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COMPOSITIONS AND METHODS FOR GENERATING AN IMMUNE RESPONSE
RELATED APPLICATIONS

This application is a continuation-in-part of U.S.S.N. 10/093,953, which was filed on
March 8, 2002, and which is a continuation-in-part of U.S.S.N. 09/798,675, which was filed
on March 2, 2001, and which claims the benefit of the filing dates of four provisional
applications (U.S.S.N. 60/251,083, filed December 1, 2000, U.S.S.N. 60/186,364, filed
March 2, 2000, U.S.S.N. 60/324,845, filed September 25, 2001, and U.S.S.N. 60/325,004,
filed September 26, 2001) and the benefit of the filing date of International Application
No. PCT/US01/06795, which was filed on March 2, 2001, and which was published in
English under Interational Publication No. WO 01/92470 on December 6, 2001. The

contents of all earlier filed applications listed above are hereby incorporated by reference in

their entirety.

FIELD OF THE INVENTION
The present invention is directed generally to the fields of molecular genetics and
immunology. More particularly, the present invention features expression vectors and

methods of administering those vectors to animals.

GOVERNMENT SUPPORT
The work described herein was supported, at least in part, by grants from the National
Institutes of Health (P01 AI43045, PO1 AT49364, and R21 A144325). The United States

Government may therefore have certain rights in this invention.

BACKGROUND OF THE INVENTION
Vaccines have had profound and long lasting effects on world health. Smallpox has
been eradicated, polio is near elimination, and diseases such as diphtheria, measles, mumps,
pertussis, and tetanus are contained. Nonetheless, current vaccines address only a handful of
the infections suffered by people and domesticated animals. Common infectious diseases for
which there are no vaccines cost the United States alone about $120 billion dollars per year
(Robinson et al., American Academy of Microbiology, May 31 - June 2, 1996). In first world

countries, emerging infections such as immunodeficiency viruses, as well as reemerging
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diseases like drug resistant forms of tuberculosis, pose new threats and challenges for vaccine
development. The need for both new and improved vaccines is even more pronounced in
third world countries where effective vaccines are often unavailable or cost-prohibitive.

The prevalence of HIV-1 infection has made vaccine development for this recently
emergent agent a high priority for world health. Pre-clinical trials on DNA vaccines have
demonstrated that DNA alone can protect against highly attenuated HIV-1 challenges in
chimpanzees (Boyer et al., Nature Med. 3:526-532, 1997), but not against more virulent SIV
challenges in macaques (Lu et al., Vaccine 15:920-923, 1997). A combination of DNA priming
plus an envelope glycoprotein boost has raised neutralizing antibody-associated protection
against a homologous challenge with a non-pathogenic chimera between SIV and HIV
(SHIV-IIIB) (Letvin et al., Proc. Natl. Acad. Sci. USA 94:9378-9383, 1997). A comparative trial
testing eight different protocols for the ability to protect against a series of challenges with
SHIVs (chimeras between simian and human immunodeficiency viruses) revealed the best
containment of challenge infections by an immunization protocol that included priming by
intradermal inoculation of DNA and boosting with recombinant fowl pox virus vectors
(Robinson et al., Nature Med. 5:526, 1999). This containment of challenge infections was
independent of the presence of neutralizing antibody to the challenge virus. Despite these and

many other efforts, a vaccine for containing HIV infection is still not commercially available.

SUMMARY OF THE INVENTION

The continuing force of the AIDS epidemic illustrates the pressing need for effective
vaccines against human immunodeficiency viruses (HIV), which frequently mutate and exist
in several different clades (or subtypes) and recombinant forms. These subtypes and
recombinant forms, which may arise either naturally or as the result of human intervention,
can be distinguished by differences in the sequences of their nucleic acid. We have
developed DNA vectors, viral vectors and recombinant viruses, e.g., recombinant modified
vaccinia Ankara (MVA) viruses (described at length below) that can be used, alone or in
combination, as a vaccine against one HIV clade, subtype, or recombinant form of HIV or
against multiple HIV clades, subtypes, or recombinant forms (unless otherwise specified, the
term “clade(s)” is meant to encompass subtypes or recombinant forms of HIV). Moreover,

the vectors can encode a variety of antigens, which may be obtained from one clade or from
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two or more different clades, and the antigens selected and/or the manner in which the
vectors are formulated (e.g., mixed) can be manipulated to generate a protective immune
response against a variety of clades (e.g., the clades to which a patient is most likely to be
exposed).

There is also a need for an effective vaccine against poxviruses, such as the variola
virus that causes smallpox; the current smallpox vaccine carries a small risk of substantial
adverse side effects. Although smallpox has been eradicated, the population is still
threatened by smallpox as a biological weapon. The viral vectors described herein can be
used to generate an immune response against poxviruses. Thus, methods in which such
vectors are administered (regardless of the precise protocol followed) can also elicit an
immune response that confers protective or therapeutic effects against conditions such as
smallpox (i.e., a pox viral vector can be administered before or after (e.g., 1-4 or more days
after) a subject has been exposed to an agent that causes a viral disease such as smallpox).
These methods can be effective regardless of whether the vectors contain vaccine inserts or
what that insert encodes (e.g., proteins obtained from an HIV or proteins that elicit an
immune response against one or more HIV clades).

The present invention provides plasmid vectors as well as viral vectors that can be
used to deliver nucleic acids to a cell; while the invention encompasses vectors that do not
contain vaccine “inserts,” when immunizing or treating a patient, the vectors will include
nucleic acids that encode protein antigens that induce or enhance an immune response
against a pathogen (e.g., one or more HIV clades (or subtypes or recombinant forms)). The
nucleic acids or polynucleotides described herein include those having linear arrays of
naturally occurring and/or synthetic nucleotides (or nucleosides) derived from cDNA (or
mRNA) or genomic DNA, or derivatives thereof (the pyrimidine or purine rings can be
attached to a pentose sugar, such as a ribose or deoxyribose). The sequence of the nucleic
acid may or may not be identical to a sequence occurring in nature (e.g., the sequence can
encode a mutant form of an HIV protein that may make the vaccine safer). Specific
characteristics and specific sequences of the proteins that can be expressed by way of the
vectors described herein are discussed below.

Plasmid or viral vectors can include nucleic acids representing one or more genes

found in one or more HIV clades or any fragments or derivatives thereof that, when
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expressed, elicit an immune response against the virus (or viral clade) from which the nucleic
acid was derived or obtained. The nucleic acids may be purified from HIV or they may have
been previously cloned, subcloned, or synthesized and, in any event, can be the same as or
different from a naturally occurring nucleic acid sequence. The plasmid vectors of the
pfesent invention may be referred to herein as, inter alia, expression vectors, expression
constructs, plasmid vectors or, simply, as plasmids, regardless of whether or not they include
a vaccine insert (i.e., a nucleic acid sequence that encodes an antigen or immunogen).
Similar variations of the term “viral vector” may appear as well (e.g., we may refer to the
“viral vector” as a “poxvirus vector,” a “vaccinia vector,” a “modified vaccinia Ankara
vector,” or an “MVA vector”). The viral vector may or may not include a vaccine insert.

DNA molecules and viral vectors described herein can be used to generate
recombinant viruses that can be used in combination with plasmid vectors to immunize
patients prophylactically or therapeutically.

Accordingly, in one aspect, the invention features compositions (including
pharmaceutically or physiologically acceptable compositions) that contain, but are not
limited to, a vector, which may be a plasmid or viral vector, having a vaccine insert. The
insert can include one or more of the sequences described herein (the features of the inserts
and representative sequences are described at length below; any of these, or any combination
of these, can be used as the insert). When the insert is‘expressed, the expressed protein(s)
may generate an immune response against one or more HIV clades. One can increase the
probability that the immune response will be effective against more than one clade by
including sequences from more than one clade in the insert of a single vector (multi-vector
vaccines are also useful and are described further below). For example, to increase the
probability of generating an immune response against clade B and clade C, one can
administer, to a subject, vectors that each include an insert that encodes proteins of clade B
and clade C. The subject may be a person who lives in, or travels between, parts of the world
where HIV clades B and C are prevalent. Of course, expressing one or more proteins of a
single clade is also beneficial and vectors that do so are within the scope of the invention
(again, any inserts having the features or sequences of the exemplary inserts described herein

can be used, and the inserts per se are features of the invention).
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In another aspect, the invention features compositions (including pharmaceutically or
physiologically acceptable compositions) that contain, but are not limited to, two vectors: a
first vector that encodes one or more antigens (i.e., a vector that includes a vaccine insert)
that elicit (e.g., induces or enhances) an immune response against an HIV of a first clade and
a second vector that encodes one or more antigens that elicit (e.g., induces or enhances) an
immune response against an HIV of a second clade. However, the compositions can contain
more than first and second vectors; they can contain three, four, five, six, or more different
vectors (by “different” vectors, we mean vectors that contain different regulatory elements
(e.g. different promoters), or that encode different antigens or combinations of antigens, or
that otherwise vary (e.g., that vary in their “backbone” sequence)). In some embodiments,
the compositions can contain as many vectors as are required to elicit an immune response
against two, three, four, or a majority of, if not all, HIV clades. While one vector can encode
one antigen (e.g., Gag-Pol), one or more of the vectors (i.e., the first vector, the second
vector, or both; the first, second, third, or all three vectors; efc.) can include nucleic acids
encoding at least three antigens (e.g. Gag-Pol and Env), each of which can elicit an immune
response directed primarily against the same HIV clade (i.e., the first vector can express three
antigens, each of which generates a response against, primarily, clade A and a second vector
can express three antigens, each of which generates a response against, primarily, clade B).
In other embodiments, one or-more of the vectors can elicit an immune response against
more than one HIV clade (i.e., the first vector can express a first antigen (e.g., Gag-Pol) that
generates a response against clade A and a second antigen (e.g., Env) that generates a
response against clade B). Thus, one or more of the vectors can elicit an immune response
against more than one HIV clade. Any of the types of vectors described herein, whether they
are plasmid or viral vectors, or whether they individually encode antigens that elicit immune
responses against primarily one, or more than one, HIV clade, can be used alone or in
combination with one another, depending on the particular HIV clades to which one wishes
to generate immunity.

The vaccine inserts per se (i.e., the sequences encoding HIV proteins that serve as
antigens or immunogens) are also within the scope of the invention. While these inserts are
described at length below, we note here that the invention features a variety of isolated

nucleic acids that represent modified HIV genomes (e.g., fragments or recombinant forms of
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a genome or one or more HIV genes that are recombined or mutated in some way). For
example, one or more nucleic acids can be deleted from one or more genes or replaced with
other nucleic acids (i.e., the sequences can be fragments of a gene or genes and can contain
point mutations). More specifically, the invention features isolated nucleic acids that
represent HIV genomes having safety mutations (e.g., deletion of the LTRs and of sequences
encoding integrase (IN), Vif, Vpr and Nef). The nucleic acids can encode Gag, PR, RT, Env,
Tat, Rev, and Vpu proteins, one or more of which may contain safety mutations (particular
mutations are described at length below). Moreover, the isolated nucleic acids can be of any
HIV clade and nucleic acids from different clades can be used in combination (as described
further below). In the work described herein, clade B inserts are designated JS (e.g., JS2,
JS7, and JS7.1), clade AG inserts are designated IC (e.g., IC2, IC25, IC48, and IC90), and
clade C inserts are designated IN (e.g., IN2 and IN3). These inserts are within the scope of
the present invention, as are vectors (whether plasmid or viral) containing them (particular
vector/insert combinations are referred to below as, for example, pGA1/JS2, pGA2/JS2 etc.

Expression vectors that carry DNA are necessarily limited in that they can only be
used to immunize patients with products (i.e., proteins) encoded by DNA, and it is possible
that bacterial and parasitic proteins may be atypically processed by eukaryotic cells. Another
problem with existing DNA vaccines is that some vaccine insert sequences are unstable
during the growth and amplification of DNA vaccine plasmids in bacteria. Instability can
arise during plasmid growth where the secondary structure of the vaccine insert or of the
plasmid vector (the “backbone”) can be altered by bacterial endonucleases. The expression
vectors of the present invention can include a termination sequence that improves stability.
The termination sequence and other regulatory components (e.g., promoters and
polyadenylation sequences) are discussed at length below.

The compositions of the invention can be administered to humans, including children.
Accordingly, the invention features methods of immunizing a patient (or of eliciting an
immune response in a patient, which may include multi-epitope CDS8" T cell responses) by
administering one or more types of vectors (e.g., one or more plasmids, which may or may
not have identical sequences, components, or inserts (i.e., sequences that can encode
antigens) and/or one or more viral vectors, which may or may not be identical or express

identical antigens). As noted above, the vectors, whether plasmid or viral vectors, can
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include one or more nucleic acids obtained from or derived from (e.g., a mutant sequence is a
derivative sequence) one or more HIV clades. When these sequences are expressed, they
produce an antigen or antigens that elicit an immune response to one or more HIV clades. In
particular embodiments, patients receive a first vector and a second vector. The first vector
can encode one or more antigens of a first HIV clade (these antigens can elicit (e.g., induce
or enhance) an immune response against that HIV clade) and the second vector can encode
one or more antigens of a second HIV clade (here again, these antigens can elicit (e.g.,
induce or enhance) an immune response against the second HIV clade). In alternative
embodiments, the subject can receive a third, fourth, fifth, efc. vector encoding one or more
antigens from a third, fourth, fifth, etc. HIV clade (or mutants thereof). Moreover, and as in
other embodiments, the antigen(s) can be from any clade (e.g., from one or more of clades A-
L) or any HIV isolate.

Where the compositions contain vectors that differ either in their backbone,
regulatory elements, or insert(s), the ratio of the vectors in the compositions, and the routes
by which they are administered, can vary. The ratio of one type of vector to another can be
equal or roughly equal (e.g., roughly 1:1 or 1:1:1, etc.). Alternatively, the ratio can be in any
desired proportion (e.g., 1:2, 1:3, 1:4 ... 1:10; 1:2:1, 1:3:1, 1:4:1 ... 1:10:1; etc.). Thus, the
invention features compositions containing a variety of vectors, the relative amounts of
antigen-expressing vectors being roughly equal or in a desired proportion. While preformed
mixtures may be made (and may be more convenient), one can, of course, achieve the same
objective by administering two or more vector-containing compositions (on, for example, the
same occasion (e.g., within minutes of one another) or nearly the same occasion (e.g., on
consecutive days)).

Plasmid vectors can be administered alone (i.e., a plasmid can be administered on one
or several occasions with or without an alternative type of vaccine formulation (e.g., with or
without administration of protein or another type of vector, such as a viral vector)) and,
optionally, with an adjuvant or in conjunction with (e.g., prior to) an alternative booster
immunization (e.g., a live-vectored vaccine such as a recombinant modified vaccinia Ankara
(MVA) virus comprising a DNA insert that can encode antigens identical to or differing from
those encoded by the “prime” portion of the immunization. For example, the viral vector or

MVA virus can contain at least some of the sequence contained with the plasmid
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administered as the “prime” portion of the inoculation protocol (e.g., sequences encoding one
or more, and possibly all, of the same antigens). The adjuvant can be a “genetic adjuvant”
(i.e., a protein delivered by way of a DNA sequence). Similarly, as described further below,
one can immunize a patient (or elicit an immune response, which can include multi-epitope
CD8" T cell responses) by administering a live-vectored vaccine (e.g., an MVA vector or
recombinant MVA virus) without administering a plasmid-based (or “DNA”) vaccine. Thus,
in alternative embodiments, the invention features compositions having only recombinant
virus or viral vectors (with, optionally, one or more of any of the inserts described here, or
inserts having their features) and methods of administering them. The viral-based regimens
(e.g., “MVA only” or “MVA-MVA” vaccine regimens) are the same as those described
herein for “DNA-MVA” regimens, and the MV As in any vaccine can be in any proportion
desired. For example, in any case (whether the immunization protocol employs only
plasmid-based immunogens, only viral-carried immunogens, or a combination of both), one
can include an adjuvant and administer a variety of antigens, including those obtained from
any HIV clade, by way of the plurality of vectors administered.

As implied by the term “immunization” (and variants thereof), the compositions of
the invention can be administered to a subject who has not yet become infected with a
pathogen (thus, the terms “subject” or “patient,” as used herein encompasses apparently
healthy or non-HIV-infected individuals), but the invention is not so limited; the
compositions described herein can also be administered to treat a subject or patient who has
already been exposed to, or who is known to be infected with, a pathogen (e.g., an HIV of
any clade, including those presently known as clades A-L or mutant or recombinant forms
thereof).

An advantage of DNA and rMV A immunizations is that the immunogen may be
presented by both MHC class I and class I molecules. Endogenously synthesized proteins
readily enter processing pathways that load peptide epitopes onto MHC I as well as MHC II
molecules. MHC I-presented epitopes raise CD8 cytotoxic T cell (Tc) responses, whereas
MHC IlI-presented epitopes raise CD4 helper T cells (Th). By contrast, immunogens that are
not synthesized in cells are largely restricted to the loading of MHC II epitopes and therefore
raise CD4 Th but not CD8 Tc. In addition, DNA plasmids express only the immunizing

antigens in transfected cells and can be used to focus the immune response on only those
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antigens desired for immunization. In contrast, live virus vectors, e.g., recombinant MVA
virus, express many antigens (e.g., those of the vector as well as the immunizing antigens)
and prime immune responses against both the vector and the immunogen. Thus, we believed
these live virus vectors could be highly effective at boosting a DNA-primed response by
virtue of the large amounts of antigen that can be expressed by a live virus vector
preferentially boosting the highly targeted DNA-primed immune response. The live virus
vectors also stimulate the production of pro-inflammatory cytokines that augment immune
responses. Thus, administering one or more of the DNA vectors described herein (as a
“prime”) and subsequently administering one or more of the recombinant MVA viruses (as a
“boost”), could be more effective than DNA-alone or live virus vectors-alone at raising both
cellular and humoral immunity. Insofar as these vaccines may be administered by DNA
expression vectors and/or recombinant viruses, there is a need for plasmids that are stable in
bacterial hosts and safe in animals. Plasmid-based vaccines that may have this added
stability are disclosed herein, together with methods for administering them to animals,
including humans.

The antigens encoded by DNA or rMVA are necessarily proteinaceous. The terms
“protein,” “polypeptide,” and “peptide” are generally interchangeable, although the term
“peptide” is commonly used to refer to a short sequence of amino acid residues or a fragment
of a larger protein. In any event, serial arrays of amino acid residues, linked through peptide
bonds, can be obtained by using recombinant techniques to express DNA (e.g., as was done
for the vaccine inserts described and exemplified herein), purified from a natural source, or
synthesized.

Other advantages of DNA-based vaccines (and of viral vectors, such as pox virus-
based vectors) are described below. The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the description below. Other
features, objects, and advantages of the invention will be apparent from the description and

drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of the plasmid construct pGA1. The identities and

positions of elements present in the vector (e.g., the promoter (here, a CMV promoter including
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intron A), the multiple-cloning site, a terminator sequence (here, the lambda T0 terminator), and
a selection gene (here, the kanamycin resistance gene) are shown. Unique restriction
endonuclease sites, which are useful for cloning vaccine inserts into the plasmid, are also shown.

Figs. 2a and 2b relate to pGA1l. Fig. 2a is an illustration of the nucleotide sequence of
pGA1 (SEQ ID NO:1), and Fig. 2b is a table listing the functional regions of pGAL, their
positions within the SEQ ID NO:1, and the origins of the sequences.

Figs. 3a and 3b relate to pGA1.1. Fig. 3a is an illustration of the nucleotide sequence
of pGA1.1 (SEQ ID NO:2), and Fig. 3b is a table listing the functional regions of pGAL.1,
their positions within SEQ ID NO:2, and the origins of the sequences. pGAl.1 differs from
pGAL in that it includes an EcoR I restriction site in its multiple cloning site.

Figs. 4a and 4b relate to pGAL.2. Fig. 4a is an illustration of the nucleotide sequence
of pGA1.2 (SEQ ID NO:3) and Fig. 4b is a table listing the functional regions of pGA1.2,
their positions within SEQ ID NO:3, and the origins of the sequences. pGA1.2 differs from
pGA1.1 in that it includes a BamH I site in its multiple cloning site. .

Fig. 5 is a schematic illustration of the plasmid construct pGA2. The identities and
positions of elements present in the vector (e.g., a promoter (here the CMV promoter without
intron A), the multi-cloning site, a terminator sequence (here, the lambda T0 terminator), and a
selection gene (here, the kanamycin resistance gene) are shown. Unique restriction endonuclease
sites, which are useful for cloning vaccine inserts into ‘the plasmid, are also shown.

Figs. 6a and 6b relate to pGA2. Fig. 6a is an illustration of the nucleotide sequence of -
pGA2 (SEQ ID NO:4), and Fig 6b is a table listing the functional regions of pGA2, their
positions within SEQ ID NO:4, and the origins of the sequences.

Figs. 7a and 7b relate to pGA2.1. Fig. 7ais an illustration of the nucleotide sequence
of pGA2.1 (SEQ ID NO:5) and Fig. 7b is a table listing the functional regions of pGA2.1, the
positions within SEQ ID NO:5, and the origins of the sequences. pGA2.1 differs from pGA2
in having an EcoR I site in its multiple cloning site.

Figs. 8a and 8b relate to pGA2.2. Fig. 8ais an illustration of the nucleotide sequence
of pGA2.2 (SEQ ID NO:6), and Fig. 8b is a table listing the functional regions of pGA2.2,
their positions with SEQ ID NO:6, and the origins of the sequences. pGA2.2 differs from

pGA2.1 in having a BamH I site in its multiple cloning site.
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Fig. 9 is a schematic representation of the proviral (integrated DNA) form of the HIV
genome (HIV-1 wt) and a representative vaccine insert. This representative insert has safety
mutations that include deletion of the LTRs, deletion of sequences encoding integrase (IN),
Vif, Vpr and Nef. The insert encodes Gag, PR, RT, Env, Tat, Rev, and Vpu proteins. Clade
B inserts are designated JS (clade B), IC (clade AG) and IN (clade C) with arabic numerals
designating the specific vaccine constructs (e.g., JS2, JS7 and JS7.1 are examples of specific
clade B vaccine constructs; IC2, IC25, IC48 and IC90, examples of specific AG vaccine
constructs; and IN2 and IN3 are examples of specific clade C vaccine constructs). When
inserted into the pGA1 vector, the insert-bearing plasmids are referred to as pGA1/JS2 etc;
when inserted into the pGA2 vector, plasmids are referred to as pGA2/JS2 etc.

Figs. 10a-10c relate to pGA2/JS2. Fig. 10a is an illustration of the sequence of the
pGA2/IS2 clade B vaccine vector (SEQ ID NO:7), and Fig 10b is a table listing the positions
of seven functional regions of pGA2/JS2, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 10c'is a table
listing codons that were changed, the resulting amino acid change (e.g., C392S indicates a
substitution of serine for cysteine at amino acid residue 392), the region of the genome where
the mutation resides, and the mutation’s function.

Figs. 11a-11c relate to pGA2/JS7. Fig. 11ais an illustration of the sequence of the
pGA2/IS7 clade B vaccine vector (SEQ ID NO:8), and Fig. 11b is a table listing the positions
of seven functional regions of pGA2/JS7, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 11c is a table
listing codons that were changed, the resulting amino acid change (e.g., C395S indicates a
substitution of serine for cysteine at amino acid residue 395), the region of the genome where
the mutation resides, and the mutation’s function.

Figs. 12a-12c relate to pGA2/JS7.1. Fig. 12a is an illustration of the sequence of the
pGA2/JS7.1 clade B vaccine vector (SEQ ID NO:9), and Fig 12b is a table listing the
positions of functional regions of pGA2/JS7.1, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 12¢ is a table
listing codons that were changed, the resulting amino acid change, the region of the genome

where the mutation resides, and the mutation’s function.
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Figs. 13a-13c relate to pGA1/IC25. Fig. 13ais an illustration of the sequence of the
pGA1/IC25 clade AG vaccine vector (SEQ ID NO:10), and Fig. 13b is a table listing the
positions of functional regions within pGA1/IC25, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 13cis a table
listing codons that were changed, the resulting amino acid change, the region of the genome
where the mutation resides, and the mutation’s function.

Figs. 14a-14c relate to pGA1/IC2. Fig. 14ais an illustration of the sequence of the
pGAL1/IC2 clade AG vaccine vector (SEQ ID NO:11), and Fig. 14b is a table listing the
positions of functional regions within pGA1/IC2, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 14c is a table
listing codons that were changed, the resulting amino acid change, the region of the genome
where the mutation resides, and the mutation’s function.

- Figs. 15a-15c relate to pGA1/IC48. Fig. 15ais an illustration of the sequence of the
pGA1/IC48 clade AG vaccine vector (SEQ ID NO:12), and Fig. 15b is a table listing the
positions of functional regions within pGAI/IC48, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 15¢ is a table
listing codons that were changed, the resulting amino acid change, the region of the genome
where the mutation resides, and the mutation’s function.

Figs. 16a-16c¢ relate to pGA1/IC90. Fig. 16a is an illustration of the sequence of the
pGA1/IC90 clade AG vaccine vector (SEQ ID NO:13), and Fig: 16b is a table listing the
positions of functional regions within pGA1/IC90, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 16c is a table
listing codons that were changed, the resulting amino acid change, the region of the genome
where the mutation resides, and the mutation’s function.

Figs. 17a-17c relate to pGA1/IN3. Fig. 17a is an illustration of the sequence of the
pGA1/IN3 clade C vaccine vector (SEQ ID NO:14), and Fig. 17b is a table listing the
positions of functional regions within pGA1/IN3, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig. 17¢ is a table
listing codons that were changed, the resulting amino acid change, the region of the genome

where the mutation resides, and the mutation’s function.
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Figs. 18a-18c relate to pGA1/IN2. Fig. 18a is an illustration of the sequence of the
pGA1/IN2 clade C vaccine vector (SEQ ID NO:15), and Fig. 18b is a table listing the
positions of functional regions within pGAI/IN2, the gene sequences within those regions
(describing mutations, where present), and the origins of their sequences. Fig 18c is a table
listing codons that were changed, the resulting amino acid change, the region of the genome
where the mutation resides, and the mutation’s function.

Fig. 19 is a schematic representation of an HIV-1 Env glycoprotein. The arrow
indicates the site of gp160 cleavage to gp120 and gp41. In gp120, cross-hatched areas
represent variable domains (V; to V) and open boxes depict conserved sequences (C; to Cs).
In the gp41 ectodomain, several domains are indicated: the N-terminal fusion peptide and
the two ectodomain helices (N- and C-helices). The membrane-spanning domain is
represented by a black box. In the gp41 cytoplasmic domain, the Tyr-X-X-Leu (YXXL)
endocytosis motif and two predicted helical domains (helix-1 and helix-2) are shown. Amino
acid residues are numbered at intervals of 100.

Figs. 20A and 20B relate to the plasmid transfer vector pLW-48. Fig. 20A is a map
of pLW-48 and Fig. 20B is a representation of its sequence.

Fig. 21 is a representation of the sequences of the plasmid transfer vector pLW-48,
the Psy II promoter (which controls ADA envelope expression), the ADA envelope
(truncated), the PmHS5 promoter (which controls HXB2 gag and pol expression), and HXB2
gag-pol (with safety mutations, inactivating point mutations in RT and the deletion of
integrase).

Fig. 22 is a representation of the plasmid transfer vector pLW-48 and a scheme for
making an MVA recombinant virus (MVA/HIV 48). |

Fig. 23 is a representation of a clade B gag pol.

Fig. 24 is a representation of a Psyn II promoter.

DETAILED DESCRIPTION
This invention encompasses a wide variety of vectors and types of vectors (e;g.,
plasmid and viral vectors), each of which can, but do not necessarily, include one or more
nucleic acid sequences that encode one or more antigens that elicit (e.g., that induce or

enhance) an immune response against the pathogen from which the antigen was obtained or
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derived (the sequences encoding proteins that elicit an immune response may be referred to
herein as “vaccine inserts” or, simply, “inserts”; when a mutation is introduced into a
naturally occurring sequence, the resulting mutant is “derived” from the naturally occurring
sequence). We point out that the vectors do not necessarily encode antigens to make it clear
that vectors without “inserts” are within the scope of the invention and that the inserts per se
are also compositions of the invention.

Accordingly, the invention features the nucleic acid sequences disclosed herein,
analogs thereof, and compositions containing those nucleic acids (whether vector plus insert
or insert only; e.g., physiologically acceptable solutions, which may include carriers such as
liposomes, calcium, particles (e.g., gold beads) or other reagents used to deliver DNA to
cells). The analogs can be sequences that are not identical to those disclosed herein, but that
include the same or similar mutations (e.g., the same point mutation or a similar point
mutation) at positions analogous to those included in the present sequences (e.g., any of the
JS, IC, or IN sequences disclosed herein). A given residue or domain can be identified in
various HIV clades even though it does not appear at precisely the same numerical position.
The analogs can also be sequences that include mutations that, while distinct from those
described herein, similarly inactivate an HIV gene product. For example, a gene that is
truncated to a greater or lesser extent than one of the genes described here, but that is
similarly inactivated (e.g., that loses a particular enzymatic activity) is within the scope of the
present invention.

The pathogens and antigens, which are described in more detail below, include
human immunodeficiency viruses of any clade (e.g. from any known clade or from any
isolate (e.g., clade A, AG, B, C,D,E, F, G, H, I, ], K, or L)). When the vectors include
sequences from a pathogen, they can be administered to a patient to elicit an immune
response. Thus, methods of administering antigen-encoding vectors, alone or in combination
with one another, are also described herein. These methods can be carried out to either
immunize patients (thereby reducing the patient’s risk of becoming infected) or to treat
patients who have already become infected; when expressed, the antigens may elicit both
cell-mediated and humoral immune responses that may substantially prevent the infection
(e.g., immunization can protect against subsequent challenge by the pathogen) or limit the

extent of its impact on the patient’s health. While in many instances the patient will be a
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human patient, the invention is not so limited. Other animals, including non-human
primates, domesticated animals and livestock can also be treated.

The compositions described herein, regardless of the pathogen or pathogenic subtype
(e.g., the HIV clade(s)) they are directed against, can include a nucleic acid vector (e.g., a
plasmid). As noted herein, vectors having one or more of the features or characteristics
(particularly the oriented termination sequence and a strong promoter) of the plasmids
designated pGA1, pGA2 (including, of course, those vectors per se), can be used as the basis
for a vaccine or therapy. Such vectors can be engineered using standard recombinant
techniques (several of which are illustrated in the examples, below) to include sequences that
encode antigens that, when administered to, and subsequently expressed in, a patient will
elicit (e.g., induce or enhance) an immune response that provides the patient with some form
of protection against the pathogen from which the antigens were obtained or derived (e.g.,
protection against infection, protection against disease, or amelioration of one or more of the
signs or symptoms of a disease). The encoded antigens can be of any HIV clade or subtype
or any recombinant form thereof. With respect to inserts from immunodeficiency viruses,
different isolates exhibit clustal diversity, with each isolate having overall similar diversity
from the consensus sequence for the clade (see, e.g., Subbarao et al., AIDS 10(Suppl A):S13-
23, 1996). Thus, any isolate can be used as a reasonable representative of sequences for
other isolates of the same clade. Accordingly, the compositions of the invention can be made
with, and the methods described herein can be practiced with, natural variants of genes or
nucleic acid molecules that result from recombination events, alternative splicing, or
mutations (these variants may be referred to herein simply as “recombinant forms” of HIV).

Moreover, one or more of the inserts within any construct can be mutated to decrease:
their natural biological activity (and thereby increase their safety) in humans (these human-
made variants may also be referred to herein as “recombinant forms” of HIV (there are
naturally occurring recombinant forms as well)). As noted above in the description of JS2,
JS7 and JS7.1 and as described below (see, e.g., Examples 7-10), mutations can be
introduced into sequences that participate in encapsidation. For example, one can mutate
(by, for example, deletion of all or a part of) a cis-acting RNA encapsidation sequence in the

non-coding regulatory sequence of an HIV (e.g., HIV-1). Alternatively, or in addition, one
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can mutate sequences that encode any antigenic proteins (e.g., any HIV antigen, including
those listed above (e.g., the viral RT or protease).

For example, the compositions of the invention include those having two vectors: (a)
a first vector comprising a vaccine insert encoding one or more antigens that elicit an
immune response against a human immunodeficiency virus (HIV) of a first subtype or
recombinant form and (b) a second vector comprising a vaccine insert encoding one or more
antigens that elicit an immune responseagainst an HIV of a second subtype or recombinant
form. The compositions can be pharmaceutically acceptable and may include a carrier or
adjuvant (discussed further below). Moreover, the insert of the first vector or the insert of the
second vector can include the sequences of two or more of: (a) a gag, pol, env, tat, rev, nef,
vif, vpr, or vpu gene or (b) mutants thereof and, optionally, (c) non-coding regulatory
sequences (including the sequences of single promoters) of the HIV genome. At least one of
the two or more sequences can be mutant or mutated so as to limit the encapsidation of viral
RNA (preferably, the mutation(s) limit encapsidation appreciably).

One can introduce mutations and determine their effect (on, for example, expression
or immunogenicity) using techniques known in the art; antigens that remain well expressed
(e.g., antigens that are expressed about as well as or better than their wild type counterparts),
but are less biologically active than their wild type counterparts, are within the scope of the
invention. Techniques are also available for assessing the immune response. One can, for
example, detect anti-viral antibodies or virus-specific T cells. ‘

The mutant constructs (e.g., a vaccine insert) can include sequences encoding one or
more of the substitution mutants described herein (see, e.g. the Examples) or an analogous
mutation in another HIV clade. In addition to, or alternatively, HIV antigens can be rendered
less active by deleting part of the gene sequences that encode them. Thus, the compositions
of the invention can include constructs that encode antigens that, while capable of eliciting an
immune response, are mutant (whether encoding a protein of a different length or content
than a corresponding wild type sequence) and thereby less able to carry out their normal
biological function when expressed in a patient. As noted above, expression,
immunogenicity, and activity can be assessed using standard techniques for molecular

biology and immunology.
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Several plasmids have been constructed and used to express antigens (e.g., the
pGA2/JS2 construct has gone through immunogenicity studies in macaques). The plasmids
made and used include pGAL1 and its derivatives pGA1.1 and pGA1.2; and pGA2, and its
derivatives pGA2.1 and pGA2.2 (see Examples 1-8). The vaccine constructs we made are
typically referred to with the “backbone” vector and the “insert” being separated by a
backslash. These constructs express HIV-1 antigens, and those constructs can be
administered to patients as described herein. While antigens (wild type and those containing
mutations that render them safer for administration) are discussed at length below, we note
here that, based upon our present evidence, plasmids containing JS7-like inserts appear to
exhibit better immunogenicity and are more efficient in priming an immune response (as
evidenced by anti-Env antibodies) than are plasmids containing JS2-like inserts. pGA2/JS7
and pGA2/JS7.1 differ from pGA2/JS2 in several ways, one of which is the source of their
respective antigens. In pGA2/JS7 and pGA2/JS7.1, the Gag and Pol genes were obtained
from HIV-1 HXB2, whereas in pGA2/JS2 those genes were obtained from a closely related
isolate of HIV-1, HIV-1 BHI10. Accordingly, the invention features inserts (as well as
vectors and compositions containing them) that include Gag and Pol genes obtained from
HIV-1 HXB2. Moreover, these inserts can contain mutations that inhibit one or more of the
biological activities carried out by Gag-Pol. The vaccine inserts designated JS7 and JS2 also
differ in that JS7 has an inacti\)ating point mutation in its protease gene. This mutation
facilitates the formation of viral like particles (VLPs) by, we believe, precluding premature
intracellular cleavage of the pr55 Gag protein. pGA2/JS7 and pGA2/JS7.1 both contain this
protease mutation and both constructs produce VLPs in abundance. Accordingly, the
invention features inserts that include mutant gag and/or pol sequences (e.g., mutations (e.g.,
one or more deletions or point mutations) that inhibit the protease gene). Additional point
mutations in the vpu gene in pGA2/JS7.1 resulted in a loss of Vpu expression and an increase
in Env expression (in pGA2/JS7.1, the start site of Vpu is mutated along with a downstream
ATG to eliminate translation of Vpu). The increase in Env expression does not compromise
Gag expression.

Identical or analogous changes can be made in any vaccine insert that includes gag,
pol; any vaccine insert that encodes a viral protease; or any vaccine insert that includes a vpu

gene (regardless of the clade or isolate from which it was obtained). Moreover, these
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changes can be made in vaccine inserts that are placed in any of the plasmid or live-vectored
vaccines (e.g., MVA) described herein (i.e., in any plamid having one or more of the features
or characteristics of the pGA vectors, the pGA vectors themselves, or the vaccinia vectors
that may be used alone or in conjunction with (e.g., to boost) a DNA-primed patient).

Any plasmid within the scope of the invention can be tested for expression by
transfecting cells, such as 293T cells (a human embryonic kidney cell line) and assessing the
level of antigen expression (by, for example, an antigen-capture ELISA or a Western blot).
Plasmids that express immunogens at a level comparable to, or higher than, the plasmids
tested herein are strong therapeutic candidates and are within the scope of the invention (of
course, any construct that elicits an effective immune response (e.g., any desirable degree of
protection from infection or other therapeutic benefit) is within the scope of the invention,
regardless of the level of antigen expression it generates). One can similarly assess the
ability of candidate vectors to produce VLPs; the more the vectors’ products resemble VLPs,
the more likely they are to elicit a strong antibody response (while this is a desirable feature, |
vectors that fail to form VLPs are nevertheless useful and are within the scope of the present
invention). In addition to assessing expression and VLP formation in cell culture, one can
assess candidate vectors in vivo. For example, one can assess immunogenicity in animal
models (and, eventually, in human patients). Plasmids that have substantially the same
sequence as the pGA vectors described herein and that éxpress one or more of the antigens
described herein are within the scope of the invention so long as they are immunogenic
enough to induce or enhance a therapeutically beneficial response in a patient (a plasmid can
have substantially the same sequence as a pGA vector even if one or more of the component
parts of the plasmid, such as the marker gene or antibiotic-resistance gene, has been deleted).
In tests in animals for immunogenicity, one can perform an intracellular cytokine assay or an
ELISPOT assay for IFN-y production in response to stimulation with an antigenic peptide to
evaluate the frequency of responding T cells to that peptide. Proliferation assays can also be
carried out. Antigens produced by transient transfection can be used for stimulation, and
supernatants from mock-transfected cultures can serve as controls. If desired, the data can be
presented as a stimulation index (the growth of cultures in the presence of pathogenic (e.g.,

viral) antigens divided by the growth of cultures in the presence of mock antigen).
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The nucleic acid vectors of the invention, including pGA1 and pGA2 and their
derivatives can encode at least one antigen (which may also be referred to as an immunogen)
obtained from, or derived from, any HIV clade or isolate (i.e., any subtype or recombinant
form of HIV). The antigen (or immunogen) may be: a structural component of an HIV
virus; glycosylated, myristoylated, or phosphorylated; one that is expressed intracellularly,
on the cell surface, or secreted (antigens that are not normally secreted may be linked to a
signal sequence that directs secretion). More specifically, the antigen can be all, or an
antigenic portion of, Gag, gp120, Pol, Env (e.g., a CCR5-using Env; see, for example,

Fig. 19), Tat, Rev, Vpu, Nef, Vif, Vpr, or a VLP (e.g., a polypeptide derived from a VLP that
is capable of forming a VLP, including an Env-defective HIV VLP).-

Particular inserts and insert-bearing compositions include the following. Where the
composition includes either a vector with an insert or an insert alone, and that insert encodes
a single antigen, the antigen can be a wild type or mutant gag sequence (e.g., a gag sequence
having a mutation in one or more of the sequences encoding a zinc finger (e.g., 2 mutation at
a nucleotide at any of positions 1279-1281, 1288-1290, 1342-1344, or 1351-1353 of SEQ ID
NOs:7 or 8 or at an analogous position in an HIV gag sequence of another clade). As the
mutation is intended to alter the encoded protein, it will not be a silent mutation (e.g., one at
the third-base wobble position of a codon (this is true in the context of gag or any other HIV
sequence included in an insert of the invention). A mutation at one or more of the positions
just listed would change one or more of the cysteine residues at positions 392, 395, 413, or
416 to another residue (e.g., serine). Alternatively, the mutation can be at any of positions
1271-1273, 1280-1282, 1334-1336, or 1343-1345 of any of SEQ ID NOs:10-13) or at an
analogous position in an HIV gag sequence of another clade. Such a mutation would change
one or more of the cysteine residues at positions 390, 393, 411, or 414 to another residue
(e.g., serine). Alternatively, the mutation can be at any of positions 1260-1262, 1269-1271,
1323-1325, or 1332-1334 of SEQ ID NOs:14 or 15 or at an analogous position in an HIV gag
sequence of another clade. Such a mutation would change one or more of the cysteine
residues at positions 390, 393, 411, or 414 to another residue (e.g., serine).

Where the composition includes either a vector with an insert or an insert alone, and
that insert encodes multiple protein antigens, one of the antigens can be a wild type or mutant

gag sequence, including those described above. Similarly, where a composition includes
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more than one type of vector or more than one type of insert, at least one of the vectors or
inserts (whether encoding a single antigen or multiple antigens) can include a wild type or
mutant gag sequence, including those described above or analogous sequences from other
HIV clades. For example, where the composition includes first and second vectors, the
vaccine insert in either or both vectors (whether the insert encodes single or muitiple
antigens) can encode Gag; where both vectors encode Gag, the Gag sequence in the first
vector can be from one HIV clade (e.g., clade B) and that in the second vector can be from
another HIV clade (e.g., clade C).

Where the composition includes either a vector with an insert or an insert alone, and
that insert encodes a single antigen, the antigen can be wild type or mutant Pol. The
sequence can be mutated by deleting or replacing one or more nucleic acids, and those
deletions or substitutions can result in a Pol gene product that has less enzymatic activity
than its wild type counterpart (e.g., less integrase activity, less reverse transcriptase (RT)
activity, or less protease activity). For example, one can inhibit RT by introducing a
mutation at one or more of positions 2454-2456 or 2697-2699 of SEQ ID NO:7 or at an
analogous position in a sequence of another subtype or recombinant form., While the
invention is not limited to mutations that have any particular effect on enzyme activity, we
believe the mutation at position 2454-2456 inhibits RT by inactivating the polymerase’s
active site and that the mutation at position 2697-2699 inhibits RT by ablating strand transfer
activity. Accordingly, these mutations and others that have similar effects on the activity of
the gene product are within the scope of the invention. More specifically, the mutation can
change the amino acid encoded by the nucleotides at 2454-2456 of SEQ ID NO:7 (aspartic
acid (D)) to any another amino acid (e.g., asparagine (N)). Alternatively, or in addition, one
can inhibit the polymerase’s RNase H activity by, for example, introducing a mutation at - .
nucleotides 3333-3335 of SEQ ID NO:7 (e.g., a mutation that changes the glutamic acid
residue (E) to tryptophan (W)). Alternatively, the mutation can be at any of positions 2418-
2420, 2661-2663, or 3297-3299 of SEQ ID NOs:8 or 9 (other clade B inserts). Alternatively,
the mutation can be at any of positions 2410-2412, 2653-2655, or 3289-3291 of any of SEQ
ID NOs:10-13 (for example, the aspartic acid (D), tryptophan (W) and glutamic acid (E)
residues at those positions can be changed to asparagine (N), threonine (T), and/or glutamine

(Q), respectively). Alternatively, the mutation can be at any of positions 2387-2389, 2630-
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2632, or 3266-3268 of SEQ ID NOs:14 or 15. Nucleic acids encoding analogous residues in
other clades can be identified by one of ordinary skill in the art, even if those residues are not
found at precisely the same position as they were in the clades tested here.

Where the composition includes either a vector with an insert or an insert alone, and
that insert encodes multiple protein antigens, one of the antigens can be a wild type or mutant
pol sequence, including those described above (these multi-protein-encoding inserts can also
encode the wild type or mutant gag sequences described above). Similarly, where a
composition includes more than one type of vector or more than one type of insert, at least
one of the vectors or inserts (whether encoding a single antigen or multiple antigens) can
include a wild type or mutant pol sequence, including those described above (and, optionally,
a wild type or mutant gag sequence, including those described above (i.e., the inserts can
encode Gag-Pol)). For example, where the composition includes first and second vectors, the
vaccine insert in either or both vectors (whether the insert encodes single or multiple
antigens) can encode Pol; where both vectors encode Pol, the Pol sequence in the first vector
can be from one HIV clade (e.g., clade B) and that in the second vector can be from another
HIV clade (e.g., clade AG).

Where an insert includes some or all of the pol sequence, another portion of the pol
sequence that can be altered is the sequence encoding the protease activity (regardless of
whether or not sequences affecting other enzymatic activities of Pol have been altered). For
example, one can introduce a mutation at position 1641-1643 of SEQ ID NO:8 (e.g., 2
mutation that changes the glutamic acid residue normally encoded by this codon to another
amino acid residue, such as alanine (A)). As with the other mutants (e.g., gag mutants)
described herein, analogous mutations can be made in sequences obtained from other HIV
clades. For example, one can introduce a mutation at position 1633-1635 of SEQ ID NO:10
(changing arginine (R) to another amino acid, such as asparagine (N)), at position 1703-1705
of SEQ ID NO:12 (changing glycine (G) to another residue, such as valine (V)), or at
position 1828-1830 of SEQ ID NO:13 (changing leucine (L) to another residue, such as
methionine (M) (SEQ ID NOs:10, 12, and 13 all represent clade AG sequences). In an insert
from clade C, one can introduce a mutation at position 1610-1612 of SEQ ID NO:14

(changing aspartic acid (D) to another amino acid residue, such as asparagine (N)).
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Where the composition includes either a vector with an insert or an insert alone, and
that insert encodes a single antigen, the antigen can be a wild type or mutant Env, Tat, Rev,
Nef, Vif, Vpr, or Vpu. Where the composition includes either a vector with an insert or an
insert alone, and that insert encodes multiple protein antigens, one of the antigens can be a
wild type or mutant Env. For example, multi-protein expressing inserts can encode wild type
or mutant Gag-Pol and Env; they can also encode wild type or mutant Gag-Pol and Env and
one or more of Tat, Rev, Nef, Vif, Vpr, or Vpu (each of which can be wild type or mutant).
As with other antigens, Env, Tat, Rev, Nef, Vif, Vpr, or Vpu can be mutant by virtue of a
deletion, addition, or substitution of one or more amino acid residues (e.g., any of these
antigens can include a point mutation). With respect to Env, one or more mutations can be in
any of the domains shown in Fig. 19. For example, one or more amino acids can be deleted
from the gp120 surface-and/or gp41 transmembrane cleavage products. With respect to Gag,
one or more amino acids can be deleted from one or more of: the matrix protein (p17), the
capsid protein (p24), the nucleocapsid protein (p7) and the C-terminal peptide (p6). For
example, amino acids in one or more of these regions can be deleted (this may be especially
desired where the vector is a viral vector, such as MVA). With respect to Pol, one or more
amino acids can be deleted from the protease protein (p10), the reverse transcriptase protein
(p66/p51), or the integrase protein (p32).

More specifically, the compositions of the invention can include a vector (e.g., a
plasmid or viral vector) that encodes: (a) a Gag protein in which one or more of the zinc
fingers has been inactivated to limit the packaging of viral RNA; (b) a Pol protein in which
(i) the integrase activity has been inhibited by deletion of some or all of the pol sequence and
(ii) the polymerase, strand transfer and/or RNase H activity of reverse transcriptase has been
inhibited by one or more point mutations within the po! sequence; and (c) Env, Tat, Rev, and
Vpu, with or without mutations. In this embodiment, as in others, the encoded proteins can
be obtained or derived from a subtype A, B or C HIV (e.g., HIV-1) or recombinant forms
thereof. Where the compositions include non-identical vectors, the sequence in each type of
vector can be from a different HIV clade (or subtype or recombinant form thereof). For
example, the invention features compositions that include plasmid vectors encoding the
antigens just described (Gag-Pol, Env etc.), where some of the plasmids include antigens that

are obtained from, or derived from, one clade and other plasmids include antigens that are
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obtained (or derived) from another clade. Mixtures representing two, three, four, five, six, or
more clades (including all clades) are within the scope of the invention.

Where first and second vectors are included in a composition, either vector can be
pGA1/JS2, pGA1/JS7, pGA1/IS7.1, pGA2/JS2, pGA2/JS7, pGA2/]S7.1 (pGAl.1 or pGA1.2
can be used in place of pGA1 and pGA2.1 or pGA2.2 can by used in place of pGA2).
Similarly, either vector can be pGA1/IC25, pGA1/IC2, pGA1/IC48, pGA1/1C90,
pGA2/1C25, pGA2/IC2, pGA2/IC48, or pGA2/IC90 (here again, pGA1.1 or pGA1.2 can be
used in place of pGA1 and pGA2.1 or pGA2.2 can be used in place of pGA2). In alternative
embodiments, the encoded proteins can be those of, or those derived from, a subtype C HIV
(e.g., HIV-1) or a recombinant form thereof. For example, the vector can be pGA1/IN2,
pGA1.1/IN2, pGA1.2/IN2, pGA1/IN3, pGA1.1/IN3, pGA1.2/IN3, pGA2/IN2, pGA2.1/IN2,
pGA2.2/IN2, pGA2/IN3, pGA2.1/IN3, or pGA2.2/IN3.

The encoded proteins can also be those of, or those derived from, any of HIV clades
(or subtypes) E, F, G, H, I, J, K or L or recombinant forms thereof. An HIV-1 classification
system has been published by Los Alamos National Laboratory (HIV Sequence
Compendium-2001, Kuiken et al, publ;ished by Theoretical Biology and Biophysics Group
T-10, Los Alamos, NM, (2001); http://hiv-web.lanl.gov) .

The compositions of the invention can also include a vector (e.g., a plasmid vector)
encoding: (a) a Gag protein in which one or both zinc fingers have been inactivated; (b) a
Pol protein in which (i) the integrase activity has been inhibited by deletion of some or all of
the pol sequence, (ii) the polymerase, strand transfer and/or RNase H activity of reverse
transcriptase has been inhibited by one or more point mutations within the pol sequence and
(iii) the proteolytic activity of the protease has been inhibited by one or more point
mutations; and (¢) Env, Tat, Rev, and Vpu, with or without mutations. As noted above,
proteolytic activity can be inhibited by introducing a mutation at positions 1641-1643 of SEQ
ID NO:8 or at an analogous position in the sequence of another HIV clade. For example, the
plasmids can contain the inserts described herein as JS7, IC25, and IN3. As is true for
plasmids encoding other antigens, plasmids encoding the antigens just described can be
combined with (e.g., mixed with) other plasmids that encode antigens obtained from, or
derived from, a different HIV clade (or subtype or recombinant form thereof). The inserts

per se (sans vector) are also within the scope of the invention.
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Other vectors of the invention include plasmids encoding a Gag protein (e.g., a Gag
protein in which one or both of the zinc fingers have been inactivated); a Pol protein (e.g., a
Pol protein in which integrase, RT, and/or protease activities have been inhibited; a Vpu
protein (which may be encoded by a sequence having a mutant start codon); and Env, Tat,
and/or Rev proteins (in a wild type or mutant form). As is true for plasmids encoding other
antigens, plasmids encoding the antigens just described can be combined with (e.g., mixed
with) other plasmids that encode antigens obtained from, or derived from, a different HIV
clade (or subtype or recombinant form thereof). The inserts per se (sans vector) are also
within the scope of the invention.

The plasmids described above, including those that express the JS2 or JS7 series of
clade B HIV-1 sequences, can be administered to any subject, but may be most beneficially

administered to subjects who have been, or who are likely to be, exposed to an HIV of

clade B (the same is true for vectors other than plasmid vectors). Similarly, plasmids or other
vectors that express an IN series of clade C HIV-1 sequences can be administered to a subject
who has been, or who may be, exposed to an HIV of clade C. As vectors expressing antigens
of various clades can be combined to elicit an immune response against more than one clade
(this can be achieved whether one vector expresses multiple antigens from different clades or
multiple vectors express single antigens from different clades), one can tailor the vaccine
formulation to best protect a given subject. For example, if a subject is likely to be exposed
to regions of the world where clades other than clade B predominate, one can formulate and
administer a vector or vectors that express an antigen (or antigens) that will optimize the
elicitation of an immune response to the predominant clade or clades.
The antigens they express are not the only parts of the plasmid vectors that can vary.

Useful plasmids may or may not contain a terminator sequence that substantially inhibits
transcription (the process by which RNA molecules are formed upon DNA templates by

- complementary base pairing). Useful terminator sequences include the lambda TO terminator
and functional fragments or variants thereof. The terminator sequence is positioned within
the vector in the same orientation and at the C terminus of any open reading frame that is
expressed in prokaryotes (i.e., the terminator sequence and the open reading frame are

operably linked). By preventing read through from the selectable marker into the vaccine
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insert as the plasmid replicates in prokaryotic cells, the terminator stabilizes the insert as the
bacteria grow and the plasmid replicates.

Selectable marker genes are known in the art and include, for example, genes
encoding proteins that confer antibiotic resistance on a cell in which the marker is expressed
(e.g., resistance to kanamycin, ampicillin, or penicillin). The selectable marker is so-named
because it allows one to select cells by virtue of their survival under conditions that, absent
the marker, would destroy them. The selectable marker, the terminator sequence, or both (or
parts of each or both) can be, but need not be, excised from the plasmid before it is
administered to a patient. Similarly, plasmid vectors can be administered in a circular form,
after being linearized by digestion with a restriction endonuclease, or after some of the vector
“backbone” has been altered or deleted.

The nucleic acid vectors can also include an origin of replication (e.g., a prokaryotic
ori) and a transcription cassette that, in addition to containing one or more restriction
endonuclease sites, into which an antigen-encoding insert can be cloned, optionally includes
a promoter sequence and a polyadenylation signal. Promoters known as strong promoters
can be used and may be preferred. One such promoter is the cytomegalovirus (CMV)
intermediate early promoter, although other (including weaker) promoters may be used
without departing from the scope of the present invention. Similarly, strong polyadenylation
signals may be selected (e.g., the signal derived from a bovine growth hormone (BGH)
encoding gene, or a rabbit § globin polyadenylation signal (Bohm et al., J. Immunol. .
Methods 193:29-40, 1996; Chapman et al., Nucl. Acids Res. 19:3979-3986, 1991; Hartikka et
al., Hum. Gene Therapy 7:1205-1217, 1996; Manthorpe et al., Hum. Gene Therapy 4:419- |
431, 1993; Montgomery et al., DNA Cell Biol. 12:777-783, 1993)).

The vectors can further include a leader sequence (a leader sequence that is a
synthetic homolog of the tissue plasminogen activator gene leader sequence (tPA) is optional
in the transcription cassette) and/or an intron sequence such as a cytomegalovirus (CMV)
intron A or an SV40 intron. The presence of intron A increases the expression of many
antigens from RNA viruses, bacteria, and parasites, presumably by providing the expressed
RNA with sequences that support processing and function as a eukaryotic mRNA.
Expression can also be enhanced by other methods known in the art including, but not

limited to, optimizing the codon usage of prokaryotic mRNAs for eukaryotic cells (Andre
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et al., J. Virol. 72:1497-1503, 1998; Uchijima et al., J. Immunol. 161:5594-5599, 1998).
Multi-cistronic vectors may be used to express more than one immunogen or an immunogen
and an immunostimulatory protein (Iwasaki et al., J. Immunol. 158:4591-4601, 1997a; Wild
et al., Vaccine 16:353-360, 1998). Thus (and as is true with other optional components of the
vector constructs), vectors encoding one or more antigens from one or more HIV clades or
isolates may, but do not necessarily, include a leader sequence and an intron (e.g., the CMV
intron A).

The vectors of the present invention differ in the sites that can be used for accepting
antigen-encoding sequences and in whether the transcription cassette includes intron A
sequences in the CMVIE promoter. Accordingly, one of ordinary skill in the art may modify
the insertion site(s) or cloning site(s) within the plasmid without departing from the scope of
the invention. Both intron A and the tPA leader sequence have been shown i certain
instances to enhance antigen expression (Chapman et al., Nucleic Acids Research 19:3979-
3986, 1991).

As described further below, the vectors of the present invention can be administered
with an adjuvant, including a genetic adjuvant. Accordingly, the nucleic acid vectors,
regardless of the antigen they express, can optionally include such genetic adjuvants as GM-
CSF, IL-15, IL-2, interferon response factors, secreted forms of flt-3, and mutated caspase
genes. Genetic adjuvants can also be supplied in the form of fusion proteins, for example by
fusing one or more C3d gene sequences (e.g., 1-3 (or more) C3d gene sequences) to an
expressed antigen.

In the event the vector administered is a pGA vector, it can comprise the sequence of,
for example, pGA1 (SEQ ID NO:1) or derivatives thereof (e.g., SEQ ID NOs:2 and 3) or
pGA2 (SEQ ID NO:4) or derivatives thereof (e.g., SEQ ID NOs:5 and 6). The pGA vectors
are described in more detail here (see also Examples 1-8). pGA1l is a 3897 bp plasmid that
includes a promoter (bp 1-690), the CMV-intron A (bp 691-1638), a synthetic mimic of the
tPA leader sequence (bp 1659 — 1721), the bovine growth hormone polyadenylation
sequence (bp1761-1983), the lambda TO terminator (bp 1984-2018), the kanamycin
resistance gene (bp 2037-2830) and the ColEI replicator (bp 2831-3890). The DNA
sequence of the pGA1 construct (SEQ ID NO:1) is shown in Fig. 2. In Fig. 1, the indicated

restriction sites are useful for cloning antigen-encoding sequences. The Cla I or BspD I sites
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are used when the 5" end of a vaccine insert is cloned upstream of the tPA leader. The Nhel
site is used for cloning a sequence in frame with the tPA leader sequence. The sites listed
between Sma I and Bin I are used for cloning the 3’ terminus of an antigen-encoding
sequence.

pGA2 is a 2947 bp plasmid lacking the 947 bp of intron A sequences found in pGAL.
pGA2 is the same as pGA1, except for the deletion of intron A seqences. pGA2 is valuable
for cloning sequences which do not require an upstream intron for efficient expression, or for
cloning sequences in which an upstream intron might interfere with the pattern of splicing
needed for good expression. Fig. 5 presents a schematic map of pGA2 with useful restriction
sites for cloning vaccine inserts. Fig. 6a shows the DNA sequence of pGA2 (SEQ ID NO:2).
The use of restriction sites for cloning vaccine inserts into pGA2 is the same as that used for
cloning fragments into pGAl. pGA2.1 and pGA2.2 are multiple cloning site derivatives of
pGA2. Figs. 7a and 8a show the DNA sequence of pGA2.1 (SEQ ID NO:5) and pGA2.2
(SEQ ID NO:6) respectively.

pGA plasmids having “backbone” sequences that differ from those disclosed herein
are also within the scope of the invention so long as the plasmids retain substantially all of
the characteristics necessary to be therapeutically effective (e.g., one can substitute
nucleotides, add nucleotides, or delete nucleotides so long as the plasmid, when administered
to a patient, induces or enhances an immune response against a given or desired pathogen).
For example, 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, 91-100, or more
than 100 nucleotides can be deleted or replaced.

In one embodiment, the methods of the invention (e.g., methods of eliciting an
immune response in a patient) can be carried out by administering to the patient a
therapeutically effective amount of a physiologically acceptable composition that includes a
vector, which can contain a vaccine insert that encodes one or more antigens that elicit an
immune response against an HIV. The vector can be a plasmid vector having one or more of
the characteristics of the pGA constructs described above (e.g., a selectable marker gene, a
prokaryotic origin of replication, a termination sequence (e.g., the lambda T0 terminator) and
operably linked to the selectable gene marker, and a eukaryotic transcription cassette
comprising a promoter sequence, a nucleic acid insert encoding at least one antigen derived

from an immunodeficiency virus, and a polyadenylation signal sequence). Of course, the
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vaccine inserts of the invention may be delivered by plasmid vectors that do not have the
characteristics of the pGA constructs (e.g., vectors other than pGA1 or pGA2).
Alternatively, the composition can include any viral or bacterial vector that includes an insert
described herein. The invention, therefore, encompasses administration of a single type of
vector (i.e., plasmid or viral vectors that contain the same vaccine insert (i.e., an insert
encoding the same antigens)). As is made clear elsewhere, the patient may receive two types
of vectors, and each of those vectors can elicit an immune response against an HIV of a
different clade. For example, the invention features methods in which a patient receives a
composition that includes (a) a first vector comprising a vaccine insert encoding one or more
antigens that elicit an immune response against a human immunodeficiency virus (HIV) of a
first subtype or recombinant form and (b) a second vector comprising a vaccine insert
encoding one or more antigens that elicit an immune response against an HIV of a second
subtype or recombinant form. The first and second vectors can be any of those described
herein. Similarly, the inserts in the first and second vectors can be any of those described
herein.

A therapeutically effective amount of a vector (whether considered the first, second,
third, etc. vector) can be administered by an intramuscular or an intradermal route, together
with a physiologically acceptable carrier, diluent, or excipient, and, optionally, an adjuvant.
A therapeutically effective amount of the same or a different vector can subsequently be
administered by an intramuscular or an intradermal route, together with a physiologically
acceptable carrier, diluent, or excipient, and, optionally, an adjuvant to boost an immune
response. Such components can be readily selected by one of ordinary skill in the art,
regardless of the precise nature of the antigens incorporated in the vaccine or the vector by
which they are delivered.

The methods of eliciting an immune response can be carried out by administering
only the plasmid vectors of the invention, by administering only the viral vectors or
recombinant virus of the invention, or by administering both (e.g., one can administer a
plasmid vector (or a mixture or combination of plasmid vectors)) to “prime” the immune
response and a viral vector or recombinant virus (or a mixture or combination of viral
vectors)) to “boost” the immune response. Where plasmid and viral vectors or recombinant

virus are administered, their inserts may be “matched.” To be “matched,” one or more of the
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sequences of the inserts (e.g., the sequences encoding Gag, or the sequences encoding Env,
etc.) within the plasmid and viral vectors within the recombinant virus may be identical, but
the term is not so limited. “Matched” sequences can also differ from one another. For
example, inserts expressed by viral vectors are “matched” to those expressed by DNA
vectors when the sequences used in the DNA vector are mutated or further mutated to allow
(or optimize) replication of a viral vector that encodes those sequences and expression of the
encoded antigens (e.g., Gag, Gag-Pol, or Env) in cells infected with the viral vector.

At least some of the immunodeficiency virus vaccine inserts of the present invention .
were designed to generate non-infectious VLPs (a term that can encompass true VLPs as well
as aggregates of viral proteins) from a single DNA. This was achieved using the subgenomic
splicing elements normally used by immunodeficiency viruses to express multiple gene
products from a single viral RNA. The subgenomic splicing patterns are influenced by
(i) splice sites and acceptors present in full length viral RNA, (ii) the Rev responsive element
(RRE) and (iii) the Rev protein. The splice sites in retroviral RNAs use the canonical
sequences for splice sites in eukaryotic RNAs. The RRE is an approximately 200 bp RNA
structure that interacts with the Rev protein to allow transport of viral RNAs from the
nucleus to the cytoplasm. In the absence of Rev, the approximately 10 kb RNA of
immunodeficiency virus mostly undergoes splicing to the mRNAs for the regulatory genes
Tat, Rev, and Nef. These genes are encoded by exons present between RT and Env and at
the 3’ end of the genome. In the presence of Reyv, the singly spliced mRNA for Env and the
unspliced mRNA for Gag and Pol are expressed in addition to the multiply spliced mRNAs"
for Tat, Rev, and Nef.

The expression of non-infectious VLPs from a single DNA affords a number of
advantages to an immunodeficiency virus vaccine. The expression of a number of proteins
from a single DNA affords the vaccinated host the opportunity to respond to the breadth of
T- and B-cell epitopes encompassed in these proteins. The expression of proteins containing.
multiple epitopes allows epitope presentation by diverse histocompatibility types. By using
whole proteins, one offers hosts of different histocompatibility types the opportunity to raise
broad-based T cell responses. This may be essential for the effective containment of
immunodeficiency virus infections, whose high mutation rate supports ready escape from

immune responses (Evans e al., Nat. Med. 5:1270-1276, 1999; Poignard et al., Immunity
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10:431-438, 1999, Evans et al., 1995). In the context of the present vaccination scheme, just
as in drug therapy, multi-epitope T cell responses that require multiple mutations for escape
will provide better protection than single epitope T cell responses (which require only a
single mutation for escape).

Immunogens can also be engineered to be more or less effective for raising antibody
or Tc by targeting the expressed antigen to specific cellular compartments. For example,
antibody responses are raised more effectively by antigens that are displayed on the plasma
membrane of cells, or secreted therefrom, than by antigens that are localized to the interior of
cells (Boyle et al., Int. Immunol. 9:1897-1906, 1997; Inchauspe et al., DNA Cell. Biol.
16:185-195, 1997). Tc responses may be enhanced by using N-terminal ubiquitination
signals which target the DNA-encoded protein to the proteosome causing rapid cytoplasmic
degradation and more efficient peptide loading into the MHC I pathway (Rodriguez et al.,

J. Virol. 71:8497-8503, 1997; Tobery et al., J. Exp. Med. 185:909-920, 1997; Wu et al.,

J. Immunol. 159:6037-6043, 1997). For a review on the mechanistic basis for DNA-raised
immune responses, refer to Robinson and Pertmer, Advances in Virus Research, vol. 53,
Academic Press (2000).

Another approach to manipulating immune responses is to fuse immunogens to
immunotargeting or immunostimulatory molecules. To date, the most successful of these
fusions have targeted secreted immunogens to antigen‘presenting cells (APCs) or lymph
nodes (Boyle et al., Nature 392:408-411, 1998). Accordingly, the invention features the HIV
antigens described herein fused to immunotargeting or immunostimulatory molecules such as
CTLA-4, L-selectin, or a cytokine (e.g., an interleukin such as IL-1, IL-2, IL-4, IL-7, IL-10,
IL-15, or IL-21). Nucleic acids encoding such fusions and compositions containing them
(e.g., vectors and physiologically acceptable preparations) are also within the scope of the
present invention.

DNA can be delivered in a variety of ways, any of which can be used to deliver the
plasmids of the present invention to a subject. For example, DNA can be injected in, for
example, saline (e.g., using a hypodermic needle) or delivered biolistically (by, for example,
a gene gun that accelerates DNA-coated beads). Saline injections deliver DNA into
extracellular spaces, whereas gene gun deliveries bombard DNA directly into cells. The

saline injections require much larger amounts of DNA (typically 100-1000 times more) than
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the gene gun (Fynan et al., Proc. Natl. Acad. Sci. USA 90:11478-11482, 1993). These two
types of delivery also differ in that saline injections bias responses towards type 1 T-cell
help, whereas gene gun deliveries bias responses towards type 2 T-cell help (Feltquate ez al.,
J. Immunol. 158:2278-2284, 1997, Pertmer et al., J. Virol. 70:6119-6125, 1996). DNAs
injected in saline rapidly spread throughout the body. DNAs delivered by the gun are more
localized at the target site. Following either method of inoculation, extracellular plasmid
DNA has a short half life of about 10 minutes (Kawabata et al., Pharm. Res. 12:825-830,
1995; Lew et al., Hum. Gene Ther. 6:553, 1995). Vaccination by saline injections can be
intramuscular (i.m.) or intradermal (i.d.); gene gun deliveries can be administered to the skin
or to surgically exposed tissue such as muscle.

While other routes of delivery are generally less favored, they can nevertheless be
used to administer the compositions of the invention. For example, the DNA can be applied
to the mucosa or by a parenteral route of inoculation. Intranasal administration of DNA in
saline has met with both good (Asakura et al., Scand. J. Immunol. 46:326-330, 1997, Sasaki
et al., Infect. Immun. 66:823-826, 1998b) and limited (Fynan et al., Proc. Natl. Acad. Sci.
USA 90:11478-82,1993) success. The gene gun has successfully raised IgG following the
delivery of DNA to the vaginal mucosa (Livingston et al., Ann. New York Acad. Sci.
772:265-267, 1995). Some success at delivering DNA to mucosal surfaces has also been
achieved using liposomes (McCluskie et al., Antisense Nucleic Acid Drug Dev. 8:401-414,
1998), microspheres (Chen et al., J. Virol. 72:5757-5761, 1998a; Jones et al:, Vaccine
15:814-817, 1997) and recombinant Shigella vectors (Sizemore et al., Science 270:299-302,
1995; Sizemore et al., Vaccine 15:804-807, 1997). Agents such as these (lipoéomes,
microspheres and recombinant Shigella vectors) can be used to deliver the nucleic acids of
the present invention.

The dose of DNA needed to raise a response depends upon the method of delivery,
the host, the vector, and the encoded antigen. The method of delivery may be the most
influential parameter. From 10 pg to Smg of DNA is generally used for saline injections of
DNA, whereas from 0.2 pg to 20 ug of DNA is used more typically for gene gun deliveries
of DNA. In general, lower doses of DNA are used in mice (10-100 pg for saline injections
and 0.2 pg to 2 pg for gene gun deliveries), and higher doses in primates (100 pg to 1 mg for

saline injections and 2 pg to 20 pg for gene gun deliveries). The much lower amount of
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DNA required for gene gun deliveries reflect the gold beads directly delivering DNA into
cells.

In addition to the DNA vectors described above, a number of different poxviruses can
be used either alone (i.e., without a nucleic acid or DNA prime) or as the boost component of
a vaccine regimen. MVA has been particularly effective in mouse models (Schneider et al.,
Nat. Med. 4:397-402, 1998). MVA is a highly attenuated strain of vaccinia virus that was
developed toward the end of the campaign for the eradication of smallpox, and it has been
safety tested in more than 100,000 people (Mahnel et al., Berl. Munch Tierarztl Wochenschr
107:253-256, 1994; Mayr et al. Zentralbl. Bakteriol. 167:375-390, 1978). During over 500
passages in chicken cells, MVA lost about 10% of its genome and the ability to replicate
efficiently in primate cells. Despite its limited replication, MVA has proved to be a highly
effective expression vector (Sutter et al., Proc. Natl. Acad. Sci. USA 89:10847-10851, 1992),
raising protective immune responses in primates for parainfluenza virus (Durbin et al.

J. Infect. Dis. 179:1345-1351, 1999), measles (Stittelaar et al. J. Virol. 74:4236-4243, 2000),
and immunodeficiency viruses (Barouch et al., J. Virol. 75:5151-5158, 2001; Ourmanov et
al., J. Virol. 74:2740-2751, 2000; Amara et al., J. Virol. 76:7625-7631, 2002). The relatively
high immunogenicity of MVA has been attributed in part to the loss of several viral anti-
immune defense genes (Blanchard et al., J. Gen. Virol. 79:1159-1167, 1998).

Vaccinia viruses have been used to engineer viral vectors for recombinant gene
expression and as recombinant live vaccines (Mackett et al., Proc. Natl. Acad. Sci. USA
79:7415-7419; Smith et al., Biotech. Genet. Engin. Rev. 2:383-407, 1984). DNA sequences,
which may encode any of the HIV antigens described herein, can be introduced into the
genomes of vaccinia viruses. If the gene is integrated at a site in the viral DNA that is non-
essential for the life cycle of the virus, it is possible for the newly produced recombinant
vaccinia virus to be infectious (i.e., able to infect foreign cells) and to express the integrated
DNA sequences. Preferably, the viral vectors featured in the compositions and methods of
the present invention are highly attenuated. Several attenuated strains of vaccinia virus were
develpped to avoid undesired side effects of smallpox vaccination. The modified vaccinia
Ankara (MVA) virus was generated by long-term serial passages of the Ankara strain of
vaccinia virus on chicken embryo fibroblasts (CVA; see Mayr et al., Infection 3:6-14, 1975).
The MVA virus is publicly available from the American Type Culture Collection (ATCC;
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No. VR-1508; Manassas, VA). The desirable properties of the MV A strain have been
demonstrated in clinical trials (Mayr et al., Zentralbl. Bakteriol. 167:375-390, 1978; Stickl
et al., Dtsch. Med. Wschr. 99:2386-2392, 1974; see also, Sutter and Moss, Proc. Natl. Acad.
Sci. USA 89:10847-10851, 1992). During these studies in over 120,000 humans, including
high-risk patients, no side effects were associated with the use of MVA vaccine.

The MVA vectors can be prepared as follows. A DNA construct that contains a DNA
sequence, e.g., an insert sequence described herein, that encodes a foreign polypeptide (e.g.,
any of the HIV antigens described herein) and that is flanked by MVA DNA sequences
adjacent to a naturally occurring deletion with the MVA genome (e.g., deletion III or other

non-essential site(s); six major deletions of genomic DNA (designated deletions I, II, III, IV,

'V, and VI) totaling 31,000 base pairs have been identified (Meyer et al., J. Gen. Virol.

72:1031-1038, 1991)) is introduced into cells infected with MVA under conditions that
permit homologous recombination to occur. Once the DNA construct has been introduced
into the eukaryotic cell and the foreign DNA has recombined with the viral DNA, the
recombinant vaccinia virus can be isolated by methods known in the art (isolation can be
facilitated by use of a detectable marker). The DNA constructed to be inserted can be linear
or circular (e.g., a plasmid, linearized plasmid, gene, gene fragment, or modified HIV

genome). The foreign DNA sequence is inserted between the sequences flanking the

-naturally occurring deletion. For better expression of a DNA sequence, the sequence can

include regulatory sequences (e.g., a promoter, such as the promoter of the vaccinia 11 kDa
gene or the 7.5 kDa gene). The DNA construct can be introduced into MV A-infected cells
by a variety of methods, including calcium phosphate-assisted transfection (Graham et al.,
Virol. 52:456-467, 1973 and Wigler et al., Cell 16:777-785, 1979), electroporation
(Neumann et al., EMBO J. 1:841-845, 1982) microinjection (Graessmann et al., Meth.
Enzymol. 101:482-492, 1983), by means of liposomes (Straubinger et al., Meth. Enzymol.
101:512-527, 1983), by means of spheroplasts (Schaffner, Proc. Natl. Acad. Sci. USA
77:2163-2167, 1980), or by other methods known in the art. The preparation of recombinant
MVA virus is described in greater detail in Moss ef al. PCT Publication WO 02/07275 A2
(International Application No. PCT/US02/06713)

One can arrive at an appropriate dosage when delivering DNA by way of a viral

vector, just as one can when a plasmid vector is used. For example, one can deliver 1 x 108
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pfu of an MV A-based vaccine, and administration can be carried out intramuscularly,
intradermally, intravenously, or mucosally.

Accordingly, the invention features a composition comprising: (a) a first viral vector
comprising a vaccine insert encoding one or more antigens that elicit an immune response
against a human immunodeficiency virus (HIV) of a first subtype or recombinant form and
(b) a second viral vector comprising a vaccine insert encoding one or more antigens that
elicit an immune response against an HIV of a second subtype or recombinant form. The
viral vector can be a recombinant poxvirus or a modified vaccinia Ankara (MVA) virus, and
the insert can be any of the HIV antigens described herein from any clade (e.g., one can
administer a prophylactically or therapeutically effective amount of an MVA that encodes a
clade A, B, or C HIV (e.g., HIV-1 antigen). Moreover, when administered in conjunction
with a plasmid vector (e.g., when administered subsequent to a “DNA prime”), the MVA-
borne sequence can be “matched” to the plasmid-borne sequence. For example, a vaccinia
virus (e.g., MVA) that expresses a recombinant clade B sequence can be matched to the JS
series of plasmid inserts. Similarly, a vaccinia virus (e.g., MVA) that expresses a
recombinant clade A sequence can be matched to the IC series of plasmid inserts; a vaccinia
virus (e.g., MVA) that expresses a recombinant clade C sequence can be matched to the IN
series of plasmid inserts. While particular clades are exemplified below, the invention is not
so limited. The compositions that contain a viral vector, can include viral vectors that
express an HIV antigen from any known clade (including clades A, B, C,D,E,F, G, H, I, J,
K or L). Methods of eliciting an immune response can, of course, be carried out with
compositions expressing antigens from any of these clades as well.

Either the plasmid or viral vectors described here can be administered with an
adjuvant (i.e., any substance that is added to a vaccine to increase the vaccine’s
immunogenicity) and they can be administered by any conventional route of administration
(e.g., intramuscular, intradermal, intravenous or mucosally; see below). The adjuvant used in
connection with the vectors described here (whether DNA or viral-based) can be one that
slowly releases antigen (e.g., the adjuvant can be a liposome), or it can be an adjuvant that is
strongly immunogenic in its own right (these adjuvants are believed to function
synergistically). Accordingly, the vaccine compositions described here can include known

adjuvants or other substances that promote DNA uptake, recruit immune system cells to the
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site of the inoculation, or facilitate the immune activation of responding lymphoid cells.
These adjuvants or substances include oil and water emulsions, Corynebacterium parvum,
Bacillus Calmette Guerin, aluminum hydroxide, glucan, dextran sulfate, iron oxide, sodium
alginate, Bacto-Adjuvant, certain synthetic polymers such as poly amino acids and co-
polymers of amino acids, saponin, REGRESSIN (Vetrepharm, Athens, GA.), AVRIDINE
(N, N-dioctadecyl-N',N"-bis(2-hydroxyethyl)-propanediamine), paraffin oil, and muramyl
dipeptide. Genetic adjuvants, which encode immunomodulatory molecules on the same or a
co-inoculated vector, can also be used. For example, GM-CSF, IL-15, IL-2, interferon
response factors, and mutated caspase genes can be included on a vector that encodes a
pathogenic immunogen (such as an HIV antigen) or on a separate vector that is administered
at or around the same time as the immunogen is administered. Expressed antigens can also
be fused to an adjuvant sequence such as one, two, three or more copies of C3d.

The compositions described herein can be administered in-a variety of ways including
through any parenteral or topical route. For example, an individual can be inoculated by
intravenous, intraperitoneal, intradermal, subcutaneous or intramuscular methods.
Inoculation can be, for example, with a hypodermic needle, needleless delivery devices such
as those that propel a stream of liquid into the target site, or with the use of a gene gun that
bombards DNA on gold beads into the target site. The vector comprising the pathogen
vaccine insert can be administered to a mucosal surface by a variety of methods including
intranasal administration, i.e., nose drops or inhalants, or intrarectal or intravaginal
administration by solutions, gels, foams, or suppositories. Alternatively, the vector
comprising the vaccine insert can be orally administered in the form of a tablet, capsule,
chewable tablet, syrup, emulsion, or the like. In an alternate embodiment, vectors can be
administered transdermally, by passive skin patches, iontophoretic means, and the like.

Any physiologically acceptable medium can be used to introduce a vector (whether
nucleic acid-based or live-vectored) comprising a vaccine insert into a patient. For example,
suitable pharmaceutically acceptable carriers known in the art include, but are not limited to,
sterile water, saline, glucose, dextrose, or buffered solutions. The media may include
auxiliary agents such as diluents, stabilizers (i.e., sugars (glucose and dextrose were noted
previously) and amino acids), preservatives, wetting agents, emulsifying agents, pH buffering

agents, additives that enhance viscosity or syringability, colors, and the like. Preferably, the
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medium or carrier will not produce adverse effects, or will only produce adverse effects that
are far outweighed by the benefit conveyed.

The present invention is further illustrated by the following examples, which are
provided by way of illustration and should not be construed as limiting. The contents of all
references, published patent applications and patents cited throughout the present application
are hereby incorporated by reference in their entirety. A number of embodiments of the
invention have been described. Nevertheless, it will be understood that various modifications

may be made without departing from the spirit and scope of the invention.

Example 1: pGAl

pGA1 (see Figs. 1 and 2) contains (1) the ColE1 origin of replication (a 672 bp
sequence that contains the origin of replication (ori) and encodes an RNA primer and two
negative regulators of replication initiation) (2) the kanamycin resistance gene (an antibiotic
resistance gene for plasmid selection in bacteria), (3) the lambda TO terminator, and (4) a
eukaryotic expression cassette that includes an upstream intron (here, CMV Intron A), the
CMV immediate early (CMVIE) promoter, and termination sequences from the bovine
growth hormone polyadenylation sequence (BGHpA). A synthetic mimic of the leader
sequence for tissue plasminogen activator (tPA) can also be included within the expression
cassette. The expression cassette can include multiple restriction sites, and those sites can be
included or excluded as desired to facilitate inclusion of expression cassettes that encode
antigens from any HIV clade. The cloning sites in pGA1 include a Cla I site upstream of the
tPA leader, a Nhe I site for cloning in frame with the tPA leader, and Xmn 1, Sma I, Rsr 11,
and Avr 11 sites for cloning prior to the BGHpA. The originally constructed plasmid
containing the ColE1 replicator was pBR322 (Bolivar et al., Gene 2:95-113, 1977; Sutcliffe
et al., Cold Spring Harbor Quant. Biol. 43:77-90, 1978).

The lambda TO terminator (Scholtissek et al., Nucleic Acids Res. 15:3185, 1987)
prevents read through from the kanamycin resistance gene into the eukaryotic expression
cassette (in this case the vaccine transcription cassette) during prokaryotic growth of the
plasmid. By preventing read through into the vaccine expression cassette, the terminator

helps stabilize plasmid inserts during growth in bacteria.
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The ColE1 replicator, the kanamycin resistance gene, and the transcriptional control
elements for eukaryotic cells were combined in one plasmid using PCR fragments from the
commercial vector pZErO-2.1 (Invitrogen, Carlsbad, CA) and a eukaryotic expression vector
pIW4303 (Lu et al., Vaccine 15:920-923, 1997).

An 1859 bp fragment from pZErO-2.1 (nucleotides 1319 to 3178) included the ColE1
origin of replication and the kanamycin resistance gene. A 2040 bp fragment from pJW4303
(nucleotides 376 to 2416) included the CMVIE promoter with intron A, a synthetic homolog
of the tissue plasminogen activator leader (tPA), and the bovine growth hormone
polyadenylation site (BGHpA). Fragments were amplified by polymerase chain reaction
(PCR) with oligonucleotide primers containing Sal I sites. A ligation product with the
transcription cassettes for kanamycin resistance from pZErO2 and the eukaryotic
transcription cassette form pJW4303 in opposite transcriptional orientations, was identified
for further development. Nucleotide numbering for this parent of the pGA vectors was
started from the first bp of the 5" end of the CMV promoter.

The TO terminator was introduced into this parent for the pGA vectors by PCR"
amplification of a 391 bp fragment with a BamH I restriction endonuclease site at its 5" end
and an Xba I restriction endonuclease site at its 3" end. The initial 355 bp of the fragment

were sequences in the BGHpA sequence derived from the pJW4303 transcription cassette,

- the next 36 bases in a synthetic oligonuclotide introduced the T0 sequence and the Xba I site.

The introduced TO terminator sequences comprised the sequence: 5'-
ATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAA-3" (SEQ ID NO: 16).

The TO terminator containing the BamH I-Xba I fragment was substituted for the
homologous fragment without the TO terminator in the plasmid created from pZErO-2 and
pJW4303. The product was sequenced to verify the TO orientation (Fig. 1).

A region in the eukaryotic transcription cassette between nucleotides 1755-1845
contained the last 30 bp of the reading frame for SIV nef. This region was removed from
pGA by mutating the sequence at nt 1858 and generating an Avr I restriction endonuclease
site. A naturally occurring Avr II site is located at nt 1755. Digestion with Avr II enzyme
and then religation with T4 DNA ligase allowed for removal of the SIV segment of DNA
between nucleotides 1755-1845. To facilitate cloning of HIV-1 sequences into pGA vectors, |
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a Cla 1 site was introduced at bp1648 and an Rsr II site at bp 1747 using standard techniques

for site directed mutagenesis. Constructions were verified by sequence analyses.

Example 2: pGAl.1
pGALl.1 (SEQ ID NO: 2) is identical to pGA1 except that the multiple cloning site has

been altered to include an EcoRI site. This was accomplished by site directed mutagenesis

- using the following primers: 5’-GCTGCTGCTGTGTGGAGAATTCTTCGTTTCGGC-3’

(forward)

and 5’-GCCGAAACGAAGAATTCTCCACACAGCAGCAGC-3’ (reverse) (SEQ ID
NOs:17 and 18 respectively). Accordingly, the pGA1.1 vector is an embodiment of the
invention; as are other vectors having one or more of the features or characteristics of a pGA
plasmid (see the detailed description), but different restriction endonuclease sites in the
multi-cloning site (e.g., the invention encompasses plasmids that are otherwise substantially
similar to pGA1 but that have more, less, or different restriction endonuclease sites in their

multi-cloning site).

Example 3: pGA1.2

pGA1.2 (SEQ ID NO: 3)is identical to pGA1.1 except that the multiple cloning site
has been altered to include BamHI and Xhol sites 5° to' the EcoRI site. This was
accomplished by site directed mutagenesis using the primer 5°-
CTGCAGTCACCATGGATCCTTGCACT-CGAGGATGCAATGAAGAG - 3’ (SEQ ID
NO:19) and the reverse primer
5’-CTCTTCATTGCATCCTCGAGTGCAAGGATCCATGGTGACTGCAG - 3°
(SEQ ID NO:20).

Example 4: pGA2
pGA2 is schematically illustrated in Fig. 5, and its nucleotide sequence is shown in
Fig. 6 (SEQID NO: 4). pGA2 is identical to pGA1 except that the intron A sequence has been
deleted from the CMV promoter of pGA2. pGA2 was created from pGA1 by introducing a
Cla I site 8 bp downstream from the mRNA cap site in the CMV promoter; the Cla I site was

introduced using oligonucleotide-directed mutagenesis using complimentary primers having
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the SEQuences: 5'-CCGTCAGATCGCATCGATACGCCATCCACG-3" (SEQ ID NO: 19)
and 5'-CGTGGATGGCGTATCGATGCGATCTGACGG-3" (SEQ ID NO: 20). After
insertion of the new Cla I site, pGA1 was digested with Cla I to remove the 946 bp Cla 1
fragment from pGA1, and then religated to yield pGA2.

Example 5: pGA2.1

PGA2.1 (SEQ ID NO:5) is identical to pGA2 except that the multiple cloning site has |
been altered to include an EcoRI sites. This was accomplished by site directed mutagenesis
using using the following primers:
forward 5’-GCTGCTGCTGTGTGGAGAATTCTTCGTTTCGGC-3’ (SEQID NO:17)
and reverse 5’-GCCGAAACGAAGAATTCTCCACACAGCAGCAGC-3’ (SEQ ID NO:18).
Accordingly, the pGA2.1 vector is an embodiment of the invention; as are other vectors
having one or more of the features or characteristics of a pGA plasmid (see the detailed
description), but different restriction endonuclease sites in the multi-cloning site (e.g., the
invention éncompasses plasmids that are otherwise substantially similar to pGA1 but that

have more, less, or different restriction endonuclease sites in their multi-cloning site).

Example 6: pGA2.2
PGA2.2 (SEQ ID NO: 6) is identical to pGA1.1 except that the multiple cloning site
has been altered to include a BamHI and a Xhol site 5° to the EcoRI site. This was
accomplished by site directed mutagenesis using the forward primer 5°-
GAACTCATTCTATGGATCCTTGC-TCGAGTGGATGCAATGAAGAG - 3’ and the
reverse primer 5’-CTCTTCATTGCATC-
CACTCGAGCAAGGATCCATAGAATGAGTTC-3’ (SEQ ID NOs:23 and 24 respectively)

Example 7: Immunodeﬁciency Virus Vaccine Inserts
HIV-1 vaccine inserts for the pGA1 and pGA2 series of vectors were constructed to
express multiple HIV-1 proteins from a single RNA transcript using the same subgehomic
splicing mechanisms used by immunodeficiency viruses. To ensure that these multiprotein-
expressing vectors did not form infectious virus, deletions and point mutations were

introduced to cripple essential steps in the retrovirus life cycle. Fig. 9 presents schematics of
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the normal retroviral genome and a representative vaccine insert. Regions that have been
deleted in the insert are stippled. X’s indicate point mutations. The deletions included both of
the long terminal repeat (LTR) sequences that encode cis-acting elements for reverse
transcription, integration, and expression of proviral DNA. 5’ sequences adjacent to the 5’
LTR that promote encapsidation of viral RNA have been deleted. Coding sequences for the
region of pol encoding integrase as well as the auxiliary genes vif and vpr have been deleted.
And finally, nef, a gene encoding the Nef regulatory protein has been deleted. The seven
point mutations that are common to all inserts described in the examples below are included
in the schematic. These include four mutations in the zinc fingers in the nucleocapsid protein
to limit zinc-finger-mediated packaging of viral RNA and three mutations in reverse
transcriptase to prevent reverse transcription of viral RNA. Analogous changes can be made
in any vaccine insert that includes gag and/or pol. Moreover, these changes (or analogous
changes) can be made in vaccine inserts that are placed in any of the plasmid or live-vectored
vaccines described herein (i.e., in any plamid having one or more of the features or
characteristics of the pGA vectors, the pGA vectors themselves, or the vaccinia vectors that
may be used alone or in conjunction with (e.g., to boost) a DNA-primed patient).

The HIV-1 vaccine inserts described below can be expressed in any of the pGA
vectors or further derivatives of these vectors. The examples for inserts that are given below
are given with the example of the pGA vector that is planned for future use of that insert.
However, any of these inserts can be used in any of the pGA vectors as well as other

eukaryotic expression vectors.

Example 8: pGA2/JS2, multiprotein clade B HIV-1 insert

The sequence of pGA2/JS2 is shown in Fig. 7a (SEQ ID NO:7), its functional regions
and the origins of these regions in Fig. 7b and the positions of its point mutations in Fig. 7c.
The JS2 insert described here was designed with clade B HIV-1 sequences so that it would
elicit an immune response against HIV-1 sequences that are endemic in the United States,
Europe, and Japan. As noted above, any clade B isolate can be used as a reasonable
representative for other clade B isolates. Since HIV-1 isolates use different chemokine
receptors as co-receptors, and the vast majority of viruses that are undergoing transmission

use the CCR-5 co-receptor (Berger, AIDS 11(Suppl A):S3-16, 1997), the vaccine insert we

40



10

15

20

WO 03/076591 PCT/US03/07177

designed had a CCR-5-using Env. Of course, Envs that function through any other co-
receptor or that have been constructed from naturally occurring or synthetic sequences so as
to increase immunogenicity can be made and used as well.

To achieve a multiprotein-expressing clade B vaccine insert with high expression,
candidate vaccines were constructed from seven different HIV-1 sequences, as shown in

Table 1.

Table 1: Comparison of candidate vaccine inserts

Plasmid SEQuences Ability | Expression | Expression | Comment
designation | tested to grow | of Gag of Env
plasmid
BH10-VLP |BHI0 Good Good Good X4 Env
6A-VLP 6A env in Poor Not tested | not tested
v BH10-VLP
BAL-VLP BAL env in Good Poor Poor
BH10-VLP
ADA-VLP ADAenvin | Good Good Good chosen for vaccine,
BH10-VLP ' renamed pGA1/JS1
CDC-A-VLP | CDC-A envin | Good Good Poor
BH10-VLP
CDC-B-VLP | CDC-B-env in | Good Good Good not as favorable
BH10-VLP expression as ADA
CDC-C-VLP [CDC—Cenv | Good Good Good not as favorable
in BHI10-VLP expression as ADA

An initial construct,pPBH10-VLP, was prepared from IIIB sequences that are stable in
bacteria and have high expression in eukaryotic cells. The HIV-1-BH10 sequences were
obtained from the NIH-sponsored AIDS Repository (catalog #90). The parental pHIV-1-
BH10 was used as the template for PCR reactions to construct pBH10-VLP.

Primers were designed to yield a Gag-Rt PCR product (5’ PCR product)
encompassing (from 5” to 37) 105 bp of the 5” untranslated leader sequence and sequences
from the start codon for Gag to the end of the RT coding sequence. The oligonucleotide
primers introduced a Cla I site at the 5" end of the PCR product and EcoR I and Nhe 1 sites at
the 3" end of the PCR product. Sense primer
(5'-GAGCTCTATCGATGCAGGACTCGGCTTGC-3" (SEQ ID NO:25 and antisense
primer (5’-GGCAGGTTTTAATCGCTAGCCTATGCTCTCC-3"(SEQ ID NO:26) were
used to amplify the 5" PCR product.

41




10

15

20

25

30

WO 03/076591 PCT/US03/07177

The PCR product for the env region of HIV-1 (3’ PCR product) encompassed the
vpu, tat, rev, and env sequences and the splice acceptor sites necessary for proper processing
and expression of their respective mRNAs. An EcoR I site was introduced at the 5° end of
this product and Nke I and Rsr II sites were introduced into the 3" end. Sense primer
(5'-GGGCAGGAGTGCTAGCC-3" (SEQ ID NO:27) and antisense primer
5’-CCACACTACTTTCGGACCGCTAGCCACCC-3’" (SEQ ID NO: 28)) were used to
amplify the 3" PCR product. The 5" PCR product was cloned into pGA1 at the Cla I and
Nhe I sites of pGA1 and the identity of the construct confirmed by sequencing. The 3° PCR
product was then inserted into the 5” clone at the EcoR I and Nke I sites to yield pBH10. The
construction of this plasmid resulted in proviral sequences that lacked LTRs, integrase, vif,
vpr and nef sequences (see Fig. 9).

Because pBH10-VLP encoded a CXCR-4 using Env, rather than a CCR-5 using Env,
sequences encoding six different RS Envs were substituted for env sequence in the pPBH10
intermediate (Table 1) . EcoR Ito BamH I fragments encompassing zat, rev, vpu and env
coding sequences from different viral genomes were substituted into pBH10. The resulting
env and rev sequences were chimeras for the substituted seqences and HIV-1-BH10
sequences (see Fig. 9). In the case of the HIV-1-ADA envelope, a BamH I site was
introduced into the HIV-1-ADA sequence to facilitate substituting an EcoR Ito BamH 1
fragment for the EcoR I to BamH I region of pPBH10. The results of these constructions are
summarized in Table 1. Of the six sequences tested, one, the 6A-VLP gave poor plasmid
growth in transformed bacteria. The plasmid 6A-VLP was not developed further. Among the
other constructs, the pBH10/ADA chimera produced the best expression of viral Gag and
Env proteins (Table 1). In transient transfections in 293T cells, the expression from the
pBH10/ADA chimera was higher than that of wt proviruses for HIV-1-ADA or HIV-1-IIIB.
Expression was also higher than for a previous multiprotein-expressing HIV-1 vaccine (dpol)
(Richmond et al., J. Virol. 72:9092-9100, 1998) that had successfully primed cytotoxic T cell
responses in rhesus macaques (Kent et al., J. Virol. 72:10180-10188, 1998). The
pBH10/ADA chimera was now designated JS1. It should be recognized that plasmids having
any given or desired HIV-1 inserts can be similarly assessed.

Next, inactivating point mutations were introduced into JS1 to further increase the

safety of this construct for use in humans as a non-infectious vaccine agent (of course,
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mutations can be made preemptively, before any testing at all) (see Fig 10c). Four codon
mutations were introduced into the Zinc fingers in nucleocapsid to limit the encapsidation of
viral RNA and three codon mutations were introduced into the reverse transcriptase region of
pol to inactivate the viral reverse transcriptase. The JS1 insert with these mutations was
designated JS2.
The mutations were made using a site directed mutagenesis kit (Stratagene) following
the manufacturer’s protocol. All mutations were confirmed by sequencing. Primer pairs
used for the mutagenesis were:
(A) 5’-GGTTAAGAGCTTCAATAGCGGCAAAGAAGGGC-3’ (C3928, C395S; SEQ
ID NO:29) and 5 -GCCCTTCTTTGCCGCTATTGAAGCTCTTAACC-3" (C3928S,
C3958S; SEQ ID NO:30);
(B) 5'-GGGCAGCTGGAAAAGCGGAAAGGAAGG-3" (C4138S, C416S; SEQID
NO:31 and 5°-CCTTCCTTTCCGCTTTTCCAGCTGCCC-3" (C413S, C416S; SEQ ID
NO:32);
(C) 5-CCAGACATAGTTATCTATCAATACATGAACGATTTGTATGTAGG-3’
(D185N; SEQ ID NO:33) and
5"-CCTACATACAAATCGTTCATGTATTGATAGATAACTATGTCTGG-3’
(D185N; SEQ ID NO:34);
(D) 5-GGGGAAATTGAATACCGCAAGTCAGATTTACCC-3" (W266T; SEQ ID
NO:35) and 5'-GGGTAAATCTGACTTGCGGTATTCAATTTCCCC-3" (W266T;
SEQ ID NO:36);
(E) 5-CCCTAACTAACACAACAAATCAGAAAACTCAGTTACAAGC-3’ (E478Q;
' SEQ ID NO:37) and |
5"-GCTTGTAACTGAGTTTTCTGATTTGTTGTGTTAGTTAGGG-3" (E478Q; SEQ
ID NO:38).

Example 9. pGA2/JS7 vaccine plasmid
The sequence of pGA2/JS7 is shown in Fig. 11a (SEQ ID NO:8), its functional
regions and the origins of these regions in Fig. 11b and the positions of its codon mutations
in Fig. 11c. In the JS7 insert, Gag sequences of HIV-1-HXB-2 are substituted for the Gag
sequences of BH10. This was accomplished by PCR amplification of the HXB-2 sequence
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(p5’ plasmid, NIH AIDS Research and Reference Program, catalog # 3119) using the
following primers:

forward 5°-GAGCTCTATCGATGCAGGACTCGGCTTGC-3’ (SEQ ID NO:39)

and reverse 5’-CTCCAATTACTGTGAGAATTCTAATGTTCATCTTGGG-3’ (SEQ ID
NO:40). The forward primer introduced a Cla I site at the same position as that found in the
JS2 insert and the reverse primer introduced a unique EcoR I site analogous to the same site
in the JS2 insert. This PCR fragment was then inserted into pGA1.1 for mutagenesis. The
safety mutations in the zinc finger regions and the RT mutations were then introduced as
previously described for the JS2 insert. JS7 also differs from JS2 in having an inactivating
codon mutation at the active site of protease. This mutation was introduced using the
primers: 5"-GGCAACTAAAGGAAGCTCTATTAGCCACAGGAGC-3" (D25A Prtl;
forward; SEQ ID NO:41) and 5'-GCTCCTGTGGCTAATAGAGCTTCCTT-TAGTTGCC-
37 (D25A Prt2; reverse; SEQ ID NO:42). Once the mutations were confirmed by
sequencing, the HXB-2 Gag-Pol insert was introduced into pGA2/JS2 via the Cla I and EcoR
I sites. In contrast to the JS2 insert that expresses aggregates of HIV-1 proteins due to
premature cleavage of the pr55Gag polyprotein by the viral protease, the JS7 insert forms
immature virus like particles (VLPs) that bud from the plasma membrane of DNA-

expressing cells.

Example 10 pGA2/JS7.1 vaccine plasmid

The sequence of pGA2/JS7.1 is shown in Fig. 12a (SEQ ID NO:9), its functional
regions and the origins of these regions in Fig. 12b and the positions of its codon mutations
in Fig. 12c. pGA2/J87.1 is a derivative of pGA2/JS7 in which the start codon as well as an
immediately upstream ATG have been mutated in vpu. These mutations were introduced to
increase the level of the expression of Env. The mutations in the start codon for Vpu were
accomplished using a site directed mutagenesis kit (Stratagene) and the oligonuccleotides:
forward 5’-GCAGTAAGTAGTAAATCTAATCCAACCTTTAC-3’ (SEQ ID NO:43)
and reverse 5’-GTAAAGGTTGGATTAGATTTACTACTTACTGC-3’ (SEQ ID NO:44).
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Example 11. pGA1/IC25 vaccine plasmid

The sequence of pGA1/IC25 is shown in Fig. 13a (SEQ ID NO:10), its functional
regions and the origins of these regions in Fig. 13b and the positions of its point mutations in
Fig. 13c. The IC25 insert described here was designed with a circulating recombinant form of
clades A and G (designated AG) so that it would elicit an immune response against HIV-1
sequeﬂces that predominate in West Africa. As noted above, any clade AG isolate from
West Africa could be used as a reasonable representative for other clade AG isolates. Since
HIV-1 isolates use different chemokine receptors as co-receptors, and the vast majority of
viruses that are undergoing transmission use the CCR-5 co-receptor (Berger, AIDS 11(Suppl
A):S3-16, 1997), the AG vaccine insert we designed had a CCR-5-using Env. Of course,
Envs that function through any other co-receptor or that have been constructed from naturally
occurring or synthetic AG sequences so as to increase immunogenicity can be made and used
as well.

To achieve a multiprotein-expressing clade AG vaccine insert with high expression,
candidate vaccines were constructed from four different AG HIV-1 isolates, as shown in

Table 2.

Table 2. Comparison of candidate AG vaccine inserts

Plasmid SEQuences Ability [ Expression | Expression | Comment
designation | tested to grow | of Gag of Env
plasmid

418/928 418 gagin Poor Poor not tested

928-VLP
421/928 421 gagin Good Good Poor

928-VLP
896/928 896 gag in Good Good Poor

928-VLP
928/928 928 Good Good Good chosen for vaccine,

renamed pGA1/IC1

For each isolate, the forward primer 5’-AAGATCTATCGATGCAAGGACTCGGCTTGC-3’
(SEQ ID NO:45) and the reverse primer 5’-TTCCAATTGCTGTGAGAATTCTCA-
TGCTCTTCTTGGG-3’ (SEQ ID NO:46) were used to amplify the 5’ Gag-RT PCR product.

The 3’ PCR product for the Env region encompassed the vpu, tat, rev, and env sequences and
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the splice acceptor sites necessary for proper processing and expression of their respective
mRNAs. An EcoR I site was introduced at the 5’end of this product and Nke I and Rsr II
sites were introduced into the 3" end. A forward primer
5’-AAGGGGTTAAAGCTATAATAAG-AATTCTGCA-3" (SEQ ID NO:47) and a reverse
primer 5’-CCTTTGCTGCCCTATCTGA-TTCTTCTAGG-3" (SEQ ID NO:48) were used to
amplify the 3’ PCR product. Of these, those from patient 928 proved particularly favorable
for further development (Table 2. The 928 sequences with deletions but not codon mutations
were designated IC1.

The strategy used to construct IC25, a more disabled virus than IC1, was similar to
that used to construct JS7 from JS1. Specifically four codon mutations were introduced into
gag sequences to inactivate the zinc fingers that are involved in RNA packaging, three
codon mutations were introduced into pol sequences to inactivate transcription, strand
transfer and RNaseH activities of reverse transcriptase and the codon at the active site of the
protease was mutated to limit proteolytic cleavage of viral Gag proteins and the maturation of
viral particles. The protease mutations also limited premature cleavage of the Gag
polyprotein and allowed budding of immature VLPs.

The inactivating codon mutations were made using a site directed mutagenesis kit
(Stratagene) following the manufacturer’s protocol. All mutations were confirmed by
sequencing. Primer pairs used for the mutagenesis were:

(A) 5'-GCCAGAGAATAATAAAGAGCTTCAACAGCGGCAAAGAAGG-3”

(C3908, C393S; SEQ.ID NO:49) and

5"-CCTTCTTTGCCGCTGTTGAAGCTCTTTATTATTCTCTGGC-3" (C3908,

C393S; SEQ ID NO:50); ‘

(B) 5'-CCTAGAAAGAGAGGCAGCTGGAAAAGCGGAAAGGAAGG-3" (C411S8,

C414S; SEQ ID NO:51) and 5°-

CCTTCCTTTCCGCTTTTCCAGCTGCCTCTCTTTCTAGG-3" (C414S 928 ZN4;

SEQ ID NO:52);

(C) 5'-CCAATATATGAACGATTTATATGTAGGATCTGAC-3" (D185N; SEQ ID

NO:53) and 5'-GTCAGATCCTACATATAAATCGTTCATATATTGG-3" (D185N;

SEQ ID NO:54);
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(D) 5-GGGAAAACTAAATACCGCAAGTCAGATTTATGCAGG-3" (W266T; SEQ

ID NO:55) and 5'-CCTGCATAAATCTGACTTGCGGTATTTAGTTTTCCC-3"

(W266T; SEQ ID NO:56); and

(E) 5-CCCTAATTGAGACAACAAATCAAAAGACTCAGTTACATGC-3" (E478Q;

SEQ ID NO:57) and

5'-GCATGTAACTGAGTCTTTTGATTTGTTGTCTCAATTAGGG-3" (E478Q; SEQ

ID NO:58).

(F) 5'-GCCAATAGAAGCCCTATTAAACACAGGAGC-3" (D25A; SEQ ID NO:59) and

5"-GCTCCTGTGTTTAATAGGGCTTCTATTGGC-3" (D25A; SEQ ID NO:60).

Example 12. PGA1/IC2

The sequence of pGA1/IC2 is shown in Fig. 14a (SEQ ID NO:11), its functional
regions and the origins of these regions in Fig. 14b and the positions of its point mutations in
Fig. 14c. pGA1/IC2 is identical to pGA1/IC25 except for not containing the inactivating

point mutation in protease.

Example 13. PGA1/IC48

The sequence of pGA1/IC48 is shown in Fig. 15a (SEQ ID NO:12), its functional
regions and the origins of these regions in Fig. 15b and the positions of its point mutations in
Fig. 15¢c. pGA1/IC48 is identical to pGA1/IC25 except'that the codon mutation in protease is
one that occurred in a drug resistant mutant mutant (Jacobsen et al., Virology 206:527-534,
1995). This mutation only partially inactivates the protease function. Mutagenesis was carried
out using Stratagene kits and the following oligonucleotides:
5 '—CCAAAAATGATAGtGGGAATTGGAGG -37 (G48V 928; SEQ ID NO:61) and
5'-CCTCCAATTCCCaCTATCATTTTTGG-3" (G48V 928; SEQ ID NO:62). This mutation

only partially inactivates the protease function.

Example 14. PGA1/IC90
The sequence of pGA1/IC90 is shown in Fig. 16a (SEQ ID NO:13), its functional
regions and the origins of these regions in Fig. 16b and the positions of its point mutations in
Fig. 16c. pGA1/IC90 is identical to pGA1/IC25 except that the codon mutation in protease is
one that occurred in a drug resistant mutant (Jacobsen et al., Virology 206:527-534, 1995).
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This mutation only partially inactivates the protease function. Mutagenesis was carried out
using Stratagene kits and the following oligonucleotides,: 5'-
GGACGAAATATGaTGACTCAGATTGGT -3 (M90L; SEQ ID NO:63) and
5-ACCAATCTGAGTCAtCATATTTCGTCC-3" (M90L; SEQ ID NO:64).

Example 15. pGA1/IN3

The sequence of pGA1/IN3 is shown in Fig. 17a (SEQ ID NO:14), its functional
regions and the origins of these regions in Fig. 17b and the positions of its point mutations in
Fig. 17c. The IN3 insert described here was constructed from a clade C sequence recovered
from a virus in India. As noted above, any clade C isolate could be used as a reasonable
representative for other clade C isolates. Since HIV-1 isolates use different chemokine
receptors as co-receptors, and the vast majority of viruses that are undergoing transmission
use the CCR-5 co-receptor (Berger, AIDS 11(Suppl A):S3-16, 1997), the C vaccine insert we
chose to construct had a CCR-5-using Env. Of course, Envs that function through any other
co-receptor or that have been constructed from naturally occurring or synthetic C sequences
S0 as to increase immunogenicity can be made and used as well.

To achieve a multiprotein-expressing clade C vaccine insert with high expression,
candidate vaccines were constructed from four different clade C HIV-1 sequences that were
obtained from the US NIAID AIDS repository, as shown in Table 3. Of these, those from the

Indian clone proved particularly favorable for further development.

Table 3. Comparison of clade C candidate vaccine inserts

Isolate and Ability to Expression of | Expression of | Comment

Genbank grow plasmid | Gag Env

Accession #

South Africa Good Good Good

AF286227

Israel Good Good Good

AF286233

Tanzania Good Good Good

AF286235

India Good Good Very good Chosen for vaccine,
AF286231 renamed pGA1/IN1
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5’ and 3’ sequences from the Indian clone were cloned into pGA1.2 using
oligonucleotides and PCR to generate 5’ and 3’ fragments. The 5’ fragment encoding
Gag and RT was generated using the forward primer 5°-
CGCAGGATCCGGCTTGCTGAAG -3’ (SEQ ID NO:65), which incorporated a
BamH 1 site at the 5’ end of the fragment, and the reverse primer
5’-TCTACTCGAGCTTATTATAGCACTCTCCTG-3’ (SEQ ID NO:66), which
incorporated an Xho I site as well as two stop codons at the 3’ end of the fragment. The 3’
fragment encoding Tat, Rev, Vpu, and Env was generated using the forward primer
5’-CCTCTCGAGATACTTGGACAGGAG-3’ (SEQ ID NO:67) and the reverse primer
5’-CACTTGCTAGCCATTTTACTGCAAAGC-3’ (SEQ ID NO:68). These were
designed such that X#o I and Nhe [ restriction sites were incorporated at the 5’ and 3’
ends, respectively of the 3’ fragment. These fragments were introduced into pGA1.2
using directed cloning to create pGA1.2/IN1.

The strategy used to construct IN3, a more disabled virus than IN1, was similar to
that used to construct JS7 from JS1. Specifically four codon mutations were introduced
into gag sequences to inactivate the zinc fingers that are involved in RNA packaging,
three codon mutations were introduced into po/ sequences to inactivate transcription,
strand transfer and RNaseH activities of reverse transcriptase and the codon at the active
site of the protease was mutated to limit proteolytic cleavage of viral Gag proteins and
the maturation of viral particles. The protease mutations also limited premature cleavage
of the Gag polyprotein and allowed budding of immature VLPs.

The inactivating codon mutations were made using a site directed mutagenesis kit
(Stratagene) following the manufacturer’s protocol. All mutations were confirmed by
sequencing. Primer pairs used for the mutagenesis were:

(A) 5’- CTAAAAGAACTGTTAAATCCTTCAACTCTGGCAAGGAAGGGCAC-3’
(C3908, C393S; SEQ ID NO: 70) and
5’-GTGCCCTTCCTTGCCAGAGTTGAAGGATTTAACAGTTCTTTTAG-3’ (C3908S,
C393S; SEQ ID NO: 71);

(B) 5’ - CTAGGAAAAAAGGCTCTTGGAAATCTGGAAAGGAAGGACAC (C411S,
C4148S; SEQ ID NO:72) and
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5’.GTGTCCTTCCTTTCCAGATTTCCAAGAGCCTTTTTTCCTAG-3" (C411S and
C414S; SEQ ID NO:73):

(C) 5’-GTCATCTATCAATATATGAATGACTTGTATGTAG-3’ (D185N, SEQ ID
NO:74) and 5’-CTACATACAAGTCATTCATATATTGATAGATGAC-3’ (D185N,
SEQ ID NO:75);

(D) 5’>-GTGGGAAAATTAAACACGGCAAGCCAGATTTAC-3’ (W266T, SEQ ID
NO:76) and 5’-GTAAATCTGGCTTGCCGTGTTTAATTTTCCCAC-3’ (W266T, SEQ
ID NO:77);

(E) 5°-CAAATCAGAAGACTCAATTACAAGCAATTTATC-3’ (E478Q, SEQ ID
NO:78) and 5’-GATAAATTGCTTGTAATTGAGTCTTCTGATTTG-3’ (E478Q, SEQ
ID NO:79) and

(F) 5°-GGAGGCTCTCTTAGcCACAGGAGCAGATG-3’ (D25N, SEQ ID NO: 80) and
5’-CATCTGCTCCTGTGgCTAAGAGAGCCTCC-3’ (D25N, SEQ ID NO 81).

Example 16. pGA1/IN2
The sequence of pGA1/IN2 is shown in Fig. 18a (SEQ ID NO: 5), its functional
regions and the origins of these regions in Fig. 18b and the positions of its point mutations in
Fig. 18c. pGA1IN2 differs from pGA1/IN3 in not ha\)ing the D25N Inactivating point

mutation in protease.

Example 17: Sequences provided for matched rMVAs

Sequences for the JS, IC, and IN inserts were used to prepare matched recombinant
modified vaccinia Ankara (rMVA) vectors. These matched vectors can be used as booster
inoculations for the various DNAs. They can also be used for both priming and boosting an
anti-HIV immune response. The sequences provided to generate the viral vector included the
three inactivating point mutations in reverse transcriptase. A representative study, in which a
recombinant MVA vector was constructed and characterized, follows.

MVA virus (which may be obtained from the American Type Culture Collection) was
plaque purified three times by terminal dilutions in chicken embryo fibroblasts (CEF), which
were made from 9-day old SPF Premium SPAFAS fertile chicken eggs, distributed by B and
E eggs (Stevens, PA). Secondary CEF cells were infected at an MOI of 0.05 of MVA and
transfected with 2 pLW-48 (as described above; see Figs. 20A and 20B). Following a two-
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day incubation at 37°C, the virus was harvested, frozen and thawed three times. It was then
plated on CEF plates. At “four days,” those foci of infection that stained blue after addition
of X-gluc substrate, indicating that recombination had occurred between the plasmid and the
infecting virus, were picked and inoculated on CEF plates. Again, those foci that stained
blue were picked. These GUS-containing foci were plated out in triplicate and analyzed for
GUS staining (which we wanted to now delete) and ADA envelope expression. Individual
foci were picked from the third replicate plates of those samples that had about equal
numbers of mixed populations of GUS staining and non-staining foci as well as mostly
envelope staining foci. These foci were again plated out in triplicate and analyzed the same
way. After five passages, a virus was derived that expressed the envelope protein but which
had deleted the GUS gene because of the double repeat. By immunostaining, this virus also
expressed the Gag-Pol protein.

Aliquots of MVA/HIV4S8 infected cell lysates were analyzed by radio-
immunoprecipitation and immunostaining with monoclonal antibodies for expression of both
the Env and Gag-Pol protein. In both of these tests, each of these proteins was detected. The
recombinant virus was shown to produce gag particles in the supernatant of infected cells by
pelleting the *°S-labeled particles on a 20% sucrose cushion. By electron microscopy, gag
particles were visualized both outside and budding from cells as well as within vacuoles of
cells. The gag particles had envelope protein on their surface.

Thus, we made a recombinant MV A virus that expressed the ADA truncated
envelope and the HXB2 Gag-Pol protein. The MVA recombinant virus is made using a
transiently expressed GUS marker that is deleted in the final virus. High expression of the
ADA envelope is possible because of a new hybrid early/late promoter (Psyn II; see, e.g.,
Figs.21, 22, and 24). In addition, the envelope has been truncated, as this may enhance the
amount of protein on the surface of the infected cells and hence enhance immunogenicity.

Stability of the recombinant may also be enhanced.

What is claimed is:
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1. A composition comprising:

(a) a first vector comprising a vaccine insert encoding one or more antigens that elicit
an immune response against a human immunodeficiency virus (HIV) of a first subtype or
recombinant form; and

(b) a second vector comprising a vaccine insert encoding one or more antigens that

elicit an immune response against an HIV of a second subtype or recombinant form.

2. The composition of claim 1, further comprising a pharmaceutically acceptable

carrier or adjuvant.

3. The composition of claim 1, wherein the insert of the first vector or the insert of
the second vector comprises the sequences of two or more of: (a) a gag, pol, env, tat, rev,
nef, vif, vpr, or vpu gene or (b) mutants thereof and, optionally, (c) non-coding regulatory

sequences of the HIV genome.

4. The composition of claim 3, wherein at least one of the two or more sequences

comprises mutations that limit the encapsidation of viral RNA.
5. The composition of claim 3, wherein at least one of the two or more sequences
comprises a gag sequence having a mutation in one or more of the sequences encoding a zinc

finger.

6. The composition of claim 4, wherein all or part of cis-acting RNA encapsidation

sequences have been deleted from the non-coding regulatory sequences of HIV-1.

7. The composition of claim 3, wherein the two or more sequences comprise a pol

sequence having a mutation that inhibits one or more of the enzymatic activities of pol.

8. The composition of claim 7, wherein the enzymatic activity is integrase activity.
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9. The composition of claim 7, wherein the enzymatic activity is reverse transcriptase

activity.

10. The composition of claim 7, wherein the enzymatic activity is protease activity.

11. The composition of claim 8, 9, or 10, wherein the enzymatic activity is inhibited
by deleting a portion of the pol sequence or introducing one or more point mutations into the

pol sequence.

12. The composition of claim 3, wherein the insert of the first vector or the insert of
the second vector comprises tat, rev, nef, vif, vpr, or vpu having one or more deletions or

point mutations.

13. The composition of claim 12, wherein the deletion or point mutation inactivates

one or more of the start codons of tat, rev, nef, vif, vpr, or vpu.

14. The composition of claim 3, wherein the first vector or the second vector is a
plasmid encoding:

(a) a gag protein in which the zinc fingers have been inactivated;

(b) apol protein in which (i) the integrase activity has been inhibited by deletion of
some or all of the pol sequence and (ii) the polymerase, strand transfer and/or RNase H
activity of reverse transcriptase has been inhibited by one or more point mutations within the
pol sequence; and

(c) env, tat, rev, and vpu, without mutations.

15. The composition of claim 14, wherein the encoded proteins are derived from

subtype B or D HIV-1 or a recombinant form of a subtype B or D HIV-1.

16. The composition of claim 14, wherein the first vector or the second vector
comprises pGA2/JS2.
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17. The composition of claim 14, wherein the encoded proteins are derived from a

subtype A HIV-1 or a recombinant form of a subtype A HIV-1.

18. The composition of claim 17, wherein the first vector or the second vector

comprises pGA1/IC2.

19. The composition of claim 14, wherein the encoded proteins are derived from a

subtype C HIV-1 or a recombinant form of a subtype C HIV-1.

20. The composition of claim 19, wherein the first vector or the second vector

comprises pGA1/IN2.

21. The composition of claim 14, wherein the encoded proteins are derived from a
subtype E, F, G, H, L, J, K, or L subtype of HIV-1 or a recombinant form of a subtype E, F,
G, H,1,J,KorL HIV-1.

22. The composition of claim 3, wherein the first vector or the second vector is a
plasmid encoding:

(a) a gag protein in which both zinc fingers have‘been inactivated,

(b) a pol protein in which (i) the integrase activity has been inhibited by deletion of
some or all of the pol sequence, (ii) the polymerase, strand transfer and/or RNase H activity
of reverse transcriptase has been inhibited by one or more point mutations within the pol
sequence and (iii) the proteolytic activity of the protease has been inhibited by one or more
point mutations; and

(c) env, tat, rev, and vpu, without mutations.

23. The composition of claim 22, wherein the encoded proteins are derived from

subtype B or D HIV-1 or a recombinant form of a subtype B or D HIV-1.

24. The composition of claim 23, wherein the first vector or the second vector
comprises pGA2/JS7.

54



10

15

20

25

30

WO 03/076591 PCT/US03/07177

25. The composition of claim 22, wherein the encoded proteins are derived from a

subtype A HIV-1 or recombinant form of a subtype A HIV-1.

26. The composition of claim 25, wherein the first vector or the second vector

comprises pGA1/IC2S.

27. The composition of claim 22, wherein the encoded proteins are derived from a

subtype C HIV-1 or recombinant form of a subtype C HIV-1.

28. The composition of claim 27, wherein the first vector or the second vector

comprises pGA1/IN3.

29. The composition of claim 22, wherein the encoded proteins are derived from a
subtype E, F, G, H, 1, J, K or L subtype of HIV-1 or a recombinant form of a subtype E, F, G,
H,1 J,Kor LHIV-1.

30. The composition of claim 3, wherein the first vector or the second vector is a
plasmid encoding:

(a) a gag protein in which the zinc fingers have been inactivated;

(b) a pol protein in which (i) the integrase activity has been inhibited, (ii) the
polymerase, strand transfer and/or RNase H activities of reverse transcriptase have been
inhibited by one or more point mutations within the pol sequence, and (iii) the proteolytic
activity of the protease has been inhibited by one or more point mutations within the pol
sequence;

(c) a vpu protein comprising a mutant start codon; and

(d) env, tat, and rev proteins in unmutated form.

31. The composition of claim 30, wherein the encoded proteins are derived from

subtype B or D HIV-1 or a recombinant form of a subtype B or D HIV-1.
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32. The composition of claim 31, wherein the first vector or the second vector

comprises pGA2/JS7.1.

33. The composition of claim 30, wherein the encoded proteins are derived from a
subtype A, C,E, F, G, H, I, J, K or L subtype of HIV-1 or a recombinant form of a subtype
A,C,E,F,G,H,LJ, K, or LHIV-1.

34. The composition of claim 1, wherein the vector is a virus.

35. The composition of claim 34, wherein the virus is a recombinant poxvirus.

36. The composition of claim 34, wherein the virus is modified vaccinia Ankara

virus.

37. The composition of claim 36, wherein the modified vaccinia Ankara virus
harbors recombinant nucleic acid encoding clade B sequences matched to those in JS2 or
JS7.

38. The composition of claim 36, wherein the modified vaccinia Ankara virus
harbors recombinant nucleic acid encoding clade A sequences matched to those in IC2 or

IC25.

39. The composition of claim 36, wherein the modified vaccinia Ankara virus
harbors recombinant nucleic acid encoding clade C sequences matched to those in IN2 or
IN3.

40. The composition of claim 36, wherein the modified vaccinia Ankara virus is a

recombinant for subtype A, B,C,D, E, F, G, H, I, ], K or L HIV-1 or recombinant forms of
subtype A, B,C, D, E, F, G, H, I, J, K or L HIV-1 matched to those in a DNA vaccine.
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41. A method of treating a subject, the method comprising:

(a) identifying a subject in need of an HIV vaccine; and

(b) administering to the subject a therapeutically effective amount of a composition
comprising a vector comprising a vaccine insert that induces or enhances an immune

response against a human immunodeficiency virus.

42. A method of treating a subject, the method comprising:

(a) identifying a subject in need of an HIV vaccine; and

(b) administering to the subject a therapeutically effective amount of a composition
comprising (i) a first vector comprising a vaccine insert encoding one or more antigens that
elicit an immune response against a human immunodeficiency virus (HIV) of a first subtype
or recombinant form and (ii) a second vector comprising a vaccine insert encoding one or
more antigens that elicit an immune response against an HIV of a second subtype or

recombinant form.

43. A method of treating a subject, the method comprising:

(a) identifying a subject in need of an HIV vaccine; and

(b) administering to the subject a therapeutically effective amount of a composition
comprising (i) a first vector comprising a vaccine insert encoding one or more antigens that
elicit an immune response against a human immunodeficiency virus (HIV) of a first subtype
or recombinant form, (ii) a second vector comprising a vaccine insert encoding one or more
antigens that elicit an immune response against an HIV of a second subtype or recombinant
form, and (iii) a third vector comprising a vaccine insert encoding one or more antigens that

elicit an immune response against an HIV of a third subtype or recombinant form.
44. The method of claim 40, 41, or 42, wherein administering the composition

comprises administering a plasmid vector on more than one occasion for the purposes of

priming and boosting a protective immune response.
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45. The method of claim 40, 41, or 42, wherein administering the composition
comprises administering a plasmid vector on one or more than one occasion for the purpose
of priming the immune response and administering a modified vaccinia Ankara virus on one

or more than one subsequent occasion for the purpose of boosting the immune response.

46. The method of claim 45, wherein the plasmid vector comprises the insert
designated JS2, JS7, or JS7.1, and/or the insert designated IC2, IC25, IC48, or IC90, and/or
the insert designated IN2 or IN3 and wherein the boosting comprises administering modified

vaccinia Ankara virus containing HIV sequences matched to the plasmids used for priming.

47. The method of claim 45, wherein the plasmid vector comprises an insert obtained
from an HIV clade A and/or clade B, and/or clade C, and/or clade D, and/or clade E and/or
clade F, and/or clade G and/or clade H and/or clade J, and/or calde K, and/or clade L and/or a
recombinant subtype thereof and wherein the boosting comprises administering modified

vaccinia Ankara virus containing HIV sequences matched to the plasmids used for priming.

48. The method of claim 40, 41, or 42, wherein administering the composition
comprises administering modified vaccinia Ankara virus on more than one occasion for the

purposes of priming and boosting a protective immune response.

49. The method of claim 44, wherein the priming comprises administering clade B
recombinant MVA virus and/or clade A recombinant MV A virus and/or clade C recombinant
MVA virus and or any recombinant subtype thereof wherein the boosting comprises

administering the same modified vaccinia Ankara virus used for priming,
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50. The method of claim 44, wherein the priming comprises administering clade A
and/or clade B, and/or clade C, and/or clade D, and or/clade E and/or clade F, and/or clade G
and/or clade H and/or clade J, and/or clade K, and/or clade L and/or any recombinant subtype
thereof in a modified vaccinia Ankara vector and wherein the boosting comprises

administering the same modified vaccinia Ankara vectors used for priming.
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Figure 2a. pGAl Sequence

cgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaatat
gaccgccatgttgacattgéttattgactagttattaatagtaatcaattacgggttcattagttcatagcccatatatg
gagttccgegttacataacttacggtaaatggceccgectggectgaccgeccaacgaccccecgeccattgacgtcaataat
gacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccact
tggcagtacatcaagtgtatcatatgccaagtccgeecectattgacgtcaatgacggtaaatggeccgectggecattat
gcccagtacatgaccttacgggactttcectacttggcagtacatctacggtattagtcatcggectattaccatggtgatg
cggttttggcagtacaccaatgggcgtggatageggtttgactcacggggatttccaagtctccacecccattgacgtcaa
tgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtecgtaataaccececgeccecgttgacgcaaatgggeg
gtaggcgtgtacggtgggaggtctatataagcagagctegtttagtgaaccgtcagatcgectggagacgecateccacge
tgttttgacctccatagaagacaccgggaccgatccagectccgeggecgggaacggtgcattggaacgeggattececeg
tgccaagagtgacgtaagtaccgcctatagactctataggcacaccectttggetecttatgcatgectatactgtttttgg
cttggggectatacacceccgetteocttatgetataggtgatggtatagecttagectataggtgtgggttattgaccatt
attgaccactcccctattggtgacgatactttccattactaatccataacatggctctttgccacaactatctctattgg
ctatatgccaatactctgtccttcagagactgacacggactectgtatttttacaggatggggtcccatttattatttaca
aattcacatatacaacaacgccgtccccecgtgecegecagtttttattaaacatagegtgggatcteccacgecgaatctegg
gtaccgtgttccggacatgggytcttcteecggtageggeggagecttecacatccgageectggteccatgeccteccagegg
ctcatggtegctcggcagectecttgectectaacagtggaggeccagacttaggcacagcacaatgeccaccaccaccagtg
tgcecgcacaaggcegtggeggtagggtatgtgtctgaaaatgagetcggagattgggctocgcaccgetgacgcagatgga
agacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagtcagaggtaactcccgttge
ggtgctgttaacggtggagggcagtgtagtctgagcagtactegttgectgeocgegegcgecaccagacataatagetgac
agactaacagactgttectttccatgggtettttetgcagtcaccatcgatgcttgcaatcatggatgcaatgaagagag
ggctctgctgtgtéctgctgctgtgtggagcagtcttcgtttcggctagccccgggtgataaacggaccgcgcaatccct
aggctgtgecttctagttgeccageccatetgttgtttgececctececcecegtgectteccttgaccctggaaggtgecactece
actgtcctttcctaataaaatgaggaaattgcatcgcattgtetgagtaggtgtcattetatteotggggggtggggtggy
gcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggatgecggtgggctctatataaaaaacgcecg
gcggcaaccgagcgttctgaacgctagagtcgacaaattcagaagaactcgtcaagaaggcgatagaaggegatgegetg
cgaatcgggagcggcgataccgtaaagcacgaggaagceggtcageccattcgecgecaagectcttcagcaatatcacggg
tagccaacgctatgtcctgatagcggtctgccacacccagccggccacagtcgatgaatccagaaaagcggccattttcc
accatgatattcggcaagcaggcatcgccatgggtcacgacgagatectecgecgtegggecatgectegect tgagecectgge
gaacagttcggctggcgegagecectgatgetecttegteccagatcatectgategacaagaccggettccatcegagtac
gtgctcgectcgatgecgatgtttegettggtggtcgaatgggcaggtagccggatcaagecgtatgcagecgecgeattgea
tcagccatgatggatactttctecggcaggagcaaggtgagatgacaggagatcectgececggcacttecgecccaatageag
ccagtccctteccgettcagtgacaacgtecgagcacagctgcgcaaggaacgccegtcgtggeccageccacgatagecgeg
ctgcctegtettgcagttcattcagggcaccggacaggteggtettgacaaaaagaaccgggegecectgegetgacage
cggaacacggcggcatcagagcagecgattgtctgttgtgececcagtcatageccgaatagectctccacccaageggecgg
agaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatectgtectocttgatcagatecttgateccectge
gccatcagatccttggeggecaagaaagccatccagtttactttgcagggecttecccaaccttaccagagggcgecccagcet
ggcaattcecggttegettgetgtccataaaaccgcccagtctagectatcgeccatgtaageccactgcaagctacctgett
tctctttgegettgegtttteecttgtccagatagecccagtagetgacattcatccggggtcagcaccgtttetgeggac
tggctttctacgtgaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtttteg
ttccactgagcgtcagaccccgtagaaaagatcaaaggatcttecttgagatectttttttectgegegtaatctgetgett
gcaaacaaaaaaaccaccgctaccageggtggtttgtttgecggatcaagagctaccaactcttttteccgaaggtaactg
gcttcagcagagcgcagataccaaatactgttecttctagtgtageccgtagttaggccaccacttcaagaactctgtagea
ccgcctacatacctegetectgectaatectgttaccagtggetgetgecagtggegataagtecgtgtecttaccgggttgga
ctcaagacgatagttaccggataaggcgecagcggtegggcetgaacggggggttegtgcacacageccagecttggagcgaa
cgacctacaccgaactgagatacctacagecgtgagctatgagaaagcgccacgettcccgaagggagaaaggcggacagg
tatccggtaagcggcagggtcggaacaggagagegcacgagggagettccagggggaaacgcectggtatctttatagtee
tgtcgggtttcgecacctectgacttgagegtegatttttgtgatgectecgtcaggggggcggagectatggaaaaacgceca
gcaacgecggecccttttacggttoctggecttttgetggecttttgectcacatgttgt
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Figure 2b. pGA1 Functional Regions

PCT/US03/07177

Functional region

Position within sequence
(starting-and ending pos.)

Origin of sequence

CMVIE promoter 1-690 JW4303 .
CMV intron A 691-1638 JW4303
tPA leader 1659-1721 pJW4303
Multiple cloning site 1648-1758 pIW4303; mutation of Hind
Clal-Avr I Il and Bam HI sites and
addition of Cla I and Rsr II
sites to the multiple cloning
| site of pJWA4303
BGHpA 1761-1983 JW4303
Lambda T0 terminator 1984-2018 Synthetic oligonucleotide
Kanamycin resistance 2039-2833 pZErO-2 (Invitrogen)
3219-3892 ZErQ-2 (Invitrogen)

ColE1 ongin of replication
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Figure 3a. pGAl.l1l Sequence

cgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaatat
gaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcattagttcatagecccatatatg
gagttccgcgttacataacttacggtaaatggcccgecctggctgacegeccaacgaccccegeccattgacgtcaataat
gacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccact
tggcagtacatcaagtgtatcatatgccaagtccgeccectattgacgtcaatgacggtaaatggececgectggeattat
gcccagtacatgaccttacgggactttectacttggcagtacatctacggtattagtcateggectattaccatggtgatg
cggttttggcagtacaccaatgggcgtggatagecggtttgactcacggggatttccaagtctecaccececattgacgtcaa
tgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataacccecgecccgttgacgcaaatgggeg
gtaggcgtgtacggtgggaggtctatataagcagagctegtttagtgaaccgtcagatcgectggagacgeccatecacge
tgttttgacctccatagaagacaccgggaccgatccagect ccgeggecgggaacggtgcattggaacgeggatteceeg
tgccaagagtgacgtaagtaccgectatagactctataggcacaccectttggetcttatgecatgctatactgtttttgg
cttggggectatacacceceecgetteocttatgctataggtgatggtatagcttagectataggtgtgggttattgaccatt
attgaccactcccctattggtgacgatactttccattactaatccataacatggctctttgecacaactatetetattgg
ctatatgccaatactctgteccttcagagactgacacggactctgtatttttacaggatggggtcecccatttattatttaca
aattcacatatacaacaacgccgteccecgtgeccgcagtttttattaaacatagecgtgggatctccacgegaatectegg
gtaccgtgttccggacatgggytcttctecggtageggeggagettecacateccgageectggteccatgecteccagegy
ctcatggticgctcggcagctecttgectectaacagtggaggecagacttaggcacagcacaatgeccaccaccaccagtg
tgccgcacaaggeccgtggeggtagggtatgtgtctgaaaatgageteggagattgggctecgcaccgetgacgcagatgga
agacttaaggcagcggcagaagaagatgcaggcagectgagttgttgtattctgataagagtcagaggtaactccegttge
ggtgctgttaacggtggagggcagtgtagtctgagcagtactcgttgetgeecgegegegecaccagacataatagetgac
agactaacagactgttccetttecatgggtecttttctgecagtcaccatcgatgecttgcaatcatggatgcaatgaagagag
ggctctgetgtgtgctgetgectgtgtggagaattettegtttetgetgetgtgtggagaattcttegttteggetagecce
cgggtgataaacggaccgcgcaatccctaggetgtgecttctagttgecagecatetgttgtttgecececteeccegtgece
ttccttgaccctggaaggtgccacteccactgtectttcctaataaaatgaggaaattgecatcgcattgtectgagtaggt
gtcattctattetggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggecatgetggggat
gcggtgggctctatataaaaaacgcccggcggcaaccgagecgttectgaacgcectagagtcgacaaattcagaagaactegt
Caagaaggcgatagaaggcgatgcgctgcgaatcgggagecggecgataccgtaaagcacgaggaagecggtcageccatteg
ccgccaagctcettcagcaatatcacgggtageccaacgetatgtecctgatageggtetgecacacccageecggecacagtce
gatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgecatgggtcacgacgagatectege
cgtcgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcétga
tcgacaagaccggcttecateccgagtacgtgectecgetecgatgegatgtttegettggtggtcgaatgggecaggtageegg
atcaagcgtatgcagcecgccgecattgcatcageccatgatggatactttctcggcaggagcaaggtgagatgacaggagat
cctgcccecggcacttcegcccaatagcagecagtecectteccgettcagtgacaacgtegagcacagetgecgecaaggaacyg
ccegtegtggecagecacgatagecgegetgectegtettgecagttcattcagggcaccggacaggteggtcttgacaaa
aagaaccgggcgecccetgegctgacagecggaacacggeggcatcagagcagecgattgtetgttgtgeccagtcatage
cgaatagcctcetccacccaagcggcecggagaacctgecgtgcaatccatecttgttcaatcatgecgaaacgatectecatect
gtctcttgatcagatcttgatccecectgegecatcagatecttggeggcaagaaageccatccagtttactttgecagggett
.cccaaccttaccagagggcgcecccagctggcaattcecggttegettgetgtecataaaaccgecccagtctagetategece
atgtaagcccactgcaagctacctgetttectetttgegettgegtttteccttgtccagatagceccagtagetgacatte
atccggggtcagcaccgtttectgcggactggetttctacgtgaaaaggatctaggtgaagatecctttttgataatctcat
gaccaaaatcccttaacgtgagttttegttecactgagegtcagaccodgtagaaaagatcaaaggatcettettgagate
ctttttttctgecgegtaatctgetgettgcaaacaaaaaaaccaccgetaccageggtggtttgtttgecggatcaagag
ctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagececgtagtt
aggccaccacttcaagaactctgtagcaccgectacatacctegetetgectaatectgttaccagtggectgetgecagtg
gcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcageggtcgggetgaacggggggt
tcgtgcacacagcccagcttggagecgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagegecac
gcttcccgaagggagaaaggcggacaggtatcecggtaagecggcagggtcggaacaggagagcgcacgagggagetttecag
ggggaaacgcctggtatctttatagtcetgtegggtttegecacctectgacttgagegtcgatttttgtgatgetegtea
ggggggcggagcectatggaaaaacgcecagcaacgeggeecttttacggttectggecttttgetggecttttgectcacat
gttgt
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Functional rggrion

~ Position within sequence

(starting-and ending pos.)

Origin of sequence

CMVIE promoter 1-690 pGAl

CMV intron A 691-1638 pGAl

tPA leader none

Multiple cloning site 1648-1786 pGAl, addition of two EcoR I
(ClaI-Avr IT) sites to pGA1 multiple cloning

site

BGHpA 1789-2011 GAl

Lambda TO terminator 2012-2046 pGAl -

Kanamycin resistance 2067-2861 pGAl

ColE! origin of replication 3247-3920 pGA1l
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Figure 4a. pGAl.2 Sequence
cgacaatattggctattggecattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtecaatat
gaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggctcattagttcatagcccatatatg
gagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataat
gacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccact
tggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcctggcattat
gcccagtacatgaccttacgggactttcctacttggcagtacatctacggtattagtcatcggctattaccatggtgatg
cggttttggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaa
tgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccccgccccgttgacgcaaatgggcg
gtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgtcagatcgcctggaganccatccacgc
tgttttgacctccatagaagacaccgggaccgatccagcctccgcggccgggaacggtgcattggaancggéttccccg
tgccaagagtgacgtaagtaccgcctatagactctataggcacacccctttggctcttatgcatgctatactgttttcgg
cttggggcctatacacccccgcttccttatgctataggtgatggtatagcttagcctataggtgtgggttattgaccatt
attgaccactcccctattggtgacgatactttccattactaacccataacatggctctttgccacaactatctctattgg
ctatatgccaatactctgtccttcagagactgacacggactctgtatttttacaggatggggtcccatttattatttaca
aattcacatatacaacaacgbcgtcccccgtgcccgcagtttttattaaacatagcgtgggatctccancgaatctcgg
gtaccgtgttccggacatgggytcttctccggtagcggcggagcttccacatccgagccctggtcccatgcctccagcgg
ctcatggtcgctcggcagctccttgctcctaacagtggaggccagacttaggcacagcacaatgcccaccaccaccagtg
tgccgcacaaggccgtggcggtagggtatQCthtgaaaatgagctcggagattgggctcgcaccgctgacgcagatgga
agacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagtcagaggtaactcccgttgc
ggtgctgttaacggtggagggcagtgtagtctgagcagtactcgttgctgccgcgcgcgccaccagacataatagctgac
agactaacagactgttcctttccatgggtcttttctgcagtcaccatggatccttgcactcgaggatgcaatgaagagag
ggctctgctgtgtgctgctgctgtgtggagaattcttcgtttctgctgctgtgtggagaattcttcgtttcggctagccc
cgggtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcccctcccccgtgcc
ttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggt
gtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggat
gcggtgggctctatataaaaaacgcccggcggcaaccgagcgttctgaacgctagagtcgacaaattcagaagaactcgt
caagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcg
ccgccaagctcttcagcaatatcacgggtagccaacgctatgccctgatagcggtctgccacacccagccggccacagtc
gatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatccchc
cgtcgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctga
tcgacaagaccggcttccatccgagtacgtgctcgctcgacgcgatgtttcgcttggtggtcgaatgggcaggtagccgg
atcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagat
cctgccccggcacttcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacg
cccgtcgtggccagccacgatagccgcgctgcctcgtcttgcagttcattcagggcaccggacaggtcggtcttgacaaa
aagaaccgggcgcccctgcgctgacagccggaacacggcggcatcagagcagccgattgtctgttgtgcccagtcatagc
cgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcct
gtctcttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagtttactttgcagggctt
cccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgcccagtctagctatcgcc
atgtaagcccactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagcccagtagctgacattc
atccggggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatcctttttgataaCthat
gaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatc
ctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagag
ctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagccgtagtt
aggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgt;accagtggctgctgccagtg
gcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggt
tcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccac
gcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccag
ggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtca
' ggggggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctggccttttgctcacat

gttgt
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PCT/US03/07177

Functional region

Position within sequence
(starting-and ending pos.)

Origin of sequence

CMVIE promoter 1-690 pGAl.l

CMV intron A 691-1638 pGALl.l

tPA leader none

Multiple cloning site 1648-1786 pGALl.1, addition of Bam HI

(Bam HI-Avr II) and Xho I sites to pGA1.1
multiple cloning site

BGHpA 1789-2011 pGALl.l

Lambda TO terminator 2012-2046 pGAl.l

Kanamycin resistance 2067-2861 pGAl.l

ColE1 origin of replication 3247-3920 pGAl.l
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CMVIE promotor (1-687)

, ColE1 Ori
(2269-2942)

Sma | 783

Rsr il 795
Avr Il 808

Lambda TO terminator
(1037-1071)

Kanamycin resistance
(1089-1883)

e

Frg. 5
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Figure 6a. pGA2 Segquence

cgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtecaatat
gaccgccatgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagececcatatatg
gagttccgegttacataacttacggtaaatggecccgectggectgaccgeccaacgacceccgeccattgacgtcaataat
gacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgececact
tggcagtacatcaagtgtatcatatgccaagtccgeccectattgacgtcaatgacggtaaatggcccgectggeattat
gcccagtacatgaccttacgggacttteoctacttggcagtacatctacgtattagtcategctattaccatggtgatgeg
gttttggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtctecaccececattgacgteaatg
ggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccecgecccgttgacgcaaatgggeggt
aggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaactcattctatcgatgettgcaatcatggatgea
atgaagagagggctctgcectgtgtgectgectgetgtgtggagecagtcttegtttecggectageccecgggtgataaacggaceg
cgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttgaccctggaagg
tgccactcccactgtcectttcctaataaaatgaggaaattgcatcgecattgtctgagtaggtgtcattetattetggggg
gtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgetggggatgcggtgggctctatataa
aaaacgcccggeggceaaccgagegttetgaacgctagagtcgacaaattcagaagaactcgtcaagaaggcgatagaagg
cgatgcgctgcgaatcgggagcecggegataccgtaaagcacgaggaageggtcageccattcgecgecaagetettcagea
atatcacgggtagccaacgctatgtcctgatageggtctgeccacacccagecggecacagtegatgaatccagaaaageg
gccattttccaccatgatattcggcaagcaggcatcgeccatgggtcacgacgagatcctegecgtegggecatgetegect
tgagcctggcgaacagtteggetggegegagecectgatgetcttcgtccagatcatectgatcgacaagaceggcettee
atccgagtacgtgctcogctegatgegatgtttegettggtggtcgaatgggcaggtagecggatcaagegtatgeageceg
ccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatectgecceceggeacttege
ccaatagcagccagtcecttcecgcttcagtgacaacgtcgagcacagetgcgcaaggaacgeccecgtegtggecagecac
gatagccgcgctgcctcgtcttgcagttcattcagggcaccggacéggtcggtcttgacaaaaagaaccgggcgcccctg
cgctgacagccggaacacggcggcatcagagcagecgattgtetgttgtgeccagtcatagecgaatagcctetecacee:
- aagcggccggagaacctgcgtgcaatccatcttgttcaatcatgecgaaacgatectcatectgtctettgatcagatctt
gatcccctgegccatcagatccttggeggcaagaaagecatccagtttactttgecagggetteccaaccttaccagaggg
cgccccagectggcaattecggttegettgetgtccataaaaccgeccagtctagctatcgccatgtaageccactgeaag
ctacctgctttetctttgecgettgegttttcccttgtecagatagcccagtagetgacattcatecggggtcagecacegt
ttctgecggactggctttctacgtgaaaaggatctaggtgaagatectttttgataatctcatgaccaaaatccecttdacyg
tgagttttCgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaa
tctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccg
aaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtageccgtagttaggccaccacttcaagaa
ctctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtctta
ccgggttggactcaagacgatagttaccggataaggegcageggtcgggetgaacggggggttegtgecacacageccage
ttggagcgaacgacctacaccgaactgagatacctacagecgtgagctatgagaaagcgecacgettcccgaagggagaaa
ggcggacaggtatccggtaageggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgectggtatce
tttatagtcctgtegggtttcgecacctctgacttgagegtegatttrtgtgatgectcgtcaggggggcggagectatgg
aaaaacgccagcaacgcggceccttttacggttectggecttttgetggecttttgetcacatgttgt
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PCT/US03/07177

Functional region

Position within sequence
(starting-and ending pos.)

Origin of sequence

CMVIE promoter 1-687 pGAl
tPA leader 712-774 pGA1l
Multiple cloning site 698-808 pGAl
' Clal-Avr II
BGHpA 814-1036 pGAl
Lambda T0 terminator 1037-1071 pGAl
Kanamycin resistance 1089-1883 pGAl
ColE1 origin of replication 2269-2942 - pGAl
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Figure 7a. pGA2.l1 Sequence

“cgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaatat
gaccgccatgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatg
gagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataat
gacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccact
tggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcctggcattat
gcccagtacatgaccttacgggactttcctacttggcégtacatctacgtattagtcatcgctattaccatggtgatgcg
gttttggcagtacaccaatgggcgtggatagcggtttgactcacggggattcccaagtctccaccccattgacgtcaatg
ggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccccgccccgttgacgcaaatgggcggt
aggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaactcattcta;cgatgcttgcaatcatggatgca
atgaagagagggctctgctgtgtgctgctgctgtgtggagaattcttcgtttcggctgctgctgtgtggagaattcttcg
tttcggctagccccgggtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcc
cctcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcat
tgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcag

'gcatgctggggatgcggtgggctctatataaaaaacgcccggcggcaaccgagcgttctgaacgctagagtcgacaaatt
cagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcg
gtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtctgccacaccca
gccggécacagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacg
acgagatcctcgccgtcgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtc
cagatcatcctgatcgacaagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatg
ggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtga
gatgacaggagatcctgccccggcacttcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagc
tgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcttgcagttcattcagggcaccggacaggt
cggtcttgacaaaaagaaCnggCgcccctgcgctgacagccggaacacggcggcatcagagcagccgattgtctgttgt
gcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaa
cgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagptta
ctttgcagggcctcccaaccttaccagagggcgccccagctégcaattccggttcgcttgctgtccataaaaccgcccag
tctagctatcgccatgtaagcccactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagccca
‘gtagctgacattcatccggggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatcpttt
ttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaagga
tcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgttt
gccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctag
tgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgtcaccagtg
gctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcggg
ctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctat
gagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacg
agggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgattttt
gtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctggc

‘cttttgctcacatgttgt
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Figure 7b. PGA2.1 functional regions
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tPA leader None
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Figure 8a. pGA2.2 Sequence

cgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaatat
gaccgccatgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccata;atg
gagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataat
gacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccact
tggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcctggcattat
gcccagtacatgaccttacgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgcg
gttttggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatg
ggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccccgccccgttgacgcaaatgggcggt
aggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaactcattctatggatccttgctcgagtggatgca
atgaagagagggctctgctgtgtgctgctgctgtgtggagaattcttcgtttcggctgctgctgtgtggagaattcttcg
tttcggctagccccgggtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcc
cctcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcat
tgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcag
gcatgﬁtggggatgcggtgggctctatataaaaaacgcccggcggcaaccgagcgttctgaacgctagagtcgacaaatt
cagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcg
gtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtctgccacaccca
gccggccacagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacg
acgagatcctcgccgtcgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtc
cagatcatcctgatcgacaagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatg
ggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtga
gatgacaggagatcctgccccggcacttcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagc
tgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctbgtcttgcagttcattcagggcaccggacaggt
cggtcttgacaaaaagaaccgggcgcccctgcgctgacagccggaacacggcggcatcagagcagccgattgtctgttgt
gcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaa
cgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagttta
ctttgcagggcttcccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgcccag
tctagctatcgccatgtaagcccactgcaagctacctgctttctctttgcgcttgcgctttcccttgtccagatagccca
gtagctgacattcatccggggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatccttt
ttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaagga
tcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagbggtggtttgttt
gccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctag
tgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtg
gctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcggg
ctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctat
gagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacg
agggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgattttt
gcgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctggc
cttttgctcacatgttgt |
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Figure 10a. pGA2/JS2 sequence

atcgatgcaggactcggcettgctgaagegcgcacggcaagaggegaggggcggcgactggtgggtacgecaaaaattttg
actagcggaggctagaaggagagagatgggtgcgagagcgtcagtattaagcgggggagaattagatcgatgggaaaaaa
ttcggttaaggccagggggaaagaaaaaatataaattaaaacatatagtatgggcaagcagggagctagaacgattcgca
gttaatcctggcctgttagaaacatcagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatc
agaagaacttagatcattatataatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaagg
aagctttagacaagatagaggaagagcaaaacaaaagtaagaaaaaagcacagcaagcagcagctgacacaggacacagc
agtcaggtcagccaaaattaccctatagtgcagaacatccaggggcaaatggtacatcaggccatatcacctagaacttt
aaatgcatgggtaaaagtagtagaagagaaggctttcagcccagaagtaatacccatgttttcagcattatcagaaggag
Ccaccccacaagatttaaacaccatgctaaacacagtggggggacatcaagcagccatgcaaatgttaaaagagaccatc
aatgaggaagctgcagaatgggatagagtacatccagtgcatgcagggcctattgcaccaggccagatgagagaaccaag
gggaagtgacatagcaggaactactagtacccttcaggaacaaataggatggatgacaaataatccacctatcccagtag
gagaaatttataaaagatggataaccctgggattaaataaaatagtaagaatgtatagccctaccagcattctggacata
agacaaggaccaaaagaaccttttagagactatgtagaccggttctataaaactctaagagccgagcaagcttcacagga
ggtaaaaaattggatgacagaaaccttgttggtccaaaatgcgaacccagattgtaagactattttaaaagcattgggac
cagcggctacactagaagaaatgatgacagcatgtcagggagtaggaggacccggccataaggcaagagttttggctgaa
gcaatgagccaagtaacaaatacagctaccataatgatgcagagaggcaattttaggaaccaaagaaagatggttaagag
cttcaatagcggcaaagaagggcacacagccagaaattgcagggcccctaggaaaaagggcagctggaaaagcggaaagg
aaggacaccaaatgaaagattgtactgagagacaggctaattttttagggaagatctggccttcctacaagggaaggcca
gggaattttcttcagagcagaccagagccaacagccccaccatttettcagagcagaccagagccaacagceceecaccaga
agagagcttcaggtctggggtagagacaacaactccccctcagaagcaggagccgatagacaaggaactgtatcctttaa
cttccctcagatcactctttggcaacgacccctcgtcacaataaagataggggggcaactaaaggaagctctattagata
caggagcagatgatacagtattagaagaaatgagtttgccaggaagatggaaaccaaaaatgatagggggaattggaggt
tttatcaaagtaagacagtatgatcagatactcatagaaatctgtggacataaagctataggtacagtattagtaggacc
tacacctgtcaacataattggaagaaatctgttgactcagattggttgcactttaaattttcccattagccctattgaga
ctgtaccagtaaaattaaagccaggaatggatggcccaaaagttaaacaatggccattgacagaagaaaaaataaaagca
ttagtagaaatttgtacagaaatggaaaaggaagggaaaatttcaaaaattgggéctgagaatccatacaatactcCagt
atttgccataaagaaaaaagacagtactaaatggagaaaattagtagatttcagagaacttaataagagaactcaagact
tctgggaagttcaattaggaataccacatcccgcagggttaaaaaagaaaaaatcagtaacagtactggatgtgggpgat
gcatatctttcagttcccttagatgaagacttcaggaagtatactgcatttaccatacctagtataaacaatgagacacc
agggattagatatcagtacaatgtgcttccacagggatggaaaggatcaccagcaatattccaaagtagcatgacaéaaa
tcttagagccttttaaaaaacaaaatccagacatagttatctatcaatacatgaacgatttgtatgtaggatctgaccta
gaaatagggcagcatagaacaaaaatagaggagctgagacaacatctgttgaggtggggacttaccacaccagacaaaaa
acatcagaaagaacctccattcctttggatgggttatgaactccatéctgataaatggacagtacagcctatagtgctgc
cagaaaaagacagctggactgtcaatgacatacagaagttagtggggaaattgaataccgcaagtcagatttacccaggg
attaaagtaaggcaattatgtaaactccttagaggaaccaaagcactaacagaagtaataccactaacagaagaagcaga
gctagaactggcagaaaacagagagattctaaaagaaccagtacatggagtgtattatgacccatcaaaagacttaatag
cagaaatacagaagcaggggcaaggccaatggacatatcaaatttatcaagagccatttaaaaatctgaaaacaggaaaa
.tatgcaagaatgaggggtgcccacactaatgatgtaaaacaattaacagaggcagtgcaaaaaataaccacagaaagcat
agtaatatggggaaagactcctaaatttaaactacccatacaaaaggaaacatgggaaacatggtggacagagtattggc
aagccacctggattcctgagtgggagtttgttaatacccctcctttagtgaaattatggtaccagttagagaaagaaccc
atagtaggagcagaaaccttctatgtagatggggcagctaacagggagactaaattaggaaaagcaggatatgttactaa
caaaggaagacaaaaggttgtccccctaactaacacaacaaatcagaaaactcagttacaagcaatttatctagctttgc
aggattcaggattagaagtaaacatagtaacagactcacaatatgcattaggaatcattcaagcacaaccagataaaagt
gaatcagagttagtcaatcaaataatagagcagttaataaaaaaggaaaaggtctatctggcatgggtaccagcacacaa
aggaattggaggaaatgaacaagtagataaattagtcagtgctggaatcaggaaaatactatttttagatggaatagata
aggcccaagatgaacattagaattctgcaacaactgctgtttatccattttcagaattgggtgtcgacatagcagaatag
gcgttactcgacagaggagagcaagaaatggagccagtagatcctagactagagccctggaagcatccaggaagtcagcc
taaaactgcttgtaccaattgctattgtaaaaagtgttgctttcattgccaagtttgtttcataacaaaagccttaggca
tctcctatggcaggaagaagcggagacagcgacgaagacctcctcaagacagtcagactcatcaagtttctctatcaaag
Cagtaagtagtaaatgtaatgcaacctttacaaatattagcaatagtagcattagtagtagcagcaataatagcaatagt
tgtgtggaccatagtattcatagaatataggaaaatattaagacaaagaaaaatagacaggttaattgataggataacag
aaagagcagaagacagtggcaatgaaagtgaaggggatcaggaagaattatcagcacttgtggaaatggggcatcatgct
ccttgggatgttgatgatctgtagtgctgtagaaaatttgtgggtcacagtttattatggggtacctgtgtggaaagaag
caaccaccactctattttgtgcatcagatgctaaagcatatgatacagaggtacataatgtttgggccacacatgcctgt
gtacccacagaccccaacccacaagaagtagtattggaaaatgtgacagaaaattttaacatgtggaaaaataacatggt
agaacagatgcatgaggatataatcagtttatgggatcaaagcctaaagccatgtgtaaaattaaccccactctgtgtta
ctttaaattgcactgatttgaggaatgttactaatatcaataatagtagtgagggaatgagaggagaaataaaaaactgc
tctttcaatatcaccacaagcataagagataaggtgaagaaagactatgcactcttttatagacttgatgtagtaccaat
agataatgataatactagctataggttgataaattgtaatacctcaaccattacacaggcctgtccaaaggtatcctttg
agccaattcccatacattattgtaccccggctggttttgcgattctaaagtgtaaagacaagaagttcaatggaacaggg
ccatgtaaaaatgtcagcacagtacaatgtacacatggaattaggccagtagtgtcaactcaactgctgttaaatggcag
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tctagcagaagaagaggtagtaattagatctagtaatttcacagacaatgcaaaaaacataatagtacagttgaaagaat
ctgtagaaattaattgtacaagacccaacaacaatacaaggaaaagtatacatataggaccaggaagagcattttataca
acaggagaaataataggagatataagacaagcacattgcaacattagtagaacaaaatggaataacactttaaatcaaat
agctacaaaattaaaagaacaatttgggaataataaaacaatagtctttaatcaatcctcaggaggggacccagaaattg
taatgcacagttttaattgtggaggggaatttttctactgtaattcaacacaactgtttaatagtacttggaattttaat
ggtacttggaatttaacacaatcgaatggtactgaaggaaatgacactatcacactcccatgtagaataaaacaaattat
aaatatgtggcaggaagtaggaaaagcaatgtatgccccteccatcagaggacaaattagatgctcatcaaatattacag
ggctaatattaacaagagatggtggaactaacagtagtgggtccgagatcttcagacctgggggaggagatatgagggac
aattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaaaagaag
agtggtgcagagagaaaaaagagcagtgggaacgataggagctatgttccttgggttcttgggagcagcaggaagcacta
tgggcgcagegtcaataacgctgacggtacaggccagactattattgtctggtatagtgcaacagcagaacaatttgetg
agggctattgaggcgcaacagcatctgttgcaactcacagtectggggcatcaagcagctccaggcaagagtectggetcet
ggaaagatacctaagggatcaacagctcctagggatttggggttgctctggaaaactcatctgcaccactgetgtgectt
ggaatgctagttggagtaataaaactctggatatgatttgggataacatgacctggatggagtgggaaagagaaatcgaa
aattacacaggcttaatatacaccttaattgaagaatcgcagaaccaacaagaaaagaatgaacaagacttattagcatt
agataagtgggcaagtttgtggaattggtttgacatatcaaattggctgtggtgtataaaaatcttcataatgatagtag
gaggcttgataggtttaagaatagtttttactgtactttctatagtaaatagagttaggcagggatactcaccattgtcea
tttcagacccacctcccagecccgaggggacccgacaggcccgaaggaatcgaagaagaaggtggagacagagacagaga
'cagatccgtgcgattagtggatggatccttagcacttatctgggacgatctgcggagcctgtgcctcttcagctaccacc
gcttgagagacttactcttgattgtaacgaggattgtggaacttctgggacgcagggggtgggaagccctcaaatattgg
tggaatctcctacagtattggagtcaggagctaaagaatagtgctgttagecttgectcaatgecacagctatagcagtage
tgaggggacagatagggttatagaagtagtacaaggagcttatagagctattcgeccacatacctagaagaataagacagg
gcttggaaaggattttgctataagatgggtggctagccccgggtgataaacggaccgcgcaatccctaggctgtgccttc
tagttgccagccatctgttgtttgccectecceegtgecttecttgacectggaaggtgecactececactgtectrtect
aataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattcectggggggtggggtggggcaggacagcaag
ggggaggattgggaagacaatagcaggcatgctggggatgeggtgggctctatataaaaaacgeccggeggcaaccgage
gttctgaacgctagagtcgacaaattcagaagaactegtcaagaaggcgatagaaggcegatgcecgcetgcgaatcgggageg
gcgataccgtaaagcacgaggaagcggtcageccattegcegecaagctcttcagcaatatcacgggtagccaacgctat
gtcctgatagecggtctgccacacccagecggecacagtegatgaatccagaaaageggecatttteccaccatgatattcg
gcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcgggcatgctcgccttgagcctggcgaacagttcggct
ggcgecgageccctgatgctettegtecagatcatecctgatcgacaagaccggettccatecgagtacgtgetegetegat
gcgatgtttcgcttggtggtcgaatgggcaggtagccggatcaagcgtatgcagcégccgcattgcatcagccatgatgg
atactttctcggcaggagcaaggtgagatgacaggagatcetgecceggcacttegeccaatagecagccagtcectteee
gcttcagtgacaacgtcgagcacagctgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcttg
cagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggegeccctgegctgacagccggaacacggcegyg
catcagagcagccgattgtctgttgtgcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgc
aatccatcttgttcaatcatgcgaaacgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatcagatcct
tggcggcgagaaagccatccagtttactttgcagggecttcccaaccttaccagagggegecccagetggcaatteceggte
cgcttgctgtccataaaaccgcccagtctagctatcgccatgtaagcccactgcaagctacctgctttctctttgcgctt
.gcgttttcccttgtccagatagcccagtagctgacattcatccggggtcagcaccgtttctgcggactggctttctacgt
gaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegt
cagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaa
ccaccgctaccageggtggtttgtttgecggatcaagagctaccaactctttttcecgaaggtaactggettcagcagage
gcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgectacatace
tcgctctgetaatcctgttaccagtggetgctgecagtggegataagtegtgtcttaccegggttggactcaagacgatag
ttaccggataaggcgcagcggtogggetgaacggggggttegtgcacacageccagettggagegaacgacctacaccga
actgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggeggacaggtatcecggtaageg
gcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgc
cacctctgacttgagecgtcgatttttgtgatgetcgtcaggggggeggagectatggaaaacgccagcaacgeggecttt
ttacggttcctgggcttttgctggccttttgctcacatgttgtcgaccgacaatattggctattggccattgcatacgtt
gtatctatatcataatatgtacatttatattggctcatgtccaatatgaccgccatgttgacattgattattgactagtt
attaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatgge
ccgectcgtgaccgeccaacgaccceccgeccattgacgtcaataatgacgtatgtteccatagtaacgccaatagggact
ttccattgacgtcaatgggtggagtatttacggtaaactgecccacttggcagtacatcaagtgtatcatatgecaagtee
gcccctattgacgtcaatgacggtaaatggcccgcctggcattatgcccagtacatgaccttacgggactttcctacttg
gcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacaccaatgggcgtggatagcggt
ttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggacttt
ccaaaatgtcgtaataaccccgccccgttgacgcaaatgggcggtaggegtgtacggtgggaggtctatataagcagage
tcgtttagtgaaccgtcagatcge
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Figure 10b. pGA2/JS2 Functional Regions

Position within sequence
(starting-and ending pos.)

Gene/ORF (indicate
complete name of the gene
and the expressed gene
product)

Origin of sequence
(organism)

106-1644

Gag, inactivating point
mutations in zinc finger
packaging sequences for
viral RNA

HIV-1 IIIb (BH10)

1401-3620

Pol, inactivating point
mutations in reverse
transcriptase, deletion of
integrase '

HIV-1 IIIb (BH10)

1| 3708-3922 and 6247-6337

Tat exons #1 and #2

3847-3922 and 6247-6521

Rev exons #1 and #2

3939-4184 Vpu
4102-6663 Env HIV-1 ADA
6664-9544 Plasmid vector PGA2, Gen Bank accession #

AF425298
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Figure 10c. JS2 Mutation chart

Codon change Amino acid change | Region Function
to AGC Position C3928 Gag Ablation of zinc
1279-1281 : finger used in
packaging
to AGC Position C395S Gag Ablation of zinc
1288-1290 finger used in
' packaging
to AGC Position C4138 Gag Ablation of zinc
1342-1344 finger used in
packaging
to AGC Position C416S Gag Ablation of zinc
1351-1353 finger used in
packaging
to AAC Position D185N Reverse Inactivation of
2454-2456 Transcriptase Polymerase active
site
to ACC Position W266T Reverse Ablation of strand
2697-2699 Transcriptase transfer activity
to CAG Position E478Q Rnase H Inactivation of
3333-3335 RNase H activity
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Figure lla. pGA2/JS7 Sequence

ATCGATGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCARARATTTTG
ACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGATGGGAAAAAA
TTCGGTTAAGGCCAGGGGGAAAGAARAAATATAAATTARAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCA
GTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACARATACTGGGACAGCTACAACCATCCCTTCAGACAGGATC
AGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCARAGGATAGAGATAAARGACACCAAGE
AAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGCTGACACAGGACACAGC
AATCAGGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCARATGGTACATCAGGCCATATCACCTAGAACTTT
ABATGCATGGGTAARAGTAGTAGAAGAGAAGGCTTTCAGCCCAGAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAG
CCACCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTARAAGAGACCATC
AATGAGGAAGCTGCAGAATGGGATAGAGTGCATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAGATGAGAGAACCAAG
GGGAAGTGACATAGCAGGAACTACTAGTACCCTTCAGGAACAAATAGGATGGATGACARATAATCCACCTATCCCAGTAG
GAGAAATTTATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCAGCATTCTGGACATA
AGACAAGGACCAAAAGAACCCTTTAGAGACTATGTAGACCGGTTCTATAAAACTCTAAGAGCCGAGCAAGCTTCACAGGA
GGTAAAAAATTGGATGACAGAAACCTTGTTGGTCCAAAATGCGAACCCAGATTGTAAGACTATTTTAAAAGCATTGGGAC
CAGCGGCTACACTAGAAGAAATGATGACAGCATGTCAGGGAGTAGGAGGACCCGGCCATAAGGCRAGAGTTTTGGCTGAA
GCAATGAGCCAAGTAACAAATTCAGCTACCATAATGATGCAGAGAGGCAATTTTAGGAACCAAAGAAAGATTGTTAAGAG
CTTCAATAGCGGCAAAGAAGGGCACACAGCCAGAAATTGCAGGGCCCCTAGGAAAARGGGCAGCTGGAAAAGCGGAAAGG
AAGGACACCAAATGAAAGATTGTACTGAGAGACAGGCTAATTTTTTAGGGAAGATCTGGCCTTCCTACARGGGARGGCCA
GGGAAt TTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGARGAGAGCTTCAGGTCTGGGGTAGAGACAACAACTCC
CCCTCAGARGCAGGAGCCGATAGACAARGGAACTGTATCCTTTAACTTCCCTCAGATCACTCTTTGGCARCGACCCCTCGT
CACAATAAAGATAGGGGGGCAACTAAAGGAAGCTCTATTAGCCACAGGAGCAGATGATACAGTATTAGAAGAAATGAGTT
TGCCAGGAAGATGGARACCAAAAATGATAGGGGGAATTGGAGGTTTTATCAARGTAAGACAGTATGATCAGATACTCATA
GAAATCTGTGGACATAAAGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAACATARTTGGAAGAAATCTGTTGAC
TCAGATTGGTTGCACTTTARATTTTCCCATTAGCCCTATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGATGGCC
CAAAAGTTAAACAATGGCCATTGACAGAAGAAAAGATAAAAGCATTAGTAGAAATTTGTACAGAGATGGAARAGGAAGGE
AAAATTTCAAAAATTGGGCCTGAARATCCATACAATACTCCAGTATTTGCCATARAGAARARAGACAGTACTARATGGAG
AAAATTAGTAGATTTCAGAGAACTTAATAAGAGAACT CAAGACTTCTGGGAAGTTCAATTAGGAATACCACATCCCGCAG
GGTTAAAARRAGAAAAAATCAGTAACAGTACTGGATGTGGGTGATGCATATTTTTCAGTTCCCTTAGATGAAGACTTCAGG
AAATATACTGCATTTACCATACCTAGTATAAARCAATGAGACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGGG
ATGGAAAGGATCACCAGCAATATTCCAAAGTAGCATGACAAARATCTTAGAGCCTTTTAGAARACAARATCCAGACATAG
TTATCTATCAATACATGAACGATTTGTATGTAGGATCTGACTTAGAAATAGGGCAGCATAGAACARARATAGAGGAGCTG
AGACAACATCTGTTGAGGTGGGGACTTACCACACCAGACAAAAAACATCAGAAAGAACCTCCATTCCTTTGGATGGGTTA
TGAACTCCATCCTGATAAATGGACAGTACAGCCTATAGTGCTGCCAGARARAAGACAGCTGGACTGTCAATGACATACAGA
AGTTAGTGGGGAAATTGAATACCGCAAGTCAGATTTACCCAGGGATTAAAGTAAGGCAATTATGTAAACTCCTTAGAGGA
aCCAAAGCACTAACAGAAGTAATACCACTAACAGAAGAAGCAGAGCTAGAACTGGCAGAAAACAGAGAGATTCTARAAGA
ACCAGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATAGCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACAT
ATCAAATTTATCAAGAGCCATTTAAAAATCTGAAAACAGGAAAATATGCAAGAATGAGGGGTGCCCACACTAATGATGTA
‘AAACAATTAACAGAGGCAGTGCAAAAAATAACCACAGAAAGCATAGTAATATGGGGAAAGACTCCTAAATTTAAACTGCC
CATACAAAAGGAAACATGGGARACATGGTGGACAGAGTATTGGCAAGCCACCTGGATTCCTGAGTGGGAGTTTGTTAATA
CCCCTCCTTTAGTGAAATTATGGTACCAGTTAGAGAAAGAACCCATAGTAGGAGCAGAAACCTTCTATGTAGATGGGGCA
GCTAACAGGGAGACTAAATTAGGAAAAGCAGGATATGT TACTAATAGAGGAAGACAARAAGTTGTCACCCTAACTAACAC
AACAAATCAGAAAACTCAGTTACAAGCAATTTATCTAGCTTTGCAGGATTCGGGATTAGAAGTAAACATAGTAACAGACT
CACAATATGCATTAGGAATCATTCAAGCACAACCAGATCAAAGTGAATCAGAGTTAGTCAATCAAATAATAGAGCAGTTA
ATAAAAAAGGAAARAGGTCTATCTGGCATGGGTACCAGCACACAAAGGAATTGGAGGARATGAACAAGTAGATARATTAGT
CAGTGCTGGAATCAGGAAAGTACTATTTTTAGATGGAATAGATAAGGCCCAAGATGAACATTAGAATTCTGCAACARCTG
CTGTTTATCCATTTCAGAATTGGGTGTCGACATAGCAGAATAGGCGTTACTCGACAGAGGAGAGCAAGRARTGGAGCCAG
TAGATCCTAGACTAGAGCCCTGGAAGCATCCAGGAAGTCAGCCTARAACTGCTTGTACCAATTGCTATTGTAAARAGTGT
TGCTTTCATTGCCAAGTTTGTTTCATAACARAAGCCTTAGGCATCTCCTATGGCAGGAAGARGCGGAGACAGCGACGAAG
AGCTCCTCAAGACAGTCAGACTCATCAAGTTTCTCTATCAAAGCAGTAAGTAGTAAATGTAATGCAACCTTTACAAATAT
TAGCAATAGTAGCATTAGTAGTAGCAGCAATAATAGCAATAGTTGTGTGGACCATAGTATTCATAGAATATAGGAAAATA
TTAAGACAAAGAAAAATAGACAGGTTAATTGATAGGATAACAGAAAGAGCAGAAGACAGTGGCAATGARAGTGARGGGGA
TCAGGAAGAATTATCAGCACTTGTGGAAATGGGGCATCATGCTCCTTGGGATGTTGATGATCTGTAGTGCTGTAGAAAAT
TTGTGGGTCACAGTTTATTATGGGGTACCTGTGTGGAAAGAAGCAACCACCACTCTATTTTGTGCATCAGATGCTARAGC
ATATGATACAGAGGTACATAATGTTTGGGCCACACATGCCTGTGTACCCACAGACCCCAACCCACAAGAAGTAGTATTGG
AAAATGTGACAGAAAATTTTAACATGTGGARAAATAACATGGTAGAACAGATGCATGAGGATATAATCAGTTTATGGGAT
CAAAGCCTAAAGCCATGTGTARAATTAACCCCACTCTGTGTTACTTTAAATTGCACTGATTTGAGGAATGTTACTAATAT
CAATAATAGTAGTGAGGGAATGAGAGGAGAAATAAAAAACTGCTCTTTCAATATCACCACAAGCATAAGAGATAAGGTGA
AGAAAGACTATGCACTTTTTTATAGACTTGATGTAGTACCAATAGATAATGATAATACTAGCTATAGGTTGATARATTGT
AATACCTCAACCATTACACAGGCCTGTCCAAAGGTATCCTTTGAGCCAATTCCCATACATTATTGTACCCCGGCTGGTTT
TGCGATTCTAAAGTGTAAAGACAAGAAGTTCAATGGAACAGGGCCATGTAAARAATGTCAGCACAGTACAATGTACACATG
GAATTAGGCCAGTAGTGTCAACTCAACTGCTGTTAAATGGCAGTCTAGCAGAAGAAGAGGTAGTAATTAGATCTAGTAAT
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TTCACAGACAATGCAAAAAACATAATAGTACAGTTGARAAGAATCTGTAGAAATTAATTGTACAAGACCCAACAACAATAC
AAGGAARAGTATACATATAGGACCAGGAAGAGCATTTTATACAACAGGAGAAATAATAGGAGATATAAGACAAGCACATT
GCAACATTAGTAGAACAARATGGAATAACACTTTAAATCAAATAGCTACAAAATTARAAGAACAATTTGGGAATAATARA
ACAATAGTCTTTAATCAATCCTCAGGAGGGGACCCAGAAATTGTAATGCACAGTTTTAATTGTGGAGGGGAATTTTTCTA
CTGTAATTCAACACAACTGTTTAATAGTACTTGGAATTTTAATGGTACTTGGAATTTAACACAATCGAATGGTACTGAAG
GAAATGACACTATCACACTCCCATGTAGAATAAAACAAATTATAAATATGTGGCAGGAAGTAGGARAAGCAATGTATGCC
CCTCCCATCAGAGGACAAATTAGATGCTCATCAAATATTACAGGGCTAATATTAACAAGAGATGGTGGAACTAACAGTAG
TGGGTCCGAGATCTTCAGACCTGGGGGAGGAGATATGAGGGACAATTGGAGAAGTGAATTATATARATATAAAGTAGTAA
AAATTGAACCATTAGGAGTAGCACCCACCAAGGCARAAAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAACGATA
GGAGCTATGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATAACGCTGACGGTACAGGCCAG
ACTATTATTGTCTGGTATAGTGCAACAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCA
CAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAGTCCTGGCTGTGGAAAGATACCTAAGGGATCAACAGCTCCTAGGGATT'
TGGGGTTGCTCTGGAAAACTCATCTGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATaAAACTCTGGATATGAT
TTGGGATAACATGACCTGGATGGAGTGGGAAARGAGAAATCGAARATTACACAGGCTTAATATACACCTTAATTGAAGAAT
CGCAGAACCAACAAGAARAGAATGAACAAGACTTATTAGCAT TAGATAAGTGGGCAAGTTTGTGGAATTGGTTTGACATA
TCAAATTGGCTGTGGTATGTAAAAATCTTCATAATGATAGTAGGAGGCTTGATAGGTTTAAGAATAGTTTTTACTGTACT
TTCTATAGTAAATAGAGTTAGGCAGGGATACTCACCATTGTCATTTCAGACCCACCTCCCAGCCCCGAGGGGACCCGACA -
GGCCCGAAGGAATCGAAGAAGAAGGTGGAGACAGAGACAGAGACAGATCCGTGCGATTAGTGGATGGATCCTTAGCACTT
ATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACTCTTGATTGTAACGAGCGATTGT
GGAACTTCTGGGACGCAGGGGGTGGGAAGCCCTCARATATTGGTGGAATCTCCTACAGTATTGGAGTCAGGAGCTARAGA
ATAGTGCTGTTAGCTTGCTCAATGCCACAGCTATAGCAGTAGCTGAGGGGACAGATAGGGTTATAGAAGTAGTACAAGGA
GCTTATAGAGCTATTCGCCACATACCTAGAAGAATAAGACAGGGCTTGGAAAGGATTTTGCTATAAGATGGGTGGCTAGC
CCCGGGTGATAAACGGACCGCGCAATCCCTAGGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAG
GTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGE
ATGCGGTGGGCTCTATATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACGCTAGAGTCGACARATTCAGAAGAACTC
GGCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTARAGCACGAGGARGCGGTCAGCCCATT
CGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCTGCCACACCCAGCCGGCCACAG
TCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCT
GATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCC
GGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAG
ATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAR
CGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACA
AAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATA
GCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATC
CTGTCTCTTGATCAGATCTTGATCCCCTGCGCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTGCAGGGC
TTCCCAACCTTACCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGCTTGCTGTCCATARAACCGCCCAGTCTAGCTATCG
CCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCCAGATAGCCCAGTAGCTGACAT
TCATCCGGGGTCAGCACCGTTTCTGCGGACTGGCTTTCTACGTGAAARAGGATCTAGGTGAAGATCCTTTTTGATAATCTC
ATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGARAAGATCAAAGGATCTTCTTGAGA
TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAARACAAAAARACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAG
,AGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAG
TTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAG
TGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGG
GTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCC
ACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGT
CAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCCTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCAC
ATGTTGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGT
CCAATATGACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGTTCATTAGTTCATAGCCC
ATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACT
GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTG
GCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGG
TGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGAC
GTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAARATGTCGTAATAACCCCGCCCCGTTGACGCARAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGC
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Figure 11b. pGA2/JS7 functional regions

| Position within sequence

Gene/ORF (indicate

. complete name of the gene

and the expressed gene

Origin of sequence

(starting-and ending pos.) product) (organism)
106-1608 Gag, inactivating point HIV-1 HXB2
mutations in zinc finger
packaging sequences for
viral RNA ' ,
1401-3584 Pol, inactivating point HIV-1 HXB2
mutations in protease and
reverse transcriptase,
deletion of integrase
3671-3885 and 6210-6300 Tat exons #1 and #2
3810-3885 and 6210-6884 Rev exons #1 and #2
3902-4147 ' Vpu
4165-6626 Env HIV-1 ADA
6627-9506 Plasmid vector PGA2, Gen Bapk accession #

AF425298
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Figure 11c. JS7 Mutation Chart

Codon change Amino acid change | Region Function

to AGC Position C3928 Gag Ablation of zinc

1279-1281 finger used in
packaging

to AGC Position C395S Gag Ablation of zinc

1288-1290 finger used in
packaging

to AGC Position C413S Gag Ablation of zinc

1342-1344 finger used in
packaging

to AGC Position C416S Gag Ablation of zinc

1351-1353 finger used in
packaging

to GCC position D25A Protease Inactivation of

1641-1643 Protease active site

to AAC Position D185N Reverse Inactivation of

2418-2420 Transcriptase Polymerase active
site

to ACC Position W266T Reverse Ablation of strand

2661-2663 Transcriptase transfer activity

to CAG Position E478Q RNase H Inactivation of

3297-3299 RNase H activity
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Figure 12a. pGA2/JS7.1 Sequence

atcgatgcaggactcggettgctgaagegegcacggcaagaggcgaggggcggegactggtgagtacgeccaaaaatt
ttgactagcggaggctagaaggagagagatgggtgcgagagegtcagtattaagcgggggagaattagatcgatggg
aaaaaattcggttaaggccagggggaaagaaaaaatataaattaaaacatatagtatgggcaagcagggagctagaa
cgattcgcagttaatcctggectgttagaaacatcagaaggetgtagacaaatactgggacagctacaaccatcect
tcagacaggatcagaagaacttagatcattatataatacagtagcaaccctctattgtgtgcatcaaaggatagaga
taaaagacaccaaggaagctttagacaagatagaggaagagcaaaacaaaagtaagaaaaaagcacagcaagcagea
gctgacacaggacacagcaatcaggtcagccaaaattaccctatagtgcagaacatccaggggcaaatggtacatca
ggccatatcacctagaactttaaatgcatgggtaaaagtagtagaagagaaggctttcagcccagaagtgataccca
tgttttcagecattatcagaaggagccaccccacaagatttaaacaccatgctaaacacagtggggggacatcaagcea
gccatgcaaatgttaaaagagaccatcaatgaggaagctgcagaatgggatagagtgcatcecagtgcatgcagggee
tattgcaccaggccagatgagagaaccaaggggaagtgacatagcaggaactactagtacccttcaggaacaaatag
gatggatgacaaataatccacctatcccagtaggagaaatttataaaagatggataatcctgggattaaataaaata
gtaagaatgtatagccctaccagcattctggacataagacaaggaccaaaagaaccctttagagactatgtagaceg
gttctataaaactctaagagccgagcaagcttcacaggaggtaaaaaattggatgacagaaaccttgttggtccaaa
atgcgaacccagattgtaagactattttaaaagcattgggaccagcggetacactagaagaaatgatgacagecatgt
cagggagtaggaggacccggccataaggcaagagttttggctgaagcaatgagccaagtaacaaattcagctaccat
aatgatgcagagaggcaattttaggaaccaaagaaagattgttaagagcttcaatagcggcaaagaagggcacacag
ccagaaattgcagggcccctaggaaaaagggcagctggaaaagcggaaaggaaggacaccaaatgaaagattgtact
gagagacaggctaattttttagggaagatctggeccttecctacaagggaaggccagggaattttcttcagagcagace
agagccaacagccccaccagaagagagcttcaggtctggggtagagacaacaactcecccctcagaagcaggagecga
tagacaaggaactgtatcctttaacttccctcagatcactctttggcaacgacccctecgtcacaataaagatagggg
ggcaactaaaggaagctctattagccacaggagcagatgatacagtattagaagaaatgagtttgccaggaagatgg
aaaccaaaaatgatagggggaattggaggttttatcaaagtaagacagtatgatcagatactcatagaaatctgtgg
acataaagctataggtacagtattagtaggacctacacctgtcaacataattggaagaaatctgttgactcagattg
gttgcactttaaattttcccattagecctattgagactgtaccagtaaaattaaagccaggaatggatggcccaaaa
gttaaacaatggccattgacagaagaaaagataaaagcattagtagaaatttgtacagagatggaaaaggaagggaa
aatttcaaaaattgggcctgaaaatccatacaatactccagtatttgccataaagaaaaaagacagtactaaatgga
gaaaattagtagatttcagagaacttaataagagaactcaagacttctgggaagttcaattaggaataccacatcce
gcagggttaaaaaagaaaaaatcagtaacagtactggatgtgggtgatgcatatttttcagtteccttagatgaaga
cttcaggaaatatactgcatttaccatacctagtataaacaatgagacaccagggattagatatcagtacaatgtgc
ttccacagggatggaaaggatcaccagcaatattccaaagtagcatgacaaaaatcttagagecttttagaaaacaa
aatccagacatagttatctatcaatacatgaacgatttgtatgtaggatctgacttagaaatagggcagcatagaac
aaaaatagaggagctgagacaacatctgttgaggtggggacttaccacaccagacaaaaaacatcagaaagaacctc
cattcctttggatgggttatgaactccatcctgataaatggacagtacagcctatagtgctgeccagaaaaagacage
tggactgtcaatgacatacagaagttagtggggaaattgaataccgcaagtcagatttacccagggattaaagtaag
gcaattatgtaaactccttagaggaaccaaagcactaacagaagtaataccactaacagaagaagcagagctagaac
tggcagaaaacagagagattctaaaagaaccagtacatggagtgtattatgacccatcaaaagacttaatagcagaa
atacagaagcaggggcaaggccaatggacatatcaaatttatcaagagccatttaaaaatctgaaaacaggaaaata
tgcaagaatgaggggtgcccacactaatgatgtaaaacaattaacagaggcagtgcaaaaaataaccacagaaagcea
tagtaatatggggaaagactcctaaatttaaactgcccatacaaaaggaaacatgggaaacatggtggacagagtat
tggcaagccacctggattcctgagtgggagtttgttaataccectectttagtgaaattatggtaccagttagagaa
agaacccatagtaggagcagaaaccttctatgtagatggggcagctaacagggagactaaattaggaaaagcaggat
atgttactaatagaggaagacaaaaagttgtcaccctaactaacacaacaaatcagaaaactcagttacaagcaatt
tatctagctttgcaggattcgggattagaagtaaacatagtaacagactcacaatatgcattaggaatcattcaage
acaaccagatcaaagtgaatcagagttagtcaatcaaataatagagcagttaataaaaaaggaaaaggtctatctgg
catgggtaccagcacacaaaggaattggaggaaatgaacaagtagataaattagtcagtgctggaatcaggaaagta
ctatttttagatggaatagataaggcccaagatgaacattagaattctgcaacaactgctgtttatccatttcagaa
ttgggtgtcgacatagcagaataggcgttactcgacagaggagagcaagaaatggagccagtagatcctagactaga
gccctggaagcatccaggaagtcagcctaaaactgcttgtaccaattgctattgtaaaaagtgttgctttcattgcc
aagtttgtttcataacaaaagccttaggcatctcctatggcaggaagaagcggagacagcgacgaagagctcectcaa
gacagtcagactcatcaagtttctctatcaaagcagtaagtagtaaatctaatccaacctttacaaatattagcaat
agtagcattagtagtagcagcaataatagcaatagttgtgtggaccatagtattcatagaatataggaaaatattaa
gacaaagaaaaatagacaggttaattgataggataacagaaagagcagaagacagtggcaatgaaagtgaaggggat
caggaagaattatcagcacttgtggaaatggggcatcatgcteccttgggatgttgatgatctgtagtgectgtagaaa
atttgtgggtcacagtttattatggggtacctgtgtggaaagaagcaaccaccactctattttgtgcatcagatget
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aaagcatatgatacagaggtacataatgtttgggccacacatgectgtgtacccacagaccccaacccacaagaagt
agtattggaaaatgtgacagaaaattttaacatgtggaaaaataacatggtagaacagatgcatgaggatataatca
gtttatgggatcaaagcctaaagccatgtgtaaaattaaccccactctgtgttactttaaattgecactgatttgagg
aatgttactaatatcaataatagtagtgagggaatgagaggagaaataaaaaactgctctttcaatatcaccacaag'
cataagagataaggtgaagaaagactatgcacttttttatagacttgatgtagtaccaatagataatgataatacta
gctataggttgataaattgtaatacctcaaccattacacaggcctgtccaaaggtatcctttgagccaattcccata
cattattgtaccccggctggttttgcgattctaaagtgtaaagacaagaagttcaatggaacagggccatgtaaaaa
tgtcagcacagtacaatgtacacatggaattaggccagtagtgtcaactcaactgctgttaaatggcagtctageag
aagaagaggtagtaattagatctagtaatttcacagacaatgcaaaaaacataatagtacagttgaaagaatctgta
gaaattaattgtacaagacccaacaacaatacaaggaaaagtatacatataggaccaggaagagcattttatacaac
aggagaaataataggagatataagacaagcacattgcaacattagtagaacaaaatggaataacactttaaatcaaa
tagctacaaaattaaaagaacaatttgggaataataaaacaatagtctttaatcaatcctcaggaggggacccagaa
attgtaatgcacagttttaattgtggaggggaatttttctactgtaattcaacacaactgtttaatagtacttggaa
ttttaatggtacttggaatttaacacaatcgaatggtactgaaggaaatgacactatcacactcccatgtagaataa
aacaaattataaatatgtggcaggaagtaggaaaagcaatgtatgcccctcccatcagaggacaaattagatgetca
tcaaatattacagggctaatattaacaagagatggtggaactaacagtagtgggtccgagatcttcagacctggggg
aggagatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcac
ccaccaaggcaaaaagaagagtggtgcagagagaaaaaagagcagtgggaacgataggagctatgttecttgggtte
ttgggagcagcaggaagcactatgggcgcagcgtcaataacgctgacggtacaggccagactattattgtctggtat
agtgcaacagcagaacaatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggeatca
agcagctccaggcaagagtcctggctgtggaaagatacctaagggatcaacagctcctagggatttggggttgctct'
ggaaaactcatctgcaccactgctgtgecttggaatgctagttggagtaataaaactctggatatgatttgggataa
catgacctggatggagtgggaaagagaaatcgaaaattacacaggcttaatatacaccttaattgaagaatcgcaga
accaacaagaaaagaatgaacaagacttattagcattagataagtgggcaagtttgtggaattggtttgacatatca
aattggctgtggtatgtaaaaatcttcataatgatagtaggaggcttgataggtttaagaatagtttttactgtact
ttctatagtaaatagagttaggcagggatactcaccattgtcatttcagacccacctcccagecccgaggggacceyg
acaggcccgaaggaatcgaagaagaaggtggagacagagacagagacagatccgtgegattagtggatggatectta
gcacttatctgggacgatctgcggagcctgtgcctcttcagctaccaccgcttgagagacttactcttgattgtaac
gaggattgtggaacttctgggacgcagggggtgggaagccctcaaatattggtggaatctcctacagtattggagtc
aggagctaaagaatagtgctgttagcttgctcaatgccacagctatagcagtagctgaggggacagatagggttata
ggagtagta;aaggagcttatagagctattcggcacatacctagaagaataagacagggcttggaaaggattttgct
ataagatgggtggctagccccgggtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatct
gttgtttgcccctcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgagga
aattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggatt
gggaagacaatagcaggcatgctggggatgcggtgggctctatataaaaaacgcccggcggcaaccgagcgttctga
acgctagagtcgacaaattcagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcga
taccgtaaagcacgaggaagcggtcagcccattegecgecaagetcttcagcaatatcacgggtagecaacgetatg
tcctgatagcggtctgecacacccagecggecacagtcgatgaatccagaaaagecggccatttteccaccatgatatt
cggcaagcaggcatcgccatgggtcacgacgaga;cctcgccgtcgggcatgctcgccttgagcctggcgaacagtt
cggctggegegageccctgatgetettegtccagatcatectgatcgacaagacecggcttccatcegagtacgtget
cgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggatcaagcgtatgcagccgccgcattgcatc
agccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgececcggeacttegeccaatagea
gccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgcccgtcgtggccagccacgatagc
cgcgetgecteogtcttgcagttcattcagggcaccggacaggtcggtct tgacaaaaagaaccgggcegeecctgege
tgacagccggaacacggcggcatcagagcagccgattgtetgttgtgecccagtcatagecgaatagectctccacee
aagcggccggagaacctgcgtgcaatCcatcttgttcaatcatgcgaaacgatcctcatCctgtctcttgatcagat
cttgatcccctgcgccatcagatccttggcggcragaaagccatccagtttactttgcagggcttcccaaccttacc
agagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgcccagtctagctatcgccatgtaagcc
cactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagcccagtagctgacattcatccgg
ggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatcctttttgataatctcatgac
caaaatcccttaacgtgagttttcgttccactgagegtcagacccecgtagaaaagatcaaaggatettcecttgagatce
ctttttttetgegegtaatctgctgettgcaaacaaaaaaaccaccgctaccageggtggtttgtttgecggatcaa
gagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagcc
gtagttaggccaccacttcaagaactctgtagcaccgectacatacctcgetctgetaatectgttaccagtggetyg
ctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggc
tgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagct
atgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggagagce
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gcacgagggagcttccagggggaaacgcectggtatctttatagtectgtecgggtttcgecacctetgacttgagegt
cgatttttgtgatgctcgt caggggggcggagectatggaaaaacgeccagcaacgceggececttttacggttectgge
cttttgctggecttttgectcacatgttgtcgacaatattggectattggeccattgcatacgttgtatctatatcataa
tatgtacatttatattggctcatgtccaatatgaccgccatgttgacattgattattgactagttattaatagtaat
caattacgggktcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggececgectgge
tgaccgcccaacgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgeccaatagggacttteca
ttgacgtcaatgggtggagtatttacggtaaactgcccacttggecagtacatcaagtgtatcatatgeccaagtecge
ccctattgacgtcaatgacggtaaatggcccgectggcattatgecccagtacatgaccttacgggactttectactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacaccaatgggcgtggatag
cggtttgactcacggggatttccaagtctccacceccattgacgtcaatgggagtttgtttkgscaccaaaatcaacg
ggactttccaaaatgtcgtaataaccccgecccgttgacgcaaatgggeggtaggegtgtacggtgggaggtctata
taagcagagctcgtttagtgaaccgtcagatcge
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Figure 12 b. pGA2/JS7.1 functional regions

Position within sequence

- - Gene/ORF (indicate

complete name of the gene
and the expressed gene

Origin of sequence

(starting-and ending pos.) product) (organism)
106-1608 Gag, inactivating point HIV-1 HXB2
mutations in zinc finger
packaging sequences for
viral RNA
1401-3584 Pol, inactivating point HIV-1 HXB2
mutations in protease and
reverse transcriptase,
deletion of integrase
3671-3885 and 6210-6300 Tat exons #1 and #2 HIV-1 ADA
3810-3885 and 6210-6884 Rev exons #1 and #2 HIV-1 ADA
3902-4147 Vpu start site mutated HIV-1 ADA
(G3904C)and upstream
ATG mutated(G3899C)
4165-6626 Env HIV-1 ADA
6627-9506 Plasmid vector PGAZ2, Gen Bank accession #

AF425298




WO 03/076591

PCT/US03/07177
28/73
Figure 12¢. JS7.1 Mutation Chart
Codon change Amino acid change | Region Function
to AGC Position C3928 Gag Ablation of zinc
1279-1281 finger used in
packaging
to AGC Position C395S8 Gag Ablation of zinc
1288-1290 finger used in
packaging
to AGC Position C413S Gag Ablation of zinc
1342-1344 finger used in
packaging
to AGC Position C416S Gag Ablation of zinc
1351-1353 finger used in
packaging
to GCC position D25A Protease Inactivation of
1641-1643 Protease active site
to AAC Position D185N Reverse Inactivation of
2418-2420 Transcriptase Polymerase active
site
to ACC Position W266T Reverse Ablation of strand
2661-2663 Transcriptase transfer activity
to CAG Position E478Q RNase H Inactivation c:)f
3297-3299 RNase H activity
to ATC Position NA Vpu Vpu start site
3902-3904 mutated
to ATC Position NA Non-coding region | ATG upstream of
3897-3899 Vpu mutated
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Figure 13a. pGAl/IC25 Sequence

atcgatgcaaggactcggcttgctgaggtgcacacagcaagaggecgagagcgacgactggtgagtacgccaatttttgac
tagcggaggctagaaggagagagatgggtgcgagagecgtcagtgttaacggggggaaaattagattcatgggagaaaatt
aggttaaggccagggggaaagaaaagatatagactaaaacacctagtatgggcaagcagggagctggagagattegcact
taaccctggectattagaaacagcagaaggatgtcaacaactaatgggacagttacaaccagctctcaggacaggatcag
aagagtttaaatcattatataatatagtagcaaccctttggtgegtacatcaaagaatagacataaaagacacccaggag
gccttagataaagtagaggaaaaacaaaataagagcaagcaaaaggcacagcaggcagcagctgcaacagecgcecacagyg
aagcagcagccaaaattaccctatagtgcaaaatgcacaagggcaaatggtacatcagtccatgtcacctaggactttaa
atgcatgggtgaaggtaatagaagaaaaggcttttagcccagaggtaatacccatgttttcagcattatcagagggagcec
accccacaagatttaaatatgatgctaaacatagtggggggacaccaggcagcaatgcagatgttaaaagataccatcaa
tgatgaagctgcagaatgggacagagtacatccagtacatgcagggcctattccaccaggccaaatgagggaaccaaggag
gaagtgacatagcaggaactactagtacccttcaagaacaaataggatggatgacaagtaatccacctatcecagtggga
gaaatctataaaagatggatagtcctgggattaaataaaatagtaagaatgtatagccctaccagcattttggacataag
acaagggccaaaagaaccctttagagattatgtagacaggttctttaaaactttgagagctgaacaagctacgcaggagg
taaaaaactggatgacagaaaccttgttggtccaaaatgcgaatccagactgcaagtccattttaagagcattaggacca
ggggctacattagaagaaatgatgacatcatgtcagggagtgggaggacctggccataaagcaagggttttggetgagge
aatgagtcaagtacaacagaccaatgtaatgatgcagagaggcaattttagaggccagagaataataaagagcettcaaca
gcggcaaagaaggacacctagccagaaattgcaaggetcctagaaagagaggcagctggaaaagcggaaaggaaggacac
caaatgaaagactgtactgaaagacaggctaattttttagggaaaatttggccttcccacaaggggaggccaggaaattt
tcctcagagcagaccagaaccaacagccccgecagcagagagectttggagtgggggaagagatacectectctecgaage
aggagccgagggacaagggactatatcctcecttaacttecectcaaatcactetttggcaacgaccagtagtcacagtaa
gaatagggggacagccaatagaagccctattaaacacaggagcagatgatacagtattagaagaaataagtttaccagga
aaatggaaaccaaaaatgatagggggaattggaggttttatcaaagtaagacagtatgatcagatatctatagaaatttg
tggaaaaagggccataggtacagtattagtaggacctacacctgtcaacataattggacgaaatatgttgactcagattg
gttgtactttaaattttccaattagtcctattgaaactgtgccagtaaaattaaagtcaggaatggatggcccaaaggtt
aaacaatggccattgacagaagaaaaaataaaagcattaaaagaaatttgtgcagagatggaaaaggaaggaaaaatttce
aaaaattgggcctgaaaacccatacaatactccaatatttgccataaagaaaaaagatagtactaaatggagaaaattag
tagatttcagagaactcaataagagaactcaagacttctgggaggtccaattaggaatacctcatcctgegggattaaaa
aagaaaaaatcagtaacagtactagatgtgggggatgcatatttttcagttcecttagatgaagactttagaaaatatac
tgcattcaccatacctagtttaaataatgagacaccagggattagatatcagtacaatgtactcccacagggatggaaag
gatcaccagcaatatttcaggcaagcatgacaaaaatcttagagccctttagagcaaaaaatccagagatagtgatctac
caatatatgaacgatttatatgtaggatctgacttagaaatagggcagcatagagcaaaaatagaggagttgagagaaca
tctattgaaatggggatttaccacaccagacaaaaaacatcagaaagaacctccatttctttggatgggatatgaactcce
atcctgacaaatggacagtccagcctatacagctgccagaaaaagacagctggactgtcaatgatatacaaaaattagtg
ggaaaactaaataccgcaagtcagatttatgcaggaattaaagtaaagcaattgtgtagactcctcaggggagcecaaage
gctaacagatgtagtaacactgactgaggaagcagaattagaattggcagagaacagggaaattctaaaagaacctgtac
atggagtatattatgacccaacaaaagacttagtggcagaaatacagaaacaagggcaagatcaatggacatatcaaatt
tatcaagagccatttaaaaatctaaagacaggaaaatatgcaaaaaagaggtcggcccacactaatgatgtaaaacaatt
‘aacagaggtagtgcagaaaatagccatagaaagcatagtaatatggggaaagacccctaaatttagactacccatacaaa
gagaaacatgggaagcatggtggatggagtattggcaggctacctggattcctgaatgggagtttgtcaataccectect
ctagtaaaattatggtaccagttagagaaggaccccataatgggagcagaaactttctatgtagatggggcagctaatag
ggagactaagctaggaaaagcagggtatgtcactgacagaggaagacaaaaggttgtttceccctaattcagacaacaaatce
aaaagactcagttacatgcaattcatctagccttgcaggattcaggatcagaagtaaatatagtaacagactcacagtat
gcattaggaatcattcaggcacaaccagacaggagtgaatcagagttagtcaatcaaataatagagaaactaatagaaaa
ggacaaagtctacctgtcatgggtaccagcacacaaagggattggaggaaatgaacaagtagataaattagtcagtagtg
gaatcagaaaggtactatttttagatggaatagataaagcccaagatgaacattagaattctgcaacagctactgtttgt
tcatttcagaattgggtgtcaacatagcagaataggcattattccagggagaagaggcaggaatggagctggtagatcect
agcctagagccctggaaccacccgggaagtcagectacaactgettgtagcaagtgttactgtaaaaaatgetgetggea
ttgccaattgtgctttctgaacaagggcttaggcatctoctatggcaggaagaagecggagacgecgacgaggaactectce
aggaccgtcaggttcatcaaaatcctgtaccaaaacagtaagtagtagtaattagtatatgtgatgcaatctttacaaat
agctgcaatagtaggactagtagtagcatccatagtagccatagttgtgtggtccatagtatttatagaatatagaaaaa
taaggaaacagaagaaaatagacaggttacttgagagaataagagaaagagcagaagatagtggcaatgagagtgatggg
gatacagaagaattatccactcttatggagagggggtatgacaatattttggttaatgatgatttgtaatgctgaaaagt
tgtgggtcacagtctactatggggtacctgtgtggagagacgcagagaccaccctattctgtgcatcagatgctaaagea
tatgacaaagaagcacacaatgtctgggctacgcatgcctgecgtacccacagaccctgacccacaagaattacctttggt
aaatgtaacagaagagtttaacatgtggaaaaataatatggtagaacagatgcatgaagatataattagtctatgggacc
aaagcttaaagccatgtgtacagctaacccctectectgegttactttagggtgtgetgacgectcaaaacgtcaccgacace
aacaccaccatatctaatgaaatgcaaggggaaataaaaaactgctctttcaatatgaccacagaattaagagataagaa
gcagaaagtgtatgcacttttttatagacctgatgtaatagaaattaataaaactaagattaacaatagtaatagtagtc
agtatatgttaataaattgtaatacctcaaccattacacagacttgtccaaaggtatcctttgagccaatteccatacat
tattgtgccccagectggttttgecaattctaaagtgtaatgatacggagttcagtggaaaagggacatgcaagagtgtcag
cacagtacaatgcacacatggaatcaagccagtagtatcaactcaactgctgttaaatggcagtctagcagaaggaaaga
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tagcgattagatctgagaatatctcaaacaatgccaaaactataatagtacaattgactgagcctgtagaaattaattgt
atcagacctggcaacaatacaagaaaaagtgtacgcataggaccaggacaaacattctatgcaacaggtgacataatagg
agatataagacaagcacactgtaatgttagtaaaatagcatgggaagaaactttacaaaaggtagctgcacaattaagga
agcactttcagaatgccacaataaaatttactaaacactcaggaggggatttagaaattacaacaaatagttttaattgt
ggaggagaatttttctattgcaatacaacaaagctgtttaatagcacttggaataatgataactcaaacctcacagagga
aaagagaaaggaaaacataactctccactgcagaataaagcaaattgtaaatatgtggccaagagtaggacaagcaatat
atgccecctceccateccaggaaacataacttgtggatcaaacattactgggetactattaacaagagatggagggaataat
ggtacaaatgatactgagaccttcaggcctggaggaggagatatgagggacaattggagaagtgaattatataaatataa
agtagtaaaaattgaaccactaggtgtagcaccaacccctgcaaaaagaagagtggtggaaagagaaaaaagagcagttg
gaatgggagctttgatctttgagttcttaggagcagcaggaagcactatgggegeggcgtcaatggegetgacggtacag
gccagacaattattgtctggtatagtgcaacagcagagcaatctgectgaaggctatagaggctcaacaacatctgttgag
actcacggtctggggcattaaacagctccaggcaagagtectggetctggaaagatacctaaaggatcaacagetectag
gaatttggggctgctctggaaaactcatttgcaccactgectgtaccttggaactctagectggagtaataaaagttataat
gacatatgggataacatgacctggctgcaatgggataaagaaattaacaattacacatacataatatataatctacttga
aaaatcgcagaaccagcaggaaattaatgaacaagacttattggcattagacaagtgggcaagtctgtggaattggtttg
acataacaagctggctatggtatataagattaggtataatgatagtaggaggcgtaataggcttaagaataatttttget
gtgcttactatagtgaatagagttaggcagggatactcacctttgtcattccagacccttgecccaccaccagagggaace
cgacaggcccgaaagaatcgaagaaggaggtggcgagcaagacagagagagatccgtgcgcttagtgagcggattcttag
cacttgcctgggaagatctgeggagectgtgectcttecagectacecgecgattgagagacttagtettgattgcagcaagg
actgtggaactcctgggacacagcagtctcaagggactgagactggggtgggaagccctcaaatatctgtggaaccttet
atcatactggggtcaggaactaaagaatagtgctattaatttgcttgatacaatagcaatagcagtagctaactggacag
atagagttataaaaatagtacaaagaactggtagagctattcttaacatacctagaaggatcagatagggctageccececgg
gtgataaacggaccgcgcaatccctaggctgtgecttectagttgecagecatctgttgtttgeeccctecccegtgeette
cttgaccctggaaggtgccactceccactgtectttecctaataaaatgaggaaattgecatcgecattgtetgagtaggtgtc
attctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgetggggatgeg
gtgggctctatataaaaaacgcccggcggcaaccgagcecgttctgaacgctagagtcgacaaattcagaagaactecgtcaa
gaaggcgatagaaggcgatgcgctgecgaatcgggagcggcgataccgtaaagcacgaggaagecggtcageccattegecg
ccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatageggtcectgecacacccagecggeccacagtegat
gaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgeccatgggtcacgacgagatectegeegt
cgggcatgctcgcecttgagectggecgaacagttcggetggegegagecectgatgetecttegtccagatcatectgateg
acaagaccggcttccatccgagtacgtgcectcgetcgatgecgatgtttegettggtggtcgaatgggcaggtagecggate
aagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcct
gcccecggcacttcgeccaatagecagecagteecttececegettcagtgacaacgtcgagcacagectgegcaaggaacgece
gtcgtggccagccacgatagcecgegetgectegtecttgecagttecattcagggcaccggacaggtecggtettgacaaaaag
aaccgggcgcccctgcegcectgacagecggaacacggcggecatcagagcagecgattgtetgttgtgeccagtcatageecga
atagcctctccacccaageggcecggagaacctgegtgcaateccatettgttcaatcatgegaaacgatectecatectgte
tcttgatcagatcttgatccectgecgecatcagatecttggeggcaagaaagecatccagtttactttgecagggettece
aaccttaccagagggcgccccagcectggcaatteccggttegettgetgtecataaaaccgeccagtctagctategecatg
taagcccactgcaagectacctgetttctetttgegettgegtttteccttgtccagatageccagtagetgacattecate
cggggtcagcaccgtttctgecggactggetttctacgtgaaaaggatctaggtgaagatcctttttgataatctecatgac
caaaatcccttaacgtgagttttcgttccactgagcgtcagacccegtagaaaagatcaaaggatcttettgagateett
tttttetgecgegtaatctgctgecttgcaaacaaaaaaaccaccgctaccageggtggtttgtttgecggatcaagageta
ccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttecttctagtgtagecgtagttagg
ccaccacttcaagaactctgtagcaccgectacatacctcgetctgectaatectgttaccagtggectgetgeccagtggeg
ataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggectgaacggggggttceg
tgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtgagctatgagaaagecgeccacget
tcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggagagcgcacgagggagettccagggg
gaaacgcctggtatctttatagtectgtcgggtttegeccacctectgacttgagegtegatttttgtgatgctegtcaggg
gggcggagcctatggaaaaacgccagcaacgecggececttttacggttectggecttttgetggecttttgetcacatgtt
gtcgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaat
atgaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcattagttcatagcccatata
tggagttccgecgttacataacttacggtaaatggeoccgectggctgacegcccaacgacccccgeccattgacgtcaata
atgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeeca
cttggcagtacatcaagtgtatcatatgccaagtccgeccecctattgacgtcaatgacggtaaatggeccegectggeatt
atgcccagtacatgaccttacgggactttcectacttggcagtacatctacggtattagtcatcggctattaccatggtga
tgcggttttggcagtacaccaatgggcgtggatagcggtttgactcacggggattteccaagtcteccaccccattgacgtce
aatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataacceccgececcecgttgacgcaaatggg
cggtaggcgtgtacggtgggaggtctatataagcagagectcgtttagtgaaccgtcagatcgectggagacgeccatecac
gctgttttgacctccatagaagacaccgggaccgatccagectccgeggecgggaacggtgecattggaacgeggatteee
cgtgccaagagtgacgtaagtaccgectatagactctataggcacaccectttggetecttatgecatgctatactgttttt
ggcttggggcctatacacccecgettecttatgectataggtgatggtatagecttagectataggtgtgggttattgacca
ttattgaccactcccctattggtgacgatactttccattactaatccataacatggctetttgeccacaactatctetatt
ggctatatgccaatactctgtccttcagagactgacacggactetgtatttttacaggatggggtecccatttattattta
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caaattcacatatacaacaacgccgtccccegtgeecgcagtttttattaaacatagecgtgggatcteccacgegaatete
gggtaccgtgttcecggacatgggytcettetceggtageggeggagettecacatcegagecotggtcecatgectecage
ggctcatggtegetcggcagetecttgetectaacagtggaggecagacttaggcacagcacaatgcccaccaccaccag
tgtgccgcacaaggccegtggcggtagggtatgtgtctgaaaatgagetecggagattgggetegecaccgetgacgeagatg
gaagacttaaggcagcggcagaagaagatgcaggcagetgagttgttgtattctgataagagtcagaggtaacteecegtt
gcggtgetgttaacggtggagggcagtgtagtctgagecagtactegttgetgeégegegcgecaccagacataatagetyg
acagactaacagactgttcctttccatgggtcttttctgecagtceace
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Position within sequence

Gene/ORF (indicate -
complete name of the gene
and the expressed gene
product)

'Origin of sequence

(organism)

(starting-and ending pos.)
104-1591 '

Gag, inactivating point
mutations in zinc finger
packaging sequences for
viral RNA

AG HIV-1 isolate 928

1393-3576

Pol, inactivating point
mutations in protease and
reverse transcriptase,
deletion of integrase

AG HIV-1 isolate 928

3663-3877 and 6215-6305

Tat exons #1 and #2

AG HIV-1 isolate 928

3802-3877 and 6215-6510

Rev exons #1 and #2

AG HIV-1 isolate 928

3904-4149 Vpu AG HIV-1 isolate 928
4067-6628 Env AG HIV-1 isolate 928
6629-10447 Plasmid vector PGA1, Gen Bank accession

# A¥425297
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Figure 13c. IC25 Mutation Chart
Codon change Amino acid change | Region Function
to AGC position C390S Gag Ablation of zinc
1271-1273 finger used in
packaging
to AGC position C393S8 Gag Ablation of zinc
1280-1282 finger used in
packaging
to AGC position C411S Gag Ablation of zinc
1334-1336 finger used in
packaging
to AGC position C414S Gag Ablation of zinc
1343-1345 finger used in
packaging
to AAC position R25N Protease Inactivation of
1633-1635 Protease active site
to AAC position D185N Reverse Inactivation of
2410-2412 Transcriptase Polymerase active
site
to ACC position W266T Reverse Ablation of strand
2653-2655 Transcriptase transfer activity
to CAG position E478Q Rnase H Inactivation of
3289-3291 RNase H activity
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Figure l14a. pGAl/IC2 Sequence

atcgatgcaaggactcggcttgctgaggtgcacacagcaagaggcgagagegacgactggtgagtacgeccaatttttgac
tagcggaggctagaaggagagagatgggtgcgagagegtcagtgttaacggggggaaaattagattcatgggagaaaatt
aggttaaggccagggggaaagaaaagatatagactaaaacacctagtatgggcaagcagggagctggagagattcgecact
taaccctggcectattagaaacagcagaaggatgtcaacaactaatgggacagttacaaccagctctcaggacaggatcag
aagagtttaaatcattatataatatagtagcaaccctttggtgcgtacatcaaagaatagacataaaagacacccaggag
gccttagataaagtagaggaaaaacaaaataagagcaagcaaaaggcacagcaggcagcagctgcaacageccgecacagg
aagcagcagccaaaattaccctatagtgcaaaatgcacaagggcaaatggtacatcagtccatgtcacctaggactttaa
atgcatgggtgaaggtaatagaagaaaaggcttttagcccagaggtaatacccatgttttcagcattatcagagggagece
accccacaagatttaaatatgatgctaaacatagtggggggacaccaggcagcaatgcagatgttaaaagataccatcaa
tgatgaagctgcagaatgggacagagtacatccagtacatgcagggcctattccaccaggccaaatgagggaaccaaggg
gaagtgacatagcaggaactactagtacccttcaagaacaaataggatggatgacaagtaatccacctatcccagtggga
gaaatctataaaagatggatagtcctgggattaaataaaatagtaagaatgtatagccctaccagcattttggacataag
acaagggccaaaagaaccctttagagattatgtagacaggttctttaaaactttgagagctgaacaagectacgcaggagg
taaaaaactggatgacagaaaccttgttggtccaaaatgcgaatccagactgcaagtccattttaagagcattaggacca
ggggctacattagaagaaatgatgacatcatgtcagggagtgggaggacctggccataaagcaagggttttggectgaggce
aatgagtcaagtacaacagaccaatgtaatgatgcagagaggcaattttagaggccagagaataataaagagcttcaaca
gcggcaaagaaggacacctagccagaaattgcaaggctcctagaaagagaggcagctggaaaagcggaaaggaaggacac
caaatgaaagactgtactgaaagacaggctaattttttagggaaaatttggccttcccacaaggggaggccaggaaattt
tcctcagagcagaccagaaccaacagecccgecagcagagagetttggagtgggggaagagatacecteccteteccgaage
aggagccgagggacaagggactatatcctecccttaacttecectcaaatcactectttggcaacgaccagtagtcacagtaa
gaatagggggacagccaatagaagccctattagacacaggagcagatgatacagtattagaagaaataagtttaccagga
aaatggaaaccaaaaatgatagggggaattggaggttttatcaaagtaagacagtatgatcagatatctatagaaatttg
tggaaaaagggccataggtacagtattagtaggacctacacctgtcaacataattggacgaaatatgttgactcagattg
gttgtactttaaattttccaattagtcctattgaaactgtgccagtaaaattaaagtcaggaatggatggcccaaaggtt
aaacaatggccattgacagaagaaaaaataaaagcattaaaagaaatttgtgcagagatggaaaaggaaggaaaaatttc
aaaaattgggcctgaaaacccatacaatactccaatatttgccataaagaaaaaagatagtactaaatggagaaaattag
tagatttcagagaactcaataagagaactcaagacttctgggaggtccaattaggaatacctcatcctgegggattaaaa
aagaaaaaatcagtaacagtactagatgtgggggatgcatatttttcagttcccttagatgaagactttagaaaatatac
tgcattcaccatacctagtttaaataatgagacaccagggattagatatcagtacaatgtactcccacagggatggaaag
gatcaccagcaatatttcaggcaagcatgacaaaaatcttagagccctttagagcaaaaaatccagagatagtgatctac
caatatatgaacgatttatatgtaggatctgacttagaaatagggcagcatagagcaaaaatagaggagttgagagaaca
tctattgaaatggggatttaccacaccagacaaaaaacatcagaaagaacctccatttctttggatgggatatgaactce
atcctgacaaatggacagtccagcctatacagctgeccagaaaaagacagctggactgtcaatgatatacaaaaattagtg
ggaaaactaaataccgcaagtcagatttatgcaggaattaaagtaaagcaattgtgtagactcctcaggggagccaaage
gctaacagatgtagtaacactgactgaggaagcagaattagaattggcagagaacagggaaattctaaaagaacctgtac
atggagtatattatgacccaacaaaagacttagtggcagaaatacagaaacaagggcaagatcaatggacatatcaaatt
tatcaagagccatttaaaaatctaaagacaggaaaatatgcaaaaaagaggtcggcccacactaatgatgtaaaacaatt
aacagaggtagtgcagaaaatagccatagaaagcatagtaatatggggaaagacccctaaatttagactacccatacaaa
gagaaacatgggaagcatggtggatggagtattggcaggctacctggattcctgaatgggagtttgtcaatacccctcct
ctagtaaaattatggtaccagttagagaaggaccccataatgggagcagaaactttctatgtagatggggcagctaatag
ggagactaagctaggaaaagcagggtatgtcactgacagaggaagacaaaaggttgtttccctaattcagacaacaaate
aaaagactcagttacatgcaattcatctagccttgcaggattcaggatcagaagtaaatatagtaacagactcacagtat
gcattaggaatcattcaggcacaaccagacaggagtgaatcagagttagtcaatcaaataatagagaaactaatagaaaa
ggacaaagtctacctgtcatgggtaccagcacacaaagggattggaggaaatgaacaagtagataaattagtcagtagtg
gaatcagaaaggtactatttttagatggaatagataaagcccaagatgaacattagaattctgcaacagctactgtttgt
tcatttcagaattgggtgtcaacatagcagaataggcattattccagggagaagaggcaggaatggagctggtagatect
agcctagagccctggaaccaccegggaagtcagectacaactgettgtagcaagtgttactgtaaaaaatgetgetggea
ttgccaattgtgctttctgaacaagggcttaggcatctectatggcaggaagaagecggagacgccgacgaggaactecte
aggaccgtcaggttcatcaaaatcctgtaccaaaacagtaagtagtagtaattagtatatgtgatgcaatctttacaaat
agctgcaatagtaggactagtagtagcatccatagtageccatagttgtgtggtccatagtatttatagaatatagaaaaa
taaggaaacagaagaaaatagacaggttacttgagagaataagagaaagagcagaagatagtggcaatgagagtgatggg
gatacagaagaattatccactcttatggagagggggtatgacaatattttggttaatgatgatttgtaatgctgaaaagt
tgtgggtcacagtctactatggggtaéctgtgtggagagacgcagagaccaccctattctgtgcatcagatgctaaagca
tatgacaaagaagcacacaatgtctgggctacgcatgcctgcgtacccacagaccctgacccacaagaattacctttggt
aaatgtaacagaagagtttaacatgtggaaaaataatatggtagaacagatgcatgaagatataattagtctatgggace
aaagcttaaagccatgtgtacagctaaccectctetgegttactttagggtgtgectgacgctcaaaacgtcaccgacacce
aacaccaccatatctaatgaaatgcaaggggaaataaaaaactgctctttcaatatgaccacagaattaagagataagaa
gcagaaagtgtatgcacttttttatagacctgatgtaatagaaattaataaaactaagattaacaatagtaatagtagtc
agtatatgttaataaattgtaatacctcaaccattacacagacttgtccaaaggtatcctttgagccaattcecatacat
tattgtgccecagetggttttgcaattctaaagtgtaatgatacggagttcagtggaaaagggacatgcaagagtgtcag
cacagtacaatgcacacatggaatcaagccagtagtatcaactcaactgctgttaaatggcagtctagcagaaggaaaga
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tagcgattagatctgagaatatctcaaacaatgccaaaactataatagtacaattgactgagcctgtagaaattaattgt
atcagacctggcaacaatacaagaaaaagtgtacgcataggaccaggacaaacattctatgcaacaggtgacataatagg
agatataagacaagcacactgtaatgttagtaaaatagcatgggaagaaactttacaaaaggtagctgcacaattaagga
agcactttcagaatgccacaataaaatttactaaacactcaggaggggatttagaaattacaacaaatagttttaattgt
ggaggagaatttttctattgcaatacaacaaagctgtttaatagcacttggaataatgataactcaaacctcacagagga
aaagagaaaggaaaacataactctccactgcagaataaagcaaattgtaaatatgtggccaagagtaggacaagcaatat
atgcccctcccatcccaggaaacataacttgtggatcaaacattactgggctactattaacaagagatggagggaataat
ggtacaaatgatactgagaccttcaggcctggaggaggagatatgagggacaattggagaagtgaattatataaatataa
agtagtaaaaattgaaccactaggtgtagcaccaacccctgcaaaaagaagagtggtggaaagagaaaaaagagcagttg
gaatgggagctttgatctttgagttcttaggagcagcaggaagcactatgggcgcggcgtcaatggcgctgacggtacag
gccagacaattattgtctggtatagtgcaacagcagagcaatctgctgaaggctatagaggctcaacaacatctgttgag
actcacggtctggggcattaaacagctccaggcaagagtcctggctctggaaagatacctaaaggatcaacagctcctag
gaatttggggctgctctggaaaactcatttgcaccactgctgtaccttggaactctagctggagtaataaaagttataat
gacatatgggataacatgacctggctgcaatgggataaagaaattaacaattacacatacataatatataatctacttga
aaaatcgcagaaccagcaggaaattaatgaacaagacttattggcattagacaagtgggcaagtctgtggaattggtttg
acataacaagctggctatggtatataagattaggtataatgatagtaggaggcgtaataggcttaagaataatttttgct
gtgcttactatagtgaatagagttaggcagggatactcacctttgtcattccagaccecttgcccaccaccagagggaace
cgacaggcccgaaagaatcgaagaaggaggtggcgagcaagacagagagagatccgtgcgcttagtgagcggattcttag
cacttgcctgggaagatctgcggagcctgtgcctcttcagctaccgccgattgagagacttagtcttgattgcagcaagg
actgtggaactcctgggacacagcagtctcaagggactgagactggggtgggaagccctcaaatatctgtggaaccttct
atcatactggggtcaggaactaaagaatagtgctattaatttgcttgatacaatagcaatagcagtagctaactggacag
atagagttataaaaatagtacaaagaactggtagagctattcttaacatacctagaaggatcagatagggctagccccgg.
gtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttc
cttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtc
attctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggatgcg
gtgggctctatataaaaaacgcccggcggcaaccgagcgttctgaacgctagagtcgacaaattcagaagaactcgtcaa
gaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccg
ccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtctgccacacccagccggccacagtdgat
gaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgcht
cgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctg@tcg
acaagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggatc
aagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagaﬂcct
gccceggeacttegeccaatagcageccagteccttcecget tcagtgacaacgtegagcacagctgegecaaggaacgece
gtcgtggccagccacgatagccgcgctgcctcgtcttgcagttcattcagggcaccggacaggtcggtcttgacaaaaag
aaccgggcgcccctgcgctgacagccggaacacggcggcatcagagcagccgattgtctgttgtgcccagtcatagccga
atagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtc
tcttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagtttactttgcagggcttccc
aaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgcccagtctagctatcgccatg
taagcccactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagcccagtagctgacattcatc
cggggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatqctttttgataatctcatgac
caaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctt
tttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagcta
ccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagccgtagttagg
ccaccacttcaagaactCtgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcg
ataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcg
tgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgct
tcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggg
gaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggg
gggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctggccttttgctcacatgtt
gtcgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaat
atgaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcattagttcatagcccatata
tggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaata
atgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgccca
cttggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcctggcatt
atgcccagtacatgaccttacgggactttcctacttggcagtacatctacggtattagtcatcggctattaccatggtga
tgcggttttggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtc
aatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtdgtaataaccccgccccgttgacgcaaatggg
cggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccac
gctgttttgacctccatagaagacaccgggaccgatccagcctccgcggccgggaacggtgcattggaacgcggattccc
cgtgccaagagtgacgtaagtaccgcctatagactctataggcacacccctttggctcttatgcatgctatactgttttt
ggcttggggcctatacacccccgcttccttatgctataggtgatggtatagcttagcctataggtgtgggttattgacca
ttattgaccactcccctattggtgacgatactttccattactaatccataacatggctctttgccacaactatctctatt
ggctatatgccaatactctgtccttcagagactgacacggactctgtatttttacaggatggggtcccatttattattta

Flé\ 146
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caaattcacatatacaacaacgccgtccceccgtgeecgecagtttttattaaacatagegtgggatctecacgegaatete
gggtaccgtgttccggacatgggytcttcteccggtageggeggagettecacateccgagecctggteecatgectecage
_ggctcatggtcegeteggeagetecttgetectaacagtggaggecagacttaggcacagcacaatgecccaccaccaccag
tgtgccgcacaaggceccgtggecggtagggtatgtgtctgaaaatgagetcggagattgggctegcaccgetgacgcagatg
gaagacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagtcagaggtaactecegtt
gcggtgctgttaacggtggagggcagtgtagtctgagcagtactegttgetgecgegegegecaccagacataatagetg
acagactaacagactgttccttteccatgggtcttttectgcagtecace

Fis. 134
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Figure 14b. pGA1/IC2 Functional Regions

PCT/US03/07177

Position within sequence
(starting-and ending pos.)

Gene/ORF-(indicate-
complete name of the gene
and the expressed gene
‘product)

Origin of sequence
(organism)

104-1591

Gag, inactivating point
mutations in zinc finger
packaging sequences for
viral RNA

AG HIV-1 isolate 928

1393-3576

Pol, inactivating point
mutations in reverse
transcriptase, deletion of
integrase

AG HIV-1 isolate 928

3663-3877 and 6215-6305

Tat exons #1 and #2

AG HIV-1 isolate 928

3802-3877 and 6215-6510

Rev exons #1 and #2

AG HIV-1 isolate 928

3904-4149 Vpu AG HIV-1 isolate 928
4067-6628 Env AG HIV-1 isolate 928
6629-10447 Plasmid vector PGAI1, Gen Bank accession

# A¥F425297
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Figure 14c¢. IC2 Mutation Chart

Codon change Amino acid change | Region Function

to AGC position C3908 Gag Ablation of zinc

1271-1273 finger used in
packaging

to AGC position C3938 Gag Ablation of zinc

1280-1282 finger used in
packaging

to AGC position C411S Gag Ablation of zinc

1334-1336 finger used in
packaging

to AGC position C414S Gag Ablation of zinc

1343-1345 finger used in
packaging

to AAC position D185N Reverse Inactivation of

2410-2412 Transcriptase Polymerase active
site

to ACC position W266T Reverse Ablation of strand

2653-2655 Transcriptase transfer activity

to CAG position E478Q RNase H Inactivation of

3289-3291 RNase H activity
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FPigure 15a. pGAl/IC48 sequence

atcgatgcaaggactcggcttgctgaggtgcacacagcaagaggcgagagcgacgactggtgagtacgccaatttttgac
tagcggaggctagaaggagagagatgggtgegagagegt cagtgt taacggggggaaaattagattcatgggagaaaatt
aggttaaggccagggggaaagaaaagatatagactaaaacacctagtatgggcaagcagggagctggagagattcgcact
taaccctggcctattagaaacagcagaaggatgtcaacaactaatgggacagttacaaccagctctcaggacaggatcag
aagagtttaaatcattatataatatagtagcaaccctttggtgcgtacatcaaagaatagacataaaagacacccaggag
gccttagataaagtagaggaaaaacaaaataagagcaagcaaaaggcacagcaggcagcagctgcaacagccgccacagg
aagcagcagccaaaattaccctatagtgcaaaatgcacaagggcaaatggtacatcagtccatgtcacctaggactttaa
atgcatgggtgaaggtaatagaagaaaaggcttttagcccagaggtaatacccatgttttcagcattatcagagggagcc
accccacaagatttaaatatgatgctaaacatagtggggggacaccaggcagcaatgcagatgttaaaagataccatcaa
tgatgaagctgcagaatgggacagagtacatccagtacatgcagggcctattccaccaggccaaatgagggaaccaaggg
gaagtgacatagcaggaactactagtacccttcaagaacaaataggatggatgacaagtaatccacctatcccagtggga
gaaatctataaaagatggatagtcctgggattaaataaaatagtaagaatgtatagccctaccagcattttggacataag
acaagggccaaaagaaccctttagagattatgtagacaggttcttcaaaactttgagagctgaacaagctacgcaggagg
taaaaaactggatgacagaaaccttgttggtccaaaatgcgaatccagactgcaagtccattttaagagcattaggacca
ggggctacattagaagaaatgatgacatcatgtcagggagtgggaggacctggccataaagcaagggttttggctgaggc
aatgagtcaagtacaacagaccaatgtaatgatgcagagaggcaattttagaggccagagaataataaagagcttcaaca
gcggcaaagaaggacacctagccagaaattgcaaggctcctagaaagagaggcagctggaaaagcggaaaggaaggacac
caaatgaaagactgtactgaaagacaggctaattttttagggaaaatttggccttcccacaaggggaggccaggaaattt
tcctcagagcagaccagaaccaacagccccgecagcagagagett tggagtgggggaagagataccctectetecgaage
aggagccgagggacaagggactatatccteccttaacttecctcaaatcactctttggcaacgaccagtagtcacagtaa
gaatagggggacagccaatagaagccctattagacacaggagcagatgatacagtattagaagaaataagtttaccagga
aaatggaaaccaaaaatgataggtggaattggaggttttatcaaagtaagacagtatgatcagatatctatagaaatttg
tggaaaaagggccataggtacagtattagtaggacctacacctgtcaacataattggacgaaatatgttgactcagattg
gttgtactttaaattttccaattagtcctattgaaactgtgccagtaaaattaaagtcaggaatggatggcccaaaggtt
aaacaatggccattgacagaagaaaaaataaaagcattaaaagaaatttgtgcagagatggaaaaggaaggaaaaatttce
aaaaattgggcctgaaaacccatacaatactccaatatttgeccataaagaaaaaagatagtactaaatggagaaaattag
tagatttcagagaactcaataagagaactcaagacttctgggaggtccaattaggaatacctcatcctgcgggattaaaa
aagaaaaaatcagtaacagtactagatgtgggggatgcatatttttcagttcccttagatgaagactttagaaaatatac
tgcattcaccatacctagtttaaataatgagacaccagggattagatatcagtacaatgtactcccacagggatggaaag
gatcaccagcaatatttcaggcaagcatgacaaaaatcttagagcectttagagcaaaaaatccagagatagtgatctac
caatatatgaacgatttatatgtaggatctgacttagaaatagggcagcatagagcaaaaatagaggagttgagagaaca
tctattgaaatggggatttaccacaccagacaaaaaacatcagaaagaacctccatttetttggatgggatatgaactee
atcctgacaaatggacagtccagcctatacagctgccagaaaaagacagctggactgtcaatgatatacaaaaattagtg
ggaaaactaaataccgcaagtcagatttatgcaggaattaaagtaaagcaattgtgtagactcctcaggggagccaaagc
gctaacagatgtagtaacactgactgaggaagcagaattagaattggcagagaacagggaaattctaaaagaacctgtac
atggagtatattatgacccaacaaaagacttagtggcagaaatacagaaacaagggcaagatcaatggacatatcaaatt
tatcaagagccatttaaaaatctaaagacaggaaaatatgcaaaaaagaggtcggcccacactaatgatgtaaaacaatt
aacagaggtagtgcagaaaatagccatagaaagcatagtaatatggggaaagacccctaaatttagactacccatacaaa
gagaaacatgggaagcatggtggatggagtattggcaggctacctggattectgaatgggagtttgtcaataceectect
ctagtaaaattatggtaccagttagagaaggaccccataatgggagcagaaactttctatgtagatggggcagctaatag»
ggagactaagctaggaaaagcagggtatgtcactgacagaggaagacaaaaggttgtttccctaattcagacaacaaate
aaaagactcagttacatgcaattcatctagccttgcaggattcaggatcagaagtaaatatagtaacagactcacagtat
gcattaggaatcattcaggcacaaccagacaggagtgaatcagagttagtcaatcaaataatagagaaactaatagaaaa
ggacaaagtctacctgtcatgggtaccagcacacaaagggattggaggaaatgaacaagtagataaattagtcagtagtg
gaatcagaaaggtactatttttagatggaatagataaagcccaagatgaacattagaattctgcaacagctactgtttgt
tcatttcagaattgggtgtcaacatagcagaataggcattattccagggagaagaggcaggaatggagctggtagatcct
agcctagagccctggaaccacccgggaagtcagcctacaactgcttgtagcaagtgttactgtaaaaaatgctgctggca
ttgccaattgtgctttctgaacaagggcttaggcatctcctatggcaggaagaégcggagacgccgacgaggaactcctc
aggaccgtcaggttcatcaaaatcctgtaccaaaacagtaagtagtagtaattagtatatgtgatgcaatctttacaaat
agctgcaatagtaggactagtagtagcatccatagtagccatagttgtgtggtccatagtatttatagaatatagaaaaa
taaggaaacagaagaaaatagacaggttacttgagagaataagagaaagagcagaagatagtggcaatgagagtgatggg
gatacagaagaattatccactcttatggagagggggtatgacaatattttggttaatgatgatttgtaatgctgaaaagt
tgtgggtcacagtctactatggggtacctgtgtggagagacgcagagaccaccctattctgtgcatcagatgctaaagca
tatgacaaagaagcacacaatgtctgggctacgcatgcctgcgtacccacagaccctgacccacaagaattacctttggt
aaatgtaacagaagagtttaacatgtggaaaaataatatggtagaacagatgcatgaagatataattagtctatgggacc
aaagcttaaagccatgtgtacagctaaccectetetgegttactttagggtgtgetgacgctcaaaacgtcaccgacace
aacaccaccatatctaatgaaatgcaaggggaaataaaaaactgctctttcaatatgaccacagaattaagagataagaa
gcagaaagtgtatgcacttttttatagacctgatgtaatagaaattaataaaactaagattaacaatagtaatagtagtc
agtatatgttaataaattgtaatacctcaaccattacacagacttgtccaaaggtatcctttgagccaattcccatacat
tattgtgccccagctggttttgcaattctaaagtgtaatgatacggagttcagtggaaaagggacatgcaagagtgtcag
cacagtacaatgcacacatggaatcaagccagtagtatcaactcaactgctgttaaatggcagtctagcagaaggaaaga
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tégcgattagatctgagaatatctcaaacaatgccaaaactataatagtacaattgactgagcctgtagaaattaattgt
atCagaCCtQgcaacaataqaagaaaaagtgtaCSCBtaggaccaggacaaacattctatgcaacaggcgacataatagg
agatataagacaagcacactgtaatgttagtaaaatagcatgggaagaaactttacaaaggg;ggctgcacaattaagga

agcactttcagaatgccacaataaaatttactaaacactcéggaééggatttagaaattacaacaaatagttttaattgt
ggaggagaatttttctattgcaatacaacaaagctgtttaatagcacttggaataatgataactcaaacctcacagagga
aaagagaaaggaaaacataactctccactgcagaataaagcaaattgtaaacatgtggccaagagtaggacaagcaatat
atgcccctcccatcccaggaaacataacttgtggatcaaacattactgggctactattaacaagagatggagggaataat
ggtacaaatgatactgagaccttcaggcctggaggaggagatatgagggacaattggagaagtgaattatataaatataa
agtagtaaaaattgaaccactaggtgtagcaccaacccctgcaaaaagaagagtggtggaaagagaaaaaagagcagttg
gaatgggagctttga;ctttgagttcttaggagcagcaggaagcactatgggcgcggcgtcaatggcgctgacggtacag
gccagacaattattgtCtggtatagtgcaacagcagagcaatctgctgaaggctatagaggctcaacaacatctgttgag
actcacggtctggggcattaaacagctccaggcaagagtcctggctctggaaagatacctaaaggatcaacagctcctag
gaatttggggctgctctggaaaactcatttgcaccactgctgtaccttggaactctagctggagtaataaaagttataat
gacatatgggataacatgacctggctgcaatgggataaagaaattaacaattacacatacataatatataatctacttga
aaaatcgcagaaccagcaggaaattaatgaacaagacttattggcattagacaagtgggcaagtctgtggaattggtttg
acataacaagctggctatggtatataagattaggtataatgatagtaggaggcgtaataggcttaagaataatttttgct
gtgcttactatagtgaatagagttaggcagggatactcacctttgtcattccagacccttgcccaccaccagagggaacc
cgacaggcccgaaagaathaagaaggaggtggcgagcaagacagagagagatccgtgcgcttagtgagcggattcttag
cacttgcctgggaagatctgcggagcctgtgcctcttcagctaccgccgattgagagacttagtcttgattgcagcaagg
actgtggaactcctgggacacagcagtctcaagggactgagactggggtgggaagccctcaaatatctgtggaaccttct
atcatactggggtcaggaactaaagaatagtgctattaatttgcttgatacaatagcaatagcagtagctaactggacag
atagagttataaaaatagtacaaagaactggtagagctattcttaacatacctagaaggatcagatagggctagccccggn
gtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttc
cttgaccctggaaggtgccathccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtc
attctattctggggggt9999tggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggatgcg
gtgggctctatataaaaaacgcccggcggcaaccgagcgttctgaacgctagagtcgacaaattcagaagaactcgtcaa
gaaggcga;agaaggcgatgCgctgcgaatcgggagcggcgataccgtaéagcacgaggaagcggtcagcccattcgccg
céaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtctgccacacccagccggccacagtcgat
gaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgcégt
cgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctgatcg
acaagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggétc
aagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatéct
;ccccggcacttcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgccc
;tcgtggccagccacgatagccgcgctgcctcgtcttgcagttcattcagggcaccggacaggtcggtcttgacaaaaag
aaccgggcgcccctgcgctgacagccggaacacggcggcatcagagcagccgattgtccgttgtgcccagtcatagccga
atagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtc
tcttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagtttactttgcagggcttccc
aaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgcccagtctagctatcgccatg
:aagcccactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagcccagtagctgacattcatc
:ggggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatcctttttgataatctcatgac
:aaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctt
:;tttctgcgcgtaatctQCtgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagcta
:caactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagccgtagttagg-'
:caccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcg
ataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcg
:gcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgct
:cccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggg
gaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggg
;ggcggagcccatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctggccttttgctcacatgtt
|tcgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaat
Ltgaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcattagttcatagcccatata
:ggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaata
xtgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgccca
:ttggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcctggcatt
.tgcccagtacatgaccttacgggactttcctacttggcagtacatctacggtattagtcatcggctattaccatggtga
gcggttttggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtc
atgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccccgccccgttgacgcaaatggg
ggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccac
ctgttttgacctccatagaagacaccgggaccgatccagcctccgcggccgggaacggtgcattggaacgcggattccc
gtgccaagagtgacgtaagtaccgcctatagactctataggcacacccctttggctcttatgcatgctatactgttttt
gcttggggcctatacacccccgcttccttatgctataggtgatggtatagcttagcctataggtgtgggttattgacca
tattgaccactcccctattggtgacgatactttccattactaatccataacatggctctttgccacaactatctctatt
gctatatgccaatactctgtccttcagagactgacacggactetgtatttttacaggatggggteccatttattattta
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caaattcacatatacaacaacgccgtcccccgtgcccgcagtttttattaaacatagcgtgggatCtCC&CgCgaatctc
gggtaccgtgttccggacatgggytcttctccggtagcggcggagcttccacatccgagccctggtcccatgcctccagc
ggctcatggtcgctcggcagctccttgctcctaacagtggaggccagacttaggcadagcacaatgcccaccaccaccag
tgtgccgcacaaggccegtggcggtagggtatgtgtetgaaaatgaget cggagattgggetcgcacegetgacgeagatg
gaagacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagtcagaggtaactcccgtt
gcggtgctgttaacggtggagggcagtgtagtctgagcagtactcgttgctgccgcgcgcgccaccagacataatagctg
acagactaacagactgttcctttecatgggtettttetgeagteace

L. 154
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Figure 15b. pGA1/IC48 Functional Regions

PCT/US03/07177

Position within sequence -
(starting-and ending pos.)

"~ Gene/ORF (indicate

complete name of the gene . |
- and the expressed gene - -

product)

-Origin of sequence
(organism)

104-1591

Gag, inactivating point
mutations in zinc finger
packaging sequences for
viral RNA

AG HIV-1 isolate 928

1393-3576

Pol, inactivating point
mutations in protease and
reverse transcriptase,
deletion of integrase

AG HIV-1 isolate 928

3663-3877 and 6215-6305

Tat exons #1 and #2

AG HIV-1 isolate 928

3802-3877 and 6215-6510

Rev exons #1 and #2

AG HIV-1 isolate 928

3904-4149 Vpu AG HIV-1 isolate 928
4067-6628 Env AG HIV-1 isolate 928
6629-10447 Plasmid vector PGA1, Gen Bank accession

# AF425297
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Figure 15¢c. IC48 Mutation Chart

PCT/US03/07177

3289-3291

Codon change Amino acid change | Region Function
to AGC position C390S Gag Ablation of zinc
1271-1273 ' finger used in
packaging
to AGC position C393S8 Gag Ablation of zinc -
1280-1282 | finger used in
: packaging
to AGC position C4118 Gag . Ablation of zinc
1334-1336 finger used in
’ packaging
to AGC position C4148 Gag Ablation of zinc
1343-1345 finger used in
| packaging
to GTG position G48V Protease Partial inactivation
1703-1705 of Protease
to AAC position | D185N Reverse Inactivation of
2410-2412 Transcriptase Polymerase active
site
"[ to ACC position W266T Reverse Ablation of strand
2653-2655 Transcriptase transfer activity
to CAG position E478Q Rnase H Inactivation of

RNase H acti\lrity
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Figure 1l6a. pGAl/IC90 sequence

atcgatgcaaggactcggcttgctgaggtgcacacagcaagaggcgagagcgacgactggtgagtacgccaatttttgac
tagcggaggctagaaggagagagatgggtgegagagcgtcagtgttaacggggggaaaattagattcatgggagaaaatt
aggttaaggccagggggaaagaaaagatatagactaaaacacctagtatgggcaagcagggagctggagagattegeact
taaccctggectattagaaacagcagaaggatgtcaacaactaatgggacagttacaaccagctctcaggacaggatcag
aagagtttaaatcattatataatatagtagcaaccctttggtgegtacatcaaagaatagacataaaagacacccaggag
gccttagataaagtagaggaaaaacaaaataagagcaagcaaaaggcacagcaggcagcagetgcaacagecgecacagy
aagcagcagccaaaattaccctatagtgcaaaatgcacaagggcaaatggtacatcagtccatgtcacctaggactttaa
atgcatgggtgaaggtaatagaagaaaaggcttttagcccagaggtaatacccatgttttcagcattatcagagggagcc
accccacaagatttaaatatgatgctaaacatagtggggggacaccaggcagcaatgcagatgttaaaagataccatcaa
tgatgaagctgcagaatgggacagagtacatccagtacatgcagggcctattcecaccaggccaaatgagggaaccaaggg
gaagtgacatagcaggaactactagtacccttcaagaacaaataggatggatgacaagtaatccacctatecccagtggga
gaaatctataaaagatggatagtcctgggattaaataaaatagtaagaatgtatagccctaccagcattttggacataag
acaagggccaaaagaaccctttagagattatgtagacaggttctttaaaactttgagagctgaacaagctacgcaggagg
taaaaaactggatgacagaaaccttgttggtccaaaatgcgaatccagactgcaagtccattttaagagcattaggacca
ggggctacattagaagaaatgatgacatcatgtcagggagtgggaggacctggccataaagcaagggttttggctgagge
aatgagtcaagtacaacagaccaatgtaatgatgcagagaggcaattttagaggccagagaataataaagagcettcaaca
gcggcaaagaaggacacctagccagaaattgcaaggctectagaaagagaggcagctggaaaagcggaaaggaaggacac
caaatgaaagactgtactgaaagacaggctaattttttagggaaaatttggecttcccacaaggggaggccaggaaattt
tcctcagagcagaccagaaccaacagcecccegecagcagagagcetttggagtgggggaagagataccctectectececgaage
aggagccgagggacaagggactatatcctcecttaacttcectcaaatcactecttiggcaacgaccagtagtcacagtaa
gaatagggggacagccaatagaagccctattagacacaggagcagatgatacagtattagaagaaataagtttaccagga
aaatggaaaccaaaaatgatagggggaattggaggttttatcaaagtaagacagtatgatcagatatctatagaaatttg
tggaaaaagggccataggtacagtattagtaggacctacacctgtcaacataattggacgaaatatgatgactcagattg
gttgtactttaaattttccaattagtcctattgaaactgtgccagtaaaattaéagtcaggaatggatggcccaaaggtt
aaacaatggccattgacagaagaaaaaataaaagcattaaaagaaatttgtgcagagatggaaaaggaaggaaaaatttc
aaaaattgggcctgaaaacccatacaatactccaatatttgeccataaagaaaaaagatagtactaaatggagaaaattag
tagatttcagagaactcaataagagaactcaagacttctgggaggtccaattaggaatacctcatcctgegggattaaaa
aagaaaaaatcagtaacagtactagatgtgggggatgcatatttttcagttcccttagatgaagactttagaaaatatac
tgcattcaccatacctagtttaaataatgagacaccagggattagatatcagtacaatgtactcccacagggatggaaag
gatcaccagcaatatttcaggcaagcatgacaaaaatcttagagcecctttagagcaaaaaatccagagatagtgatctac
caatatatgaacgatttatatgtaggatctgacttagaaatagggcagcatagagcaaaaatagaggagttgagagaaca
tctattgaaatggggatttaccacaccagacaaaaaacatcagaaagaacctccatttctttggatgggatatgaactcec
atcctgacaaatggacagtccagcctatacagctgecagaaaaagacagetggactgtcaatgatatacaaaaattagtg
ggaaaactaaataccgcaagtcagatttatgcaggaattaaagtaaagcaattgtgtagactcctcaggggagccaaage
gctaacagatgtagtaacactgactgaggaagcagaattagaattggcagagaacagggaaattctaaaagaacctgtac
atggagtatattatgacccaacaaaagacttagtggcagaaatacagaaacaagggcaagatcaatggacatatcaaatt
tatcaagagccatttaaaaatctaaagacaggaaaatatgcaaaaaagaggtcggcccacactaatgatgtaaaacaatt
aacagaggtagtgcagaaaatagccatagaaagcatagtaatatggggaaagacccctaaatttagactacccatacaaa
gagaaacatgggaagcatggtggatggagtattggcaggctacctggattcctgaatgggagtttgtcaataccectect
ctagtaaaattatggtaccagttagagaaggaccccataatgggagcagaaactttctatgtagatggggecagetaatag
ggagactaagctaggaaaagcagggtatgtcactgacagaggaagacaaaaggttgtttccctaattcagacaacaaatce
aaaagactcagttacatgcaattcatctagccttgcaggattcaggatcagaagtaaatatagtaacagactcacagtat
gcattaggaatcattcaggcacaaccagacaggagtgaatcagagttagtcaatcaaataatagagaaactaatagaaaa
ggacaaagtctacctgtcatgggtaccagcacacaaagggattggaggaaatgaacaagtagataaattagtcagtagtg
gaatcagaaaggtactatttttagatggaatagataaagcccaagatgaacattagaattctgcaacagctactgtttgt
tcatttcagaattgggtgtcaacatagcagaataggcattattccagggagaagaggcaggaatggagctggtagatect
agcctagagcecctggaaccaccegggaagtcagectacaactgettgtagcaagtgttactgtaaaaaatgetgetggea
ttgccaattgtgctttctgaacaagggcttaggcatctecctatggcaggaagaageggagacgeccgacgaggaactectce
aggaccgtcaggttcatcaaaatcctgtaccaaaacagtaagtagtagtaattagtatatgtgatgcaatctttacaaat
agctgcaatagtaggactagtagtagcatccatagtagccatagttgtgtggtccatagtatttatagaatatagaaaaa
taaggaaacagaagaaaatagacaggttacttgagagaataagagaaagagcagaagatagtggcaatgagagtgatggg
gatacagaagaattatccactcttatggagagggggtatgacaatattttggttaatgatgatttgtaatgctgaaaagt
tgtgggtcacagtctactatggggtacctgtgtggagagacgcagagaccaccctattctgtgcatcagatgectaaagea
tatgacaaagaagcacacaatgtctgggctacgcatgcctgegtacccacagaccctgacccacaagaattacctttggt
aaatgtaacagaagagtttaacatgtggaaaaataatatggtagaacagatgcatgaagatataattagtctatgggacc
aaagcttaaagccatgtgtacagctaacccectectetgegttactttagggtgtgetgacgctcaaaacgtcaccgacace
aacaccaccatatctaatgaaatgcaaggggaaataaaaaactgctctttcaatatgaccacagaattaagagataagaa
gcagaaagtgtatgcacttttttatagacctgatgtaatagaaattaataaaactaagattaacaatagtaatagtagte
agtatatgttaataaattgtaatacctcaaccattacacagacttgtccaaaggtatcctttgagccaattcccatacat
tattgtgccccagctggttttgcaattctaaagtgtaatgatacggagttcagtggaaaagggacatgcaagagtgtcag
cacagtacaatgcacacatggaatcaagccagtagtatcaactcaactgctgttaaatggcagtctagcagaaggaaaga
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tégcgattagatctgagaatatctcaaacaatgccaaaactataatagtacaattgactgagcctgtagaaattaattgt
atcagacctggcaacaatacaagaaaaagtgtacgcataggaccaggacaaacattctatgcaacaggtgacataatagg
agatataagacaagcacactgtaatgttagtaaaatagcatgggaagaaactttacaaaaggtagctgcacaattaagga
agcactttcagaatgccacaataaaatttactaaacactcaggaggggatttagaaattacaacaaatégﬁéftaééfgt”
ggaggagaatttttctattgcaatacaacaaagctgtttaatagcacttggaataatgataac;caaacctcacagagga
aaagagaaaggaaaacataactctccactgcagaataaagcaaattgtaaatatgtggccaagagtaggacaagcaatat
atgcccctcccatcccaggaaacataacttgtggatcaaacattactgggctactattaacaagagatggagggaataat
ggtacaaatgatactgagaccttCaggcctggaggaggagatatgagggacaattggagaagtgaattatataaatataa
agtagtaaaaattgaaccactaggtgtagcaccaacccctgcaaaaagaagagtggtggaaagagaaaaaagagcagttg
gaatgggagctttgatctttgagttcttaggagcagcaggaagcactatgggcgcggcgtcaatggcgctgacggtacag
gccagacaattattgtctggtatagtgcaacagcagagcaatctgctgaaggctatagaggctcaacaacatctgttgag
actcacggtctggggcattaaacagctccaggcaagagtcctggctctggaaagatacctaaaggatcaacagctcctag
gaatttggggctgctctggaaaactcatttgcaccactgctgtaccttggaactctagctggagtaataaaagttataat
gacatatgggataacatgacctggctgcaatgggataaagaaattaacaattacacatacataatatataatctacttga
aaaatcgcagaaccagcaggaaattaatgaacaagacttattggcattagacaagtgggcaagtctgtggaattggtttg
acataacaagctggctatggtatataagattaggtataatgatagtaggaggcgtaataggcttaagaataatttttgct
gtgcttactatagtgaatagagttaggcagggatactcacctttgtcattccagacccttgcccaccaccagagggaacc
cgacaggcccgaaagaatcgaagaaggaggtggcgagcaagacagagagagatccgtgcgcttagtgagcggattcttag
cacttgcctgggaagatctgcggagcctgtgcctcttcagctaccgccgattgagagacttagtcttgattgcagcaagg
actgtggaactcctgggacacagcagtctcaagggactgagactggggtgggaagccctcaaatatctgtggaaccttct
atcatactggggtcaggaaccaaagaatagtgctattaatttgcttgatacaatagcaatagcagtagctaactggacag
atagagttataaaaatagtacaaagaactggtagagctattcttaacatacctagaaggatcagatagggctagccccgg_
gtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttc
cttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtc
attctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggatgcg
gtgggctctatataaaaaacgcccggcggcaaccgagcgttctgaacgctagagtcgacaaattcagaagaactcgtcaa
gaaggcga:agaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccg
ccaagctcttcagcaatapcacgggtagccaacgctatgtcctgatagcggtctgccacacccagccggccacagtcgat
gaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgt
cgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgtccagatcatcctgatcg
acaagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaatgggcaggtagccggétc
aagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatqct
gccccggcacttcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacagctgcgcaaggaacgccc
3tcgtggccagccacgatagccgcgctgcctcgtcttgcagttcattcagggcaccggacaggtcggtcttgacaaaaag
aaccgggcgcccctgcgctgacagccggaacacggcggcaccagagcagccgattgtctgttgtgcccagtcatagccga
atagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtc
:cttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagtttactttgcagggcttccc
aaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgcccagtctagctatcgccatg
:aagcccactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagcccagtagctgacattcatc
:ggggtcagcaccgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatcctttttgataagctcatgac
:aaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctt
:ttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagcta
:caactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgctcttctagtgtagccgtagttagg
:caccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcg
:taagtcgtgtcttaccgggttggactcaaganatagttaccggataaggcgcagcggtcgggctgaacggggggttcg
:gcacacagcccagcttggaQCQaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccaegct
:cccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggg
;aaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggg
;ggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctggccttttgctcacatgtt
;tcgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtccaat
‘tgaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcattagttcatagcccatata
,ggagttccgcgttacataaCttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaata
rgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgccca
mtggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcctggcatt
tgcccagtacatgaccttacgggactttcctacttggcagtacatctacggtattagtcatcggctattaccatggtga
gcggtt;tggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtc
atgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccccgccccgttgacgcaaatggg
ggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccac
ctgttttgacctccatagaagacaccgggaccgatccagcctccgcggccgggaacggtgcattggaacgcggattccc
gtgccaagagtgacgtaagtaccgcctatagactctataggcacacccctttggctcttatgcatgctatactgttttt
gcttggggcctatacacccccgcttccttatgctataggtgatggtatagcttagcctataggtgtgggttattgacca
tattgaccactcccctattggtgacgatactttccattactaatccataacatggctctttgccacaactatctctatt
gctatatgccaatactctgtCCttcagagactgacacggactctgtatttttacaggatggggtcccatttattattta
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caaattcacatatacaacaacgccgtccccegtgeccgecagtttttattaaacatagegtgggatcteccacgegaatete
gggtaccgtgttccggacatgggytcttcteceggtageggeggagettecacatcegagececetggteccatgectccage
ggctcatggtcgctcggeagetecttgetcctaacagtggaggecagacttaggcacagcacaatgeccaccaccaccag
tgtgccgcacaaggccgtggecggtagggtatgtgtctgaaaatgagecteggagattgggctecgcacegetgacgcagatg
gaagacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagtcagaggtaactceegtt
gcggtgctgttaacggtggagggcagtgtagtctgagcagtactcgttgctgccgcgcgcgccaccagacataatagctg
acagactaacagactgttcctttccatgggtcttttetgecagtcace



WO 03/076591

47/73

.Figure 16b. pGA1/IC90 Functional Regions

PCT/US03/07177

Pbsition within sequence
(starting-and ending pos.)

——-Gene/ORF-(indicate
complete name of the gene
and the expressed gene
~product)

Origin of sequence
(organism)

104-1591

Gag, inactivating point
mutations in zinc finger
packaging sequences for
viral RNA

AG HIV-1 isolate 928

1393-3576

Pol, inactivating point
mutations in protease and
reverse transcriptase,
deletion of integrase

AG HIV-; isolate 928

3663-3877 and 6215-6305

Tat exons #1 and #2

AG HIV-1 isolate 928

3802-3877 and 6215-6510

Rev exons #1 and #2

AG HIV-1 jisolate 928

3904-4149 Vpu . AG HIV-1 isolate 928
4067-6628 Env AG HIV-1 isolate 928
6629-10447 Plasmid vector | PGA1, Gen Bank accession

# AF425297
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Figure 16¢. IC90 Mutation Chart

PCT/US03/07177

Codon change Amino acid change | Region Function

to AGC position C390S Gag Ablation of zinc

1271-1273 finger used in
_packaging

to AGC position C393S Gag Ablation of zinc

1280-1282 ' finger used in
packaging

to AGC position C4118 Gag Ablation of zinc

1334-1336 ' finger used in
packaging

to AGC position C414S Gag Ablation of zinc

1343-1345 finger used in
packaging

to ATG position LS0M Protease Partial inactivation

1828-1830 of Protease

to AAC position D185N Reverse Inactivation of

2410-2412 Transcriptase Polymerase active

: site

to ACC position W266T Reverse Ablation of strand

2653-2655 Transcriptase transfer activity

to CAG position E478Q Rnase H Inactivation of

3289-3291

RNase H activity
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Figure 17a. PGA1/IN3 Sequence

ggatccggcttgetgaagtgeactcggcaagaggegaggggtggeggetggtgagtacgccaaattttatttgactageg
“gaggctagaaggagagagatgggtgcgagagegtcaatattaagagggggaaaattagataaatgggaaaagattaggtt
aaggccagggggaaagaaacactatatgctaaaapacctagtatgggcaagcagggagctggaaagatttgcacttaacc
.ctggccttttagagacatcagaaggctgtaaacaaataataaaacagctacaaccagctcttcagacaggaacagaggaa
cttaggtcattattcaatgcagtagcaactctctattgtgtacatgcagacatagaggtacgagacaccaaagaagcatt
agacaagatagaggaagaacaaaacaaaagtcagcaaaaaacgcagcaggcaaaagaggctgacaaaaaggtcgtcagte
aaaattatcctatagtgcagaatcttcaagggcaaatggtacaccaggcactatcacctagaactttgaatgcatgggta
aaagtaatagaagaaaaagcctttagcccggaggtaatacccatgttcacagcattatcagaaggagccaccccacaaga
tttaaacaccatgttaaataccgtggggggacatcaagcagccatgcaaatgttaaaagataccatcaatgaggaggetg
cagaatgggatagattacatccagtacatgcagggcctgttgcaccaggccaaatgagagaaccaaggggaagtgacata
gcaggaactactagtaaccttcaggaacaaatagcatggatgacaagtaacccacctattccagtgggagatatctataa
aagatggataattctggggttaaataaaatagtaagaatgtatagccctgtcagcattttagacataagacaagggccaa
aggaaccctt;agagattatgtagaccggttctttaaaactttaagagctgaacaagcttcacaagatgtaaaaaattgg
atggcagacaccttgttggtccaaaatgcgaacccagattgtaagaccattttaagagcattaggaccaggagctacatt
agaagaaatgatgacagcatgtcaaggagtgggaggacctagccacaaagcaagagtgttggetgaggcaatgagccaaa
caggcagtaccataatgatgcagagaagcaattttaaaggctctaaaagaactgttaaatccttcaactctggcaaggaa
gggcacatagctagaaattgcagggcccctaggaaaaaaggctcttggaaatctggaaaggaaggacaccaaatgaaaga
ctgtgctgagaggcaggctaattttttagggaaaatttggecttcccacaaggggaggeccagggaatttecttcagaaca
ggccagagccaacagccccaccagcagagagettcaggttcgaggagacaacccctgetcecgaagcaggagctgaaagac
agggaacccttaacctccctcaaatcactetttggcagegaceccttgtctcaataaaaatagggggccagataaaggag
gctctcttagccacaggagcagatgatacagtattagaagaaatgaatttgeccaggaaaatggaaaccaaaaatgatagg
<aggaattggaggttttatcaaagtaagacagtatgatcaaatacttatagaaatttgtggaaaaaaggctataggtacag
tattagtaggacccacacctgtcaacataattggaagaaatatgctgactcagattggatgcacgctaaattttcecaatt
agtcccattgaaactgtaccagtaaaattaaagccaggaatggatggcccaaaggttaaacaatggecattgacagagga
gaaaataaaagcattaacagcaatttgtgatgaaatggagaaggaaggaaaaattacaaaaattgggcctgaaaatccat
ataacactccaatattchcataaaaaagaaggacagtactaagtggagaaaattagtagatttcagagaacttaataaa
agaactcaagacttctgggaagttcaattaggaataccacacccagcagggttaaaaaagaaaaaatcagtgacagtact
agatgtgggggatgcatatttttcagttcctttagatgaaagctttaggaggtatactgcattecaccatacctagtagaa
acaatgaaacaccagggattagatatcaatataatgtgcttccacaaggatggaaaggatcaccagcaatattccagagt
agcatgacaaaaatcttagagccctttagagcacaaaatccagaaatagtcatctatcaatatatgaatgacttgtatgt
aggatctgacttagaaatagggcaacatagagcaaagatagaggaattaagagaacatctattaaggtggggatttacca
caccagacaagaaacatcagaaagaacccccatttctttggatggggtatgaactccatecctgacaaatggacagtacag
cctatacagctgccagaaaaggagagctggactgtcaatgatatacagaagttagtgggaaaattaaacacggcaagcca'
gatttacccagggattaaagtaagacaactttgtagactccttagaggggccaaagcactaacagacatagtaccactaa
ctgaagaagcagaattagaattggcagagaacagggaaattctaaaagaaccagtacatggagtatattatgaccctteca
aaagacttgatagctgaaatacagaaacagggacatgaccaatggacatatcaaatttaccaagaaccattcaaaaatct
gaaaacagggaagtatgcaaaaatgaggactgcccacactaatgatgtaaaacggttaacagaggcagtgcaaaaaatag
ccttagaaagcatagtaatatggggaaagattcctaaacttaggttacccatccaaaaagaaacatgggagacatggtgg
actgactattggcaagccacctggattcctgagtgggaatttgttaatactccteccctagtaaaattatggtaccaget
agagaaggaacccataataggagtagaaactttctatgtagatggagcagctaatagggaaaccaaaataggaaaagcag
ggtatgttactgacagaggaaggcagaaaattgtttctctaactgaaacaacaaatcagaagactcaattacaagcaatt
tatctagctttgcaagattcaggatcagaagtaaacatagtaacagactcacagtatgcattaggaattattcaagcaca
accagataagagtgaatcagggttagtcaaccaaataatagaacaattaataaaaaaggaaagggtctacctgtcatggg
taccagcacataaaggtattggaggaaatgaacaagtagacaaattagtaagtagtggaatcaggagagtgctataataa
gctcgagatacttggacaggagtfgaaactatcataagaatgctgcaacaactactgtttattcatttcagaattgggtg
ccagcatagcagaataggcattatgagacagagaagagcaagaaatggagccagtagatcctaacctagagccctggaac
catccaggaagtcagcctgaaactgecttgcaataactgttattgtaaacgctatagctaccattgtctagtttgetttea
gagaaaaggcttaggcatttcctatggcaggaagaagcggagacagegacgaagcgctectcagagcagtgaggatcate
agaattttgtatcaaagcagtaagtatctgtaatgttagatttagattataaattagcagtaggagcatttatagtagca
ctactcatagcaatagttgtgtggaccatagtatttatagaatataggaaattgttaagacaaagaaaaatagactggtt
aattaaaagaattagggaaagagcagaagacagtggcaatgagagtgaaggggatactgaggaattatcgacaatggtgg
atatggggcatcttaggcttttggatgttaatgatttgtaatggaaacttgtgggtcacagtctattatggggtacctgt
gtggaaagaagcaaaaactactctattctgtgcatcaaatgctaaagcatatgagaaagaagtacataatgtctgggeta
cacatgcctgtgtacccacagaccccaacccacaagaaatggttttggaaaacgtaacagaaaattttaacatgtggaaa
aatgacatggtgaatcagatgcatgaggatgtaatcagcttatgggatcaaagcctaaagccatgtgtaaagttgacccc
actctgtgtcactttagaatgtagaaaggttaatgctacccataatgctaccaataatggggatgctacccataatgtta
ccaataatgggcaagaaatacaaaattgctctttcaatgcaaccacagaaataagagataggaagcagagagtgtatgeca
cttttttatagacttgatatagtaccacttgataagaacaactctagtaagaacaactctagtgagtattatagattaat
aaattgtaatacctcagccataacacaagcatgtccaaaggtcagttttgatccaattcctatacactattgtgetecag
ctggttatgcgattctaaagtgtaacaataagacattcaatgggacaggaccatgcaataatgtcagcacagtacaatgt
acacatggaattaagccagtggtatcaactcagctattgttaaacggtagcctagcagaaggagagataataattagate
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tgaaaatccgacagacaatgtcaaaacaataatagtacatcttgatcaatctgtagaaattgtgtgtacaagacccaaca
ataatacaagaaaaagtataaggatagggccaggacaaacattctatgcaacaggaggcataatagggaacatacgacaa
gcacattgtaacattagtgaagacaaatggaatgaaactttacaaagggtgggtaaaaaattagtagaacacttccctaa
taagacaataaaatttgcaccatcctcaggaggggacctagaaattacaacacatagctttaattgtagaggagaatttt
tctattgcagcacatcaagactgtttaatagtacatacatgectaatgatacaaaaagtaagtcaaacaaaaccatcaca
atcccatgcagcataaaacaaattgtaaacatgtggcaggaggtaggacgagcaatgtatgcccctcccattgaaggaaa
cataacctgtagatcaaatatcacaggaatactattggtacgtgatggaggagtagattcagaagatccagaaaataata
agacagagacattccgacctggaggaggagatatgaggaacaattggagaagtgaattatataaatataaagcggcagaa
attaagccattgggagtagcacccactccagcaaaaaggagagtggtggagagagaaaaaagagcagtaggattaggagc
tgtgttccttggattcttgggagcagcaggaagcactatgggcgcagcgtcaataacgctgacggtacaggccagacaat
tgttgtctggtatagtgcaacagcaaagcaatttgctgagggctatcgaggcgcaacagcatctgttgcaactcacggtc
tggggcattaagcagctccagacaagagtcctggctatcgaaagatacctaaaggatcaacagctcctagggctttgggg
CCQctctggaaaactcatctgcaccactaatgtaccttggaactccagttggagtaacaaatctcaaacaga;atttggg
aaaacatgacctggatgcagtgggataaagaagttagtaattacacagacacaatatacaggttgcttgaagactcgcaa
acccagcaggaaagaaatgaaaaggatttattagcattggacaattggaaaaatctgtggaattggtttagtataécaaa
ctggctgtggtatataaaaatattcataatgatagtaggaggcttgataggcttaagaataatttttgctgtgctttcta
tagtgaatagagttaggcagggatactcacctttgtcgtttcagacccttaccccaaacccaaggggacccgacaggctc
ggaagaatcgaagaagaaggtggagggcaagacagagacagatcgattcgattagtgaacggattcttagcacttgcctg
ggacgacctgtggagcctgtgcctcttcagctaccaccgattgagagacttaatattggtgacagcgagagcggtggaac

'ttctgggacacagcagtctcaggggactacagagggggtgggaagcccttaagtatctgggaggtattgtgcagtattgg
ggtctggaactaaaaaagagggctattagtctgcttgatactgtagcaatagcagtagctgaaggcacagataggattat
agaattcctccaaagaatttgtagagctatccgcaacatacctagaaggataagacagggctttgaagcagétttgcagt
aaaatggctagccccgggtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgc
ccctcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgca
ttgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagca
ggcatgctggggatgcggtgggctctatataaaaaacgeccecggeggcaacegagegttetgaacgectagagtcgacaaat
tcagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagc
ggtcagcccattcgccgccaagctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtctgccacaccc
agccggccacagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgccatgggtcac
gacgagatcctcgccgtcgggcatgctcgccttgagcctggcgaacagttcggctggcgcgagcccctgatgctcttcgt
ccagatcatcctgatcgacaagaccggcttccatccgagtacgtgctcgctcgatgcgatgtttcgcttggtggtcgaat
gggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtg
agatgacaggagatcctgccccggcacttcgcccaatagcagccagtcccttcccgcttcagtgacaacgtcgagcacag
ctgcgcaaggaacgcccgtcgtggccagccacgatagccgcgctgcctcgtcttgcagttcattcagggcaccggacagg
tcggtcttgacaaaaagaaccgggegoccctgegctgacagecggaacacggecggecatcagagecageegattgtetgttg
tgcccagtcatagccgaatagcctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaa
acgatcctcatcctgtctcttgatcagatcttgatcccctgcgccatcagatccttggcggcaagaaagccatccagttt
actttgcagggcttCccaaccttaccagagggcgccccagctggcaattccggttcgcttgctgtccataaaaccgccca
gtctagctatcgccatgtaagcccactgcaagctacctgctttctctttgcgcttgcgttttcccttgtccagatagccc
agtagctgacattcatccggggtcagcatcgtttctgcggactggctttctacgtgaaaaggatctaggtgaagatcctt
tttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaagg
atcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtt
tgccggatcaagagctaccaactetttttecgaaggtaactggettcagcagagegcagataccaaatactgttetteta
gtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagt
ggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgg
gctgaacggggggttcegtgeacacageecagettggagegaacgacctacaccgaactgagatacctacagegtgageta
tgagaaagcgccacgctteecegaagggagaaaggeggacaggtatccggt aageggcagggtcggaacaggagagegeac
gagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttt
tgtgatgc:cgtcaggggggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctgg
ccttttgctcacatgttgtcgacaatattggctattggccattgcatacgttgtatctatatcataatatgtacatttat
attggctcatgtccaatatgadcgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcatt
agttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaacgacccee
gceccattgacgtcaataatgacgtatgtteccatagtaacgccaatagggactttecattgacgtcaatgggtggagtat
ttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaa
atggcccgecctggeattatgcccagtacatgaccttacgggactttectacttggcagtacatctacggtattagtcate
ggctattaccatggtgatgcggttttggcagtacaccaatgggcgtggatagcggtttgactcacggggatttccaagtc
tccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaacgtcgtaataaccccgcc
ccgttgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgtcagatcgc
ctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctccgcggccgggaacggtgca
ttggaacgcggattccccgtgccaagagtgacgtaagtaccgcctatagactctataggcacacccctttggctcttatg
catgctatactgtttttggcttggggcctatacacccccgcttccttatgctataggtgatggtatagcttagcctatag
gtgtgggttattgaccattattgaccactcccctattggtgacgatactttccattactaatccataacatggctctttg
ccacaactatctctattggctatatgccaatactctgtccttcagagactgacacggactctgtatttttacaggatggg
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gtcccatttattatttacaaattcacatatacaacaacgcegtccceegtgeecgcagtttttattaaacatagegtggg
atctccacgcgaatctcgggtaccgtgttccggacatgggytcttctccggcagngcggagcttccacatccgagccct
ggtcccatgectccageggctecatggtegeteggeagetecttgetectaacagtggaggecagacttaggcacagcaca
atgcccaccaccaccagtgtgccgcacaaggccgtggcggtagggtatgtgtctgaaaatgagctcggagattgggctcg
caccgctgacgcagatggaagacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagt
cagaggtaactcccgttgcggtgctgttaacggtggagggcagtgtagtctgagcagtactcgttgctgccgcgcgcgcc
accagacataatagctgacagactaacagactgttectttccatgggtettttetgecagtcaccat
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rigure 17b. pGA1l IPs2/731nctional Regions

[Position within sequence
(starting-and ending pos.)

Gene/ORF (indicate

-complete_-name of the gene

and the expressed gene
product)

Origin of sequence
(organism)

99-1577

Gag, inactivating point
mutations in zinc finger
packaging sequences for
viral RNA

C HIV-1 isolate 98IN012

1382-3520

Pol, inactivating point
mutations in protease and -
reverse transcriptase,
deletion of integrase

C HIV-1 isolate 98IN012

3645-3859 and 6205-6295

Tat exons #1 and #2

C HIV-1 isolate 98IN012

3784-3859 and 6205-6452

Rev exons #1 and #2

C HIV-1 isolate 98IN012

3873-4121 Vpu C HIV-1 isolate 98IN012
4039-6642 Env C HIV-1 isolate 98IN012
6643-10466 Plasmid vector pGA1l, Gen Bank accession #

AF425297
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Figure 17c. IN3 Mutation Chart

Codon change Amino acid change | Region Function

to TCC position C3908 Gag Ablation of zinc

1260-1262 finger used in
packaging

to TCT position C393S Gag Ablation of zinc

1269-1271 finger used in
packaging

to TCT position C411S Gag Ablation of zinc

1323-1325 finger used in
packaging

to TCT position C414S Gag Ablation of zinc

1332-1334 finger used in
packaging

to GCC position D25A Protease Inactivation of

1610-1612 Protease active site

to AAT position D185N Reverse Inactivation of

2387-2389 Transcriptase Polymerase active
site

to ACG position W266T Reverse Ablation of strand

2630-2632 Transcriptase transfer activity

to CAA position E478Q Rnase H Inactivation of

3266-3268 RNase H activity
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Figure 18a. pGA1l/IN2 Sequence

ggatccggcttgctgaagtgcactcggcaagaggcgaggggtggcggctggtgagtacgccaaattttatttgactagcg
'gSQQEE5§§€§§§§€§agatgggtgcgagagcgtcaatattaagagggggaaaattagataaatgggaaaagattaggtt
aaggccagggggaaagaaacactatatgctaaaacacctagtatgggcaagcagggagctggaaagatttgecacttaace
ctggccttttagagacatcagaaggctgtaaacaaataataaaacagctacaaccagctcttcagacaggaacagaggaa -
cttaggtcattattcaatgcagtagcaactctctattgtgtacatgcagacatagaggtacgagacaccaaagaagcatt
agacaagatagaggaagaacaaaacaaaagtcagcaaaaaacgcagcaggcaaaagaggctgacaaaaaggtcgtcagte
aaaattatcctatagtgcagaatcttcaagggcaaatggtacaccaggcactatcacctagaactttgaatgcatgggta
aaagtaatagaagaaaaagcctttagcccggaggtaatacccatgttcacagcattatcagaaggagccaccecacaaga
tttaaacaccatgttaaataccgtggggggacatcaagcagecatgcaaatgttaaaagataccatcaatgaggaggetg
cagaatgggatagattacatccagtacatgcagggecctgttgcaccaggccaaatgagagaaccaaggggaagtgacata
gcaggaactactagtaaccttcaggaacaaatagcatggatgacaagtaacccacctattccagtgggagatatctataa
aagatggataattctggggttaaataaaatagtaagaatgtatagccctgtcagcattttagacataagacaagggeccaa
aggaaccctttagagattatgtagaccggttctttaaaactttaagagctgaacaagcttcacaagatgtaaaaaattgg
atggcagacaccttgttggtccaaaatgcgaacccagattgtaagaccattttaagagcattaggaccaggagctacatt
agaagaaatgatgacagcatgtcaaggagtgggaggacctagccacaaagcaagagtgttggetgaggcaatgagecaaa
caggcagtaccataatgatgcagagaagcaattttaaaggctctaaaagaactgttaaatgcttcaactgtggcaaggaa
gggcacatagctagaaattgcagggcccctaggaaaaaaggctgttggaaatgtggaaaggaaggacaccaaatgaaaga
ctgtgctgagaggcaggctaattttttagggaaaatttggecttcccacaaggggaggeccagggaatttecttcagaaca
ggccagagccaacagccccaccagcagagagettcaggttecgaggagacaacccectgetccgaagcaggagetgaaagac
agggaacccttaacctccctcaaatcactctttggcagegaccecttgtctcaataaaaatagggggeccagataaaggag
gctctcttagacacaggagcagatgatacagtattagaagaaatgaatttgccaggaaaatggaaaccaaaaatgatagg
aggaattggaggttttatcaaagtaagacagtatgatcaaatacttatagaaatttgtggaaaaaaggctataggtacag
tattagtaggacccacacctgtcaacataattggaagaaatatgctgactcagattggatgcacgctaaattttccaatt
agtcccattgaaactgtaccagtaaaattaaagccaggaatggatggcccaaaggttaaacaatggecattgacagagga
gaaaataaaagcattaacagcaatttgtgatgaaatggagaaggaaggaaaaattacaaaaattgggcctgaaaatccat
ataacactccaatattcgccataaaaaagaaggacagtactaagtggagaaaattagtagatttcagagaacttaataaa
agaactcaagacttctgggaagttcaattaggaataccacacccagcagggttaaaaaagaaaaaatcagtgacagtact
agatgtgggggatgcatatttttcagttcctttagatgaaagctttaggaggtatactgecattcaccatacctagtagaa
acaatgaaacaccagggattagatatcaatataatgtgcttccacaaggatggaaaggatcaccagcaatattccagagt
agcatgacaaaaatcttagagccctttagagcacaaaatccagaaatagtcatctatcaatatatgaatgacttgtatgt
aggatctgacttagaaatagggcaacatagagcaaagatagaggaattaagagaacatctattaaggtggggatttacca
caccagacaagaaacatcagaaagaacccccatttctttggatggggtatgaactccatcctgacaaatggacagtacag
cctatacagctgccagaaaaggagagctggactgtcaatgatatacagaagttagtgggaaaattaaacacggcaageca
gatttacccagggattaaagtaagacaactttgtagactecttagaggggccaaagcactaacagacatagtaccactaa
ctgaagaagcagaattagaattggcagagaacagggaaattctaaaagaaccagtacatggagtatattatgacecttea
aaagacttgatagctgaaatacagaaacagggacatgaccaatggacatatcaaatttaccaagaaccattcaaaaatct
gaaaacagggaagtatgcaaaaatgaggactgcccacactaatgatgtaaaacggttaacagaggcagtgcaaaaaatag
ccttagaaagcatagtaatatggggaaagattcctaaacttaggttacccatccaaaaagaaacatgggagacatggtgg
actgactattggcaagccacctggattcctgagtgggaatttgttaatactecteccctagtaaaattatggtaccaget
agagaaggaacccataataggagtagaaactttctatgtagatggagcagctaatagggaaaccaaaataggaaaagcag
ggtatgttactgacagaggaaggcagaaaattgtttctctaactgaaacaacaaatcagaagactcaattacaagcaatt
tatctagctttgcaagattcaggatcagaagtaaacatagtaacagactcacagtatgcattaggaattattcaagcaca
accagataagagtgaatcagggttagtcaaccaaataatagaacaattaataaaaaaggaaagggtctacctgtcatggg
taccagcacataaaggtattggaggaaatgaacaagtagacaaattagtaagtagtggaatcaggagagtgctataataa
gctcgagatacttggacaggagttgaaactatcataagaatgctgcaacaactactgtttattcatttcagaattgggtyg
ccagcatagcagaataggcattatgagacagagaagagcaagaaatggagccagtagatcctaacctagagecctggaac
catccaggaagtcagcctgaaactgcttgcaataactgttattgtaaacgctatagctaccattgtctagtttgetttea
gagaaaaggcttaggcatttcctatggcaggaagaagcggagacagcgacgaagegetcctcagagcagtgaggatecate
agaattttgtatcaaagcagtaagtatctgtaatgttagatttagattataaattagcagtaggagcatttatagtagca
ctactcatagcaatagttgtgtggaccatagtatttatagaatataggaaattgttaagacaaagaaaaatagactggtt
aattaaaagaattagggaaagagcagaagacagtggcaatgagagtgaaggggatactgaggaattatcgacaatggtgg
atatggggcatcttaggcttttggatgttaatgatttgtaatggaaacttgtgggtcacagtctattatggggtacctgt
gtggaaagaagcaaaaactactctattctgtgcatcaaatgctaaagcatatgagaaagaagtacataatgtctgggcta
cacatgecctgtgtacccacagaccccaacccacaagaaatggttttggaaaacgtaacagaaaattttaacatgtggaaa
aatgacatggtgaatcagatgcatgaggatgtaatcagcttatgggatcaaagcctaaagccatgtgtaaagttgaccee
actctgtgtcactttagaatgtagaaaggttaatgctacccataatgctaccaataatggggatgctacccataatgtta
ccaataatgggcaagaaatacaaaattgctctttcaatgcaaccacagaaataagagataggaagcagagagtgtatgcea
cttttttatagacttgatatagtaccacttgataagaacaactctagtaagaacaactctagtgagtattatagattaat
aaattgtaatacctcagccataacacaagcatgtccaaaggtcagttttgatccaattcctatacactattgtgetccag
ctggttatgcgattctaaagtgtaacaataagacattcaatgggacaggaccatgcaataatgtcagcacagtacaatgt
acacatggaattaagccagtggtatcaactcagctattgttaaacggtagcctagcagaaggagagataataattagatce
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tgaaaatctgacagacaatgtcaaaacaataatagtacatcttgatcaatctgtagaaattgtgtgtacaagacccaaca
ataatacaagaaaaagtataaggatagggccaggacaaacattctatgcaacaggaggcataatagggaacatacgacaa
gcacattgtaacattagtgaagacaaatggaatgaaactttacaaagggtgggtaaaaaattagtagaacacttccctaa
taagacaataaaatttgcaccatcctcaggaggggacctagaaattacaacacatagctttaattgtagaggagaatttt
tctattgcagcacatcaagactgtttaatagtacatacatgcctaatgatacaaaaagtaagtcaaacaaaaccatcaca
atcccatgcagcataaaacaaattgtaaacatgtggcaggaggtaggacgagcaatgtatgeccectcecattgaaggaaa
cataacctgtagatcaaatatcacaggaatactattggtacgtgatggaggagtagattcagaagatccagaaaataata
agacagagacattccgacctggaggaggagatatgaggaacaattggagaagtgaattatataaatataaageggcagaa
attaagccattgggagtagcacccactccagcaaaaaggagagtggtggagagagaaaaaagagcagtaggattaggage
tgtgttccttggattcttgggagcagcaggaagcactatgggcgcagegtcaataacgectgacggtacaggccagacaat
tgttgtctggtatagtgcaacagcaaagcaatttgctgagggectatcgaggegcaacagcatectgttgcaactcacggte
tggggcattaagcagctcecagacaagagtcctggctatcgaaagatacctaaaggatcaacagctcectagggetttgggg
ctgctctggaaaactcatctgcaccactaatgtaccttggaactccagttggagtaacaaatctcaaacagatatttggg
aaaacatgacctggatgcagtgggataaagaagttagtaattacacagacacaatatacaggttgcttgaagactcgcaa
acccagcaggaaagaaatgaaaaggatttattagcattggacaattggaaaaatctgtggaattggtttagtataacaaa
ctggctgtggtatataaaaatattcataatgatagtaggaggcttgataggcttaagaataatttttgectgtgetttcta
tagtgaatagagttaggcagggatactcacctttgtegtttcagacecttaccccaaacccaaggggacccgacaggete
ggaagaatcgaagaagaaggtggagggcaagacagagacagatcgattcgattagtgaacggattcttagcacttgectg
ggacgacctgtggagcctgtgectettcagetaccaccgattgagagacttaatattggtgacagegagageggtggaac
ttctgggacacagcagtctcaggggactacagagggggtgggaageccttaagtatctgggaggtattgtgecagtattgg
ggtctggaactaaaaaagagggctattagtctgcttgatactgtagcaatagcagtagctgaaggcacagataggattat
agaattcctccaaagaatttgtagagctatccgcaacatacctagaaggataagacagggctttgaagcagetttgeagt
aaaatggctagccccgggtgataaacggaccgcgcaatccctaggctgtgccttctagttgccagccatctgttgtttgc
ccctecceccgtgectteccttgacectggaaggtgecacteecactgtectttectaataaaatgaggaaattgecategea
ttgtctgagtaggtgtcattctattectggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagea
ggcatgctggggatgcggtgggctctatataaaaaacgeccggeggcaacegagegt tctgaacgctagagtegacaaat
tcagaagaactcgtcaagaaggcgatagaaggcgatgegetgecgaatcgggageggegataccgtaaagcacgaggaage
ggtcagcccattcgecgecaagetcttcagecaatatcacgggtagccaacgetatgtecctgatagecggtetgecacacce
agccggccacagtcgatgaatccagaaaageggecattttecaccatgatattcggcaagcaggcategecatgggtcac
gacgagatcctcgecegtegggeatgectegecttgagectggegaacagtteggetggegegageccctgatgetcettegt
ccagatcatcctgatcgacaagaccggcettccateccgagtacgtgetegetegatgegatgtttecgettggtggtegaat
gggcaggtageccggatcaagegtatgcagecgeegeattgcatcagccatgatggatacttteteggcaggagecaaggtg
agatgacaggagatcctgecceggcacttegeccaatagcagecagtecectteecgettcagtgacaacgtcgageacag
ctgcgcaaggaacgcccgtegtggecagecacgatagecgegetgectegtettgecagttcattcagggeaccggacagg
tcggtcttgacaaaaagaaccgggcgcccctgcgctgacagccggaacacggcggcatcagagcagcégattgtctgttg
tgcccagtcatagccgaatagcectctecacccaageggecggagaacctgegtgcaatccatcttgttcaatcatgegaa
acgatcctcatcctgtctcttgatcagatcttgatccectgegecatcagatececttggeggcaagaaagecatecagttt
actttgcagggcttcccaaccttaccagagggcgecccagetggcaattceggttegettgetgtccataaaaccgecca
gtctagctatcgccatgtaageccactgcaagectacctgetttctetttgegettgegttttececttgtecagatagece
agtagctgacattcatccggggtcagcaccgtttetgeggactggetttctacgtgaaaaggatctaggtgaagatectt
tttgataatctcatgaccaaaatcccttaacgtgagttttcegttccactgagecgtcagaccccgtagaaaagatcaaagg
atcttcttgagatcctttttttetgegegtaatectgotgettgcaaacaaaaaaaccaccgetaccageggtggtttgtt
tgccggatcaagagctaccaactcetttttocgaaggtaactggcttcagcagagecgcagataccaaatactgttcttceta
gtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgétctgctaatcctgttaccagt
ggctgctgecagtggegataagtcgtgtettacegggttggactcaagacgatagttaccggataaggegcageggtegg
gctgaacggggggttegtgcacacagecccagettggagecgaacgacctacaccgaactgagatacctacagegtgageta
tgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaageggcagggteggaacaggagagegeac
gagggagcttccagggggaaacgectggtatctttatagtectgtecgggtttegecacctetgacttgagecgtegatttt
tgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcccttttacggttcctggccttttgctgg
ccttttgctcacatgttgtcgacaatattggctattggeccattgecatacgttgtatctatatcataatatgtacatttat
attggctcatgtceccaatatgaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggttcatt
agttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaacgacceee
gcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtat
ttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtccgeccectattgacgtcaatgacggtaa
atggccecgectggeattatgcccagtacatgaccttacgggactttectacttggcagtacatctacggtattagteate
ggctattaccatggtgatgcggttttggecagtacaccaatgggcgtggatageggtttgactcacggggatttccaagte
tccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaataaccececgec
ccgttgacgcaaatgggcggtaggegtgtacggtgggaggtctatataagcagagctegtttagtgaacegtcagatege
ctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagectecgeggecgggaacggtgea
ttggaacgcggattcccegtgecaagagtgacgtaagtaccgectatagactctataggcacacccctttggetettatg
catgctatactgtttttggcttggggectatacaccececcgettecttatgetataggtgatggtatagettagectatag
gtgtgggttattgaccattattgaccactcccctattggtgacgatactttccattactaatccataacatggetctttg
ccacaactatctctattggctatatgccaatactctgtecttcagagactgacacggactectgtatttttacaggatggg

fF%A, \gﬁ\
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gtcccatttattatttacaaattcacatatacaacaacgccgtcccccgtgcccgcagtttttattaaacatagcgtggg
atctccacgcgaatctcgggtaccgtgttccggacatgggytcttctccggtagcggcggagcttccacatccgagccct
ggtcccatgcctccagcggctcatggtcgctcggcagctccttgctcctaacagtggaggccagacttaggcacagcaca
fuatgcccaeeaeeaccagtgtgccgcacaaggccgtggcggtagggtatgtgtctgaaaatgagctcggagattgggctcg
caccgctgacgcagatggaagacttaaggcagcggcagaagaagatgcaggcagctgagttgttgtattctgataagagt
cagaggtaactcccgttgcggtgctgttaacggtggagggcagtgtagtctgagcagtactcgttgctgccgcgcgcgcc
accagacataatagctgacagactaacagactgttcctttccatgggtcttttctgcagtcaccat

Fig. i8a
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Figure 18p. pGA1/IN2 Functional Regions

‘Position within sequence
(starting-and ending pos.)

Gene/ORF (indicate

'| complete name of the gene
‘and the expressed gene

Origin of sequence
(organism) o

_ product) : ' :
99-1577 Gag C HIV-1 isolate 98IN012
1382-3520 Pol, inactivating point C HIV-1 isolate 98IN012

mutations in reverse
transcriptase, deletion of
integrase

C HIV-1 isolate 98IN012

3645-3859 and 6205-6295

Tat exons #1 and #2

3784-3859 and 6205-6452

Rev exons #1 and #2

C HIV-1 isolate 98IN012

3873-4121 Vpu C HIV-1 isolate 98IN012
4039-6642 Env C HIV-1 isolate 98IN012
6643-10466 Plasmid vector pGAl, Gen Bank accession #

AF425297
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Figure 18c. IN2 Mutation Chart

PCT/US03/07177

3266-3268

Codon change Amino acid change | Region Function

to TCC position C3908 Gag Ablation of zinc

1260-1262 finger used in
packaging

to TCT position C3938 Gag Ablation of zinc

1269-1271 finger used in
packaging

to TCT position C411S8 Gag Ablation of zinc

1323-1325 finger used in
packaging

to TCT position C414S Gag Ablation of zinc

1332-1334 finger used in
packaging

To AAT position D185N Reverse Inactivation of

2387-2389 Transcriptase Polymerase active
site

To ACG position W266T Reverse Ablation of strand

2630-2632 Transcriptase transfer activity

to CAA position E478Q Rnase H Inactivation of

RNase H activity

1
i
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MVA
-Flank 1

amp=R Direct - pq1

- Repeat 1
MVA,
Flank- 2 o
pLW-48

(42225 bp)



PCT/US03/07177

61/73

WO 03/076591

Q07 b4

HVVLLIVVOL IL1VLIVOVI9) <u<oeohhh<.ho<c<hu<c< LLVVIVOLLD VOVYVOVIOL OLV1O0LLLD
OLLVYVLLOV OVLVIOL929 L191909VVVL VILOIVOLOL YVLIVIOVVY LOLLLOLVIV IVLVIOVYYD 1¢c¢

OLVI99VIVL VVLIVVOVOOV VI99OVIOLL IVO9LLIVVY VIVVLLVLVL VOVIOVOLVO 9VILIOLIOLD
OVLYODLVLV LLVLLSIJJL LVOD9LVOVY VLIOOVVVLILL IVLLVVIVLIV IO919919VID DLOVOVYIVH 182

V1091OVIOL VLOLLLVLOV VVLLVODVVV LOL99VLVLL okho<ﬁ<o<h LOLLLLLYLY JOVOLOVYLLH ;
LVIOVIOLVIV LVOVVVLYOL LLYVLIOOLLL VOVOOLYLVY OVVOLVIOLY VOVVVVVLIVL 910VOLLVVD It1e.

JQVLVOVLOO9 VIVID9OVLIL VIJOVIVIVI 99I7VYVV1OLD OVVIOVOLOL VILOLLILLLY SVLI9L299)
QLVLOLVIID LVIO9D9LVY H<wwH<P<H<‘00wHPH<o<OHwkh<uhc<o< LVVOYYVYVYVL OLYVIVD9D9 11

ARG ) AKIAR LLLVOLVVOD DOLLLVOVOV HLVLVOVVLY .VOVIOVIOOV 19939VDAVD JVVOOVVLL
QVIOOOLVIV YVVLOVLLOD 9OVVVIOLOL OVIVIOLLYL L9L99LVI9L <oouohcuﬁc.ohh00h%<<o I
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Text File of pLW-48 and the Included Individual HIV Genes and Their
. Promoters '

Entire pLW-48 plasmid sequence:

GAATTCGTTGGTGGTCGCCATGGATGGTGTTATIGTATACTGTCTAAACGCG

TTAGTAAAACATGGCGAGGAAATAAATCATATAAAAAATGATTTCATGATTAA
ACCATGTTGTGAAAAAGTCAAGAACGTTCACATTGGCGGACAATCTAAAAAC
AATACAGTGATTGCAGATTTIGCCATATATGGATAATGCGGTATCCGATGTAT
GCAATTCACTGTATAAAAAGAATGTATCAAGAATATCCAGATTTGCTAATTTG
ATAAAGATAGATGACGATGACAAGACTCCTACTGGTGTATATAATTATTTTAA -
ACCTAAAGATGCCATTCCTGTTATTATATCCATAGGAAAGGATAGAGATGTTT
GTGAACTATTAATCTCATCTGATAAAGCGTGTGCGTGTATAGAGTTAAATTCA.

TATAAAGTAGCCATTCTTCCCATGGATGTTTCCTTTTTTACCAAAGGAAATGC - -

ATCATTGATTATTCTCCTGTTTGATTTCTCTATCGATGCGGCACCTCTCTTAA
GAAGTGTAACCGATAATAATGTTATTATATCTAGACACCAGCGTCTACATGA
_CGAGCTTCCGAGTTCCAATTGGTTCAAGTTTTACATAAGTATAAAGTCCGAC
TATTGTTCTATATTATATATGGTTGTTGATGGATCTGTGATGCATGCAATAGC
. TGATAATAGAACTTACGCAAATATTAGCAAAAATATATTAGACAATACTACAA

TTAACGATGAGTGTAGATGCTGTTATTTTGAACCACAGATTAGGATTCTTGAT =

AGAGATGAGATGCTCAATGGATCATCGTGTGATATGAACAGACATTGTATTA
TGATGAATTTACCTGATGTAGGCGAATTTGGATCTAGTATGTTGGGGAAATA
TGAACCTGACATGATTAAGATTGCTCTITCGGTGGCTGGGTACCAGGCGCG
CCTTTCATTTIGTTITTTTTICTATGCTATAAATGGTACGTCCTGTAGAAACCCC
AACCCGTGAAATCAAAAAACTCGACGGCCTGTGGGCATTCAGTCTGGATCG
CGAAAACTGTGGAATTGATCAGCGTTGGTGGGAAAGCGCGTTACAAGAAAG
CCGGGCAATTGCTGTGCCAGGCAGTTTTAACGATCAGTTCGCCGATGCAGA
TATTCGTAATTATGCGGGCAACGTCTGGTATCAGCGCGAAGTCTTTATACCG
- AAAGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCGATGCGGTCACTCAT .
‘“TACGGCAAAGTGTGGGTCAATAATCAGGAAGTGATGGAGCATCAGGGCGG
. CTATACGCCATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGGGAAAAG
TGTACGTATCACCGTTTGTGTGAACAACGAACTGAACTGGCAGACTATCCC
GCCGGGAATGGTGATTACCGACGAAAACGGCAAGAAAAAGCAGTCTTACTT
CCATGATTTCTTTAACTATGCCGGAATCCATCGCAGCGTAATGCTCTACACC
ACGCCGAACACCTGGGTGGACGATATCACCGTGGTGACGCATGTCGCGCA
. AGACTGTAACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGT
CAGCGTTGAACTGCGTGATGCGGATCAACAGGTGGTTGCAACTGGACAAG
GCACTAGCGGGACTTTGCAAGTGGTGAATCCGCACCTCTGGCAACCGGGT
GAAGGTTATCTCTATGAACTGTGCGTCACAGCCAAAAGCCAGACAGAGTGT
GATATCTACCCGCTTCGCGTCGGCATCCGGTCAGTGGCAGTGAAGGGCGA
ACAGTTCCTGATTAACCACAAACCGTTCTACTITACTGGCTTTGGTCGTCAT
GAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGTGCAC
GACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCAT
TACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTG

‘?:’6. 2]
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GTGATTGATGAAACTGCTGCTGTCGGC'I"I'I'AACCTCTCTTI’AGGCA'ITGGTI'
TCGAAGCGGGCAACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTCAAC -
GGGGAAACTCAGCAAGCGCACTTACAGGCGATTAAAGAGCTGATAGCGCGT
GACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAACCGGAT
ACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAGCAAC

" GCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTG
* CGACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAA
" CCGTTATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAA
GGTACTGGAAAAAGAACTTCTGGCCTGGCAGGAGAAACTGCATCAGCCGAT
TATCATCACCGAATACGGCGTGGATACGTTAGCCGGGCTGCACTCAATGTA - -
CACCGACATGTGGAGTGAAGAGTATCAGTGTGCATGGCTGGATATGTATCA
CCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAACAGGTATGGAATTT
CGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAACAAGAA -
_ AGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGCA
AAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCA
AACAATGAGAGCTCGGTTGTTGATGGATCTGTGATGCATGCAATAGCTGATA
ATAGAACTTACGCAAATATTAGCAAAAATATATTAGACAATACTACAATTAAC .
GATGAGTGTAGATGCTGTTATTTTGAACCACAGATTAGGATTCTTGATAGAG
ATGAGATGCTCAATGGATCATCGTGTGATATGAACAGACATTGTATTATGAT -
GAATTTACCTGATGTAGGCGAATTTGGATCTAGTATGTTGGGGAAATATGAA
CCTGACATGATTAAGATTGCTCTTTCGGTGGCTGGCGGCCCGCTCGAGTAA
AAAATGAAAAAATATTCTAATTTATAGGACGGTTTTGATTTTCTTTTTTICTAT
GCTATAAATAATAAATAGCGGCCGCACCATGAAAGTGAAGGGGATCAGGAA
GAATTATCAGCACTTGTGGAAATGGGGCATCATGCTCCTTGGGATGTTGATG -
ATCTGTAGTGCTGTAGAAAATTTGTGGGTCACAGTTTATTATGGGGTACCTG
TGTGGAAAGAAGCAACCACCACTCTATTTTGTGCATCAGATGCTAAAGCATA
TGATACAGAGGTACATAATGTTTGGGCCACACATGCCTGTGTACCCACAGA -
' CCCCAACCCACAAGAAGTAGTATTGGAAAATGTGACAGAAAATTTTAACATG
TGGAAAAATAACATGGTAGAACAGATGCATGAGGATATAATCAGTTTATGGG
ATCAAAGCCTAAAGCCATGTGTAAAATTAACCCCACTCTGTGTTACTTTAAAT
TGCACTGATTTGAGGAATGTTACTAATATCAATAATAGTAGTGAGGGAATGA
- GAGGAGAAATAAAAAACTGCTCTTTCAATATCACCACAAGCATAAGAGATAA
GGTGAAGAAAGACTATGCACTTTTCTATAGACTTGATGTAGTACCAATAGATA
ATGATAATACTAGCTATAGGTTGATAAATTGTAATACCTCAACCATTACACAG
GCCTGTCCAAAGGTATCCTTTGAGCCAATTCCCATACATTATTIGTACCCCGG
CTGGTTTTGCGATTCTAAAGTGTAAAGACAAGAAGTTCAATGGAACAGGGCC
ATGTAAAAATGTCAGCACAGTACAATGTACACATGGAATTAGGCCAGTAGTG
TCAACTCAACTGCTGTTAAATGGCAGTCTAGCAGAAGAAGAGGTAGTAATTA
GATCTAGTAATTTCACAGACAATGCAAAAAACATAATAGTACAGTTGAAAGAA
TCTGTAGAAATTAATTGTACAAGACCCAACAACAATACAAGGAAAAGTATAC
ATATAGGACCAGGAAGAGCATTTTATACAACAGGAGAAATAATAGCGAGATAT
. AAGACAAGCACATTGCAACATTAGTAGAACAAAATGGAATAACACTTTAAAT
CAAATAGCTACAAAATTAAAAGAACAATTTGGGAATAATAAAACAATAGTCTT
TAATCAATCCTCAGGAGGGGACCCAGAAATTGTAATGCACAGTTTTAATTGT
GGAGGGGAATTCTTCTACTGTAATTCAACACAACTGTTTAATAGTACTTGGA
ATTTTAATGGTACTTGGAATTTAACACAATCGAATGGTACTGAAGGAAATGA
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CACTATCACACTCCCATGTAGAATAAAACAAATTATAAATATGTGGCAGGAA -
GTAGGAAAAGCAATGTATGCCCCTCCCATCAGAGGACAAAT[AGATGCTCAT
CAAATA'ITACAGGGCTAATATTAACAAGAGATGG‘TGGAACTAACAGTAGTGG :
' GTCCGAGATCTTCAGACCTGGGGGAGGAGATATGAGGGACAATI"GGAGAA :
_GTGAATTATATAAATATAAAGTAGTAAAAA'ITGAACCATTAGGAGTAGCACCC '
ACCAAGGCAAAAAGAAGAGTGGTGCAGAGAGA_AAAAAGAGCAGTGGGAAC
GATAGGAGCTATGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGG
| CGCAGCGTCAATAACGCTGACGGTACAGGCCAGACTATTATTGTCTGGTAT
. AGTGCAACAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCT _
GTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAGTCCTGG
CTGTGGAAAGATACCTAAGGGATCAACAGCTCCTAGGGATFTGGGGTTGCT
CTGGAAAACTCATCTGCACCACTGCTGTGCCTT_GGAATGCTAGTTGGAGTA
ATAAAACTCTGGATATGATITGGGATAACATGACCTGGATGGAGTGGGAAA
GAGAAATCGAAAATTACACAGGCTTAATATACACCTTAATTGAGGAATCGCA
GAACCAACAAGAAAAGAATGAACAAGACTTATTAGCATTAGATAAGTGGGCA
AG'ITTGTGGAA’ITGGTT]'GACATATCAAATI'GGCTGTGGTATGTAAAAATCTT
CATAATGATAGTAGGAG GCTTGATAGGTTTAAGAATAGTTTTTACTGTACTTT.
CTATAGTAAATAGAGTTAGGCAGGGATACTCACCA'ITGTCAmCAGACCCA
CCTCCCAGCCCCGAGGGGACCCGACAGGCCCGAAGGAATCGAAGAAGAAG
GTGGAGACAGAGACTAAWATGCGGCCGCTGGTACCCAACCTAAAAATT
GAAAATAAATACAAAGG']TCTTGAGGGTTGTGTTAAATTGAAAGCGAGAAAT
‘ AATCATAAATAAGCCCGGGGATCCTCTAGAGTCGACACCATGGGTGCGAGA
GCGTCAGTATTAAGCGGGGGAGAATTAGATC_GATGGGAAAAAA“CGGTTA
AGGCCAGGGGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCA '
GGGAGCTAGAACGATTCGCAG'ITAATCCTGGCCTGTTAGAAACATCAGAAG
GCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAG
AAGAACTTAGATCATTATATAATACAG:TAGCAACCCTCTATTGTGTGCATCAA
AGGATAGAGATAAAAGACACCAAGGAAGCWTAGACAAGATAGAGGAAGAG )
CAAAACAAAAGTAAGAAAAAA'GCACAGCAAGCAGCAGCTGACACAGGACAC
AAGCAATCAGGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCM '
'ATGGTACA—TCAGGCCATATCACCTAGAACT]TAAATGCATGGGTAAAAGTAG '
TAGAAGAGAAGGCmCAGCCCAGAAGT_GATACCCATGTWCAGCATTATC
AGAAGGAGCCACCCCACAAGATFTAAACACCATGCTAAACACAGTGGGGGG
ACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCAATGAGGAAGCTGC
AGAATGGGATAGAGTGCATCCAGTGCATGCAGGGCCTAWGCACCAGGCCA
GATGAGAGAACCAAGG.GGAAGTGACATAGCAGGAACTACTAGTACCCTTCA
) GGAACAAATAGGATGGATGACAAATAATCCACCTATCCCAGTAGGAGAAATT
TATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCC
TACCAGCATTCTGGACATAAGACAAGGACCAAAAGAACCCTI'TAGAGACTAT
‘GTAGACCGGTTCTATAAAACTCTAAGAGCCGAGCAAGCTTCACAGGAGGTA
AAAAATTGGATGACAGAAACCTI'GTTGGTCCAAAATGCGAACCCAGATTGTA
AGACTATmAAAAGCATTGGGACCAGCGGCTACACTAGAAGAAATGATGAC
AGCATGTCAGGGAGTAGGAGGACCCGGCCATAAGGCAAGAGTITTGGCTG
AAGCAATGAGCCAAGTAACAAATTCAGCTACCATAATGATGCAGAGAGGCA»
ATTTTAGGAACCAAAGAAAGATTGTTAAGTGWCAATTGTGGCAAAGAAGG
GCACACAGCCAGAAATTGCAGGGCCCCTAGGAAAAAGGGCTGTTGGAAAT
-
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GTGGAAAGGAAGGACACCAAATGAAAGATTGTACTGAGAGACAGGCTAATT
TTTTAGGGAAGATCTGGCCTTCCTACAAGGGAAGGCCAGGGAATTTTCTTCA
GAGCAGACCAGAGCCAACAGCCCCACCAGAAGAGAGCTTCAGGTCTGGGG
TAGAGACAACAACTCCCCCTCAGAAGCAGGAGCCGATAGACAAGGAACTGT
ATCCTTTAACTTCCCTCAGATCACTCTTTGGCAACGACCCCTCGTCACAATA
AAGATAGGGGGGCAACTAAAGGAAGCTCTATTAGATACAGCGAGCAGATGAT .
ACAGTATTAGAAGAAATGAGTTTGCCAGGAAGATGGAAACCAAAAATGATAG
GGGGAATTGGAGGTTTTATCAAAGTAAGACAGTATGATCAGATACTCATAGA
AATCTGTGGACATAAAGCTATAGGTACAGTATTAGTAGGACCTACACCTGTC
AACATAATTGGAAGAAATCTGTTGACTCAGATTGGTTGCACTTTAAATTTTICC
CATTAGCCCTATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGATGGC
. CCAAAAGTTAAACAATGGCCATTGACAGAAGAAAAAATAAAAGCATTAGTAG
AAATTTGTACAGAAATGGAAAAGGAAGGGAAAATTTCAAAAATTGGGCCTGA -
GAATCCATACAATACTCCAGTATTTGCCATAAAGAAAAAAGACAGTACTAAAT o
GGAGGAAATTAGTAGATTTCAGAGAACTTAATAAGAGAACTCAAGACTTCTG:

. GGAAGTTCAATTAGGAATACCACATCCCGCAGGGTTAAAAAAGAAAAAATCA

GTAACAGTA_CTGGATGTGGGTGATGCATA'I'ITI'TCAGTTCCCTTAGATGAAG
ACTTCAGGAAGTATACTGCATTTACCATACCTAGTATAAACAATGAGACACC
AGGGATTAGATATCAGTACAATGTGCTTCCACAGGGATGGAAAGGATCACC
AGCAATATTCCAAAGTAGCATGACAAAAATCTTAGAGCCTTTTAAAAAACAAA
ATCCA_GACATAG'ITATCTATCAATACATGAACGA'ITI'GTATGTAGGATCTGAC
TTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAGCTGAGACAACATCTG
TTGAGGTGGGGACTTACCACACCAGACAAAAAACATCAGAAAGAACCTCCA
TTCCTTTGGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCCTA
TAGTGCTGCCAGAAAAAGACAGCTGGACTGTCAATGACATACAGAAGTTAG
TGGGGAAATTGAATACCGCAAGTCAGATTTACCCAGGGATTAAAGTAAGGC
AATTATGTAAACTCCTTAGAGGAACCAAAGCACTAACAGAAGTAATACCACT
AACAGAAGAAGCAGAGCTAGAACTGGCAGAAAACAGAGAGATTCTAAAAGA
ACCAGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATAGCAGAAATA
CAGAAGCAGGGGCAAGGCCAATGGACATATCAAATITATCAAGAGCCAT'IT
 AAAAATCTGAAAACAGGAAAATATGCAAGAATGAGGGGTGCCCACACTAAT
GATGTAAAACAATTAACAGAGGCAGTGCAAAAAATAACCACAGAAAGCATAG
TAATATGGGGAAAGACTCCTAAATTTAAACTACCCATACAAAAGGAAACATG
GGAAACATGGTGGACAGAGTATTGGCAAGCCACCTGGATTCCTGAGTGGGA
GTTTGTTAATACCCCTCCTTTAGTGAAATTATGGTACCAGTTAGAGAAAGAA
CCCATAGTAGGAGCAGAAACCTTCTATGTAGATGGGGCAGCTAACAGGGAG
ACTAAATTAGGAAAAGCAGGATATGTTACTAACAAAGGAAGACAAAAGG'ITG
'TCCCCCTAACTAACAC_AACAAATCAGAAAACTCAG’ITAGAAGCAA'I'I'TATCTA
GCTITGCAGGA'ITCAGGA'ITAGAAGTAAACATAGTAACAGACTCACAATATG
CATTAGGAATCATTCAAGCACAACCAGATAAAAGTGAATCAGAG'ITAGTCAA
TCAAATAATAGAGCAGTTAATAAAAAAGGAAAAGGTCTATCTGGCATGGGTA
CCAGCACACAAAGGAATTGGAGGAAATGAACAAGTAGATAAATTAGTCAGT
GCTGGAATCAGGAAAATACTATTTTTAGATGGAATAGATAAGGCCCAAGATG
AACATTAGTTTTTATGTCGACCTGCAGGGAAAGTTTTATAGGTAGTTGATAG |
AACAAAATACATAATTTTGTAAAAATAAATCACTTTTTATACTAATATGACACG
ATTACCAATACTTTTGTTACTAATATCATTAGTATACGCTACACCTTTTCCTCA
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GACATCTAAAAAAATAGGTGATGATGCAACTTTATCATGTAATCGAAATAATA
CAAATGACTACGTTGTTATGAGTGCTTGGTATAAGGAGCCCAATTCCATTAT
TCTTTTAGCTGCTAAAAGCGACGTCTTGTATTTTGATAATTATACCAAGGATA
AAATATCTTACGACTCTCCATACGATGATCTAGTTACAACTATCACAATTAAA
TCATTGACTGCTAGAGATGCCGGTACTTATGTATGTGCATTCTITATGACATC

* - 'GCCTACAAATGACACTGATAAAGTAGATTATGAAGAATACTCCACAGAGTTG

ATTGTAAATACAGATAGTGAATCGACTATAGACATAATACTATCTGGATCTAC
ACATTCACCAGAAACTAGTTAAGCTTGTCTCCCTATAGTGAGTCGTATTAGA
GCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCT
CACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGG
TGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCGAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGC
GCGGGCAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCAC
TGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGCAGCGGTATCAGCTCACT
CAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGA
ACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCG
TTGCTGGCGTTTTTCGATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCG
CTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCT
CATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAG
CTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATC
CGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT
GGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTG
CTACAGAGTICTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAG
TATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGG
TAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTITITGTT
TGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTA.
AAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCG -
TTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAG
GGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCA
CCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCG
CAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTIGTTGC
CGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTT
GGCATTGCTACAGGCATCGTGGTGTCACGETCGTECGTTTGGTATGGCTTCA
TTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT
TGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC
TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAG
TCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCA
ATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTG
GAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT
CCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTITAC
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- “TTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAA
AAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTIT -
 CAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA
AAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAA
AAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGG
TGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCCGGTGTT
GGCGGGTGTCGGGGCTGGCTTAACTA_TGCGGCATCAGAGCAGATTGTACT
_ GAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAA
ATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGG
‘GCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGAT
GTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGAC
GTTGTAAAACGACGGCCAGTGAATTGGATTTAGGTGACACTATA

New Psvyn Il Promoter which controls ADA envelope expression:

' T_AAAAAATGAAAAAATA'ITCTAATTTATAGGACGG'I-_'I.']TGA‘I’ITTCTFHTTI’C
TATGCTATAAATAATAAATA o

ADA envelope truncated:

ATGAAAGTGAAGGGGATCAGGAAGAATTATCAGCACTTGTGGAAATGGGGC
ATCATGCTCCTTGGGATGTTGATGATCTGTAGTGCTGTAGAAAATTTGTGGG
TCACAGTTTATTATGGGGTACCTGTGTGGAAAGAAGCAACCACCACTCTATT
TTGTGCATCAGATGCTAAAGCATATGATACAGAGGTACATAATGTTTGGGCC
ACACATGCCTGTGTACCCACAGACCCCAACCCACAAGAAGTAGTATTGGAA
AATGTGACAGAAAATTTTAACATGTGGAAAAATAACATGGTAGAACAGATGC
ATGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGTAAAATT
AACCCCACTCTGTGTTFACTTTAAATTGCACTGATTTGAGGAATGTTACTAATA
TCAATAATAGTAGTGAGGGAATGAGAGGAGAAATAAAAAACTGCTCTTTCAA -
TATCACCACAAGCATAAGAGATAAGGTGAAGAAAGACTATGCACTTTTCTAT
AGACTTGATGTAGTACCAATAGATAATGATAATACTAGCTATAGGTTGATAAA
TTGTAATACCTCAACCATTACACAGGCCTGTCCAAAGGTATCCTTTGAGCCA
. ATTCCCATACATTATTGTACCCCGGCTGGTTTTGCGATTCTAAAGTGTAAAG
ACAAGAAGTTCAATGGAACAGGGCCATGTAAAAATGTCAGCACAGTACAAT
GTACACATGGAATTAGGCCAGTAGTGTEAACTEAACTGETGTTAAATCGGCAG
TCTAGCAGAAGAAGAGGTAGTAATTAGATCTAGTAATTTCACAGACAATGCA
AAAAACATAATAGTACAGTTGAAAGAATCTGTAGAAATTAATTGTACAAGACC
CAACAACAATACAAGGAAAAGTATACATATAGGACCAGGAAGAGCATTTTAT
ACAACAGGAGAAATAATAGGAGATATAAGACAAGCACATTGCAACATTAGTA
GAACAAAATGGAATAACACTTTAAATCAAATAGCTACAAAATTAAAAGAACAA
TTTGGGAATAATAAAACAATAGTCTTTAATCAATCCTCAGGAGGGGACCCAG
AAATTGTAATGCACAGTTTTAATTGTGGAGGGGAATTCTTCTACTGTAATTCA
ACACAACTGTTTAATAGTACTTGGAATTTTAATGGTACTTGGAATTTAACACA
tig. Ll
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ATCGAATGGTACTGAAGGAAATGACACTATCACACTCCCATGTAGAATAAAA
CAAATTATAAATATGTGGCAGGCAAGTAGGAAAAGCAATGTATGCCCCTCCCA -
TCAGAGGACAAATTAGATGCTCATCAAATATTACAGGGCTAATATTAACAAG
AGATGGTGGAACTAACAGTAGTGGGTCCGAGATCTTCAGACCTGGGGGAG
"GAGATATGAGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAA
AATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAAAGAACAGTGGTGCA
GAGAGAAAAAAGAGCAGTGGGAACGATAGGAGCTATGTTCCTTGGGTTCTT
GGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATAACGCTGACGGTAC
AGGCCAGACTATTATTGTCTGGTATAGTGCAACAGCAGAACAATTTGCTGAG
GGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAA
GCAGCTCCAGGCAAGAGTCCTGGCTGTGGAAAGATACCTAAGGGATCAACA
- GCTCCTAGGGATTTGGGGTTGCTCTGGAAAACTCATCTGCACCACTGCTGT
GCCTTGGAATGCTAGTTGGAGTAATAAAACTCTGGATATGATTTGGGATAAC -
ATGACCTGGATGGAGTGGGAAAGAGAAATCGAAAATTACACAGGCTTAATAT -
ACACCTTAATTGAGGAATCGCAGAACCAACAAGAAAAGAATGAACAAGACTT
ATTAGCATTAGATAAGTGGGCAAGTTTGTGGAATTGGTTTGACATATCAAATT
GGCTGTGGTATGTAAAAATCTTCATAATGATAGTAGGAGGCTTGATAGGTTT
AAGAATAGTTTTTACTGTACTTTCTATAGTAAATAGAGTTAGGCAGGGATACT
CACCATTGTCATTTCAGACCCACCTCCCAGCCCCGAGGGGACCCGACAGG
- CCCGAAGGAATCGAAGAAGAAGGTGGAGACAGAGAC

PmHS bromoter (which controls HXB2 gag pol expressionl' :

AAAAA'ITGAAAATAAATACAAAGG'ITCTTGAGGGTTGTGTTAAATTGAAAGC
GAGAAATAATCATAAATA

HXB2 qaq pol {with safety mutations, A inteqrase):

ATG GGTGCGAGAGCGTCAGTAT!’AAGCGGGGGAGAATTAGATCGATGGGA
- AAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAAAACATATA
GTATGGGCAAGCAGGGAGCTAGAACGATICGCAGTTAATCCTGGCCTGTTA
GAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTT
CAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCT
ATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAA
GATAGAGGAAGAGCAAAACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGC
TGACACAGGACACAGCAATCAGGTCAGCCAAAATTACCCTATAGTGCAGAA
_CATCCAGGGGCAAATGGTACATCAGGCCATATCACCTAGAACTTTAAATGCA
TGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCAGAAGTGATACCCATG
TTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAA
ACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA .
ATGAGGAAGCTGCAGAATGGGATAGAGTGCATCCAGTGCATGCAGGGCCT
ATTGCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGACATAGCAGGAAC
TACTAGTACCCTTCAGGAACAAATAGGATGGATGACAAATAATCCACCTATC
CCAGTAGGAGAAATTTATAAAAGATGGATAATCCTGGGATTAAATAAAATAG
TAAGAATGTATAGCCCTACCAGCATTCTGGACATAAGACAAGGACCAAAAGA
ACCCTTTAGAGACTATGTAGACCGGTTCTATAAAACTCTAAGAGCCGAGCAA
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GCTTCACAGGAGGTAAAAAATTGGATGACAGAAACCTTGTTGGTCCAAAATG
CGAACCCAGATTGTAAGACTATTTTAAAAGCATTGGGACCAGCGGCTACACT
AGAAGAAATGATGACAGCATGTCAGGGAGTAGGAGGACCCGGCCATAAGG

CAAGAGTTTTGGCTGAAGCAATGAGCCAAGTAACAAATTCAGCTACCATAAT
GATGCAGAGAGGCAATTTTAGGAACCAAAGAAAGATTGTTAAGTGTTTCAAT
TGTGGCAAAGAAGGGCACACAGCCAGAAATTGCAGGGCCCCTAGGAAAAA

GGGCTGTTGGAAATGTGGAAAGGAAGGACACCAAATCAAAGATTGTACTGA-
GAGACAGGCTAATTTTTTAGGGAAGATCTGGCCTTCCTACAAGGGAAGGCC

- AGGGAATTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGAAGAGAG . .

CTTCAGGTCTGGGGTAGAGACAACAACTCCCCCTCAGAAGCAGGAGCCGAT
AGACAAGGAACTGTATCCTTTAACTTCCCTCAGATCACTCTTTGGCAACGAC
CCCTCGTCACAATAAAGATAGGGGGGCAACTAAAGGAAGCTCTATTAGATA
CAGGAGCAGATGATACAGTATTAGAAGAAATGAGTTTGCCAGGAAGATGGA -
AACCAAAAATGATAGGGGGAATTGGAGGTTTTATCAAAGTAAGACAGTATGA -
TCAGATACTCATAGAAATCTGTGGACATAAAGCTATAGGTACAGTATTAGTA
GGACCTACACCTGTCAACATAATTGGAAGAAATCTGTTGACTCAGATTGGTT
GCACTTTAAATTTTCCCATTAGCCCTATTGAGACTGTACCAGTAAAATTAAAG -
CCAGGAATGGATGGCCCAAAAGTTAAACAATGGCCATTGACAGAAGAAAAA
ATAAAAGCATTAGTAGAAATTTGTACAGAAATGGAAAAGGAAGGGAAAATTT
CAAAAATTGGGCCTGAGAATCCATACAATACTCCAGTATTTGCCATAAAGAA
AAAAGACAGTACTAAATGGAGGAAATTAGTAGATTTCAGAGAACTTAATAAG
AGAACTCAAGACTTCTGGGAAGTTCAATTAGGAATACCACATCCCGCAGGG -
TTAAAAAAGAAAAAATCAGTAACAGTACTGGATGTGGGTGATGCATATTTTTC
AGTTCCCTTAGATGAAGACTTCAGGAAGTATACTGCATTTACCATACCTAGT
ATAAACAATGAGACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGG
GATGGAAAGGATCACCAGCAATATTCCAAAGTAGCATGACAAAAATCTTAGA
GCCTTTTAAAAAACAAAATCCAGACATAGTTATCTATCAATACATCGAACGATT
TGTATGTAGGATCTGACTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGA
GCTGAGACAACATCTGTTGAGGTGGGGACTTACCACACCAGACAAAAAACA
. TCAGAAAGAACCTCCATTCCTTTGGATGGGTTATGAACTCCATCCTGATAAA
TGGACAGTACAGCCTATAGTGCTGCCAGAAAAAGACAGCTGGACTGTCAAT
GACATACAGAAGTTAGTGGGGAAATTGAATACCGCAAGTCAGATTTACCCA -
GGGATTAAAGTAAGGCAATTATGTAAACTCCTTAGAGGAACCAAAGCACTAA
CAGAAGTAATACCACTAACAGAAGAAGCAGAGCTAGAACTGGCAGAAAACA.
GAGAGATTCTAAAAGAACCAGTACATGGAGTGTATTATGACCCATCAAAAGA.
CTTAATAGCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACATATCAAAT
TTATCAAGAGCCATTTAAAAATCTGAAAACAGGAAAATATGCAAGAATGAGG .
GGTGCCCACACTAATGATGTAAAACAATTAACAGAGGCAGTGCAAAAAATAA
CCACAGAAAGCATAGTAATATGGGGAAAGACTCCTAAATTTAAACTACCCAT
ACAAAAGGAAACATGGGAAACATGGTGGACAGAGTATTGGCAAGCCACCTG
GATTCCTGAGTGGGAGTTTGTTAATACCCCTCCTTTAGTGAAATTATGGTAC .
CAGTTAGAGAAAGAACCCATAGTAGGAGCAGAAACCTTCTATGTAGATGGG
GCAGCTAACAGGGAGACTAAATTAGGAAAAGCAGGATATGTTACTAACAAA
GGAAGACAAAAGGTTGTCCCCCTAACTAACACAACAAATCAGAAAACTCAGT
TACAAGCAATTTATCTAGCTTTGCAGGATTCAGGATTAGAAGTAAACATAGTA
ACAGACTCACAATATGCATTAGGAATCATTCAAGCACAACCAGATAAAAGTG

{’Ii\ 2



WO 03/076591 PCT/US03/07177
70/73

 _AATCAGAGTTAGTCAATCAAATAATAGAGCAGTTAATAAAAAAGGAAAAGGT
. CTATCTGGCATGGGTACCAGCACACAAAGGAATTGGAGGAAATGAACAAGT.

AGATAAATTAGTCAGTGCTGGAATCAGGAAAATACTATTTTTAGATGGAATA
GATAAGGCCCAAGATGAACATTAG
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Plasmid pLW-48

PM. Psynll - PmH5

DR - GUS DR ADAenv{irunc) HXBZ
MVA' _ | gag pol MVA
left .. . - right
flank ~ . flank

Recomblnation '

2x plagque purification (GUS) |

Plate In triplicate _
Immunostaln for GUS, expressed protein

Obtaln GUS negative, protein posltive .

. v
Virus MIVA/HIV-48
Psynll . PmH5
MVA© _ | ' MVA
let - —ADAenv (irunc)~ '?éi;Bsol —--right
flank ! flank
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Sequetice of new Psyn Il promoter:

Early part of promoter

Critlcal region- . o Early g‘tfrt sfte .
TAAAAAATGAAAAAATA'ITCTAATFTATAGGACGGT

[ate part of promoter

[TTGATTTTCTITTTTICTATGCTATAAATAATAAATA
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