. HIV is a member of the lentivirus
family of animal retroviruses, which include the visna virus of sheep and the bovine, feline,
and simian immunodeficiency viruses (SIV). Two closely related types of HIV, designated
HIV-1 and HIV-2, have been identified thus far, of which HIV-1 is by far the most common
cause of AIDS. However, HIV-2, which differs in genomic structure and antigenicity, causes
a similar clinical syndrome.

An infectious HIV particle consists of two identical strands of RNA, each
approximately 9.2 kb long, packaged within a core of viral proteins. This core structure is
surrounded by a phospholipid bilayer envelope derived from the host cell membrane that also
includes virally-encoded membrane proteins (Abbas et al., Cellular and Molecular
Immunology, 4th edition, W.B. Saunders Company, 2000, p. 454). The HIV genome has the
characteristic 5'-LTR-Gag-Pol-Env-LTR-3' organization of the retrovirus family. Long
terminal repeats (LTRs) at each end of the viral genome serve as binding sites for
transcriptional regulatory proteins from the host and regulate viral integration into the host

genome, viral gene expression, and viral replication.
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The HIV genome encodes several structural proteins. The Gag gene encodes core
structural proteins of the nucleocapsid core and matrix. The Pol gene encodes reverse
transcriptase (RT), integrase (Int), and viral protease enzymes required for viral replication.
The tat gene encodes a protein that is required for elongation of viral transcripts. The rev
gene encodes a protein that promotes the nuclear export of incompletely spliced or unspliced
viral RNAs. The Vif gene product enhances the infectivity of viral particles. The vpr gene
product promotes the nuclear import of viral DNA and regulates G2 cell cycle arrest. The
vpu and nef genes encode proteins that down regulate host cell CD4 expression and enhance
release of virus from infected cells. The Env gene encodes the viral envelope glycoprotein
that is translated as a 160-kilodalton (kDa) precursor (gpl60) and cleaved by a cellular
protease to yield the external 120-kDa envelope glycoprotein (gp120) and the transmembrane
41-kDa envelope glycoprotein (gp41), which are required for the infection of cells (Abbas,
pp. 454-456). Gpl140 is a modified form of the env glycoprotein which contains the external
120-kDa envelope glycoprotein portion and a part of the gp41 portion of env and has
characteristics of both gp120 and gp41. The Nef gene is conserved among primate
lentiviruses and is one of the first viral genes that is transcribed following infection. In vitro,
several functions have been described, including down regulation of CD4 and MHC class 1
surface expression, altered T-cell signaling and activation, and enhanced viral infectivity.
The HIV-1 transactivator of transcription (Tat) protein is a pleiotropic factor that induces a
broad range of biological effects in numerous cell types. At the HIV promoter, Tat is a
powerful transactivator of gene transcription, which acts by both inducing chromatin
remodeling and by recruiting elongation-competent transcriptional complexes onto the vital
LTR. Besides these transcriptional activities, Tat is released outside of the cells and interacts
with different cell membrane-associated receptors. Finally, extracellular Tat can be
externalized by cells through an active endocytosis process.

HIV infection initiates with gp120 on the viral particle binding to the CD4 and
chemokine receptor molecules (e.g., CXCR4, CCRS5) on the cell membrane of target cells
such as CD4+ T-cells, macrophages and dendritic cells. The bound virus fuses with the
target cell and reverse transcribes the RNA genome. The resulting viral DNA integrates into
the cellular genome, where it directs the production of new viral RNA, and thereby viral
proteins and new virions. These virions bud from the infected cell membrane and establish
productive infections in other cells. This process also kills the originally infected cell. HIV
can also kill cells indirectly because the CD4 receptor on uninfected T-cells has a strong

affinity for gp120 expressed on the surface of infected cells. In this case, the uninfected cells
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bind, via the CD4 receptor-gp120 interaction, to infected cells and fuse to form a syncytium,
which cannot survive. Destruction of CD4+ T-lymphocytes, which are critical to immune
defense, is a major cause of the progressive immune dysfunction that is the hallmark of AIDS
disease progression. The loss of CD4+ T cells seriously impairs the body's ability to fight
most invaders, but it has a particularly severe impact on the defenses against viruses, fungi,
parasites and certain bacteria, including mycobacteria.

Research on the Env glycoproteins have shown that the virus has many effective
protective mechanisms with few vulnerabilities (Wyatt & Sodroski, Science. 1998 Jun
19;280(5371):1884-8). For fusion with its target cells, HIV-1 uses a trimeric Env complex
containing gp120 and gp41 subunits (Burton et al., Nat Immunol. 2004 Mar;5(3):233-6). The
fusion potential of the Env complex is triggered by engagement of the CD4 receptor and a
receptor, usually CCR5 or CXCR4. Neutralizing antibodies seem to work either by binding
to the mature trimer on the virion surface and preventing initial receptor engagement events
or by binding after virion attachment and inhibiting the fusion process (Parren & Burton, Adv
Immunol. 2001;77:195-262). In the latter case, neutralizing antibodies may bind to epitopes
whose exposure is enhanced or triggered by receptor binding. However, given the potential
antiviral effects of neutralizing antibodies, it is not unexpected that HIV-1 has evolved
multiple mechanisms to protect it from antibody binding (Johnson & Desrosiers, Annu Rev
Med. 2002;53:499-518).

Accordingly, there remains a need for efficacious immunization again HIV-1.

Citation or identification of any document in this application is not an admission that
such document is available as prior art to the present invention.

SUMMARY OF THE INVENTION

The present invention is directed to a recombinant MV A vaccine for the induction of
an immune response to the target HIV-1 proteins inserted into a MV A viral vector. All six
selected HIV proteins (env, gag, nef, reverse transcriptase (RT), tat and rev) are expressed by
the recombinant MV A virus.

The recombinant MV A vaccine of the present invention elicits a high immunogenicity
response rate in Phase I studies and therefore may be an efficacious vaccine against HIV
infection.

The present invention relates to method for obtaining an immunogenic response
which may comprise administering to a mammal: an immunological composition against one
or more immunogens comprising a MVA containing and expressing a nucleotide sequence

encoding one or more immunogens.
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The present invention also relates to method for obtaining an immunogenic response
which may comprise administering to a mammal: (a) an immunological composition against
a first immunogen comprising a MVA containing and expressing a nucleotide sequence
encoding one or more immunogens; and (b) an immunological composition against one or
more immunogens comprising a MVA containing and expressing a nucleotide sequence
encoding the second immunogen of a pathogen of the mammal, wherein (a) and (b) are
administered sequentially. The one or more immunogens administered first and second may
be the same one or more immunogens or different one or more immunogens.

In an advantageous embodiment, the one or more immunogens is selected from the
group consisting of HIV proteins encoded by the env, gag, nef, reverse transcriptase (RT), tat
and rev genes, or a fragment thereof.

It is noted that in this disclosure and particularly in the claims and/or paragraphs,
terms such as “comprises”, “comprised”, “comprising” and the like can have the meaning
attributed to it in U.S. Patent law; e.g., they can mean “includes”, “included”, “including” and
the like; and that terms such as “consisting essentially of” and “consists essentially of” have
the meaning ascribed to them in U.S. Patent law, ¢.g., they allow for elements not explicitly
recited, but exclude elements that are found in the prior art or that affect a basic or novel
characteristic of the invention.

These and other embodiments are disclosed or are obvious from and encompassed by,
the following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of example, but not intended to limit
the invention solely to the specific embodiments described, may best be understood in
conjunction with the accompanying drawings, in which:

FIG. 1 illustrates the plasmid construct/genomic structure of TBC-M4;

FIGS 2A-2C depict the sequence of TB19a.1, the 49/50 insertion region;

FIGS 2D-2G depict the sequence of TB19a.2, the del III insertion region;

FIG. 3A depicts sequences of nef;

FIGS. 3B-3C depict sequences of rev;

FIG. 3D depicts sequences of gag;

FIG. 3E depicts sequences of zat;

FIGS. 3F-3G depict sequences of pol;

FIGS 3H-3I depict sequences of env;

FIG. 4A depicts the predicted amino acid sequence of env;
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FIG. 4B depicts the predicted amino acid sequence of gag;

FIG. 4C depicts the predicted amino acid sequence of tat.rev;

FIG. 4D depicts the predicted amino acid sequence of nef-RT;,

FIG. 5A depicts the sequence alignment of natural/wild type vs. modified amino acid
sequence of tat;

FIG. 5B depicts the sequence alignment of natural/wild type vs. modified amino acid
sequence of rev;

FIG. 5C depicts the sequence alignment of natural/wild type vs. modified amino acid
sequence of RT;

FIG. 5D depicts the sequence alignment of natural/wild type vs. modified amino acid
sequence of nef;

FIG. 6 depicts an annotated plasmid map of a transfer vector and

FIG. 7 depicts a flow chart outlining the isolation of the TBC-M420 recombinant and
the preparation of the seed stock.

DETAILED DESCRIPTION

The present invention relates to method for obtaining an immunogenic response
which may comprise administering to a mammal: an immunological composition against one
or more immunogens comprising a MVA containing and expressing a nucleotide sequence
encoding one or more immunogens.

The present invention also relates to method for obtaining an immunogenic response
which may comprise administering to a mammal: (a) an immunological composition against
a first immunogen comprising a MVA containing and expressing a nucleotide sequence
encoding one or more immunogens; and (b) an immunological composition against one or
more immunogens comprising a MVA containing and expressing a nucleotide sequence
encoding the second immunogen of a pathogen of the mammal, wherein (a) and (b) are
administered sequentially. The one or more immunogens administered first and second may
be the same one or more immunogens or different one or more immunogens.

The terms “protein”, “peptide”, “polypeptide”, and “amino acid sequence” are used
interchangeably herein to refer to polymers of amino acid residues of any length. The
polymer may be linear or branched, it may comprise modified amino acids or amino acid
analogs, and it may be interrupted by chemical moieties other than amino acids. The terms
also encompass an amino acid polymer that has been modified naturally or by intervention;

for example disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation,
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or any other manipulation or modification, such as conjugation with a labeling or bioactive
component.

As used herein, the terms “antigen” or “immunogen” are used interchangeably to refer
to a substance, typically a protein, which is capable of inducing an immune response in a
subject. The term also refers to proteins that are immunologically active in the sense that
once administered to a subject (either directly or by administering to the subject a nucleotide
sequence or vector that encodes the protein) is able to evoke an immune response of the
humoral and/or cellular type directed against that protein.

It should be understood that the proteins and antigens of the invention may differ from
the exact sequences illustrated and described herein. Thus, the invention contemplates
deletions, additions and substitutions to the sequences shown, so long as the sequences
function in accordance with the methods of the invention. In this regard, particularly
preferred substitutions will generally be conservative in nature, i.e., those substitutions that
take place within a family of amino acids. For example, amino acids are generally divided
into four families: (1) acidic--aspartate and glutamate; (2) basic--lysine, arginine, histidine;
(3) non-polar--alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan; and (4) uncharged polar--glycine, asparagine, glutamine, cystine, serine
threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine are sometimes classified as
aromatic amino acids. It is reasonably predictable that an isolated replacement of leucine
with isoleucine or valine, or vice versa; an aspartate with a glutamate or vice versa; a
threonine with a serine or vice versa; or a similar conservative replacement of an amino acid
with a structurally related amino acid, will not have a major effect on the biological activity.
Proteins having substantially the same amino acid sequence as the sequences illustrated and
described but possessing minor amino acid substitutions that do not substantially affect the
immunogenicity of the protein are, therefore, within the scope of the invention.

In an advantageous embodiment, the immunogens of the present invention are HIV-1
proteins, advantageously HIV-1 proteins encoded by the env, gag, nef, reverse transcriptase
(RT), tat and rev genes, or any immunogenic fragment thereof. In an advantageous
embodiment, env and RT sequences are derived from GenBank Accession No. AF067158
(see, e.g., Lole et al., J Virol. 1999 Jan;73(1):152-60, the disclosure of which is incorporated
by reference), gag and tat sequences are derived from GenBank Accession No. AF067157
(see, e.g., Lole et al., J Virol. 1999 Jan;73(1):152-60, the disclosure of which is incorporated

by reference), and rev and nef sequences are derived from GenBank Accession No.
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AF067154 (see, ¢.g., Lole et al., J Virol. 1999 Jan;73(1):152-60, the disclosure of which is
incorporated by reference).

In a particularly advantageous embodiment, the TBC-M4 HIV gene sequence insert
encodes the immunogens of the present invention.

As used herein the terms “nucleotide sequences” and "nucleic acid sequences” refer to
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) sequences, including, without
limitation, messenger RNA (mRNA), DNA/RNA hybrids, or synthetic nucleic acids. The
nucleic acid can be single-stranded, or partially or completely double-stranded (duplex).
Duplex nucleic acids can be homoduplex or heteroduplex.

As used herein the term “transgene” is used to refer to “recombinant” nucleotide
sequences that are derived from sequences of HIV-1 antigens known to one of skill in the art.
The sequence of transgenes may be derived from either the HIV-1 Clade A consensus
nucleotide sequences of the invention, or from the nucleotide sequences that encode the
antigens from recently circulating HIV-1 Clade A strains that have been identified as being
closely matched to these consensus sequences. The term “recombinant” means a nucleotide
sequence that has been manipulated “by man” and which does not occur in nature, or is
linked to another nucleotides sequence or found in a different arrangement in nature. It is
understood that manipulated “by man” means manipulated by some artificial means,
including by use of machines, codon optimization, restriction enzymes, etc.

The nucleotides of the invention may be altered as compared to the consensus
nucleotide sequences, or as compared to the sequences from circulating HIV-1 isolates that
are closely related to such consensus sequences. For example, in one embodiment the
nucleotide sequences may be mutated such that the activity of the encoded proteins in vivo is
abrogated. In another embodiment the nucleotide sequences may be codon optimized, for
example the codons may be optimized for human use. In preferred embodiments the
nucleotide sequences of the invention are both mutated to abrogate the normal in vivo
function of the encoded proteins, and codon optimized for human use. For example, each of
the Gag, Pol, Env, Nef, RT, Tat and Rev sequences of the invention may be altered in these
ways.

In a particularly advantageous embodiment, the target HIV-1 subtype C genes were
modified as follows:

Full-length env is modified to introduce silent mutations to internal TsNT motifs that

encode early transcription termination signals for vaccinia virus as elimination of the TsNT
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sequences is known to minimize premature transcription termination and optimize foreign
gene expression in vaccinia virus.

Full length gag gene encoding the p55 poly-protein is isolated without any
modifications.

The rev gene is modified in several ways. Twelve codons, encoding amino acids 75-
86, were deleted and replaced with two codons, encoding aspartic acid and leucine, to render
the rev protein non-functional. In addition, the nucleotide sequence of the rev gene is altered
at codon position 3 ("wobbled") to minimize homology between the fat and rev genes and to
optimize expression of rev protein in human cells, "humanize" expression, without otherwise
changing the amino acid sequence.

The first exon of the fat gene is modified by in vitro mutagenesis to change two
codons, at amino acids 26 and 32, from tyrosine to alanine, to render the protein
nonfunctional while preserving the 3-dimensional structure. In addition, the second exon of
the rat gene is deleted.

The modified rat and rev sequences are cloned as a fusion gene, with appropriate
initiation and termination codons.

The nef gene is modified by changing codons at amino acids 62-65 from glutamic
acid to alanine to reduce MHC class I downregulation and CD3 signaling.

The reverse transcriptase (RT) portion of the pol gene is modified by changing codons
at amino acids 336 and 337 from aspartic acid to aspargine to eliminate reverse transcriptase
activity. Protease and integrase sequences are not included in the construct.

The modified nef and RT coding sequences are fused in frame to form a nef-RT fusion
gene.

The types of mutations that can be made to abrogate the in vivo function of the
antigens. Mutation of Gly2 to Ala in Gag to remove a myristylation site and prevent
formation of virus-like-particles (VLPs); Mutation of Gag to avoid slippage at the natural
frame shift sequence to leave the conserved amino acid sequence (NFLG) intact and allow
only the full-length GagPol protein product to be translated; Mutation of RT Asp185 to Ala
and mutation of Asp186 to Ala to inactivate active enzyme residues. Mutation of Int Asp 64
to Ala, and mutation of Asp116 to Ala and mutation of Glu 152 to Ala to inactivate active
enzyme residues.

As regards codon optimization, the nucleic acid molecules of the invention have a
nucleotide sequence that encodes the antigens of the invention and can be designed to employ

codons that are used in the genes of the subject in which the antigen is to be produced. Many
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viruses, including HIV and other lentiviruses, use a large number of rare codons and, by
altering these codons to correspond to codons commonly used in the desired subject,
enhanced expression of the antigens can be achieved. In a preferred embodiment, the codons
used are "humanized" codons, i.c., the codons are those that appear frequently in highly
expressed human genes (Andre et al., J. Virol. 72:1497-1503, 1998) instead of those codons
that are frequently used by HIV. Such codon usage provides for efficient expression of the
transgenic HIV proteins in human cells. Any suitable method of codon optimization may be
used. However, any other suitable methods of codon optimization may be used. Such
methods, and the selection of such methods, are well known to those of skill in the art. In
addition, there are several companies that will optimize codons of sequences, such as Geneart
(geneart.com). Thus, the nucleotide sequences of the invention can readily be codon
optimized.

The invention further encompasses nucleotide sequences encoding functionally and/or
antigenically equivalent variants and derivatives of the antigens of the invention and
functionally equivalent fragments thereof. These functionally equivalent variants,
derivatives, and fragments display the ability to retain antigenic activity. For instance,
changes in a DNA sequence that do not change the encoded amino acid sequence, as well as
those that result in conservative substitutions of amino acid residues, one or a few amino acid
deletions or additions, and substitution of amino acid residues by amino acid analogs are
those which will not significantly affect properties of the encoded polypeptide. Conservative
amino acid substitutions are glycine/alanine; valine/isoleucine/leucine; asparagine/glutamine;
aspartic acid/glutamic acid; serine/threonine/methionine; lysine/arginine; and
phenylalanine/tyrosine/tryptophan. In one embodiment, the variants have at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at lcast 96%, at lecast 97%, at least 98% or at least
99% homology or identity to the antigen, epitope, immunogen, peptide or polypeptide of
interest.

For the purposes of the present invention, sequence identity or homology is
determined by comparing the sequences when aligned so as to maximize overlap and identity
while minimizing sequence gaps. In particular, sequence identity may be determined using
any of a number of mathematical algorithms. A nonlimiting example of a mathematical

algorithm used for comparison of two sequences is the algorithm of Karlin & Altschul, Proc.
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Natl. Acad. Sci. USA 1990; 87: 2264-2268, modified as in Karlin & Altschul, Proc. Natl.
Acad. Sci. USA 1993;90: 5873-5877.

Another example of a mathematical algorithm used for comparison of sequences is
the algorithm of Myers & Miller, CABIOS 1988;4: 11-17. Such an algorithm is incorporated
into the ALIGN program (version 2.0) which is part of the GCG sequence alignment software
package. When utilizing the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 can be used.
Yet another useful algorithm for identifying regions of local sequence similarity and
alignment is the FASTA algorithm as described in Pearson & Lipman, Proc. Natl. Acad. Sci.
USA 1988; 85: 2444-2448.

Advantageous for use according to the present invention is the WU-BLAST
(Washington University BLAST) version 2.0 software. WU-BLAST version 2.0 executable
programs for several UNIX platforms can be downloaded from
ftp://blast.wustl.edu/blast/executables. This program is based on WU-BLAST version 1.4,
which in turn is based on the public domain NCBI-BLAST version 1.4 (Altschul & Gish,
1996, Local alignment statistics, Doolittle ed., Methods in Enzymology 266: 460-480;
Altschul et al., Journal of Molecular Biology 1990; 215: 403-410; Gish & States,
1993;Nature Genetics 3: 266-272; Karlin & Altschul, 1993;Proc. Natl. Acad. Sci. USA 90:
5873-5877; all of which are incorporated by reference herein).

The various recombinant nucleotide sequences and immunogens of the invention are
made using standard recombinant DNA and cloning techniques. Such techniques are well
known to those of skill in the art. See for example, “Molecular Cloning: A Laboratory
Manual”, second edition (Sambrook et al. 1989).

The nucleotide sequences of the present invention may be inserted into “vectors.”
The term “vector” is widely used and understood by those of skill in the art, and as used
herein the term “vector” is used consistent with its meaning to those of skill in the art. For
example, the term “vector” is commonly used by those skilled in the art to refer to a vehicle
that allows or facilitates the transfer of nucleic acid molecules from one environment to
another or that allows or facilitates the manipulation of a nucleic acid molecule.

Any vector that allows expression of the immunogens of the present invention may be
used in accordance with the present invention. In certain embodiments, the immunogens of
the present invention may be used iz vitro (such as using cell-free expression systems) and/or
in cultured cells grown irn vitro in order to produce the encoded HIV-1 antigens which may

then be used for various applications such as in the production of proteinaceous vaccines.
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For such applications, any vector that allows expression of the immunogens i vitro and/or in
cultured cells may be used.

For applications where it is desired that the immunogens be expressed in vivo, for
example when the immunogens of the invention are used in DNA or DNA-containing
vaccines, any vector that allows for the expression of the immunogens of the present
invention and is safe for use in vivo may be used. In preferred embodiments the vectors used
are safe for use in humans, mammals and/or laboratory animals.

In order for the immunogens of the present invention to be expressed, the protein
coding sequence should be “operably linked” to regulatory or nucleic acid control sequences
that direct transcription and translation of the protein. As used herein, a coding sequence and
a nucleic acid control sequence or promoter are said to be "operably linked" when they are
covalently linked in such a way as to place the expression or transcription and/or translation
of the coding sequence under the influence or control of the nucleic acid control sequence.
The “nucleic acid control sequence” can be any nucleic acid element, such as, but not limited
to promoters, enhancers, IRES, introns, and other elements described herein that direct the
expression of a nucleic acid sequence or coding sequence that is operably linked thereto. The
term “promoter” will be used herein to refer to a group of transcriptional control modules that
are clustered around the initiation site for RNA polymerase II and that when operationally
linked to the protein coding sequences of the invention lead to the expression of the encoded
protein. The expression of the immunogens of the present invention can be under the control
of a constitutive promoter or of an inducible promoter, which initiates transcription only
when exposed to some particular external stimulus, such as, without limitation, antibiotics
such as tetracycline, hormones such as ecdysone, or heavy metals. The promoter can also be
specific to a particular cell-type, tissue or organ. Many suitable promoters and enhancers are
known in the art, and any such suitabel promoter or enhancer may be used for expression of
the immunogens of the invention. For example, suitable promoters and/or enhancers can be
selected from the Eukaryotic Promoter Database (EPDB).

The vectors used in accordance with the present invention should typically be chosen
such that they contain a suitable gene regulatory region, such as a promoter or enhancer, such
that the immunogens of the invention can be expressed.

For example, when the aim is to express the immunogens of the invention in vitro, or
in cultured cells, or in any prokaryotic or eukaryotic system for the purpose of producing the
protein(s) encoded by that immunogen, then any suitable vector can be used depending on the

application. For example, plasmids, viral vectors, bacterial vectors, protozoal vectors, insect
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vectors, baculovirus expression vectors, yeast vectors, mammalian cell vectors, and the like,
can be used. Suitable vectors can be selected by the skilled artisan taking into consideration
the characteristics of the vector and the requirements for expressing the immunogens under
the identified circumstances.

When the aim is to express the immunogens of the invention in vivo in a subject, for
example in order to generate an immune response against an HIV-1 antigen and/or protective
immunity against HIV-1, expression vectors that are suitable for expression on that subject,
and that are safe for use in vivo, should be chosen. For example, in some embodiments it
may be desired to express the immunogens of the invention in a laboratory animal, such as
for pre-clinical testing of the HIV-1 immunogenic compositions and vaccines of the
invention. In other embodiments, it will be desirable to express the immunogens of the
invention in human subjects, such as in clinical trials and for actual clinical use of the
immunogenic compositions and vaccine of the invention. Any vectors that are suitable for
such uses can be employed, and it is well within the capabilities of the skilled artisan to select
a suitable vector. In some embodiments it may be preferred that the vectors used for these in
vivo applications be attenuated to prevent vector from amplifying in the subject. For
example, if plasmid vectors are used, preferably they will lack an origin of replication that
functions in the subject so as to enhance safety for in vivo use in the subject.. If viral vectors
are used, preferably they are attenuated or replication-defective in the subject, again, so as to
enhance safety for in vivo use in the subject.

In preferred embodiments of the present invention viral vectors are used. Viral
expression vectors are well known to those skilled in the art and include, for example, viruses
such as adenoviruses, adeno-associated viruses (AAV), alphaviruses, retroviruses and
poxviruses, including avipox viruses, attenuated poxviruses, vaccinia viruses, and
particularly, the modified vaccinia Ankara virus (MVA; ATCC Accession No. VR-1566).
Such viruses, when used as expression vectors are innately non-pathogenic in the selected
subjects such as humans or have been modified to render them non-pathogenic in the selected
subjects. For example, replication-defective adenoviruses and alphaviruses are well known
and can be used as gene delivery vectors.

In particularly preferred embodiments MVA vectors are used. MVA is a live
attenuated strain derived from wild type vaccinia virus through chick embryo fibroblast
(CEF) cells. During the attenuation process, the MVA virus underwent multiple well-
characterized genomic deletions that have been associated with reduced pathogenicity. The

genomic deletions have been extensively characterized and appear to affect late stage virion
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assembly and expression of cytokine receptors. As a consequence, the modified virus infects
most mammalian (including human) cells and to express viral (and recombinant) genes in a
normal way, but does not replicate efficiently in most primary cell types or immortalized cell
lines. The MVA vectors of any of U.S. Patent Nos. 7,189,536; 7,118,754; 7,097,842;
7,094,412; 7,067,251; 7,056,723; 7,049,145; 7,034,141; 6,960,345; 6,924,137, 6,913,752;
6,893,869; 6,884,786; 6,869,793; 6,663,871; 6,649,409; 6,582,693; 6,440,422; 5,676,950 and
5,185,146 may be utilized and/or modified for the present invention.

In an advantageous embodiment, the MV A of the present invention is derived from an
attenuated MVA.

The nucleotide sequences and vectors of the invention can be delivered to cells, for
example if the aim is to express the HIV-1 antigens in cells to produce and isolate the
expressed proteins, such as from cells grown in culture. For expressing the antigens in cells
any suitable transfection, transformation, or gene delivery methods can be used. Such
methods are well known by those skilled in the art, and one of skill in the art would readily be
able to select a suitable method depending on the nature of the nucleotide sequences, vectors,
and cell types used. For example, transfection, transformation, microinjection, infection,
electroporation, lipofection, or liposome-mediated delivery could be used. Expression of the
antigens can be carried out in any suitable type of host cells, such as bacterial cells, yeast,
insect cells, and mammalian cells. The HIV-1 antigens of the invention can also be
expressed using in vitro transcription/translation systems. All of such methods are well
known by those skilled in the art, and one of skill in the art would readily be able to select a
suitable method depending on the nature of the nucleotide sequences, vectors, and cell types
used.

Following expression, the antigens of the invention can be isolated and/or purified or
concentrated using any suitable technique known in the art. For example, anion or cation
exchange chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, immuno-affinity chromatography, hydroxyapatite
chromatography, lectin chromatography, molecular sieve chromatography, isoelectric
focusing, gel electrophoresis, or any other suitable method or combination of methods can be
used.

In preferred embodiments, the nucleotide sequences and/or antigens of the invention
are administered in vivo, for example where the aim is to produce an immunogenic response
in a subject. A “subject” in the context of the present invention may be any animal. For

example, in some embodiments it may be desired to express the immunogens of the invention
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in a laboratory animal, such as for pre-clinical testing of the HIV-1 immunogenic
compositions and vaccines of the invention. In other embodiments, it will be desirable to
express the immunogens of the invention in human subjects, such as in clinical trials and for
actual clinical use of the immunogenic compositions and vaccine of the invention. In
preferred embodiments the subject is a human, for example a human that is infected with, or
is at risk of infection with, HIV-1.

For such in vivo applications the nucleotide sequences and/or antigens of the
invention are preferably administered as a component of an immunogenic composition
comprising the nucleotide sequences and/or antigens of the invention in admixture with a
pharmaceutically acceptable carrier. The immunogenic compositions of the invention are
useful to stimulate an immune response against HIV-1 and may be used as one or more
components of a prophylactic or therapeutic vaccine against HIV-1 for the prevention,
amelioration or treatment of AIDS. The nucleic acids and vectors of the invention are
particularly useful for providing genetic vaccines, i.e. vaccines for delivering the nucleic
acids encoding the antigens of the invention to a subject, such as a human, such that the
antigens are then expressed in the subject to elicit an immune response.

The compositions of the invention may be injectable suspensions, solutions, sprays,
lyophilized powders, syrups, elixirs and the like. Any suitable form of composition may be
used. To prepare such a composition, a nucleic acid or vector of the invention, having the
desired degree of purity, is mixed with one or more pharmaceutically acceptable carriers
and/or excipients. The carriers and excipients must be "acceptable” in the sense of being
compatible with the other ingredients of the composition. Acceptable carriers, excipients, or
stabilizers are nontoxic to recipients at the dosages and concentrations employed, and
include, but are not limited to, water, saline, phosphate buffered saline, dextrose, glycerol,
ethanol, or combinations thereof, buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino
acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating

agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming
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counter-ions such as sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic
surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

An immunogenic or immunological composition can also be formulated in the form
of an oil-in-water emulsion. The oil-in-water emulsion can be based, for example, on light
liquid paraffin oil (European Pharmacopea type); isoprenoid oil such as squalane, squalene,
EICOSANE ™ or tetratetracontane; oil resulting from the oligomerization of alkene(s), e.g.,
isobutene or decene; esters of acids or of alcohols containing a linear alkyl group, such as
plant oils, ethyl oleate, propylene glycol di(caprylate/caprate), glyceryl tri(caprylate/caprate)
or propylene glycol dioleate; esters of branched fatty acids or alcohols, e.g., isostearic acid
esters. The oil advantageously is used in combination with emulsifiers to form the emulsion.
The emulsifiers can be nonionic surfactants, such as esters of sorbitan, mannide (e.g.,
anhydromannitol oleate), glycerol, polyglycerol, propylene glycol, and oleic, isostearic,
ricinoleic, or hydroxystearic acid, which are optionally ethoxylated, and polyoxypropylene-
polyoxyethylene copolymer blocks, such as the Pluronic® products, e.g., L121. The adjuvant
can be a mixture of emulsifier(s), micelle-forming agent, and oil such as that which is
commercially available under the name Provax® (IDEC Pharmaceuticals, San Diego, CA).

The immunogenic compositions of the invention can contain additional substances,
such as wetting or emulsifying agents, buffering agents, or adjuvants to enhance the
effectiveness of the vaccines (Remington's Pharmaceutical Sciences, 18th edition, Mack
Publishing Company, (ed.) 1980).

Adjuvants may also be included. Adjuvants include, but are not limited to, mineral
salts (e.g., AIK(SO4)2, AINa(SO4)2, AINH(SOj4),, silica, alum, AI(OH)s, Ca3(POs),, kaolin, or
carbon), polynucleotides with or without immune stimulating complexes (ISCOMs) (e.g.,
CpG oligonucleotides, such as those described in Chuang, T.H. et al, (2002) J. Leuk. Biol.
71(3): 538-44; Ahmad-Nejad, P. et al (2002) Eur. J. Immunol. 32(7): 1958-68; poly IC or
poly AU acids, polyarginine with or without CpG (also known in the art as IC31; see
Schellack, C. et al (2003) Proceedings of the 34™ Annual Meeting of the German Society of
Immunology; Lingnau, K. et al (2002) Vaccine 20(29-30): 3498-508), JuvaVax™ (U.S.
Patent No. 6,693,086), certain natural substances (e.g., wax D from Mycobacterium
tuberculosis, substances found in Cornyebacterium parvum, Bordetella pertussis, or members
of the genus Brucella), flagellin (Toll-like receptor 5 ligand; see McSorley, S.J. et al (2002) J.
Immunol. 169(7): 3914-9), saponins such as QS21, QS17, and QS7 (U.S. Patent Nos.
5,057,540; 5,650,398, 6,524,584; 6,645,495), monophosphoryl lipid A, in particular, 3-de-O-
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acylated monophosphoryl lipid A (3D-MPL), imiquimod (also known in the art as IQM and
commercially available as Aldara®; U.S. Patent Nos. 4,689,338; 5,238,944; Zuber, A K. et al
(2004) 22(13-14): 1791-8), and the CCRS5 inhibitor CMPD167 (see Veazey, R.S. et al (2003)
J. Exp. Med. 198: 1551-1562).

Aluminum hydroxide or phosphate (alum) are commonly used at 0.05 to 0.1%
solution in phosphate buffered saline. Other adjuvants that can be used, especially with DNA
vaccines, are cholera toxin, especially CTA1-DD/ISCOMs (see Mowat, A.M. et al (2001) J.
Immunol. 167(6): 3398-405), polyphosphazenes (Allcock, H.R. (1998) App. Organometallic
Chem. 12(10-11): 659-666; Payne, L.G. et al (1995) Pharm. Biotechnol. 6: 473-93),
cytokines such as, but not limited to, IL-2, IL-4, GM-CSF, IL-12, IGF-1, IFN-a, IFN-3, and
IFN-y (Boyer et al., (2002) J. Liposome Res. 121:137-142; WO01/095919),
immunoregulatory proteins such as CD40L (ADX40; see, for example, WO03/063899), and
the CD1a ligand of natural killer cells (also known as CRONY or a-galactosyl ceramide; see
Green, T.D. et al, (2003) J. Virol. 77(3): 2046-2055), immunostimulatory fusion proteins
such as IL-2 fused to the Fc fragment of immunoglobulins (Barouch et al., Science 290:486-
492, 2000) and co-stimulatory molecules B7.1 and B7.2 (Boyer), all of which can be
administered either as proteins or in the form of DNA, on the same expression vectors as
those encoding the antigens of the invention or on separate expression vectors.

The immunogenic compositions can be designed to introduce the antigens, nucleic
acids or expression vectors to a desired site of action and release it at an appropriate and
controllable rate. Methods of preparing controlled-release formulations are known in the art.
For example, controlled release preparations can be produced by the use of polymers to
complex or absorb the immunogen and/or immunogenic composition. A controlled-release
formulations can be prepared using appropriate macromolecules (for example, polyesters,
polyamino acids, polyvinyl, pyrrolidone, ethylenevinylacetate, methylcellulose,
carboxymethylcellulose, or protamine sulfate) known to provide the desired controlled
release characteristics or release profile. Another possible method to control the duration of
action by a controlled-release preparation is to incorporate the active ingredients into particles
of a polymeric material such as, for example, polyesters, polyamino acids, hydrogels,
polylactic acid, polyglycolic acid, copolymers of these acids, or ethylene vinylacetate
copolymers. Alternatively, instead of incorporating these active ingredients into polymeric
particles, it is possible to entrap these materials into microcapsules prepared, for example, by

coacervation techniques or by interfacial polymerization, for example,
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hydroxymethylcellulose or gelatin-microcapsule and poly-(methylmethacrylate)
microcapsule, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in New Trends and Developments in
Vaccines, Voller et al. (eds.), University Park Press, Baltimore, Md., 1978 and Remington's
Pharmaceutical Sciences, 16th edition.

Suitable dosages of the antigens, nucleic acids and expression vectors of the invention
(collectively, the immunogens) in the immunogenic composition of the invention can be
readily determined by those of skill in the art. For example, the dosage of the immunogens
can vary depending on the route of administration and the size of the subject. Suitable doses
can be determined by those of skill in the art, for example by measuring the immune response
of a subject, such as a laboratory animal, using conventional immunological techniques, and
adjusting the dosages as appropriate. Such techniques for measuring the immune response of
the subject include but are not limited to, chromium release assays, tetramer binding assays,
IFN-y ELISPOT assays, IL-2 ELISPOT assays, intracellular cytokine assays, and other
immunological detection assays, ¢.g., as detailed in the text “Antibodies: A Laboratory
Manual” by Ed Harlow and David Lane.

When provided prophylactically, the immunogenic compositions of the invention are
ideally administered to a subject in advance of HIV infection, or evidence of HIV infection,
or in advance of any symptom due to AIDS, especially in high-risk subjects. The
prophylactic administration of the immunogenic compositions can serve to provide protective
immunity of a subject against HIV-1 infection or to prevent or attenuate the progression of
AIDS in a subject already infected with HIV-1. When provided therapeutically, the
immunogenic compositions can serve to ameliorate and treat AIDS symptoms and are
advantageously used as soon after infection as possible, preferably before appearance of any
symptoms of AIDS but may also be used at (or after) the onset of the disease symptoms.

The immunogenic compositions can be administered using any suitable delivery
method including, but not limited to, intramuscular, intravenous, intradermal, mucosal, and
topical delivery. Such techniques are well known to those of skill in the art. More specific
examples of delivery methods are intramuscular injection, intradermal injection, and
subcutaneous injection. However, delivery need not be limited to injection methods.

Further, delivery of DNA to animal tissue has been achieved by cationic liposomes

(Watanabe et al., (1994) Mol. Reprod. Dev. 38:268-274; and WO 96/20013), direct injection
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of naked DNA into animal muscle tissue (Robinson et al., (1993) Vaccine 11:957-960;
Hoffman et al., (1994) Vaccine 12: 1529-1533; Xiang et al., (1994) Virology 199: 132-140;
Webster et al., (1994) Vaccine 12: 1495-1498; Davis et al., (1994) Vaccine 12: 1503-1509;
and Davis et al., (1993) Hum. Mol. Gen. 2: 1847-1851), or intradermal injection of DNA
using "gene gun" technology (Johnston et al., (1994) Meth. Cell Biol. 43:353-365).
Alternatively, delivery routes can be oral, intranasal or by any other suitable route. Delivery
also be accomplished via a mucosal surface such as the anal, vaginal or oral mucosa.

Immunization schedules (or regimens) are well known for animals (including
humans) and can be readily determined for the particular subject and immunogenic
composition. Hence, the immunogens can be administered one or more times to the subject.
Preferably, there is a set time interval between separate administrations of the immunogenic
composition. While this interval varies for every subject, typically it ranges from 10 days to
several weeks, and is often 2, 4, 6 or 8 weeks. For humans, the interval is typically from 2 to
6 weeks and upto 6 months or more. The immunization regimes typically have from 1 to 6
administrations of the immunogenic composition, but may have as few as one or two or four.
The methods of inducing an immune response can also include administration of an adjuvant
with the immunogens. In some instances, annual, biannual or other long interval (5-10 years)
booster immunization can supplement the initial immunization protocol.

The present methods also include a variety of prime-boost regimens, especially DNA
prime-adenovirus boost or DNA prime-MVA boost regimens. In these methods, one or more
priming immunizations are followed by one or more boosting immunizations. The actual
immunogenic composition can be the same or different for each immunization and the type of
immunogenic composition (e.g., containing protein or expression vector), the route, and
formulation of the immunogens can also be varied. For example, if an expression vector is
used for the priming and boosting steps, it can either be of the same or different type (e.g.,
DNA or bacterial or viral expression vector). One useful prime-boost regimen provides for
two priming immunizations, four weeks apart, followed by two boosting immunizations at 4
and 8 weeks after the last priming immunization. It should also be readily apparent to one of
skill in the art that there are several permutations and combinations that are encompassed
using the DNA, bacterial and viral expression vectors of the invention to provide priming and
boosting regimens.

A specific embodiment of the invention provides methods of inducing an immune
response against HIV in a subject by administering an immunogenic composition of the

invention, preferably comprising an adenovirus vector containing DNA encoding one or more
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of the HIV-1 antigens of the invention, (preferably HIV proteins encoded by the env, gag,
nef, reverse transcriptase (RT), tat and rev genes, or a fragment thereof), one or more times to
a subject wherein the HIV-1 antigen(s) are expressed at a level sufficient to induce a specific
immune response in the subject. Such immunizations can be repeated multiple times at time
intervals of at least 2, 4 or 6 weeks (or more) in accordance with a desired immunization
regime.

The immunogenic compositions of the invention can be administered alone, or can be
co-administered, or sequentially administered, with other HIV immunogens and/or HIV
immunogenic compositions, e.g., with "other" immunological, antigenic or vaccine or
therapeutic compositions thereby providing multivalent or "cocktail" or combination
compositions of the invention and methods of employing them. Again, the ingredients and
manner (sequential or co-administration) of administration, as well as dosages can be
determined taking into consideration such factors as the age, sex, weight, species and
condition of the particular subject, and the route of administration.

When used in combination, the other HIV immunogens can be administered at the
same time or at different times as part of an overall immunization regime, ¢.g., as part of a
prime-boost regimen or other immunization protocol. Other HIV immunogens, such as HIV-
1 transgenes (preferably GRIN, GRN, or Env, or a combination thereof) may be utilized in
the present invention. Many other HIV immunogens are known in the art, one such preferred
immunogen is HIVA (described in WO 01/47955), which can be administered as a protein,
on a plasmid (e.g., pTHr.HIVA) or in a viral vector (e.g., MVA.HIVA). Another such HIV
immunogen is RENTA (described in PCT/US2004/037699), which can also be administered
as a protein, on a plasmid (e.g., pTHr.RENTA) or in a viral vector (¢.g., MVA.RENTA).

For example, one method of inducing an immune response against HIV in a human
subject comprises administering at least one priming dose of an HIV immunogen and at least
one boosting dose of an HIV immunogen, wherein the immunogen in each dose can be the
same or different, provided that at least one of the immunogens is an HIV-1 antigen of the
invention, a nucleic acid encoding an HIV-1 antigen of the invention or an expression vector,
preferably an adenovirus vector, encoding an HIV-1 antigen of the invention, and wherein the
immunogens are administered in an amount or expressed at a level sufficient to induce an
HIV-specific immune response in the subject. Advantageously, each dose is about 1 x 10 to

about 2 x 10" virus particles per immunization.
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The HIV-specific immune response can include an HIV-specific T-cell immune
response or an HIV-specific B-cell immune response. Such immunizations can be done at
intervals, preferably of at least 2-6 or more weeks.

The preferred time interval between the immunization injections for prime and the
boost is between about 3-6 months, advantageously six months. Preference is for single
prime and then 3-6 months later single boost.

The present invention also encompasses administration of the vaccines. In a preferred
embodiment, the DNA boost may be with PMED (a DNA vaccine administered with
PowderJect® powder mediated epidermal delivery) technology. Advantageously, a dose of
PMED is administered about 12 weeks after the homologous or heterologous boost.

It is to be understood and expected that variations in the principles of invention as
described above, and as described in the below example, may be made by one skilled in the
art and it is intended that such modifications, changes, and substitutions are to be included
within the scope of the present invention.

The invention will now be further described by way of the following non-limiting
examples.

EXAMPLES
Example 1: TBC-M4 HIV gene sequence insert

The TBC-M4 vaccine candidate encodes gene sequences from subtype C virus
isolates. Six distinct HIV-I isolates from India were cloned and characterized in
seroconverters infected with subtype C variants. The nucleotide sequences for the isolates are
available from GenBank and the viral clones are available from the National AIDS Reference
Reagent Program (National Institutes of Health, USA).

A consensus sequence for each HIV-1 gene component of the candidate vaccine,
namely, env, gag, RT, net tat, and rev was derived. The natural sequences from the six
isolates were then compared with the derived consensus sequence to identify which isolate(s)
conformed closest to the consensus sequence for each of the six target HIV-1 genes. The
following isolates were determined to contain the genes that are closest to the consensus
sequence:

GenBank Accession # AF067158: env and RT

GenBank Accession # AF067157: gag and tat

GenEank Accession # AF067154: rev and nef

All three of these HIV-l isolates are subtype C and non-syncytium-inducing (NSI)

phenotype. The cloned genomes of these three isolates were then obtained from the National
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AIDS Reference Reagent Program for the purpose of subcloning the identified target HIV-1
gene sequences.

The env, RT, gag, tat, and nef genes were subcloned from three genomic DNA clones
by polymerase chain reaction (PCR) using Pfu polymerase. The rev gene was constructed
from synthetic oligonucleotides due to its short length and the extensive modifications
required. Nucleotide changes for the modification of the HIV-1 genes were intentionally
introduced during PCR amplification by in vitro mutagenesis to optimize theoretical gene
expression in the mammalian cells and to selectively reduce natural protein function.

The predicted sequence of each gene was available from GenBank. The nucleotide
sequence of each subcloned gene was determined by standard genomic sequencing and was
compared with the expected sequence.

The target HIV-1 subtype C genes were modified as follows:

Full-length env was modified to introduce silent mutations to internal TsNT motifs
that encode early transcription termination signals for vaccinia virus. Elimination of the TsNT
sequences is known to minimize premature transcription termination and optimize foreign
gene expression in vaccinia virus.

Full length gag gene encoding the p55 poly-protein was subcloned without any
modifications.

The rev gene was modified in several ways. Twelve codons, encoding amino acids
75-86, were deleted and replaced with two codons, encoding aspartic acid and leucine, to
render the rev protein non-functional. In addition, the nucleotide sequence of the rev gene
was altered at codon position 3 ("wobbled") to minimize homology between the fat and rev
genes and to optimize expression of rev protein in human cells, "humanize" expression,
without otherwise changing the amino acid sequence.

The first exon of the tat gene was modified by in vitro mutagenesis to change two
codons, at amino acids 26 and 32, from tyrosine to alanine, to render the protein
nonfunctional while preserving the 3-dimensional structure. In addition, the second exon of
the rat gene was deleted. A comparable taf mutant was tested by the manufacturer in a
transactivation assay and was unable to activate transcription of HIV-I LTR.

The modified fat and rev sequences were cloned as a fusion gene, with appropriate
initiation and termination codons.

The nef gene was modified by changing codons at amino acids 62-65 from glutamic

acid to alanine to reduce MHC class I downregulation and CD3 signaling.
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The reverse transcriptase (RT) portion of the pol/ gene was modified by changing

codons at amino acids 336 and 337 from aspartic acid to aspargine to eliminate reverse

transcriptase activity. Protease and integrase sequences were not included in the construct.

The modified nef'and RT coding sequences were fused in frame to form a nef~-RT

fusion gene. A colorimetric immunoassay was used to assess nef-RT for retroviral activity of

a comparable construct; no enzymatic activity was detected.

Table 1: HIV-1C vaccine plasmid vector construct summary
env gag rev tat RT nef
GenBank AF067158 AF067157 | AF067154 AF067157 | AF067158 | AF067154
Accession #
Gene Full length, Structural | Synthetic gene. Exon 2 Does not Amino acids
identity in InternalTSNT | protein Position 3 deleted. include 62-65 changed
construct + | removed to only. wobbled to Two point | Protease from 5E to 5A
modification | avoid Pol minimize mutations and to reduce MHC
premature sequences | homology with introduced | Integrase. downregulation.
transcription | not tat, and to codon to render Amino
termination, included. optimize the rev protein acids 336
sequence for non- and 337
expression in functional: | changed
human cells. amino from DD
A mutation is acids 26 to NN to
introduced at and 32 eliminate
position 75 altered (Y | RT
(LLPLERLHISGS | to A). activity.
to LE) to render
the protein non-
functional.
Base (nt) 2529 1473 291 216 1686 621
Amino Acid | 843 491 97 72 562 207
Protein size | 95 55 10.7 8.3 64 23
(KD)
Fusion None None tat.rev nef.RT
genes and 95 55 19 85

protein size
(KD)

The DNA sequence of the transgenes (HIV 1C env, gag, nef-RT and tat-rev) and

associated transcriptional control regions that comprise TBC-M4 and about 800-900 bp of

genomic viral sequences were determined. Two sequences were determined: the first

includes the 49/50 region, the transgenes tat-rev and nef-RG and is designated TB19a.1. The

second sequence, TB19a.2, contains the del Il region and the transgenes env and gag

contains the coordinates of features in the TBC-M4 insert. The determined sequences of the

virus insert, 19a.1 and 19a.2, were aligned to the predicted TBC-M4 sequence.
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Table 2: Position of features in TBC-M4 sequence.
Feature | Description | Position
TB19a.1
49/50 insertion region
5’ Virus sequence Sequences outside of the insertion 1to 432
site
49/50 flanker Insertion site 43310971
Tat-rev Coding sequence 995 to 1504
7.5K Transcriptional control unit 1556 to 1806
nef-RT Coding sequence 1855-4164
sE/L Transcriptional control unit 4208 to 4247
49/50 Insertion site 4278 10 4790

3’ Virus sequence

Sequences outside of the insertion
site

4791 to 5252

TB19a.2
del III insertion region
5’ Virus sequence Sequences outside of the insertion 1to 501

site
del IIT 11 Insertion site 502 10 1428
sE/L Transcriptional control unit 1434 t0 1473
env Coding sequence 1544 to 4075
40K Transcriptional control unit 4134 t0 4292
gag Coding sequence 4344 to0 5819
del 11T f12 Insertion site 5837 to 6358

3’ Virus sequence

Sequences outside of the insertion
site

6359 to 6815

The sequences of the inserts are presented in FIGS. 2A-5D.

Example 2:

Construction of the MV A recombinant

The generation of recombinant MV A viruses is accomplished via homologous

recombination in vitro between MVA genomic DNA and a plasmid vector that carries the

heterologous sequences to be inserted. The plasmid vector contains the foreign sequences

flanked by viral sequences from a non-essential region of the MV A virus genome. The

plasmid is transfected into cells infected with the parental MVA virus, and recombination

between MVA sequences on the plasmid and the corresponding DNA in the viral genome

results in the insertion into the viral genome of the foreign genes on the plasmid.

The plasmid vector that was constructed contained the following elements (1) a

prokaryotic origin of replication to allow amplification of the vector in a bacterial host; (2)

the gene encoding resistance to the antibiotic ampicillin, to permit selection of prokaryotic

host cells that contain the plasmid; (3) DNA sequences homologous to the deletion I11

region of the MV A genome, that direct insertion of foreign sequences into this region via

homologous recombination; and (4) a set of chimeric genes, each comprising a poxviral

promoter linked to an HIV-1 gene.
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FIG. 6 depicts an annotated plasmid map of a transfer vector. The size of the transfer
vector is 177923 bp and functional components include amp gene, poxvirus promoters —
sE/L, 40K and 7.5K, MVA insertion sites — del IIT and 49/50, reporter genes — lacZ and gus
and HIV-1C antigens (env, gag, tat-rev and nef-RT).

In the human clinical trials, live recombinant pox viruses have proven to be well
tolerated and immunogenic, eliciting both antibody and cell-mediated immune responses.
MVA has the advantage of not replicating in human cells and has proven safety record in
over 120,000 vaccinated individuals. In addition, MV A DNA replication and gene expression
are relatively unimpaired in human cells, allowing high level of expression of foreign
proteins, which may result in more potent immune responses upon vaccination. MVA has
good safety record and can induce both antibody and cell-mediated immune response,
including antigen-specific MHC-class I restricted CTLs.

MVA originated from the Dermovaccinia strain CVA. CVA was retained for many
years at AVS (Ankara Vaccination Station) via donkey-calf-donkey passages. In 1953, the
virus was purified and passaged twice through cattle. In 1954/55 CVA was used in the
Federal Republic of Germany as a smallpox vaccine. In 1958, attenuation experiments by
terminal dilution of CVA was begun in chicken embryo fibroblasts (CEF). After 360
passages, the virus was plaque purified three successive times and subsequently replicated in
CEF until passage 570 was achieved. The virus was once again plaque purified on CEF
prepared from a recognized avian leukosis virus-free flock of chickens. Two vials of
lyophilized original seed virus labeled “MVA” Saatvirus 575. FHE-K. v.14.12.83
(translation: MVA Seed virus, passage 575, Chicken Embryo Fibroblasts-K from December
14, 1983) were received and lyophilized virus was kept unopened at 4°C until it was used.

The starting material for the production of TBC-MVA was one of the MVA Saatvirus
575. FHE-K. v.14.12.83 vials obtained in 1995. One vial of the original seed virus was
reconstituted with 1 mM Tris pH 9.0, aliquotted and then serially diluted in DME
supplemented with 0.1% FBS (DME/ 0.1% FBS) in preparation for plaque purification on
primary chicken embryo dermal (CED) cells. The diluted virus was passaged in CED cells to
produce the TBC-MVA seed stock lot #1-9.

Twenty 850 cm” roller bottles were seeded at 6 x 10" CED cells/roller bottle and
infected with TBC-MVA Seed Stock Lot #1-9 at an MOI of 0.1 pfu/CED cell. The roller
bottles were then sparged with 10%C0,/20% O,/balance N; and placed on roller racks in the
warm room. Infection was allowed to proceed for 4 + 1 days at 34.5+ 1.5 °C. At the end of

the infection period, infected cells and culture medium were harvested and samples generated
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for in-process testing (Crude Bulk). The infected cell suspension was centrifuged at low
speed, the supernatant discarded and the pelleted cells resuspended in 1 mM Tris, pH 9.0.

The pelleted cells were centrifuged at low speed, and the supernatant was harvested (Clarified
Bulk). The pellet was resuspended in 1 mM Tris, pH 9.0 and the suspension was again
centrifuged at low speed. The resulting supernatant was added to the Clarified Bulk. A
sample was removed for titration and the Clarified Bulk was aliquotted into cryovials which
were stored at -70°C or colder. The master virus stock was designated TBC-MVA MVS Lot
# 1-030599.

This TBC-MVA MVS Lot # 1-030599 (diluted)1x107 5/16/01 was used as parent
virus to generate TBC-M420 (Indian HIV-1C env, gag, tat-rev, nef-RT) recombinant.

The TBC-M420 recombinant virus was generated using standard techniques of in vivo
recombination. CED cells were infected with the parental MVA virus (TBC-MVA master
virus stock). Using the calcium phosphate precipitation method, cells were then transfected
with the plasmid transfer vector pT207 and pT216. After 48 hours, infected cells were
harvested and progeny virus was released by three rounds of freezing and thawing.

Recombinant progeny viruses were identified using a chromogenic assay, performed
on viral plaques in situ, that detects expression of the /acZ and gus gene product. Viral
progeny obtained after in vivo recombination were used to infect monolayers of CED cells in
6 cm tissue culture plates. Approximately 24 hours later, an agarose solution was laid over
the infected cells. Four days after the initial infection, an agarose solution containing the
histochemical substrate Bluo-Gal/Magenta was applied. The Bluo-Gal/Magenta were
converted by the products of the /acZ gene and gus gene, producing a purple precipitate in
those plaques expressing these enzymes. The next day, positive plaques, which appeared
purple against a light red background, were picked using sterile pasteur pipettes. These
plaques were subjected to additional rounds of purification, until a pure plaque isolate was
obtained.

A flow chart outlining the isolation of the TBC-M420 recombinant and the
preparation of the seed stock is shown in FIG. 7. To prepare the seed stock, the virus present
in this final plaque pick underwent two rounds of amplification, the first in one 6 cm tissue
culture plate, and the second in ten 15 c¢m tissue culture plates. The infected cells were
harvested and progeny virus was released by three rounds of freezing and thawing. The virus
was then aliquotted into cryovials and stored at -70°C or colder. This stock, designated TBC-
M420 Seed Stock Lot # 2-080802, serves as the starting material for the preparation of the

recombinant master virus stock for vaccine production.
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For genomic analysis of TBC-M420, the test Article was TBC-M420 SS Lot #2 —
080802, the negative control was TBC-MVA Lot # 1-030599 and positive controls were
pT207 Lot # 01-060502 and pT216 Lot # 01-060502.

Test article genomic DNA was prepared by infecting chicken embryo dermal cells
with TBC-M420 and extracting MVA genomic DNA. The DNA was analyzed by restriction
endonuclease digestion with BamH I, EcoR I and Xba I; each restriction endonuclease
digestion was performed with a single enzyme. The products of digestion were then
separated by agarose gel electrophoresis and stained using ethidium bromide to visualize the
DNA fragments. DNA fragments were transferred to nylon membranes for Southern blot
hybridization. Each digest was probed individually with digoxigenin-labeled DNA
corresponding to env, gag, del 111, tat-rev, nef-RT and 49/50 sequences. As positive controls,
the analysis was performed using plasmid pT207 Lot # 01-060502 for env, gag and del I1I;
plasmid pT216 Lot # 01-060502 for tat-rev, nef-RT and 49/50. As a negative control, the
analysis was performed using DNA prepared from non-recombinant MVA virus, TBC-MVA
Lot # 1-030599. The sizes of the hybridizing fragments were compared to their expected
sizes to determine whether fragments of the appropriate molecular weights contain the probe
sequences. All of the predicted fragments were observed.

Non-expressors for the env gene were observed in the seed stocks.

Table 3: Stability of env expression by plaque assay
Seed Stock Lot % non-expressor
Seed Stock Passage #1 Passage #2 Passage #3
(MVS) (MVS/Pd)
1 2.1 3.0 6.7 -
2 1.4% 2.9% 5.3% 9.6%
(MOI10.1) (MOI10.1) (MOI 1)
3.7 8.4%
(MOI 1) (MOI 1)
10.6%
(MOI10.1)

Western blot analysis revealed all genes were expressed (data not shown). TBC-

M420 seed stock #2-080802 is an MV A recombinant encoding for the HIV-1 clade C ENV,

GAG, TAT-REV and NEF-RT fusion proteins. The expression of these genes/proteins was

determined by western blot analysis. In brief, recombinant infected cell lysates/proteins were

separated by SDS-PAGE and transblotted onto nitrocellulose membrane paper. These blots
were incubated with antibodies specific for the detection of HIV-1 ENV(gp120), GAG, REV,

TAT, NEF, and RT. They were subsequently developed with a chromogenic substrate.
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Bands of the characteristic sizes (ENV = 160/120kD; GAG = 55kD, TAT-REV = 29kD and
NEF-RT = 90kD) are considered to be positive evidence of gene expression.

A MOI of 2 was used due to the low titer of the test article and its limited availability,
TBC-M420 SS #2-080802. All other recombinants were adjusted to the lowest titer for
consistency. In all the blots, the band intensity for the TBC-M420 SS #2-080802 was
stronger than the positive control, TBC-M395 SS #1-121801, due to the fact that the genes
for the TBC-M420 SS #2-080802 are under a stronger promoter than TBC-M395 SS #1-
121801.

. Envelope:

TBC-M420 SS #2 was positive for bands of 160 and 120 kD sizes. The positive
control TBC-M395 SS#1 was positive for a band of 160 and 120kD. However, this is not
that detectable on the scans, the original blot does show the appropriate band. The negative
control, TBC-MVA did not have these bands present, confirming that the conditions were
specific for the detection of HIV-1 Envelope.

. Gag:

TBC-M420 SS #2 was positive for bands of ~55/45 kD sizes. The positive control
TBC-M395 SS#1 was positive for a band of ~55/45kD. The negative control, TBC-MVA did
not have these bands present, confirming that the conditions were specific for the detection of
HIV-1 GAG.

. Nef and RT:

TBC-M420 SS #2 was positive for bands of ~90 kD sizes. The positive control TBC-
M395 SS#1 was positive for a band of ~90kD. However, the positive control scan, TBC-
M395 SS#1, does not show a prominent band at ~90kD. On the original blot, the band is
detectable. The fact that bands of the same sizes were detected under both antibody
conditions confirms that the gene expressed is a single polyprotein. The negative control,
TBC-MVA did not have these bands present, confirming that the conditions were specific for
the detection of HIV-1 NEF and RT.

. TAT and REV:

TBC-M420 SS #2 was positive for bands of ~29 kD sizes. The positive control TBC-
M395 SS#1 was positive for a band of ~90kD. The fact that bands of the same sizes were
detected under both antibody conditions confirms that the gene expressed is a single
polyprotein. The negative control, TBC-MVA did not have these bands present, confirming
that the conditions were specific for the detection of HIV-1 TAT and REV.

27



10

15

20

25

30

WO 2008/118936 PCT/US2008/058206

As noted previously, purity of expression of genes other than env (plaque analysis)
has not been performed due to lack of a suitable assay.

Titration of the virus was performed using primary CED cells in 6 cm tissue culture
plates. The virus was serially diluted in culture medium and the dilutions were applied to the
cells. Approximately 24 hours after infection, the culture medium was removed and an
agarose overlay was applied to the infected cell monolayer. Three days later, a second
agarose overlay containing neutral red was applied. After an additional two-day incubation,
the total number of plaques on each plate was counted and the titer in plaque-forming units
(pfu)/ml was calculated using counts from plates containing 20-200 plaques. The
concentration of the TBC-M420 Seed Stock Lot # 2-080802 was determined to be 8.8 x 10
pfu/ml.

The AIDS Vaccine Evaluation Groups (AVEG) have conducted a number of Phase 1
clinical trial protocols to evaluate pox virus-based AIDS vaccine candidates. Protocols 002,
002A, 002B, 008, and 010 have tested a prime-boost regime using a replicating vaccinia virus
that expresses an HIV-1 env gene (HIVAC-1¢) in combination with a variety of HIV env
subunit preparations. Similarly, protocols 014A and 014C have evaluated Therion's
multigenic recombinant TBC-3B, which expresses env and gag-pol genes from a 3B isolate
of HIV-1. In 014C, TBC-3B-immunized volunteers were boosted with an HIV env
preparation. The remaining trials utilized various canarypox recombinants (generated by
Pasteur M¢érieux Connaught) expressing one or more HIV genes, in combination with a
variety of different subunit boosts. Thus, there is ample experience with the use of
replicating and non-replicating pox virus-based vaccines in clinical trials.

In these human clinical trials, live recombinant vaccinia virus has proven to be well
tolerated and immunogenic. Similarly, the canarypox recombinants were well tolerated and
elicited both antibody and cell-mediated immune responses; however, some concern has
been raised regarding the potency of the immune responses elicited by the canary pox
recombinants, with recent data indicating that only about half of all vaccinees develop even
transient HIV-specific CTL responses.

MV A recombinants may combine the best features of avipox and replicating vaccinia
viruses. The vector's inability to replicate in human cells and proven safety record in over
120,000 vaccinated individuals address concerns raised by the use of replication-competent
vaccinia. However, in contrast to avipox, MVA DNA replication and gene expression are
relatively unimpaired in human cells; this feature, which allows high level expression of

foreign proteins, may result in more potent immune responses upon vaccination.
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Example 3:  Animal Data

The intended pharmacological effect of the TBC-M4 vaccine is the induction of an
immune response to the target HIV-1 proteins that have been inserted into the Modified
Vaccinia Virus (MVA) viral vector. All six selected HIV-1 proteins: env, gag, nef, RT, tat
and rev, have been shown to be expressed by the recombinant MV A virus as assessed by
Western blot (Example 2). The objective of the preclinical pharmacology studies was to
assess the biological activity of the vaccine in vivo. Assessment of host immune responses to
the viral vector, MVA, and the encoded HIV-1 proteins were used to assess biologic activity
of the TBC-M4 vaccine candidate.

The proposed mechanism of action for the TBC-M4 vaccine is that the recombinant
MVA virus will infect human cells, undergo limited replication and in turn the cells will
express the inserted HIV proteins. The expression of the HIV-1 antigens in the human
subjects exposed to TBC-M4 vaccine should elicit host cellular and humoral immune
responses. It is hypothesized that the elicited broad range immune responses to the env, gag,
nef, RT, tat and/or rev proteins may significantly reduce viral exposure and sequella in the
host upon subsequent exposure to the human immunodeficiency virus (HIV). Supporting
information on the proposed mechanism of action is provided below.

Studies of HIV infection in humans and SIV Infection in rhesus monkeys have
demonstrated an important role for neutralizing antibodies. Targeted insertion of HIV genes
into live attenuated viruses that induce potent humoral and cellular responses is considered a
feasible strategy for induction of protective Immune responses against HIV.

Modified Vaccinia Ankara virus is a live attenuated strain derived from wild type
vaccinia virus by serial passage through chick embryo fibroblast (CEF) cells. During the
attenuation process, MVA virus underwent multiple well-characterized genomic deletions
that have been associated with its reduced pathogenicity. The genomic deletions have been
extensively characterized and appear to affect late stage virion assembly and expression of
cytokine receptors. As a consequence, the modified virus is able to infect most mammalian
(including human) cells and to express viral (and recombinant) genes in the normal way, but
does not replicate efficiently in most primary cell types or immortalized cell lines After two
decades of study, productive replication of MV A virus is largely considered to be restricted
to chicken embryo fibroblast cells.

Unlike the CVA parental strain, MVA virus does not express soluble receptors for a

range of cytokines including IFN-y, IFN-af, TNF and chemokines; it does, however, express
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a soluble IL-1B receptor and has proven to be a potent inducer of humoral immune responses,
Type 1TFN, and CD8" cells in a variety of disease models.

The exact mechanisms by which the foreign genes inserted into MV A virus are
expressed, and the relevant antigens presented so as to induce specific immunity, remain
unclear. It is presumed that the six HIV-1 polypeptides will be processed and presented in the
context of MHC Class I following expression In infected cells. Humoral responses may be
elicited by the secretion of antigen from virus-infected cells, or by the release of such antigen
following cell lysis. Antigen released by these means may then be taken up by professional
antigen-presenting cells (APCs) and presented to CD4 " T-cells in the draining lymph nodes.

The mechanism of presentation of genetically introduced antigens to CD8" responses
by recombinant MVA virus is less well understood, but induction of these cells has been
demonstrated in HIV, SIV, and other discase models. Animal studies have demonstrated the
induction of specific CD8" responses by recombinant MVA virus expressing HIV-1 subtype
A or SIV CTL epitopes in both mice and rhesus monkeys. In the mouse, administration by
the intravenous route gave a better response than by the intramuscular route while
administration by intradermal injection was also effective. In the rhesus monkey, immunized
animals showed lower viral load and prolonged survival following subsequent challenge
compared with controls, although complete protection was not shown.

The intended pharmacologic effect of the TBC-M4 vaccine is the induction of cellular
and humoral immune responses to the target HIV-1 proteins encoded by the MV A viral
vector. All six selected HIV-1 proteins; env, gag, nef, RT, tat and rev have been shown to be
expressed by the recombinant MV A virus as assessed by Western blot of primary CED cells
and non-human primate and human cell lines. Immune responses to the vaccine have been
assessed using an ELISA to measure vaccinia (MVA virus) binding antibodies and an
enzyme-linked immunospot (ELISPOT) gamma interferon assay to measure cellular immune
responses to the HIV-1 target gene products.

The abilty of the TBC-M4 vaccine to induce host immunity has been independently
verified in three animal models: rodents (mice), rabbits and non-human primates.

Two classes of immune responses, humoral and cellular, have been measured in
animals exposed to the TBC-M4 vaccine. An ELISA method is utilized to detect vaccinia
binding antibodies in sera. An ELISPOT interferon gamma assay is used to detect T-cell
responses to the target HIV-1 antigens.

Anti-vaccinia humoral responses. For other recombinant poxvirus based vaccines in

phase I clinical development, induction of vaccinia binding antibodies in sera of exposed
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animals has been utilized as the primary indicator of pharmacologic activity. The ELISA to
measure vaccinia-binding antibodies has been validated for assay of human and mouse sera
and qualified for rabbit sera. Measurement of vaccinia binding antibodies was initially
performed to demonstrate immunogenic potential of the vaccine and in subsequent studies to
verify pharmacologic activity of TBC-M4 vaccine in the two nonclinical toxicology studies.

HIV-1 specific ELISPOT gamma interferon assay. In preparation for later stage

clinical development, assays and reagents are being developed to measure antigen specific T
cell responses to the vaccine. An ELISPOT assay that detects splenic IFN-gamma producing
cells has been developed to measure antigen specific cellular immune responses following in
vitro stimulation. Two studies measuring antigen specific cellular immune responses have
been conducted with the TBC-M4 vaccine.

Immunogenicity of TBC-M4 in mice. The objective of the study was to evaluate the

anti-vaccinia, anti-gag, and anti-env humoral responses of mice following intramuscular
exposure to TBC-M4. The ELISA methods used for assay of anti-env and gag
immunoglobulin responses were developed with subtype B antigens and cross-reactivity with
immunoglobulin raised against subtype C antigens was not established prior to assay of
serum in from this study.

A clinical lot of TBC-M4 vaccine was in a frozen state at a stock concentration of
1x10° pfu/ml. The test material and placebo (PBS/10% glycerol) were stored frozen until use.
On cach day of test article administration a new dosing solution was prepared by making a 1
to 10 dilution of the stock material in placebo to yield a 1x10” pfu/ml working solution.
Female BALB/c mice were selected as the animal model. On each dosing occasion the
animals received 100 ul of test material delivered in two 50 ul intramuscular injections, one
into each of the two hind limbs.

Blood was collected from each animal prior to SD 0 and two weeks following each
dosing occasion. Pre- and post- immunization samples were assayed for serum vaccinia
binding responses by ELISA. Reported titers were determined based on the OD value
measured in naive sera times three. The limit of detection is a titer of 100, which indicates
that at a 1:100 dilution the OD of the sample is comparable to negative control wells.

Data from the anti-vaccinia ELISA are provided in Table 4. Antivaccinia titers were
detected in four of six mice within two weeks of the first vaccine administration, SD 14.
Serum samples from animals vaccinated two or more times (SD 0 and 21 or SD 0, 21, and
35) were all positive (12 of 12) in the vaccinia antibody bindingELISA. The results obtained

In the vaccinia immunoglobulin assay verified the pharmacologic activity of the vaccine in
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the mice and indicated that TBC-M4 vaccine begins to induce a detectable host immune

response after primary exposure.

Table 4: Post-immunization antibody titers
Group Serum Test Article | Anti-vaccinia Anti-env Anti-gag
Collection Admin (Clade B) (Clade C)
Titer 1/Dilution
A Day 14 Day 0 1600 <100 <100
3200 <100 <100
6400 <100 <100
12800 <100 <100
<400 <100 <100
<100 <100 <100
B Day 35 Day 0; Day 1600 <100 <100
21 800 <100 <100
1600 <100 <100
12800 <100 <100
800 <100 <100
800 <100 <100
C Day 49 Day 0; Day 3200 <100 <100
21; Day 35 12800 <100 <100
6400 <100 <100
6400 <100 <100
1600 <100 <100
1600 <100 <100

As indicated in the final study report, the anti-gag and env ELISAs were developed
using clade B HIV-1 antigens; cross reactivity with serum elicited against subtype C antigens
is not known. Results from the env and gag ELISAs were inconclusive. None of the serum
samples from the TBC-M4 vaccine (subtype C) immunized animals detected the subtype B
gag antigen utilized in the manufacturer's ELISA assay. One of the 18 serum samples from
the TBC-M4 vaccine (subtype C) immunized animals showed mild reactivity with the
subtype B env antigen. The negative data with Clade B gag antigen was not expected given
the reported conservation of gag antigenicity in Clade B and subtype C HIV-1 strains.
However, results obtained with the env and gag ELISAs could not be interpreted since the
ability of the current assay to detect antibody raised against subtype C antigens has not been
established. Positive control serum with verified reactivity to subtype C env and/or gag
antigen was not available.

The objective of this study was to verify biological activity of the vaccine in the CD1
mouse strain. The serum anti-vaccinia binding response was assayed in a validated ELISA

method.
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TBC-M4 vaccine was provided in a frozen state at 5x10° pfu/ml. The test material and
placebo (PBS/10% Glycerol) were stored frozen until use. On each dosing occasion the
animals received 50 ul of undiluted, thawed test material or placebo delivered by
intramuscular injection In alternating hind limbs. Animals were dosed and serum recovered.
Blood was collected from each animal prior to SD 0 and at SD 78 two weeks following the
fourth (final) dosing occasion. Pre- and post- immunization samples were assayed for serum
vaccinia binding responses by ELISA. Reported titers were determined based on the OD
value measured in native sera times three. The limit of detection is a titer of 100 which
indicates that at a 1:100 dilution the OD of the sample is comparable to negative control
walls.

Results of the anti-vaccinia binding ELISA are provided In Table 5. None of the
serum samples collected prior to dosing, or samples from animals exposed to placebo,
contained detectable anti-vaccinia titers. All of the serum samples from mice administered
the TBC-M4 vaccine contained markedly elevated anti-vaccinia titers (range 25600 to
51200). A positive humoral response is indicated by a 2-fold increase of the anti-vaccinia
titer in post-immunization over pre-dose titers. The serum titers of 25600 to 51200 in the
vaccinated animals indicated a positive response to the vaccine and verified the

pharmacologic activity of the vaccine in the CD1 mouse model utilized in a repeat dose

toxicology study.
Table 5: Post-immunization antibody titers
Group & Sex Time point Anti-Vaccinia titer
4F Pre-Dose <100
Placebo SD 78 <100
Pre-Dose <100
SD 78 <100
Pre-Dose <100
SD 78 <100
Pre-Dose <100
SD 78 <100
Pre-Dose <100
SD 78 <100
5F Pre-Dose <100
TBC-M4 SD 78 51200
2.5 x 107 pfu/dose Pre-Dose <100
SD 78 51200
Pre-Dose <100
SD 78 25600
Pre-Dose <100
SD 78 51200
Pre-Dose <100

33




10

15

20

25

30

WO 2008/118936 PCT/US2008/058206

Group & Sex Time point Anti-Vaccinia titer

SD 78 51200

Murine IFN-gamma ELISPOT. The objective of this study was to determine the

cellular immune response of BALB/c mice to TBC-M4 vaccine by measuring the frequency
of HIV1 antigen specific splenocytes in an IFN-gamma ELISPOT assay. This study is a
proof-of-concept study conducted with peptide reagents synthesized for a related but not
identical multigenic HIV-1 subtype C construct. The peptide pools were modeled and
synthesized to include overlapping 15-mer amino acid sequences from env, gag, pol (RT) and
nef-tat proteins.

TBC-M4 vaccine was provided in a frozen state at a stock concentration of 1x10°
pfu/ml. The test material was stored frozen until use. Animals were dosed on 1, 2, or 3 dosing
occasions with test article at 1x10” pfu 1x10° pfu or 1x10° pfu delivered per administration.
On each day of test article administration new dosing solutions were prepared. Dose solution
C (1x10° pfu/0.1 m) required no preparation as the neat stock vaccine was provided at 1x10°
pfu/ml. Dose solution B (1x10° pfu/ 0.1 ml) was prepared by making a two serial 1 to 10
dilutions of the stock vaccine in endotoxin free PBS. Dose solution A (1x10* pfu /0.1 ml)
was prepared by making two serial 1 to 10 dilutions Dose solution in endotoxin free PBS.

Female BALB/c mice were selected as the animal model based on previous
experience with similar immunogenicity protocols. On each dosing occasion the animals
received 100 pl of test material delivered in two 50 ul intramuscular injections, one into each
of the two hind limbs. Animals were dosed and spleens recovered two weeks after each
immunization.

Spleens were collected and transferred to the ELISPOT testing facility in complete
media containing 2% fetal bovine serum. Spleens were received and processed for the
ELISPOT assay on the same day of collection. Splenic lymphocytes were isolated and
collected from each tissue sample using aseptic technique via tissue disaggregation. Single
cell suspensions for each sample were counted and the concentrations adjusted to yield a final
cell density of 2 X 10° cells per well. Samples were tested in triplicate wells, for a total of 11
stimulation conditions including two controls: media alone (negative control) and Con A (a
T-cell mitogen; positive control), and nine different peptide stimulations at 1.5 - 2 ug/ul. The
HIV-1 peptide pools and single peptides utilized are described in Table 6. The cells and the
stimulants were dispensed in 96-well ELISPOT filter-plates pre-coated with antimouse IFN-

gamma antibody and incubated for 18-24 hours at 37°C. Remaining unused cells were frozen
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at -70°C. Enzyme labeled mouse IFN-gamma specific detector antibodies were used to detect

the spots produced by the IFN-gamma secreted by the stimulated cells.

Table 6: Peptides used for ELISPOT assay
Gene Peptide Pool Pool name Origin
Numbers Composition
gag HIVC.2 Peptide 1-119 HIVC.2-pl Overlapping 15-
(1-119) mer peptide
pol HIVC4 | Peptide 1-116 HIVC.4-p2 Dools were
(1-233) Peptide 117- HIVC.4-p3 subtype C HIV
233 gene sequences
eny HIVC.5 | Peptide 1-101 HIVC.5-p4 simﬂgr éobth(fﬁe
; encoded by the
(1-202) Peptide 101- HIVC.5-p5 TBC-M4
202 vaccine. Rev
nef-tat HIVC.6 Peptide 1-74 HIVC.6-p5 peptides were not
available
Mouse epitopes Peptide Pool Full Peptide Sequence Origin
Name Composition
Env: HIVC.5-28 Not SNGTYNETYNEIKNCS | Experimentally
TYNETYNEI applicable; derived single
Gag: HIVA.16 | Notpools |HQAAMQMLKDTINEE | Peptidesknown
ag. ) p to be biologically
AMQMLKDTI active with H-2D
Pol: HIVC.4-103 VHGAYVOPSKDLIAE | splenocytes from
YYDPSKDLI animals exposed

to subtype C
gene sequences
similar to those
encoded by the

TBC-M4 vaccine

A summary of the results from the ELISPOT assay is provided in Table 7. ELiSPOT

results are reported as the number of IFN-gamma producing cells per well (2x10° cells).

Values greater than or equal to the mean value in the negative control (unstimulated wells)

plus 2 SD are considered positive in the assay.

Env, gag and pol (RT) specific responses were observed in cell cultures from all

animals immunized with TBC-M4 at all doses tested (1x10" to 1x10° pfu). HIV-1 antigen

(peptide) specific responses were not detected in spleen cell cultures from naive animals.

Since in vitro stimulation of naive cells failed to induce detectable vaccine specific IFN-

gamma producing cells, the observed responses were attributed to the in vivo stimulation of

host immune cells by the TBC-M4 vaccine.
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Table 7: IFN-gamma ELISPOT raw data
In In vitro stimulation
vivo None | Con A gag pol pol env env nef/tat env gag pol
TBC- 1-119 | 1-116 117- 1-101 101- 1-74 pept pept pept
M4 233 202
Dose
(pfw)
Post First Immunization (SD 14)
1x 1 638 22 8 1 17 9 1 0 2 1
10* 1 583 16 6 0 21 4 2 1 6 1
0 630 15 8 2 18 11 0 1 1 3
1 602 29 17 1 19 3 2 1 0 2
1x 1 666 12 12 2 36 7 3 1 1 1
10° 0 679 19 9 2 29 8 1 2 2 2
1 704 10 7 1 18 7 2 1 1 1
0 686 25 10 1 31 12 2 0 7 1
1 565 11 6 0 11 4 0 0 2 0
1x 1 597 24 13 3 72 22 2 2 5 2
10" 0 664 16 16 2 37 14 2 1 3 7
1 626 7 4 0 24 5 3 0 1 1
3 657 49 15 4 58 18 4 3 10 6
4 659 40 37 8 85 10 5 3 8 11
None 0 664 0 0 1 0 0 2 1 1 1
0 644 0 1 0 0 0 0 0 0 0
Post Second Immunization (SD 35)
1x 0 585 23 9 1 19 8 0 0 2 0
10* 0 625 24 7 0 23 18 0 0 1 0
0 599 14 9 0 8 4 0 0 1 1
0 693 14 10 1 18 5 0 0 1 1
0 660 19 15 0 20 4 0 0 14 0
1x 1 492 26 12 0 54 17 1 0 13 1
10° 3 474 54 13 1 40 18 0 1 3 1
1 881 43 33 1 63 18 1 0 25 8
0 604 27 19 1 40 9 1 1 7 5
1 695 15 23 0 37 27 1 0 3 3
1x 4 337 48 55 5 241 19 3 1 12 9
10" 2 500 29 109 3 139 15 4 1 46 26
4 558 100 91 5 224 10 5 4 5 23
2 430 59 171 2 227 16 1 1 7 38
1 699 28 17 3 53 20 4 1 3 4
None 0 637 1 0 0 0 0 0 0 0 0
0 801 0 0 0 0 0 1 0 0 0
Post Third Immunization (SD 49)
1x 0 869 24 12 0 16 8 1 0 17 6
10* 0 905 21 13 2 23 5 0 0 0 1
1 916 10 11 1 11 2 0 0 3 1
0 866 40 16 1 40 13 0 0 3 0
0 972 42 8 0 23 6 0 0 2 1
1x 1 1084 38 14 2 41 6 4 0 5 5
10° 2 TNTC 60 56 2 63 30 1 2 17 16
1 TNTC 44 93 5 83 14 1 1 32 16
0 324 50 51 2 35 11 0 1 16 12
1 TNTC 21 41 2 59 15 2 0 10 15
1x 2 915 10 24 2 36 4 1 2 4 7
10" 3 880 18 22 1 76 7 3 1 2 4
4 417 57 114 4 146 24 3 2 37 29
6 1079 47 37 6 187 30 3 4 56 12
1 974 12 52 3 26 5 0 1 3 12
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In In vitro stimulation

vivo None | Con A gag pol pol env env nef/tat env gag pol
TBC- 1-119 | 1-116 117- 1-101 101- 1-74 pept pept pept

M4 233 202
Dose

(pfw)
None 1 849 0 0 0 0 0 0 1 0 0

1 854 0 0 0 0 1 1 0 0 0

TNTC — Too numerous to count

The magnitude of responses to env, gag and pol (RT) roughly correlated with the dose
of vaccine administered indicating a dose dependent immune response to the vaccine. IFN
gamma responses were detected in all three-dosage groups following the primary exposure to
vaccine. The magnitude of responses was generally higher following each subsequent
administration of vaccine. However, splenocytes from animals receiving 3 exposures to the
highest dosage (1x10° pfu) appeared refractory to stimulation when compared to splenocytes
from the same dosage group receiving two exposures.

Similar patterns of antigen specific IFN-gamma stimulation were observed in cultures
stimulated with single peptides from gag and pol (RT) but the responses were less consistent
between animals and were of a lower magnitude. The single env peptide epitope was not
stimulatory (data not shown) nor was the peptide pool derived from a similar subtype C nef-
tat fusion polypeptide (data not shown). The lack of response to a single env peptide is not
unexpected, when tested to multiple peptides contained in the env pools (env (1) and env (2))
a response was revealed to this encoded HIV protein. Subsequent analysis of the nef peptide
pool used for re-stimulation revealed a match of only 9 of 51 epitope sequences between the
nef peptide pool utilized and a theoretical TBC-M4 vaccine matched nef pool. The observed
differences between the two nef polypeptide pools suggests that the poor responses to nef
(and tat) were related to the lack of suitable reagents.

Thus, responses were detected to three of six target HIV-1 antigen inserts and suitable
reagents were not available for measurement of the response to the remaining three. The IFN-
gamma response following TBC-M4 administration, is considered indicative of T cell
stimulatory activity of the vaccine. The pharmacologic effect of T8C-M4 is affected by the
number of administrations and the amount of vaccine administered on each dosing occasion.

Murine IFN-gamma ELISPOT. The objective of this study was to determine the

immune response to the TBC-M4 vaccine in BALB/c and CD1 murine splenocytes by IFN-
gamma ELISPOT assay. This study was a proof-of-concept study conducted with env, gag
and pol (RT) peptide reagents synthesized for a related but not identical multigenic HIV-1

subtype C construct. Peptide pools shown to be active in the above study were utilized during
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the in vitro stimulation phase of the IFN-gamma ELISPOT assay. The peptide pools were
modeled and synthesized to include overlapping 15-mer amino acid sequences from env, gag,
pol (RT) and nef-tat proteins.

TBC-M4 vaccine was provided in a frozen at a stock concentration of 5x10° pfu/ml.
The test material was stored frozen until use. Female BALB/c mice were selected as the
animal model based on previous experience with similar immunogenicity protocols. CD1
mice were selected to verify pharmacologic activity of the vaccine in this mouse strain. On
cach dosing occasion the animals received 100 ul of undiluted, test material delivered in two
50 ul intramuscular injections, one into each of the two hind limbs. Animals were dosed and
spleens recovered two weeks after the second administration (SD 35). Blood was collected at
the time of spleen harvest. Serum was stored frozen.

Spleens were collected and transferred to the ELISPOT testing facility in complete
media containing 2% fetal bovine serum. Spleens were processed for the ELISPOT assay on
the same day of collection. Splenic lymphocytes were isolated and collected from each tissue
sample using aseptic technique via tissue disaggregation. Single cell suspensions for each
sample were counted and the concentrations adjusted to yield a final cell density of 2 x10°
cells per well. Samples were tested in triplicate wells, for a total of 7 stimulation conditions
including two controls: media alone (negative control) and Con A (a T-ell mitogen; positive
control), and five different HIV-1 peptide pools at 1.5 - 2 ug/ml. The HIV-1 peptide pools are
described in Table 8. The cells and the stimulants were dispensed in 96 well ELISPOT filter-
plates pre-coated with anti-mouse IFN-gamma antibody and incubated for 18-24 hours at
37°C. Remaining, unused cells were frozen at -70°C. Enzyme labeled mouse IFN-gamma
specific detector antibodies were used to detect the spots produced by the IFN-gamma

secreted by the stimulated cells.

Table 8: Peptides used for ELISPOT Assay
Gene Peptide Pool Pool name Origin
Numbers Composition
gag HIVC.2 Peptide 1-119 HIVC.2-pl Overlapping 15-mer
(1-119) peptide pools were
pol HIVC 4 Peptide 1-116 HIVC.4-p2 Sﬁgﬁyﬁdcﬁgfv
(1 -233) Peptlde 117-233 HIVC4-p3 gene sequences
env HIVC.5 Peptide 1-101 HIVC.5-p4 similar to those
(1-202) Peptide 101-202 | HIVC.5-p5 encoded by the
TBC-M4 vaccine.

The filter ELISPOT plates were scanned on a CTl Immunospot Scanner for spot-

pictures of the 96-wells. The CTL Immunospot analyzer software was used to count the
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number of spots in each well. The mean of triplicate values was derived using excel template

with inbuilt formulae.

A summary of the results from the ELISPOT assay is provided in Table 9. ELISPOT

results are reported as the number of IFN-gamma producing cells per well (2x10° cells).

Values greater than or equal to the mean value In the negative control (unstimulated wells)

plus 2 SD are considered positive in the assay.

Table 9: IFN-gamma ELISPOT raw data
Mouse In vitro stimulation
Strain None ConA gag pol pol env env
In vivo 1-119 1-116 117-233 1-101 101-202
TBC-M4
Dose
BALB/c 6 TNTC 148 436 17 187 45
5x 107 21 TNTC 97 126 18 302 83
pfu 41 TNTC 138 213 26 384 75
21 TNTC 312 337 34 389 165
24 TNTC 58 135 13 300 48
None 3 786 1 0 1 2 2
2 TNTC 3 3 1 3 4
CD1 22 TNTC 96 33 18 364 304
5x 107 27 TNTC 67 64 23 320 115
pfu 13 TNTC 100 31 18 480 558
29 TNTC 49 46 42 24 674
24 TNTC 123 57 33 507 459
8 TNTC 69 42 25 331 50
39 TNTC 92 56 47 464 254
51 TNTC 200 117 69 432 171
16 TNTC 78 51 22 232 676
15 TNTC 52 40 15 364 125
None 0 792 2 4 1 6 5
24 800 114 132 63 95 46

TNTC — Too numerous to count

Cell cultures from animals immunized with TBC-M4 vaccine demonstrated IFN-
gamma responses following in vitro stimulation with the env, gag or pol (RT) peptide pools.
The magnitude and pattern of the T-cell associated IFN-gamma responses In the BALB/c
mice verified the positive results reported previously. The magnitude of the T-cell responses
to the gag and env components was comparable in CD1 and BALB/c mice. Pol (RT)
associated response appeared stronger in splenocytes from BALB/c mice. Antigen (peptide)
specific responses were not detected in BALB/c spleen cell cultures from naive animals.

Unexpectedly the cell cultures from one of two naive CD1 mice responded to the

HIV-1 peptide pools. Review of the assay and the responses indicated that the spot pattern in
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that animal number was distinct from that in the immunized animals with a higher than
expected variation among triplicate wells and qualitative differences noted by the operator.
The factors contributing to the unexpected response were investigated but no single
assignable cause could be determined. Potential factors that may have contributed to the
unexpected result include operator error during immunization and/or assay conduct or the
outbred background of the CD1 mice. The conclusions of the investigation are as follows:

* The test article induced a robust cellular immune response in 100% of the vaccinated
mice.

* The issue of an apparent response in one of the two CD1 negative control mice is
most plausibly explained by a background response to the HIV peptides in this animal,
although other causes [operator errors, etc] cannot be ruled out completely.

* The CD1 background explanation is supported by the absence of response in two
negative control BALB/c mice, and the magnitude of response in the negative control mouse,
plus investigation into assay conduct.

In summary, the observed antigen specific IFN-gamma response to three of the six
target HIV proteins (env, gag and RT) in these studies verify the intended effect of the
vaccine, namely induction of immune responses to the HIV proteins encoded by the TBC-M4
product. The IFN-gamma response following TBC-M4 administration, is considered
indicative of T-cell responsiveness to the HIV antigen components of the vaccine. These
results re-affirm the pharmacologic activity of the TBC-M4 vaccine in animals exposed by
the intramuscular route of administration.

Immunogenicity of TBC-M4 in rabbits. The objective of this study was to verify

biological activity of the vaccine in the New Zealand White (NZW) rabbit animal model.
Serum collected from NZW rabbits, pre- and post-vaccination, was tested for the presence of
vaccinia binding antibodies using a qualified ELISA method.

TBC-M4 vaccine was provided in a frozen state: clinical Lot 1A (5x10° pfu/ml) and
clinical Lot 1B (1x10® pfulml). The test material and placebo (PBS/10% Glycerol) were
stored frozen until use. Clinical lot 1A. Clinical lot 1B and placebo were used to dose animals
in alternating limb regions as specified in the protocol: SD1 (left). SD 22 (right), SD 43 (left),
and SD 64 (right). On each dosing occasion the animals received 0.5 ul of undiluted, thawed
test material or placebo delivered by intramuscular injection in the hind limb alternating
left/right as above. Animals were dosed and serum recovered.

Blood (1 ml) was collected from each animal prior to any test article administration

(prestudy) and again at SD 67, three days following the fourth (final) dosing occasion. Pre-
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and post-vaccination blood was collected from the ear vein or artery. Serum was collected
following standard clotting and centrifugation procedures. Pre- and post- immunization
samples were collected for assay of vaccinia binding antibody responses by ELISA.

Titers were determined based on the value of the naive sera times three. A positive
response was indicated by a 2-fold increase of the post-immunization samples when
compared to Pre-dose sample.

Results of the anti-vaccinia binding ELISA are provided in Table 10. Prior to test
article administration, the serum anti-vaccinia titers were at the limit of detection (< 100) in
34 of the 36 study animals. Two animals had serum titers of 400 at the initiation of the study,

which may indicate previous exposure to vaccinia cross-reactive antigens in a small subset of

animals.
Table 10: Post-immunization antibody titers

Group/Sex PreDose | SD67 Group/Sex PreDose | SD67

Anti-vaccinia titer Anti-vaccinia titer

M <100 <100 IF <100 <100
<100 <100 <100 <100

<100 <100 400 400

<100 <100 <100 <100

<100 <100 100 100

100 <100 100 100

M 100 25600 IF <100 25600
100 25600 <100 25600

100 25600 <100 25600

<100 25600 <100 25600

100 25600 <100 25600

<100 25600 400 6400
M <100 25600 IF <100 102400
<100 10200 <100 25600

100 25600 <100 25600

<100 25600 <100 25600
<100 25600 <100 102400

100 25600 <100 25600

None of the 12 rabbits in Group 1, control group, showed a positive binding response
to the vaccinia antigen in the ELISA, i.e. no increase in antibody titer in SD 67 sera as
compared to titers in pre-dose sera. All 24 rabbits that received the TBC-M4 vaccine (Groups
2: 5x107 pfu and Group 3: 2.5 x 10° pfu) seroconverted to vaccinia. Titers from group 2 (low
dose) animals ranged from 6400 to 25600. Titers from group 3 (high dose) animals ranged

from 25600 to 102400. The positive seroconversion of all animals receiving TBC-M4
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verified the pharmacologic activity of the vaccine in the rabbit model selected for
toxicological testing.

In summary, five in vivo studies were conducted to assess the biologic activity of the
TBC-M4 vaccine in animals; four were conducted in mice and one was conducted in rabbits.
The pharmacologic activity of the vaccine, including the attenuated vaccinia vector and the
inserted HIV gene products, was demonstrated by elicitation of host immune responses to
multiple vaccine components. Humoral responses to the vaccine vector were observed in
three of three studies. Responses to the inserted HIV-1 gene products were observed in the
two proof-of-principle studies. In both studies significant IFN-gamma responses were
observed to the env, gag, and pol (RT) antigens. Together the results of these studies support
the phase I clinical testing of the TBC~M4 vaccine candidate.

Example 4:  Animal Toxicology

Two repeat dose non-clinical safety studies were conducted with the proposed clinical
lots of TBC-M4 vaccine. Both mice and rabbits were exposed to 4 intramuscular injections of
placebo or TBC-M4, at three week intervals, in alternating hind limbs. Four repeated
injections were delivered to represent the proposed clinical regimen (3 dosages) plus one.
Dose level selection was conducted to deliver the maximal allowable volume in mice and to
deliver a full human dose equivalent to rabbits.

The doses for murine study were selected to deliver the maximum volume of test
article that can be delivered In this species using 50 ul of the two proposed clinical doses; Lot
A at 5 x 10° pfu/mL and Lot B at 1 x 10° pfu/mL. The 50 ul volume corresponds to an
approximate 1/10 of the full human dosage proposed for delivery to humans in 0.5 mL. For
Lot 1B, the dose delivered on a dose/kg basis represents a 50 fold increase over the highest
clinical dose for humans; assuming an average human weighs 70 kilogram (kg) and a-week
old mouse 30 grams. For Lot 1A, the dose delivered on a dose/kg basis represents a 230 fold
increase over the highest clinical dose intended for humans.

The doses delivered in the rabbit study represents a full human dose of the highest
proposed clinical dose (Lot 1A: 5 x 10° pfu/mL) and a second sublot, clinical Lot 1A, filled at
1 x 10® pfu/mL. On a dose per/kg basis this represents a minimum of a 20-fold safety margin
over the highest clinical dose intended for humans; assuming an average human weighs 70
kilograms (kg) and a young adult rabbit weights 3.5 kilograms (kg).

The two non-clinical safety studies were conducted independently. Both studies
included monitoring of mortality, clinical and cageside observations. body weights, body

weight changes, food consumption, ophthalmology, necropsy, organ weights and ratios, and
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clinical pathology parameters (hematology and clinical chemistry). Microscopic analysis of a
standard tissue battery was conducted In mice and for the injection sites in rabbits.

Repeat intramuscular injection of placebo (PBS/glycerol) or the TBC-M4 vaccine was
well tolerated in both the rabbit and mouse animal models. Test article related observations in
both animal models included a reversible mild to moderate local reactivity at the site of
injection that was apparent both macroscopically as measured by draize scoring and
microscopically in histopathology of biopsies from the injection sites. Other test article
related changes in the mouse study included higher globulin levels, lymph node enlargement,
and splenic white pulp hyperplasia which were considered attributable to the intended
immune response to the vaccine. In the rabbit study there was a higher incidence of red skin
and/or scabbing in the neck region of the treated females. In the absence of a dose response or
similar observation in the males, the change was considered incidental, although a relation to
the treatment could not be ruled out.

Example 5:  Comparison of Vector Based HIV Vaccines Immunogenicity: ELISPOT-IFN-
gamma

Table 11 provides a comparison of vector Based HIV Vaccines immunogenicity
based upon ELISPOT-IFN-gamma. Vaccine response rate in vaccines at peak post
vaccination time-point per trial; Core Laboratory generated data; GMT SFC and min max

SFC for responders; background subtracted per 10° PBMCs.

Table 11
DNA DNA DNA AAV MVA MVA MVA Adeno
“Q” “A” “y “T” “Q” “A” | TBC-M4 | “V”
2mg 3x4mg | 3x4mg 1x10"! 55107 | 2.5x10° | 2.5x10° | 1x10"
Responders
6% | 17% | 49% | 20% | 5% | 62% | 92% | 46%
Geometric Mean: SFC/million and Range of Responses
35 69 109 130 57 130 80 101

31-40 66-73 44-598 54-385 41-79 55-275 39-193 52-297

The invention may be further described by the following numbered paragraphs:

1. A method for obtaining an immunogenic response against HIV-1 comprising
administering to a mammal: an immunological composition against one or more immunogens
comprising a MVA containing and expressing a nucleotide sequence encoding one or more
HIV-1 immunogens.

2. A method for obtaining an immunogenic response against HIV-1 comprising

administering to a mammal: (a) an immunological composition against a first immunogen
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comprising a MVA containing and expressing a nucleotide sequence encoding one or more
HIV-1 immunogens; and (b) an immunological composition against one or more HIV-1
immunogens comprising a MVA containing and expressing a nucleotide sequence encoding
the second immunogen of a pathogen of the mammal, wherein (a) and (b) are administered
sequentially.

3. The method of paragraph 2 wherein (a) and (b) are sequentially administered,
whereby there is a first administration of (a), followed by a subsequent administration of (b).

4. The method of paragraph 2 wherein (a) and (b) are sequentially administered,
whereby there is a first administration of (b), followed by a subsequent administration of (a).

5. The method according to any one of paragraphs 2-4 wherein the first

immunogen and the second immunogen are the same immunogen.

6. The method of any one of paragraphs 2-5 wherein a prime boost regimen is
used.

7. The method of any one of paragraphs 1-6 wherein the mammal is a human.

8. The method of any one of paragraphs 1-7 wherein the HIV-1 immunogens are

selected from the group consisting of HIV proteins encoded by the env, gag, nef, reverse
transcriptase (RT), tat and rev genes, or a fragment thereof.

9. The method of any one of paragraphs 1-8 wherein the HIV-1 immunogens are
encoded by the TBC-M4 HIV gene sequence insert.

% %k ok

Having thus described in detail preferred embodiments of the present invention, it is
to be understood that the invention defined by the above paragraphs is not to be limited to
particular details set forth in the above description as many apparent variations thercof are

possible without departing from the spirit or scope of the present invention.
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WHAT IS CLAIMED IS:

1. A method for eliciting an immunogenic response against HIV-1 comprising
administering to a mammal: an immunological composition against one or more immunogens
comprising a MVA containing and expressing a nucleotide sequence encoding one or more
HIV-1 immunogens, wherein the HIV-1 immunogens are selected from the group consisting
of HIV proteins encoded by the env, gag, nef, reverse transcriptase (RT), tat and rev genes or
a fragment thereof.

2. The method of claim 1, wherein the HIV-1 immunogens are HIV-1 subtype C

immunogens.

3. The method of claim 1, wherein the HIV-1 immunogen comprises a full-
length env.

4. The method of claim 3, wherein the full-length env is modified to introduce

silent mutations to internal motifs that encode early transcription termination signals.

5. The method of claim 1, wherein the HIV-1 immunogen comprises a full-
length gag.
6. The method of claim 1, wherein the HIV-1 immunogen comprises a fat and

rev fusion gene.

7. The method of claim 1, wherein the HIV-1 immunogen comprises a modified
reverse transcriptase (RT) portion of the po/ gene, wherein the modification eliminates
reverse transcriptase activity.

8. The method of claim 1, wherein the HIV-1 immunogen comprises a nef~-RT
fusion gene.

9. The method of claim 1, wherein the HIV-1 immunogens comprise a full-
length env, a full-length gag, a tat and rev fusion gene, a modified reverse transcriptase (RT)
portion of the pol gene, wherein the modification eliminates reverse transcriptase activity and
a nef-RT fusion gene.

10. The method of claim 1, wherein the mammal is a human.
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Y TAGTTTONTA ATATCTATAG CATCCTCAA L AAATATATTO GUATATATIC
53 OCAAGTITTC AGTTOTATOT TUTAARAAAT CTTUAACGTA TGOAATATAA
01 TAATCTATET TACCTOTTOT GATATCATTA ATGATATAGT TITTGACACT
131 ATCTFOTOTE AATTGATTOT TATTOADTAY ATCTAAGAAA COGATAGOGY
2} COCTAGOACD AACTACTOON ATTAATATCT CTATTATAGD TTOTGGACAT
351 AATTCATOTA TTATACTATNA ATTASTGOGA ACTATTOUGT ATCTATCTAA
30 CATAGTTTTA AGAAAGTCAG AATCTAAGAL CTGATOTTCA TATATTOLTY
353 CATADATGAA ATCATCTUTA TTGATGATAG TGACTATTITC ATTCTUTGAA
40 AATTGOEAAD TCATTUTATA TATGCTTTOC TTGTTOATGA AGOATABAAY
45Y ATACTOAATA GAATTTOTAL CAACAAALTEG TTCTETTATG SATOGTATAT
301 CATCATCTOA AATAATCATS TAAGGCATAC ATTTAACAAT TAGAGACTTG

801 TTTGTCCACE TTUTTTAATT TTGETTATAGT AGATATCAAA TOTAATGUAG
651 CTACAGTEROT TROUTTAAAD AGATATAGTT TTTCTHGAAL GAATTCTACA
T3 SCATTATTAT AAAGOACTTT GGRGTAGATAS GTOGOATGAA ATOCTATITY
751 ASTTAATGOS ATAGQOOTTGT CCTOGTOUAG ATATOCAS AU GUTTTTOTA
FH TAGTATGGUA TTCATTIGTCT AGAAACGOTE TACBAATATC TETGATAGAT
571 ATCATOTTTS GAGAATATAC TAGTUOOOGTT AATAGTACTA CAATTTGTAT
S TTPTTAATOY ATCTCAATA R AAAAATTAAT ATGTATOATT CAATGTATAA
951 CTAAACTACT AACTUTTATT GGGATCTGAA GUITAMATTON LUCTTTATOR
R ACFGUCGALT COTTOOETGE TOCCTTGO0A TTGEYCAGTS CORGATATGO
M1 COUCGRATTE CAAATCOTEC AGTON0ACTS GTITOGOOGHA COGBLTHEAGA
HEE CASOTGGATA A0ATTOTOTL GEACAGHUTE TGAATETGUT TCTOULGGHT
HSE GOOCATOTE CRCCTOOTET TITTYTCNGHC TTGORCTTATT GUTCTTGOLT
1281 CAGGATALGH ATCEEACTEE TACAASMATCOT TAATAATOOH AACAGCHUGE
1251 AGCAAGGIOT CATCGUAATE GCOGGACCTA CCAGUCATCT GCTTTUATAT
1301 AAGATTTTGA TEATOCTCAC TGCTTTEAGE AGUTCTTCHT QGUTETLRIC

1351 GUTTCTTICOY GUUATAGGAS ATOOCTAAGE CTTTTTTOTG ASMAGCAMACT
1401 AGACAATOGE COUTACAGTS TTTACAAGUA CAGTTATTGL AAGCAGTITT
1457 AGOCTGACTT COTGGATGET TOCAGGEUTE TAGGTTALGGA TUTACTGLCT
1507 CCATAOTOGA AGGRGCGAATT AAGETCTAGE CCTUGAGDGT TAGAFTCALT
15581 OTTOTTTATG ATTCTACTTC OTTADCHTGO ASTAMATTAG AATATATTTT

1708 TOGCAACTAC COGRCATATG GCTATCGACA TOGAGAACAT TAUCCACATG

FIG. 2A



WO 2008/118936 PCT/US2008/058206
3/26

AGTETTE AGTATTOOTA TTACTATATA

PR ATAAGAGATT GTATCAGTT
FROE GTATATAGAT GTCEATCOAL GUATCATUAA GUTGEGURGETA COTAATTOGT
FRSE COTTTTATAS CACTTTOOTS ATCOCATEAL TTAUTAATTT ATUTACTTET
it TCATTICOTC CAATTOCTTTY ATOTGOTGHT ACCCATOAUA GATAGACCCY
L TPOCTTTITT ATTAATTIOTT CTATTATTTG ATTAACTAAL TETGATTCALC
200 TCITATCTON TTGTOCTTEA ATRATOCCTA ATGCATACTG TEAATOTGTT

2B CAACTCAGTU TICTGATTTO TOGTTTCALT TAGAGAAACA ATTTTOTGCC
LS TTCCTCTOTC AGTAACATAC CCTGUTTTTC CTATTITCHT GTUCCTATTA
220F SCTGOTOCAT CTACATAGAL AGTTTCTACT CCTECTATGG CATCTTICTC
AACA AATTOCCACT

2351 CAGUTOOGTAL CATAATEYTA CTAGQOUGAGS GETATT
2 CAGGAATOCA GUTOGUTTEC CAATAGTOTG TOCADCATET CTOCCATGTY
¥

I35 TOTTTTTOOS TAOOTAATCT AAATTTAG, GTUTTTLOCC ATATTACT
2441 GUITICCATG GUTATTTTUT GUACAGUCTC TUOTTAACTAT FUTACATLAT
2451 TAGTOTGGHO AGTOCTCATY TTTGCATACT TCCCTUTTTT CAGATTTTTIG
2501 AATGGTTCOTT GUTASATTTE ATATGTOCAT DOGTCTOLL CUTHTTTICTG
353 TATTTOCGOT ATCAAGTOTT FTCATGGOTT ATAATATACT COUATGTACTO
360F GTTOTTITAG AATTTOCOT TTITCTGCCA ATTUTAATTC TEOTTCTTCA
265 OTTAOTGOTA CTATOTCTGT TAGTGTITTG GOOCOCCTAA GUAGTTTACA
IO AAUTTGCUTT ADTTTAATTC CTGOUTAAAT CTGACTTOLL CAGTTTAATT
TS ITCOCACTAA CTTOTGTATA TOATTGACAG TOCAGCTATC CTTTTONGGT
2EGE AGCTHETATAG GUTOTACTOT CCATTTOTUA BQATEGALTT CATACCLCAT
2851 CCAAAGAAAT GUAGGTTUTY TOTGATATIT CYTOTCTGGT GTOOTAAATE
2801 CCCACOTTAA CAGATOTTCT CTTAAUTOCT CTATTITTHEC TOTATGTTGC

300t GACTATTICT GOUATTITETE COCTAAAGEG CTCTAMGATT CTTGTCATGT
3051 TACATTOGEAA TATTOOTGGT GATOCTTTOD ATOCCTHETOE AAGCATATTA
31GE TATTGATACD TAATTOOTGE TETITOATTG TTTACAUTAG GTATGUTOAA
CTOAAGT CTTOATATAA SCGAAUTOAA ASATATHCAT
3201 COCCUACATO CATADTGTE ACTGATTITT TOTYTTTTAA COCTHOTGOG

A30F TICOCTOAAA TCTACTAATT TICTCCACTT AGTALTGTCO TROTTTTTTA
S TOOOAAATAT TOGAGTOTTA TATGGATTTT CATGGUOCAAT TTTTETAATT
DL TPPCCTTCEY TCTCCATTTC ATCACAAATT GUPGTTAATS CTTTITATTYT
AR CTCTTOTOTC AATGGOCATT GTTTAACCTT TOGOUCATOD ATTOCTGHCT
3501 TTAATTTTAC TGOTACAGTT TCAATGGGAC TOATTGGUOC CATQUAGTCT
3351 TTOTAATACT COGEATETALG CTOGRGEGOCC ATGTUTCTGT GTECTAQOTG
a0 GOTOTCAAAD TYCCACTGCA ACACTTOTCT GTGTTCATOU TCCATTCCAT
365 OCTOGCACAD AGGGTOTAGC AAACAGTTGET TITUICCTTC GTTOGOCTCT

s

FIG. 2B
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3761 TOTACTTOOC TYGUGOTCAAC TGHTACTAGC TTGAAGCACT ACCCAAAGGT
3751 TAGTOOGAAT CTGACTOOTS GICCDGHTAET QTAGTTUTGT CAATCALGGA
3801 AGAAGOOTTE TOTGTHATAS ACCCACAASAT CRAGOATOYE TTGCCTYITYC
I00E FAGATCGAAT GUTOOCTEAA AAGTCATTON TCTTAAKGHT ALCTHAGGTC
3051 TGACTHGAAS GUUTACGEOG GUGELGELGE CTTGUGCTCT CAGLTAGRICA
400F CAATCAGCAT TAGTGGTOTE TOTGTTOCOTG CTTOTAAGTG CTLNATATTY
A5t ATCTAACGTOT THACACGUTS CTCOTACTUC TYCTGCTGUT GOUTTALTTC
$E0F FTEPCATTCG TTETITACA BUASGCUATC CAATTATRIY GATTTIGAC
$531 CALTTGRCOCC COATOOTGEA AGGOUGAATT GEICTECAGH AATTTORALT
430 TCGAGUTTAT TTATATTCOCA AAAAAAAAAL ATAAAATTTC AATTTTTAAG
4251 CTCQAGLTCE AATTUATOGA TOATTOLUTA GAATCAGAAT CTAATGATHA
43 CETSATCAAT AAGTTTATEY ACTGUCAATT TAGCTGCATT ATTTTTAGCA
4331 TCTCGTTTAG ATTTTCCATE THCCTTATON AATACTOTTE OGTOGATATE
4401 TACACAGOCA TAARGTOTAG GAGAGTTACT AGGCOLCACT GATTCAATAC
A3 GAAAAGACCA ATCTCTCTTA GITATTTRGC AGTACTCATT AATAATHGETG
4501 ACAGEHOTTAL CATUTTTOOA ATCALTAATT TTTTTAGOCH GAATAACATO
4551 ATCASAAGAL TTATGATOCT CTCTCATTGA TTTTTOGRCGG GATACATEAT
4681 CTATFATGGD GTCAGCUATA ACATCAGCAT QEGGETTATE COOITOOGTT
3651 GTCATAAALC AACGAGUGAGH AATATCOTOR GAGCTOTACA COATAGCALT
701 ACGTTUAAGA TOOTACAGAG CTTTATTAAC TICTOOCTTC TCCATATTAA
FT3LTTOTCTAGT TAGTTOTECA GRAGTAGETC OTTCGATTOC AATHTTTTTA
$8RE ATAGCOGUALC ACACAATOIC TOUGTCAGAS CRCTCATOAA TATAGATCTT
4851 AGACATTTTT AGAGAGAALT AACACAACCA GUAATAASAU TAATTTATTT
4801 TATCATTITE TTATTCATOUA TCOTCTGGTS GITCGTOQOTT TOTATCGAAT
205} GTGGATOTGA TTAACCOGTC ATCTATAGGT GATGUIGETT CTGOAGATTC
S TGRAGEAGAT GGATTATTAT CTGGEAAGAAT CTCTGTTATT NOCTTATTYY
05T CATOTATOGA TTODGTTOTA ACATTAAGAT TGOGAAATOU TCTAAATTTG
S GOAGGUTTAA AGTGTIGTTT GCAATCTETA CACGUATEIC TAACTAGTGS
FESE AGGTTOGTCA GUOGUTCTAS TITRAATCAT CATCGOCETA GTATTOCTAC
S TPITAUAGTY AGGACAUGOT GPATTOTATT TOTCHTOGAG AACGTTAAAA TA

FIG. 2C
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(Accessionff AF 067154)

/note="uncultured PBMC sample taken in 1993 from a man
from Pune in Maharashtra State, India; this man
seroconverted in 1992; risk factors included sex with men
and commercial sex workers; subtype C; NSI phenotype"

8226..8849

/gene="nef"
CDS 8226..8849

/gene="nef"

/codon_start=1

/product="nef protein"

/protein id="AAD12078.1"

/db xref="GI:32529526"

/translation="MGGKWSKCSIVGWPAVRERMRRTEPAAEGVGAASQDLDKYGALT

SSNTDTTNADCAWLRAQEEEEEVGFPVRPQVPLRPMTFKGAFDLSFFLKEKGGLEGLI

YSKKRQEILDLWVYHTQGFFPDWQNYTPGPGVREPLTFGWCFKLVPVDPREVEEANEG

ENNCLLHPVCQHGMEDEHREVLOWKFDSHLAHRHMARELHPEYYKDC™
atggg gggcaagtgg tcaaaatgca gcatagttgg atggcctgct gtaagagaac

8281 gaatgagacg aactgagcca gcagcagaag gagtaggagc agcgtctcaa gacttagata
8341 aatatggagc acttacaagc agcaacacag acaccactaa tgctgattgt gcctggctga
8401 gagcgcaaga ggaggaagaa gaagtaggct ttccagtcag acctcaggtg cctttaagac
8461 caatgacttt taagggagca ttcgatctca gecttecttttt aaaagaaaag gggggactgg
8521 aagggttaat ttactctaag aaaaggcaag agatccttga tttgtgggtc tatcacacac
8581 aaggcttctt ccctgattgg cagaactaca caccgggacc aggagtcaga ttcccactaa
8641 cctttgggtyg gtgcttcaag ctagtaccag ttgacccaag ggaagtagaa gaggccaacg
8701 aaggagaaaa caactgtttg ctacaccctg tgtgccagca tggaatggag gatgaacaca
8761 gagaagtgtt gcagtggaag tttgacagcc acctagcaca cagacacatg gcccgcgagc

8821 tacatccgga gtattacaaa gactgctga

FIG.

3A
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(Accessionff AF 067154)
/note="uncultured PBMC sample taken in 1993 from a man
from Pune in Maharashtra State, India; this man
seroconverted in 1992; risk factors included sex with men
and commercial sex workers; subtype C; NSI phenotype"

gene 5348..8082
/gene="rev"
cDs join (5348..5423,7787..8034)

/gene="rev"

/note="premature rev protein termination, this is also
seen in subtype C isolates from Africa (isolate C2220,
GenBank Accession Number U46016) and Brazil (isolate
92BR0O25, GenBank Accession Number U52953); this mutation
is probably not lethal”

/codon_start=1

/product="truncated rev protein"

/protein_id="AAD12076.1"

/db_xref="GI:3252924"
/translation="MAGRSGDSDEALLRAVRIIKILYQSNPYPEPRGTRQARKNRRRR
WRARQKQIHSLSERILSTCLGRSAEPVPLQLPPLERLHISGSESGGTSGTQQSQGTTE
GVGsSP"

FIG. 3B



WO 2008/118936

5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041

atg
catcaaaatc
ggagtaggag
ataaaatata
gaaagagcag
gtggatatgg
gtgggtcaca
tgcatcagat
tgtacctaca
catgtggaaa
aagcctaaag
taatggtacc
tactagtaat
taagaagcag
gaataagagc
agccataaca
tccagetggt
ccagaatgtc
actgttaaat
caatgtcaaa
caacaataat
agaaataata
aactttacaa
tgcaccatcc
atttttctat
aaatgataca
gcaggaggta
aaacatcaca
tacagagata
taaatataaa
agtggtggag
gggagcagca
attgttgtct
gcatctgttg
agaaagatac
ctgcaccact
ggagaacatg
taggttgctt
ggacagttgg
aatattcata
tatagtgaat
ccecaggggga
cagatccatt
gtgcctcectte
acttctggga
gggaagtctt

gcaggaagaa
ttatatcaaa
cattgatagt
ggaaattgtt
aagacagtgg
ggcatcttag
gtctattatg
gctaaagcat
gaccccaacc
aatgacatgg
ccatgtgtaa
agtaaggcta
ggggaagaaa
agggtgcatg
agctttagceca
caagcctgtc
tatgcgattc
agcacagtac
ggtagcctag
acaataatag
acaagagaaa
ggagacataa
tgggtaggtg
tcaggagggyg
tgcaatacat
aacttaacca
ggacgagcaa
ggactactat
ttcagacctg
gtggtagaaa
agagaaaaaa
ggaagcacta
ggtatagtge
caactcacgg
ctaaaggatc
gctgtacctt
acctggatgce
gaggactcgc
gaaagtctgt
atgatagtag
agagttaggce
cccgacagge
cgcttagtga
agctaccacc
cgcagcagtc
gtgcagtatt
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gcggagacag
gcagtaagta
agcatttatc
aagacaaaga
caatgagagt
gcttttggat
gggtacctgt
atgagaaaga
cacaagaaat
tgaatcagat
agttgacccc
atgctaccaa
tacaacagtg
cactttttta
actctagtaa
caaaggtcac
taaagtgtaa
aatgtacaca
cagaaggaga
tacatcttaa
gtataaggat
gacaagcaca
aaaagttagc
acctagaaat
caagcctgtt
ttacaatccc
tgtatgceccce
tggtgcgtga
gaggaggaga
ttaagccatt
gagcagtagt
tgggcgcgge
aacagcaaag
tctggggecat
aacagctcct
ggaactccag
agtgggacag
aaaaccagca
ggaattggtt
gaggcttgat
agggatactc
tcggaagaat
acggattctt
gcttgagaga
tcaggggact
ggggtataga

FIG.

cgacgaagcg
tctgtaataa
atagcaatag
agaatagact
gagggggata
gttaatgata
gtggaaagaa
agtgcataat
ggttttggaa
gcatgaggat
actctgtgtce
taatgttaat
ttttttcaat
tagacttgat
gacttataga
ttttgatcca
tgagaagaca
tggaattaag
gataataatt
tcaatctgta
aggaccagga
ttgtaacatt
agaacacttc
tacaacacat
tgatagcctg
atgcagaata
tcccattgceca
tggaggaaga
tatgaggaac
gggagtagca
gggactagga
gtcaataacg
caatttgctg
taagcagctc
agggatttgg
ttggagtaac
agaaattaat
ggaaagaaat
tagcatatca
aggtttaaga
acctttgtca
cgaagaagaa
agcacttgcce
cttcatatta
acagaggggyg
gctaaaaagg

3C

ctcctececgag
tagatttaga
tagtgtggac
ggttaattaa
ctgaggaatt
tgtaatgtgg
gcaaaaacta
gtctgggcta
aatgtaacag
gtaatcagct
actttagaat
gctaccagta
gtaaccacag
ctagtaccac
ttaataaatt
attcctatac
ttcaatggga
ccagtggtat
agatctgaaa
gaaattgagt
caaacattct
agtgctgaca
cctaataaaa
agctttaatt
tttaatccta
aaacaaatta
ggaaacataa
ggtaatgata
aattggagaa
cccactaaag
gctgtgttcc
ctgacggtac
agggctatag
cagacaagag
ggctgctctg
aaatctcaaa
aattacacac
gaaaaggatt
aagtggctgt
ataatttttg
tttcagaccc
ggtggagagce
tgggacgatc
gtggcagtga
tgggaagccc
ag

PCT/US2008/058206

cagtgaggat
ttatagatta
catagtatat
aagaattagg
atcaacaatg
taggaaattt
ctttattctg
cacatgcctg
aaaattttaa
tatgggatca
gtagtgagta
atggtaatgc
aaatgagaga
ttgataatga
gtaatacctc
attattgtac
caggactatg
caactcaact
atctgacaga
gtgtaagacc
atgcaacagg
gatggaatga
caataaaatt
gtagagggga
atggtacaag
taaacatgtg
catgtaaatc
cagagaataa
gtgaattata
caaaaaggag
ttgggttctt
aggccagaca
aggcgcaaca
tcctggetat
gaaaactcat
tagaaatttyg
aaacaatata
tattagcatt
ggtatataaa
ctgtgctttc
ttaccccgaa
aagacaaaaa
tgcggagccet
gagcggtgga
trtaaatatct
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(Accessionff AF 067157)

181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

cgtcaatatt
gaaagaaaca
cgcttaaccc
aaccagctct
tctattgtgt
aggaagaaca
tcagtcaaaa
cacctagaac
taatacccat
taaatacagt
aggctgcaga
tgagagaacc
catggatgac
tggggttaaa
ggccaaagga
aagctacaca
cagattgtaa
cagcatgtca
gccaaacaaa
ttaaatgttt
aaaaaggctg
aggctaattt
agagcagacc
cagctccaaa
gcagcgaccce

/note="uncultured PBMC sample taken in 1993 from a woman
from Pune in Maharashtra State, India; this woman
seroconverted in 1992 following a blood transfusion;
subtype C; NSI phenotype"

168..1643

/gene="gag"

168..1643

/gene="gag"

/codon_start=1

/product="gag protein"

/protein_id="22D12096.1"

/db xref="GI:3252947"
/translation="MGARASILRGEKLDKWEKIRLRPGGKKHYMLKHLVWASRELDRF
ALNPGLLETSEGCKQIIKQLQPALQTGTEELRSLHNTVVTLYCVHAGIEVRDTKEALD
KIEEEQNKNQQKTQQAKEADEKVSQNYPIVQNLQGQMVHQALSPRTLNAWVKVIEEKA
FSPEVIPMFTALSEGATPQDLNTMLNTVGGHQAAMOMLKDTINEEAAEWDRLHPIHAG
PIAPGQMREPRGSDIAGTTSSLQEQIAWMTGNPPVPVGDIYKRWIILGLNKIVRMYSP
VSILDIKQGPKEPFRDYVDRFFKTLRAEQATQDVKNWMTDTLLVQNANPDCKTILRAL
GPGASLEEMMTACQGVGGPSHKARVLAEAMSQTNSAILMQKSNFKGSKRI IKCFNCGK
EGHLARNCRAPRKKGCWKCGKEGHQMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEP

TAPPAESFRFEETPPAPKQEPKDREPLTSLRSLFGSDPLSQ"

aagaggggaa
ctatatgcta

tggcctttta
tcagacagga
acatgcaggg
aaacaaaaat
ttatcctata
tttgaatgca
gtttacagca
ggggggacat
atgggataga
aaggggaagt
gggtaaccca
taaaatagta
accctttaga
agatgtaaaa
gaccatttta
gggagtggga
cagtgccata
caactgtggc
ttggaaatgt
tttagggaaa
agagccgaca
gcaggagccecg
cttgtctcaa

aaattagata
aaacacctag
gagacatcag
acagaagaac
atagaagtac
cagcaaaaaa
gtgcagaatc
tgggtaaaag
ttatcagaag
caagcagcca
ttacatccaa
gacatagcag
cctgttccag
agaatgtata
gactatgtag
aattggatga
agagcattag
ggacctagcc
ctgatgcaga
aaggaagggc
ggaaaggaag
atttggecctt
gccccaccag
aaagacaggg
taa

FIG.

aatgggaaaa
tatgggcaag
aaggctgtaa
ttagatcatt
gagacaccaa
cacagcaggc
tccaagggcea
taatagagga
gagccacccce
tgcaaatgtt
tacatgcagg
gaactactag
tgggagacat
gcecctgttag
accggttett
cagacacctt
gaccaggggce
acaaagcaag
aaagcaattt
acctagccag
gacaccaaat
cccacaaggg
cagagagctt
aacccttaac

3D

atg
aattaggtta
cagggagctg
acaaataata
acacaacaca
agaagcctta
aaaagaggct
aatggtacac
gaaggctttt
acaagattta
aaaagatact
gcctattgeca
tagccttcag
ctataaaaga
cattttggac
taaaactcta
gttggtccaa
ttcactagaa
agtgttggct
taaaggctct
aaattgcagg
gaaagactgt
gaggccaggyg
caggttcgag
ttccectcaga

ggtgcgagag
aggccagggyg
gacagattcg
aaacagctac
gtagtaactc
gacaagatag
gacgagaagyg
caggccctat
agcccagagg
aataccatgt
atcaatgaag
ccaggccaaa
gaacaaatag
tggataattc
ataaaacaag
agagctgaac
aatgcgaatc
gagatgatga
gaggcaatga
aaaagaatta
gcccctagga
actgagaggce
aatttcctcecce
gagacacccce
tcactctttg
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(Accession#f AF 067157)

/note="uncultured PBMC sample taken in 1993 from a woman
from Pune in Maharashtra State, India; this woman
seroconverted in 1992 following a blood transfusion;
subtype C; NSI phenotype”

5181..7801

/gene="tat"

join(5181..5395,7711..7801)

/gene="tat"

/codon_start=1

/product="tat protein"

/protein id="AADR12100.1"

/db xref="GI:3252951"
/translation="MEPVDPNLEPWNHPGSQPKTACNNCYCKHCSYHCLVCFQKKGLG
ISYGRKKRRQRRRAPQSSEDHQNLISKQPLPRTQGDPTGSEESKKKVESKAKTDPFA"

atggagccag tagatcctaa cctagagccc tggaaccatc

5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801

caggaagtca
gtctagtttg
agcgacgaag
tatctgtaat
tcatagcaat
ggaaaataga
gtgaggggga
atgttaatga
gtgtggaaag
gaagtgcata
atacctttgg
atgcatgagg
ccactctgtg
tacactgaga
gataggaagc
gatgataaga
acacaagcct
ggttatgcga
gttagcacag
aatggtagcc
aaaacaataa
aatacaagaa
ataggagaca
caaagggtaa
ccctcaggag
tattgtaata
agttcaacca
ggacgagcaa
ggactactat
agacctggag
gtagaaatta
gaaaaaagag
actatgggcg
gtgcaacagc
acggtctggg
gatcaacagc
ccttggaact
atgcagtggg
tcgcaaaacc
ctatggagtt
gtaggaggct
aggcagggat
aggctcggaa

g

gcctaaaact
ctttcagaaa
agctcctcaa
gttagattta
agttgtatgg
ctggttaatt
cactgaggaa
tttgtaatgt
aagcaaaaac
atgtctgggce
gaaatgtaac
atgtaatcag
tcactttaga
gcgtgaagga
agacagtgta
aaaactctag
gtccaaaggt
ttctaaagtyg
tacaatgtac
tagcagaagg
tagtacatct
aaagtataag
taagacaagc
gtaaaaaatt
gggacctaga
catcaggcct
tcacaatcce
tgtatgcccce
tggtacgtga
gaggagatat
agccattagg
cagtgggaat
cggcgtcaat
aaagcaattt
gcattaagca
tcctagggat
ccagttggag
atagagaaat
agcaggaaaa
ggtttgacat
tgataggttt
actcaccttt
gaatcgaaga

gcttgcaata
aaaggcttag
agcagtgagg
gattataaat
atcatagcat
aaaagaatta
ttatcaacaa
ggggggaaac
tactctattc
tacacatgcc
agaaaatttt
tttatgggat
atgtaaaaat
aataaaaaat
tgcactcttt
tgagtattat
cacttttgat
taaggataag
acatggaatt
agagataata
taatcaatct
gataggacca
acattgtaac
agcagaacac
aattacaaca
gtttaatggt
atgcagaata
tcccattgaa
tggaggagca
gagggacaat
agtagcaccc
aggagctttg
aacgctgacg
gctgaggget
gctccagaca
ttggggctgce
taacagatct
tagtaattac
aaatgaaaaa
aacaaattgg
aagaataatt
gtcgtttcag
agaaggtgga
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actgttattg
gcattteccta
atcatcaaaa
tagcagtagg
atatagaata
gggagagagc
tggtggatat
ttgtgggtca
tgtgcatcag
tgtgtaccca
aacatgtgga
caaagcctaa
gttaaaaatg
tgctctttca
tatagacttg
agattaataa
ccaattccta
acattcaatg
aagccagtag
attagatctg
gtacaaattg
ggacaaacat
attagtaaag
ttccctaata
catagcttta
acatacaata
aagcaaatta
ggaaacataa
gaggcaaaga
tggagaagtyg
actacagcaa
ttcecttgggt
gtacaggcca
atagaggcgc
agagtcctgg
tctggaaaac
caacaagata
acaaacacaa
gatttattag
ctgtggtata
tttgctgtge
acccctaccce
gagcaaggca

3E

taaacactgt
tggcaggaag
tcttatatca
agcattgata
taggaaattg
agaagacagt
ggggcgtctt
cagtctatta
atgctaaagc
cagaccccaa
aaaatgacat
agccatgtgt
atagtaccca
atgcaaccac
atatagtaca
attgtaatac
tacactattg
ggacaggacc
tatcaacgca
aaaatctgac
tgtgtacaag
tctatgcaac
aaaattggac
aaacaataaa
attgtagagg
catcatcaga
taaacatgtg
catgtaaatc
caaataatac
aattatataa
aaaggagagt
tcttgggage
gacaattgtt
aacagcatct
ctatagaaag
tcatctgcac
tttgggataa
tatacaggtt
cattggacag
taaaaatctt
tctctatagt
cgaacccagg
aagacagatc

agctaccatt
aagcggagac
aagcagtaag
gtagcactaa
gtaaaacaaa
ggcaatgaga
aggcttttgg
tggggtacct
atatgagaaa
cccacaagaa
ggtgaatcag
aaagttgacc
caatgagacc
agaaataaga
acttaactct
ctcagccata
tactcecgget
atgccataat
actactgtta
aaacaatgcc
acccaacaat
aggagaaata
tgacacgtta
atttgattca
agaatttttc
tggtaattca
gcaggaggta
aaatatcaca
agagacattc
atataaagtg
ggtggagaga
agcaggaagc
gtctggtata
gttgcaactc
atacctaaag
tactgctgta
catgacctgg
gcttgaagac
ttggaaaaat
cataatgata
gaatagagtt
gggacccgac
cattcgctta
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AF067158 8951 bp

/note="uncultured PBMC sample taken in 1993 from a woman
from Pune in Maharashtra State, India; this woman
seroconverted in 1992 following a blood transfusion;
subtype C; NSI phenotype”

gene <1448..4447
- T 11
/gene="pol
CR3 <1448..4447
/gene="pol"

/codon_start=1

/product="pol protein"

/db_xref="GI:3250558%
/translation="FFRENLAFPQGEAREFPPEQTRANSPTSRELQVRGDNPSSKAGA
ERQGTLNFPQITLWQRPLVSIRVGGQIKEALLDTGADDTVLEEVNLPGKWKPEMIGGI
GGFIKVRQYDQIPIEICGKKAIGTVLVGPTPVNIIGRNMLTQLGCTLNFPISPIETVP
VKLKPGMDGPKVEQWPLTEEKIKALTAICDEMEKEGKITKIGPENPYNTPIFAIKKKD
STKWRKLVDFRELNKRTODFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFSVPLYEDFR
KYTAFTIPSVNNETPGIRYQYNVLPQGWKGSPATIFQCSMTRILEPFRAQNPEIVIYQY
MDDLYVGSDLEIGQHRAKIEELREHLLRWGFTTPDKKHQKEPPFLWMGYELHPDKWTV
QPIQLPEKDSWIVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGAKTLTDIVPLTEEA
ELELAENREILKEPVHGVYYDPSKDLIAEIQKQGQDQWTYQIYQEPFKNLKTGKYAKM
RTAHTNDVKQLTEAVQKIAMESIVIWGKTPKFRLPIQKETWETWWTDYWQATWI PEWE
FVNTPPLVKLWYQLEKDPIAGVETFYVDGAANRDTKIGKAGYVTDRGRQKIVSLTETT
NQRKTELQAICLALQDSGSEVNIVITDSQYALGIIQAQPDKSESELVNQI IEQLIKKERV
YLSWVPAHKGIGGNEQVDKLVSNGIRKVLFLDGIDKAQEEHEKYHSNWRAMASDFNLP
PVVAKEIVASCDQCQLKGEAMHGQVDCSPGIWQLDCTHLEGKIILVAVHVASGYIEAE
VIPAETGQETAYFILKLAGRWPVKVIHTDNGSNEFTSAAVKAACWWAGIQQEFGIPYNP
QSOGVVESMNKELKKI IRQVRDQAEHILKTAVOMAVFIHNFKRKGGIGGYSAGERIIDI
IATDIQTKELQKQITKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAVVIQDNSDIKVVP
RRKAKIIKDYGKQMAGADCVAGRQDED"

FIG. 3F



WO 2008/118936

1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
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3841
3901
3961
4021
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4141
4201
4261
4321
4381
4441

ttt
agagcagacc
cagctccaaa
gcagcgaccce
aggagcagat
gataggagga
ttgtggaaaa
aaggaatatg
tgtaccagta
agaagagaaa
tacaaaaatt
cagtactaag
ttgggaagtt
agtactggat
tactgcattc
tgtgcttcca
cttagagccc
gtatgtagga
acatctgtta
tctttggatg
agaaaaggat
aagtcagatt
aacactaaca
ggaaattcta
ggaaatacag
aaatctgaaa
gttaacagag
taaatttaga
agccacctgg
ccagctggag
tagggacacc
ttctctaact
agattcagga
agcacaacca
aaaggaaagg
agtagataaa
agctcaagaa
tctgccaccce
ggaagccatg
tttagaagga
ggttatccca
atggccagtc
ggcagecctgt
tcagggagta
tcaagctgag
adaaagggggyg
catacaaact
cagagacagc
ggcagtagta
cattaaggac
agattag

tttagggaaa
agagccaaca
gcaggagccg
cttgtctcaa
gatacagtat
attggaggtt
aaggctatag
ttgactcage
aaattaaagc
ataaaagcat
gggcctgaaa
tggagaaaat
caattaggaa
gtgggggatyg
accataccta
cagggatgga
tttagggcac
tctgacttag
aggtggggat
gggtatgaac
agctggactg
tacccaggaa
gacatagtac
aaagaaccag
aaacaggggc
acagggaagt
gctgtgcaga
ttacccatce
attcctgagt
aaagatccca
aaaataggaa
gaaaccacaa
tcagaggtaa
gataagagtg
gtctatctgt
ttagtaagta
gagcatgaaa
gtagtagcaa
catggacaag
aaaatcatcc
gcagaaacag
aaagtaatac
tggtgggcag
gtagaatcca
caccttaaga
attggggggt
aaagaattac
agagacccca
atacaagata
tatggaaaac

15/26

atttggcctt
gccccaccag
aaagacaggg
taagagtagg
tagaagaagt
ttatcaaagt
gtacagtatt
ttggatgcac
caggaatgga
taacagcaat
atccatataa
tagtagattt
taccacaccc
catatttttc
gtgtaaacaa
aaggatcacc
aaaatccaga
aaatagggca
ttaccacacc
tccatcectga
tcaatgatat
ttaaagtaag
cactaactga
tacatggagt
aggaccaatg
atgcaaaaat
aaatagccat
aaaaagaaac
gggaatttgt
tagcaggagt
aagcagggta
atcagaaaac
acatagtaac
aatcagagtt
catgggtacc
atgggatcag
agtatcacag
aagaaatagt
tagactgtag
tggtagcagt
gacaagaaac
atacagacaa
gtatccaaca
tgaataaaga
cagcagtaca
acagtgcagg
aaaaacaaat
tttggaaagg
atagtgacat
agatggcagg

cccacaaggg
cagagagctt
aacccttaac
gggccagata
aaatttgcca
aagacaatat
agtaggaccc
actaaatttt
tgggccaaag
ttgtgatgaa
cactccaata
cagggaactc
agcagggtta
agttccttta
tgaaacacca
agcaatattc
aatagtcatc
acatagagca
agacaagaaa
caaatggaca
acagaagtta
gcaactttgt
agaagcagaa
atattatgac
gacatatcaa
gaggactgcce
ggaaagcata
atgggagaca
taatacccct
agaaactttc
tgttactgac
tgagttgcaa
agattcacag
agttaatcaa
agcacataaa
gaaagtgcta
caattggaga
agccagctgt
tccagggata
ccatgtagcc
agcatacttt
tggtagtaat
ggaatttgga
attaaagaaa
aatggcagta
ggaaagaata
tacaaaaatt
accagccaaa
aaaggtagta
tgctgattgt

FIG. 3G

gaggccaggyg
caggttcgag
ttcecectecaga
aaagaggctc
ggaaaatgga
gatcaaatac
acacctgtca
ccaatcagtc
gttaaacaat
atggagaagg
tttgccataa
aataaaagaa
aaaaagaaaa
tatgaagact
ggaattaggt
cagtgtagca
tatcaatata
aaaatagagg
catcagaaag
gtacagccta
gtgggaaaat
aaactcctta
ttagaattgg
ccatcaaaag
atttaccaag
cacactaatg
gtaatatggg
tggtggacag
cccctagtaa
tatgtagatg
agaggaaggce
gcaatttgtc
tatgcattag
ataatagaac
ggaattggag
tttctagatg
gcaatggcta
gatcaatgtc
tggcaattag
agtggctaca
atactaaaat
ttcaccagtg
attccctaca
attataaggc
tttattcaca
atagacataa
caaaattttc
ctactctgga
ccaaggagga
gtggcaggta
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aatttcctcc
gagacaaccc
tcactctttg
tcttagacac
aaccaaaaat
ctatagaaat
acataattgg
ccattgaaac
ggccattgac
aaggaaaaat
aaaagaagga
ctcaagattt
aatcagtgac
tcaggaaata
atcaatataa
tgacaagaat
tggatgactt
agttaagaga
aacctccatt
tacagctacc
taaactgggc
ggggggccaa
cagaaaacag
acttgatagc
aaccattcaa
atgtaaaaca
gaaagactcc
actattggca
aattatggta
gagcagctaa
agaaaattgt
tagctttgca
ggatcattca
aattaataaa
gaaatgaaca
gaatagataa
gtgactttaa
agctaaaagg
attgtacaca
tagaagcaga
tagcaggaag
ctgcagttaa
atccccaaag
aggtaagaga
attttaaaag
tagcaacaga
gggtttatta
aaggtgaagg
aagcaaaaat
gacaggatga
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AF067158 8951 bp

/note="uncultured PBMC sample taken in 1993 from a woman
from Pune in Maharashtra State, India; this woman
seroconverted in 1992 following a blood transfusion;
subtype C; NSI phenotype"

gene 5575..8106
- 1T 17
/gene="env
ChS 5575..8106

/gene="env"
/note="gpl60O"
/codon_start=1
/product="envelope glycoprotein"
/protein id="AAD12112.1"
/db xref="GI:3252964"
/translation="MRVRGTLRNYQQWWIWGVLGFWMLMICNVGGNLWVIVYYGVPVW
KEAKTTLFCASDAKAHEREVHNVWATHACVPTDPNPQEMVLENVTENFNMWKNDMVNQ
MHEDVISILWDQSLKPCVKLTPLCVPLKCKNVTYNESMQEIKNCSFNATTDLRDRKQTV
QALFYKLDIVSLNEKNSSEYYRLINCNTSAITQACPKVTFDPIPIHYCTPAGYAILKC
NEQTFNGTGPCHNVSTVQCTHGIKPVVSTQLLLNGSLAEREIIIRSENLTNNVKTIIV
HLNQSVEIVCTRPNNNTRKSIRIGPGQTFYATGDIMGDIRQAHCNI SAGKWNETLQRV
GNKLAEHFPNKTIKFAPSSGGDLEITTHSFNCRGEFFYCNTSGLFNGTYNWTESNSSS
IITIPCRIKQITNMWQEVGRAMYAPPIEGNITCKSNITGLLLVRDGGTEANTTETFRP
GGGDMRNNWRSELYKYKVVEIKPLGVVPTEAKRRVVEREKRAVGIGAVEFLGFLGAAGS
TMGAASITLTAQARQLLSGIVQQQSNLLRATIEAQQHLLQLTVWGIKQLQTRVLAIERY
LKDQOLLGIWGCSGKLICTTAVPWNSSWSNRSQEEIWNNMTWMQWDREISNYTNTIYR
LLEDSQNQQOEKNEKDLLALDSWKNLWSWEDITNWLWYIKIFIMIVGGLIGLRIIFAVL
SIVNRVRQGYSPLSFQTLTPNPGGHDRLGRIEEEGGEQDKNRSIRLVNGFLALAWDDL
RNLCLFSYHRLRDFILVIARVVELLGRNSLRGLOQKGWEGLKYLGSLVQYWGLELKKSA
ISLFDIIAIAVAEGTDRIIELVQGICRAIRNIPRRIRQGFEAALQ"™

misc feature 7048
/gene="env"
/note="putative site of post translational cleavage of the
gplé0 protein; gpl60 is cleaved to give gp4l and gpl20
proteins"”

FIG. 3H
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5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101

gtgaggggga
atgttaatga
gtgtggaaag
gaggtgcata
atggttttgg
atgcatgagg
ccactctgtg
aaaaattgcect
ctcttttata
ttaataaatt
atccctatac
ttcaatggga
ccagtagtat
agatctgaaa
gaaattgtgt
caaacattct
agtgcaggaa
cctaataaaa
agctttaatt
tacaattgga
attataaaca
ataacatgca
aatacgacag
ttatataaat
aggagagtgg
ttgggagcag
caattgttgt
cagcatctgt
atagaaagat
atctgcacta
tggaataaca
tacaggttgce
ttggacagtt
aaaatattca
tctatagtga
aacccagggg
aacagatcca
ctgtgcctct
gaacttctgg
ctgggaagtc
gatatcatag
atttgtagag
caataa

cactgaggaa
tttgtaatgt
aagcaaaaac
atgtctgggce
aaaatgtaac
atgtaatcag
tcectttaaa
ctttcaatgc
aacttgatat
gtaatacctc
attattgtac
caggaccatg
caactcaact
atttgacaaa
gtacaagacc
atgcaacagg
aatggaatga
caataaaatt
gtagaggaga
cagaaagtaa
tgtggcagga
aatcaaatat
agacattcag
ataaagtggt
tggagagaga
caggaagcac
ctggtatagt
tgcagctcac
acctaaagga
ctgctgtacc
tgacctggat
ttgaagactc
ggaaaaatct
taatgatagt
atagagttag
gacacgacag
ttcgattagt
tcagctacca
gacgcaacag
ttgtgcagta
caatagcagt
ctatccgcaa

17/26

ttatcaacaa
gggaggaaac
tactctattc
tacacatgcc
agaaaatttt
tttatgggat
atgtaaaaat
aaccacagat
agtatcactt
agccataaca
tccggectggt
ccataatgtt
actgttaaat
caatgtcaaa
caacaataat
agacataatg
aactttacaa
tgcaccatct
atttttctat
ttcaagctca
ggtaggacga
cacaggacta
acctggagga
agaaattaag
aaaaagagca
tatgggcgeg
gcaacagcaa
ggtctgggge
tcaacagctc
ttggaactcc
gcagtgggat
gcaaaaccag
atggagttgg
aggaggcttyg
gcagggatac
gctcggaaga
gaacggattc
ccgattgaga
tctcagggga
ttggggtctyg
agctgaagga
catacctaga

FIG.

tggtggatat
ttgtgggtca
tgtgcatcag
tgtgtaccca
aacatgtgga
caaagcctaa
gttacctaca
ttaagagata
aatgagaaga
caagcctgte
tatgcgattce
agcacagtac
ggtagcctag
acaataatag
acaagaaaaa
ggagacataa
agggtaggta
tcaggagggyg
tgtaatacat
atcatcacaa
gcaatgtatg
ctattggtac
ggagatatga
ccattgggag
gtgggaatag
gcgtcaataa
agcaatttgce
attaagcagc
ctagggattt
agttggagta
agagaaatta
caggaaaaaa
tttgacataa
ataggtttaa
tcacctttgt
atcgaagaag
ttagcacttyg
gacttcatat
ctacagaagg
gagctaaaaa
acagatagaa
agaataagac

3l

ggggcgtctt
cagtctatta
atgctaaagc
cagaccccaa
aaaatgacat
agccatgtgt
atgagagtat
ggaagcagac
actctagtga
caaaggtcac
taaagtgtaa
aatgtacaca
cagaaagaga
tacatcttaa
gtataaggat
gacaagcaca
acaaattagce
acctagaaat
caggcctgtt
tcccatgcag
ccececteccat
gtgatggagg
ggaacaattg
tagtacccac
gagctgtgtt
cgctgacggce
tgagggctat
tccagacaag
ggggctgctce
acagatctca
gtaattacac
atgaaaagga
caaattggcet
gaataatttt
cgtttcagac
aaggtggaga
cctgggacga
tagtgatagc
gatgggaagg
agagtgctat
ttatagaatt
agggctttga

PCT/US2008/058206

atgaga
aggcttttgg
tggggtacct
acatgagaga
cccacaagaa
ggtgaatcag
aaagttgacc
gcaggaaata
agtgcaggca
gtattataga
ttttgatcca
tgagcagaca
tggaattaag
gataataatt
tcaatctgta
aggaccagga
ttgtaacatt
agaacacttc
tacaacacat
taatggtaca
aataaagcaa
tgaaggaaac
aacagaggca
gagaagtgaa
agaagcaaaa
ccttgggtte
acaggccaga
agaagcgcaa
agtcctggcet
tggaaaactc
agaagagatt
aaacacaata
tttattagca
gtggtatata
tgctgtgcte
ccttacccceg
gcaagacaaa
tctgcggaac
gagagtggtg
ccttaaatat
tagtectgttt
agtacaagga
agcagctttg
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env Protein seq (unmodified/modified: No change in Prot Seq)

F W

R N Y Q0 9 W W I W G V L G

L

T

M R V R G

P vV W K E

G Vv
R E VvV H N V W A

c N V 6 6 N L W V T V Y Y
L

I

M

c A S D A K A H E

F

M VvV E N V T
D
Y

E
E

v

C

N M W K N

Q

D MV N QO M H

L

K N VvV T

C
L

cC V K

P

v

D R K Q T

R

F N A T

S

Yy R L I

Y

F Y K L

L

T
T

Q A C P K V

T
I

K ¢ N E 0O F N G T
S

L

A G Y A

P

S

A
L N O

v v

P

C
I

voQ

R E

S E
T

T
E

N N VvV K T

T
N N N

R

T

P

v
F

H

R O A H
A

I
L

D
O R V G N K

T
L

G Q Y A
A G K W N E

P

T

S

C R G

N

F N G T Y N W T
B

L

Vv G R A M
L
D M R N N W R

N M W 0Q

I

D

L V R

P G G G

R

A N T

E

A K R

E
L

G VvV vV P T
G AV

L

Yy K Y K Vv V E I

L

R Vv V

G A A

F

I
T

E K R A V G
M G A A

R

E

L A QO A R Q L
A Q Q

E
I

T
Ww M O W

Q N Q Q

S

T

Q Q Q

vV W G

T
L
S

H

R A I
A

L

D O Q
S

K
W N
R
N

L
L

Y
P
D
K

N W

T R V L
L

G K

S

N R

AV

S
I

c

T

W N N M

E
W
S

G G

S

T

w K N L W S
v G G L

S
I

I v N R V R Q

H

F A ¥V

I

I

R L G R I
F

D

P
R

XK N R S 1I L VvV N G

D

R N L
L

L

R v Vv E

L R G L Q K G W E

G R N S
L

L
L V. Q Y W G

cC R A I

L VvV Q G I

E

F E A A L

T D

AV A E G
P

I

Q

I R Q G

R R

FIG. 4A



PCT/US2008/058206

WO 2008/118936

19/26

(modified)

gag protein sequence
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(modified)

tat.rev protein seguence
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(modified)

nef.RT protein sequence
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tat modification

%O %O %O
1 MEPVDPNLEPWNHPGSQPKTACNNCACKHC Ind Tat*-exon2, Y to

ME.PVDPNLEPWNHPGSQPKTACNNCCKHC AF067157-tat

T T T
ﬁO %O qo
3. SAHCLVCFQEKEKGLGISYGRKEKRROQRRRAPQ Ind Tat*-exon2, Y to

31 SHCLVCFQKKGLGISYGRKKRRQRRRAPQ AF067157-tat

zO 80 90
R R R RERERERE =
61l SSEDHQNLTISKQ Ind Tat*-exon2, Y to
61l SSEDHQNLISKQPLPRTQGDPTGSEESEKEKEK AF067157-tat

T

100
—_— |
72 Ind Tat*-exon2, Y to
91 VESKAKTDPFA AFQ067157-tat
Decoration 'Decoration #1': Shade (with sclid black) residues that differ fror

Consensus.

FIG. 5A
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rev modification
T T
10 20
1 1
1 MZAGR DSDEALLRAVRTIIEK AF067154-rev (Ind
1 MAGR DSDEALLRAVRTIIK AF067154-Rev Ind
1 1
30 40
1 1
21 I LYO PYPEPRGTROQAREKN AF067154-rev (Ind
21 I LYOQ PYPEPRGTROAREKN AF067154-Rev Ind
) )
50 60
1 1
41 R R RR ARQKOQIHSLSERTIL AF067154-rev(Ind
41 RRRR ARQKOQIHSLSERTIL AF067154-Rev Ind
) )
70 80
1 1
61 S TCL SAEPVPLOQLPPLER AF067154-rev(Ind
61 s TCL SAEPVPLO AF067154-Rev Ind
1 1
90 100
1 1
8l LHISGSESGGTSGTOQQSQGT AF067154-rev(Ind
75 IR : c G TsGT0Q00S0QGT AF067154-Rev Ind

101 TEGVGS P
91 TEGVGSTP

Decoration 'Decoration #1':

differ from AF067154-rev(Ind C).

FIG. 5B

(with solid black)

AF067154-rev (Ind
AF067154-Rev Ind

Shade

C)
C-wob/del/p

C)
C-wob/del/p

C)
C-wob/del/p

C)
C-wob/del/p

C)
C-wob/del/p

C)
C-wob/del/p

residues that
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RT modification
Area of interest

250

241 VQLGIPHPAGLEKEKEKKSVITVLDVGDAYT EFSV P AF067158-pol

241 VQLGIPHPAGLEKEKEKKS SV ITVLDVGDAYTFSV P AF067158-pol DD to NN

271 LYEDFRKYTAFTIPSVNNETPGIRYOQYNVIL AF067158-pol

271 LYEDFREKYTAFTIPSVNNETPGIRYOQYNTVIL AF067158-pol DD to NN

301 POQOGWKGSPAIFQCSMTRILEPFRAQNTPETIV AF067158-pol

301 POQOGWKGSPAIFQCSMTRILEPFRAQNTPETIV AF067158-pol DD to NN

KIEETLREHTL AF067158-pol

G QO HRA
GQHRA

LYVGSDILETI
LYVGSDILETI

D
N

KIEETLREHTL AF067158-pol DD to NN

361, LRWGFTTPDKKHQEKETPPFLWMGYETLHTPDIZ KW AF067158-pol

361 LRWGFTTPDKKHQEKETPPFLWMGYETLHTPDZ KW AF067158-pol DD to NN

391 TVQPIQLPEEKDSWTVNDIOQEKILVGEKILNWASQOQO AF067158-pol

391 TVQPIQLPEKDSWTVNDIOQEKILVGEKILNTWASQOQ AF067158-pol DD to NN

421 T Y PGIKVRQLCKLLRGAKTLTDIVPLTEEA AF067158-pol

421 TYPGIKVROQLCKLLRGAKTLTDIVPLTEEA AF067158-pol DD to NN

451 ELELAENREILEKEPVHGVYYDPSKDLTIAETI AF067158-pol

451 ELELAENREILEKEPVHGVYYDPSKDLTIAETI AF067158-pol DD to NN

481 QK QGQDQWTYQIYQETPFKNILEKTGEKYAZEKMERT AF067158-pol

481 QO K QGQDQWTYQIYQEPFKNILEKTGEKYAZKMERT AF067158-pol DD to NN

511 AHTNDVEKQLTEAVQKIAME SIVIWGEKTTZPZKTE AF067158-pol

511 AHTNDVEKQLTEAVQKIAMES SIVIWGEKTZPZKTE AF067158-pol DD to NN

541 RLPIQERKETWETWWTDYWOQATWIPEWETEFVNT AF067158-pol

541 RLPIQERKETWETWWTDYWOQATWIPEWETEFVNT AF067158-pol DD to NN

FIG. 5C
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L .
nef modification
T T T
10 20 30
1 1 1
1 MGGKWSKCSIVGWPAVRERMRRTETPARAEGYV AF067154-nef
1 MGGKXKWSKCSIVGWPAVRERMRRTEPARAEGYV AF067154-nef 5e to 5A
L] L] 1
40 50 60
1 1 1
31 CAASQDLDEKYGALTSSNTDTTNADC CAWTLRA AF067154-nef
31 GAASQDLDEKYGALTSSNTDTTNADCAWLTRA AF067154-nef 5e to HA
T T T
70 80 90
1 1 1
ol OpEpReYy v G F P VRPQVPLRPMTF FEKGAFDTLSF AF067154-nef
ol QOAAARAAAVGFPVRPQVPLRPMTF FEKGAEFDILSTF AF067154-nef 5e to HA
T T T
1(I]O 1%0 12|O
91 FLEKEKGGLEGLIVYSXKEKRQEILDILWYVYHTOQG AF067154-nef
91 FLEKEKGGLEGLIVYSXKKRQEILDILWYYHTOQG AF067154-nef 5e to 5A
T T T
13IO 1%0 15|O
1217 P F PDWQNYTPGPGVRFPLTFEFGWCUEF KLV PVD AFO067154-nef
122, FFPDWQNYTPGPGVRFPLTFEFGWCT EFXKLVYVPVD AF067154-nef 5e to bA
L] L] 1
1?0 lZO 1EISO
151 PREVEEANEGENNCLILHPVCQHGMETDEHTRE AF067154-nef
159 PREVEEANEGENNCLILHPVCQHGMETDEHTRE AF067154-nef 5e to 5A
L] L]
190 200
1 1
181 VL QWKFDSHLAHRHEHMARELUHPEYYZXKTDC AF067154-nef
181 VL QWKFDSHLAHRHMARELUHPEYVYZXKTDTC AF067154-nef 5e¢ to HA
Decoration 'Decoration #1': Shade (with solid black) residues that differ from

the Consensus.

FIG. 5D
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Perform in vivo recombination on primary CED cells using
TBC-MVA Master Virus Stock and two plasmid vectors pT207/pT216.

\

Harvest progeny virus. Dilute 1:1000 and plate 1 ml/plate
on CED cells in 6 cm tissue culture plates

\

Perform f3-gal/GUS assay using Bluo-Gal/Magenta. Pick positive plaque vT420-2 into
0.5 ml of medium. Plate 3 ul on CED cells in a 6 cm tissue culture plate.

{

Perform [-gal/GUS assay using Bluo-Gal/Magenta. Pick positive plaque vT420-2-2 into
0.5 ml of medium. Plate 1 ul on CED cells in a 6 cm tissue culture plate.

\

Perform f-gal/GUS assay using Bluo-Gal/Magenta. Pick positive plaque vT420-2-2-2 into
0.5 ml of medium. Plate 0.5 ul on CED cells in a 6 cm tissue culture plate.

\

Perform f-gal/GUS/Neutral Red assay using Bluo-Gal/Magenta/Neutral Red.
Pick positive plaque vT420-2-2-2-2 into 0.5 ml of medium.
Plate 0.8 pl on CED cells in a 6 cm tissue culture plate.

.

Perform f-gal/Neutral Red assay using Bluo-Gal/Neutral Red.
Pick positive plaque vT420-2-2-2-2-1 into 0.5 ml of medium
Plate 250 ul on CED cells in a 6 cm tissue culture plate.

{

Harvest infected cells in 1 ml of 1 mM Tris pH 9.0
Freeze and thaw once to release virus.
Plate 50 ul/plate on CED cells in 5§ x 15 cm tissue culture plates.

\

Harvest infected cells in 15 ml of 1 mM Tris pH 9.0.
Vortex vigorously to release virus,
then perform a low speed centrifugation to remove cell debris.

.

Aliquot virus and store at -70°C or colder.
(TBC-M420 Seed Stock Lot # 2-080802)

FIG. 7
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