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POLYNUCLEOTIDES ENCODING ANTIGENIC HIV TYPE B
POLYPEPTIDES, POLYPEPTIDES AND USES THEREOF

TECHNICAL FIELD
Polynucleotides encoding antigenic HIV polypeptides (e.g., those shown in
Table C) are described, as are uses of these polynucleotides and polypeptide products

including formulations of immunogenic compositions and uses thereof.

BACKGROUND OF THE INVENTION

Acquired immune deficiency syndromé (AIDS) is recognized as one of the
greatest health threats facing modern medicine. There is, as yet, no cure for this
disease.

In 1983-1984, three groups independently identified the suspected etiological
agent of AIDS. See, e.g., Barre-Sinoussi et al. (1983) Science 220:868-871;
Montagnier et al., in Human T-Cell Leukemia Viruses (Gallo, Essex & Gross, eds.,
1984); Vilmer et al. (1984) The Lancet 1:753; Popovic et al. (1984) Science
224:497-500; Levy et al. (1984) Science 225:840-842. These isolates were variously
called lymphadenopathy-associated virus (LAV), human T-cell lymphotropic virus
type Il (HTLV-III), or AIDS-associated retrovirus (ARV). All of these isolates are
strains of the same virus, and were later co]lecﬁvely named Human Immunodeficiency
Virus (HIV). With the isolation of a related AIDS-causing virus, the strains originally
called HIV are now termed HIV-1 and the related virus is called HIV-2 See, e.g.,
Guyader et al. (1987) Nature 326:662-669; Brun-Vezinet et al. (1986) Science
233:343-346; Clavel et al. (1986) Nature 324:691-695.

A great deal of information has been gathered about the HIV virus, however,
to date an effective vaccine has not been identified. Several targets for vaccine
development have been examined including the env and Gag gene products encoded
by HIV. Gag gene products include, but are not limited to, Gag-polymerase and Gag-
protease. Env gene products include, but are not limited to, monomeric gp120

polypeptides, oligomeric gp140 polypeptides and gp160 polypeptides.
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Haas, et al., (Current Biology 6(3):315-324, 1996) suggested that selective
codon usage by HIV-1 appeared to account for a substantial fraction of the inefficiency
of viral protein synthesis. Andre, et al,, (J. Virol. 72(2):1497-1503, 1998) described
an increased immune response elicited by DNA vaccination employing a synthetic

gp120 sequence with modified codon usage. Schneider, et al., (J Virol. 71(7):4892-

4903, 1997) discuss inactivation of inhibitory (or-instability) elements (INS) located

within the coding sequences of the Gag and Gag-protease coding sequences.

The Gag proteins of HIV-1 are necessary for the assembly of virus-like

' particles. HIV-1 Gag proteins are involved in many stages of the life cycle of the virus

including, assembly, virion maturation after particle release, and early post-entry steps
in virus replication. The roles of HIV-1 Gag proteins are numerous and complex
(Freed, E.O., Virology 251:1-15, 1998).

Wolf, et al., (PCT International Application, WO 96/30523, published 3
October 1996; European Patent Application, Publication No. 0 449 116 Al, published
2 October 1991) have described the use of altered pr55 Gag of HIV-1 to act as a non-
infectious retroviral-like particulate carrier, in particular, for the presentation of
immunologically important epitopes. Wang, et al., (Virology 200:524-534, 1994)
describe a system to study assembly of HIV Gag;B-galactosidase fusion proteins into
virions. They describe the construction of sequences encoding HIV Gag-B-
galactosidase fusion proteins, the expression of such sequences in the presence of HIV
Gag proteins, and assembly of these proteins into virus particles.

Shiver, et al., (PCT International Application, WO 98/34640, published 13
August 1998) described altering HIV-1 (CAM1) Gag coding sequences to produce
synthetic DNA molecules encoding HIV Gag and modifications of HIV Gag. The
codons of the synthetic molecules were codons preferred by a projected host cell.

Recently, use of HIV Env polypeptides in immunogenic compositions has been
described. (see, U.S. Patent No. 5,846,546 to Hurwitz et al., issued December 8,
1998, describing immunogenic compositions comprising a mixture of at Jeast four
different recombinant virus that each express a different HI'V env variant; and U.S.
Patent No. 5,840,313 to Vahlne et al., issued November 24, 1998, describing peptides
Whiqh correspond to epitopes of the HIV-1 gp120 protein). In addition, U.S. Patent
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No. 5,876,731 to Sia et al, issued March 2, 1999 describes candidate vaccines against
HIV comprising an amino acid sequence of a T-cell epitope of Gag linked directly to
an amino acid sequence of a B-cell epitope of the V3 loop protein of an HIV-1 isolate

containing the sequence GPGR.

SUMMARY OF THE INVENTION

Described herein are novel HIV sequences, polypeptides encoded by these
novel sequences, and synthetic expression cassettes generated from these and other
HIV sequences. In one aspect, the present invention relates to improved HIV
expression cassettes. In a second aspect, the present invention relates to generating an
immune response in a subject using the expression cassettes of the present invention.
In a further aspect, the present invention relates to gcneréting an immune response in a
subject using the expression cassettes of the present invention, as well as, polypeptides
encoded by the expression cassettes of the present invention. In another aspect, the
present invention relates to enhanced vaccine technologies for the induction of potent
neutralizing antibodies and/or cellular immune responses against HIV in a subject.

In certain embodiments, the present invent_ion relates to synthetic
polynucleotides and/or expression cassettes encoding HIV polypeptides, including, but
not limited to, Env, Gag, Pol, RT, Int, Prot, Vpr, Vpu, Vif, Nef, Tat, Rev and/or
fragments or combinations thereof. In addition, the present invention also relates to
improved expression of HIV polypeptides and production of virus-like particles.
Synthetic expression cassettes encoding the HIV polypeptides (e.g., Gag-, pol-,
protease (prot)-, reverse transcriptase, integrase, RNAseH, Tat, Rev, Nef, Vpr, Vpu,
Vif and/or Env- containing polypeptides) are described, as are uses of the expression
cassettes. Mutations in'some of the genes are described that reduce or eliminate the
activity of the gene product without adversely affecting the ability of the gene product
to generate an immune response. Exemplary synthetic polynucleotides include, but are
not limited to, GagComplPolmut.SF2 (SEQ ID NO:9), GagComplPolmutAtt.SF2
(SEQ ID NO:10), GagComplPolmutIna.SF2 (SEQ ID NO:11),
gagCpollnaTatRevNef.opt_B (SEQ ID NO:12), GagPolmutAtt.SF2 (SEQ ID NQO:13),
GagPolmutIna.SF2 (SEQ ID NO:14), GagProtlnaRTmut.SF2 (SEQ ID NO:15),

/.
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GagProtInaRTmutTatRevNef.opt_B (SEQ ID NO:16), GagRTmut.SF2 (SEQ ID
NO:17), GagTatRevNef.opt_B (SEQ ID NO:18), gp140.modSF162.CwtLmod (SEQ
ID NO:19), gp140.modSF162.CwtLnat (SEQ ID NO:20),
gp160.modSF162.delV2.mut7 (SEQ ID NO:21), gp160.modSF162.delV2.mut8 (SEQ
ID NO:22), int.opt.mut.SF2 (SEQ ID NO:23), int.opt.SF2 (SEQ ID NO:24),
nef.D125G.-myr.opt.SF162 (SEQ ID NO:25), nef.D107G.-myr18.opt.SF162 (SEQID
NO:26), nef.opt.DlZSé.SF162 (SEQ ID NO:27), nef.opt.SF162 (SEQ ID NO:28),
pl5RnaseH.opt.SF2 (SEQ ID NO:29), p2Pol.opt. YMWM.SF2 (SEQ ID NO:30),
p2Pollnaopt. YM.SF2 (SEQ ID NO:31), p2Polopt.SF2 (SEQ ID NO:32),
p2PolTatRevNef.opt.native_B (SEQ ID NO:33), p2PolTatRevNef.opt_B (SEQ ID
NO:34), pol.opt.SF2 (SEQ ID NO:35), prot.opt.SF2 (SEQ ID NO:36),
protIna.opt.SF2 (SEQ ID NO:37), protInaRT.YM.opt.SF2 (SEQ ID NO:38),
protinaRT.YMWM.opt.SF2 (SEQ ID NO:39), ProtInaRTmut.SF2 (SEQ ID NO:40),
protRT.opt.SF2 (SEQ ID NO:41), ProtRT.TatRevNef.opt_B (SEQ ID NO:42),
ProtRTTatRevNef.opt_B (SEQ ID NO:43), rev.exonl_2.M5-10.0pt.SF162 (SEQ ID
NO:44), rev.exonl_2.0pt.SF162 (SEQ D NO:45), RT.opt.SF2 (mutant) (SEQ ID
NO:46), RT.opt.SF2 (native) (SEQ ID NO:47), RTmut.SF2 (SEQ ID NO:48),
tat.exonl_2.opt.C22-37.SF2 (SEQ ID NO:49), tat.exonl_2.0pt.C37.SF2 (SEQ ID
NO:50), TatRevNef.opt.native.SF162 (SEQ ID NO:51), TatRevNef.opt.SF162 (SEQ
ID NO:52), TatRevNefGag B (SEQ ID NO:53), TatRevNefgagCpollna B (SEQ ID
NO:54), TatRevNefGagProtInaRTmut B (SEQ ID NO:‘SS), TatRevNefp2Pol.opt_B,
(SEQ ID NO:56) TatRevNefprotRTopt B (SEQ ID NO:57), vif.opt.SF2 (SEQ ID
NO:58), vpr.opt.SF2 (SEQ ID NO:59), and vpu.opt.SF162 (SEQ ID NO:60).

Thus, one aspect of the present invention relates to expression cassettes and

polynucleotides contained therein. The expression cassettes typically include an HIV-

. polypeptide encoding sequence inserted into an expression vector backbone. In one

embodiment, an expression cassette comprises a polynucleotide sequence encoding
one or more polypeptides, wherein the polynucleotide sequence comprises a sequence
having between about 85% to 100% and any integer values therebetween, for exarhple,

at least about 85%, preferably about 90%, more preferably about 95%, and more
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“preferably about 98% sequence identity to the sequences taught in the presenf

specification. '

The polynucleotides encoding the HIV polypeptides of the present invention
may also include sequences encoding additional polypeptides. Such additional
polynucleotides encoding polypeptides may include, for 'example, coding sequences for
other viral proteins (e.g., hepatitis B or C or other HIV proteins, such as,
polynucleotide sequences enéédihg an HIV Gag polypeptide, polynuclédticie -
sequences encoding an HIV Env polypeptide and/or polynucleotides encoding one or
more of vif, vpr, tat, rev, vpu and nef); cytokines or other transgenes.

In one embodiment, the sequence encoding the HIV Pol polypeptide(s) can be
modified by deletions of coding regions correspondiﬁg to reverse transcriptase and
integrase. Such deletions in the polymerase polypeptide can also be made such that the
polynucleotide sequence preserves T-helper cell and CTL epitopes. Other antigens of
interest may be inserted into the polymerase as well.

In another embodiment, an expression cassette comprises a polynucleotide
sequence encoding a polypeptide, for example, GagComplPolmut.SF2 (SEQ ID
NO:9), GagComplPolmutAtt.SF2 (SEQ ID NO:10), GagComplPolmutIna.SF2 (SEQ
ID NO:11), gagCpolInaTatRevNef.opt_B (SEQ ID NO:12), GagPolmutAtt.SF2 (SEQ
ID NO:13), GagPolmutIna.SF2 (SEQ ID NO:14), GagProtInaRTmut.SF2 (SEQ ID
NO:15), GagProtlnaRTmutTatRevNef.opt_B (SEQ ID NO:16), GagRTmut.SF2,
(SEQ ID NO:17) GagTatRevNef.opt_B (SEQ ID NO:18),
gp140.modSF162.CwtLmod (SEQ ID NO:19), gp140.m0dSF162.CwtLnat (SEQ ID
NO:20), gp160.modSF162.delV2.mut7 (SEQ ID NO:21),
gp160.modSF162.delV2.mut8 (SEQ ID NO:22), int.opt.mut.SF2 (SEQ ID NO:23),
int.opt.SF2 (SEQ ID NO:24), nef.D125G.-myr.opt.SF162 (SEQ ID NO:25),
nef.D107G.-myr18.opt.SF162 (SEQ ID NO:26), nef.opt.D125G.SF162 (SEQ ID
NO:27), nef.opt.SF162 (SEQ ID NO:28), pl5RnaseH.opt.SF2 (SEQ ID NO:29),
p2Pol.opt. YMWM.SF2 (SEQ ID NO:30), p2Pollnaopt. YM.SF2, (SEQ ID NO:31)
p2Polopt.SF2 (SEQ ID NO:32), p2PolTatRevNef.opt.native_B (SEQ ID NO:33),
p2PolTatRevNef.opt_B (SEQ ID NO:34), pol.opt.SF2 (SEQ ID NO:35), prot.opt.SF2

- (SEQID NO:36), protlna.opt.SF2 (SEQ ID NO:37), protInaRT.YM.opt.SF2 (SEQ
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ID NO:38), protInaRT. YMWM.opt.SF2 (SEQ ID NO:39), ProtInaRTmut.SF2 (SEQ
ID NO:40), protRT.opt.SF2 (SEQ ID NO:41), ProtRT.TatRevNef.opt_B (SEQ ID
NO:42), ProtRTTatRevNef.opt_B (SEQ ID NO:43), rev.exonl_2.M5-10.0pt.SF162
(SEQ ID NO:44), rev.exonl_2.opt.SF162 (SEQ ID NO:45), RT.opt.SF2 (mutant)
(SEQ ID NO:46), RT.opt.SF2 (native) (SEQ ID NO:47), RTmut.SFZ (SEQID
NO:48), tat.exonl_2.0pt.C22-37.SF2 (SEQ ID NO:49), tat.exonl_2.0pt.C37.SF2
(SEQ ID NO:50), TatRevNef.opt.native.SF162 (SEQ ID NO:51), -
TatRevNef.opt.SF162 (SEQ ID NO:52), TatRevNefGag B (SEQ ID NO:53),
TatRevNefgagCpollna B (SEQ ID NO:54), TatRevNefGagProtInaRTmut B (SEQ ID
NO:55), TatRevNefp2Pol.opt_B (SEQ ']D NO:56), TatRevNefprotRTopt B (SEQ ID
NO:57), vif.opt.SF2 (SEQ ID NO:58), vpr.opt.SF2 (SEQ ID NO:59), and
vpu.opt.SF162 (SEQ ID NO:60), wherein the polynucleotide sequence encoding the
polypeptide comprises a sequence having between about 85% to 100% and any integer
values therebetween, for example, at least about 85%, preferably about 90%, more
preferably about 95%, and most preferably about 98% sequence identity to the
sequences taught in the present specification. ' .

The native and synthetic polynucleotide sequences encoding the HIV
polypeptides of the present invention typically have between about 85% to 100% and
any integer values therebetween, for example, at least about 85%, preferably about
90%, more preferably about 95%, and more preferably about 98% sequence identity to
the sequences taught herein. Further, in certain embodiments, the polynucleotide
sequences encoding the HIV polypeptides of the invention will exhibit 100% sequence
identity to the sequences taught herein.

The polynucleotides of the present invention can be produced by recombinant
techniques, synthetic techniques, or combinations thereof.

The present invention further includes recombinant expression systems for use
in selected host cells, wherein the recombinant expression systems employ one or more
of the polynucleoiides and expression cassettes of the present invention. In such
systems, the polynucleotide sequences are operably linked to control elements
compatible with expression in the selected host cell. Numerous expression control

elements are known to those in the art, including, but not limited to, the following:
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transcription promoters, transcription enhancer elements, transcription termination
signals, polyadenylation sequences, sequences for optimization of initiation of
translation, and translation termination sequences. Exemplary transcription promoters
include, but are not limited to those derived from CMV, CMV-intron A, SV40, RSV,
HIV-Ltr, MMLV-ltr, and metallothionein. '

In another aspect the invention includes cells comprising one or more of the
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expression cassettes of the present invention where the polynucleotide sequences are
operably linked to control elements compatible with expression in the selected cell. In
one embodiment such cells are mammalian cells. Exemplary mammalian cells include,
but are not limited to, BHK, VERO, HT1080, 293, RD, COS-7, and CHO cells.

Other cells, cell types, tissue types, etc., that may be useful in the practice of the
present invention include, but are not limited to, those obtained from the following:
insects (e.g., Trichoplusia ni (Tn5) and Sf9), bacteria, yeast, plants, antigen presenting
cells (e.g., macrophage, monocytes, dendritic cells, B-cells, T-cells, stem cells, and
progenitor cells thereof), primary cells, immortalized cells, tumor-derivéd cells.

In a further aspect, the present invention includes compositions for generating
an immunological response, where the composition typically comprises at least one of
the expression cassettes of the present invention and may, for example, contain
combinations of expression cassettes such as one or more expression cassettes carrying
a Pol-derived-polypeptide-encoding polynucleotide, one or more expression cassettes
carrying a Gag-derived-polypeptide-encoding polynucleotide, one or more expression
cassettes carrying accessory polypeptide-encoding polynucleotides (e.g., native or
synthetic vpu, vpr, nef, vif, tat, rev), and/or one or more expression cassettes carrying
an Env-derived-polypeptide-encoding polynucleotide. Such compositions may further
contain an adjuvant or adjuvants. The compositions may also contain one or more
HIV polypeptides. The HIV polypeptides may correspond to the polypeptides
encoded by the expression cassette(s) in the composition, or may be different from
those encoded by the expression cassettes. In compositions containing both
expression cassettes (or polynucleotides of the present invention) and polypeptides,
various expression cassettes of the present invention can be mixed and/or matched

with various HIV polypeptides described herein.
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In another aspect the present invention includes methods of immunization of a
subject. In the method any of the above described compositions are into the subject
under conditions that are compatible with expression of the expression cassette(s) in
the subject. In one embodiment, the expression cassettes (or polynucleotides of the
present invention) can be introduced using a gene delivery vector. The gene delivery
vector can, for example, be a non-viral vector or a viral vector. Exemplary viral
vectors include, but are not limited to eucaryotic layered vector initiation systems,
Sindbis-virus (or other alphavirus) derived vectors, retroviral vectors, and lentiviral
vectors. Other exemplary vectors include, but are not limited to, pCMVKmZ,
pCMV6a, pCMV-link, and pCMVPLEdhfr. Compositions useful for geperating an
immunological respbnse can also be delivered using a particulate carrier (e.g., PLG or
CTAB-PLG microparticles). Further, such compositions can be coated on, for
example, gold or tungsten particles and the coated particles delivered to the subject
using, for example, a gepe gun. The compositions can also be formulated as
liposomes. In one embodiment of this method, the subject is a mammal and can, for
example, be a human.

In a further aspect, the invention includes methods of generating an immune
response in a subject. Any of the expression cassettes described herein can be
expressed in a suitable cell to provide for the expression of the HIV polypeptides
encoded by the polynucleotides of the present invention. The polypeptide(s) are then
isolated (e.g., substantially purified) and administered to the subject in an amount
sufficient to elicit an immune response. In certain embodiments, the methods comprise
administration of one or more of the expression cassettes or polynucleotides of the
present invention, using any of the gene delivery techniques described herein. In other
embodiments, the methods comprise co-administration of one or more of the
expression cassettes or polynucleotides of the present invention and one or more
polypeptides, wherein the polypeptides can be expressed from these polynucleotides or
can be other HIV polypeptides. In other embodiments, the methods comprise co-
administration of multiple expression cassettes or polynucleotides of the present

invention. In still further embodiments, the methods comprise co-administration of
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multiple polypeptides, for example polypeptides expressed from the polynucleotides of
the present invention and/or other HIV polypeptides.

The invention further includes methods of generating an immune response in a
subject, where cells of a subject are transfected with any of the above-described
expression cassettes or polyn}tcleotides of the present inventibn, under conditions that

permit the expression of a selected polynucleotide and production of a polypeptide of

interest (e.g., encoded by any expression cassette of the present invention). By this

method an immunological response to the polypeptide is elicited in the subject.
Transfection of the cells may be performed ex vivo and the transfected cells are
reintroduced into the subject. Alternately, or in addition, the cells may be transfected
in vivo in the subject. The immune response may be humoral and/or cell-mediated
(cellular). In a further embodiment, this method may also include administration of an
HIV polypeptides before, concurrently with, and/or after introduction of the
expression cassette into the subject.

The polynucleotides of the present invention may be employed singly or in
combination. The polynucleotides of the present invention, encoding HIV-derived
polypeptides, may be expressed in a variety of ways, including, but not limited to the
following: a polynucleotide encoding a single gene product (or portion thereof)
expressed from a promoter; multiple polynucleotides encoding a more than one gene
product (or portion thereof) (e.g., polycistronic coding sequences); multiple
polynucleotides in-frame to produce a single polyprotein; and, multiple polynucleotides
in-frame to produce a single polyprotein wherein the polyprotein has protein cleavage
sites between one or more of the polypeptides comprising the polyprotein.

These and other embodiments of the present invention will readily occur to

those of ordinary skill in the art in view of the disclosure herein.

BRIEF DESCRIPTION OF THE FIGURES
Figures 1A to 1D depict the nucleotide sequence of HIV Type C
8_5_TV1_C.ZA (SEQ ID NO:1; referred to herein as TV1). Various regions are

shown in Table A.
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Figures 2A-C depicts an alignment of Env polypeptides from various HIV
isolates (SF162, SEQ ID NO:2; TV1.8_2, SEQ ID NO:3; TV1.8_5, SEQ ID NO:4;
TV2.12-5/1, SEQ ID NO:5; Consensus Sequence, SEQ ID NO:6). The regions
between the arrows indicate regions (of TV1 and TV2 clones, both HIV Type C
isolates) in the beta and/or bridging sheet region(s) that can bé deleted and/or
truncated. The “*” denotes N-linked glycosylation sites (of TV1 and TV2 clones), one
or more of which can gﬁ?&iﬁgdﬁ(e. g., deleted and/or mutated). _ ) o

Figure 3 presents a schematic diagram showing the relationships between the
following forms of the HIV Env polypeptide: gp160, gp140, gp120, and gp41.

Figure 4 presents exemplary data concerning transactivation activity of Tat
mutants on LTR-CAT plasmid expression in 293 cells.

Figure 5 presents exemplary data concerning export activity of Rev mutants
monitored by CAT expression. '

Figure 6, sheets 1 and 2, presents the sequence of GagComplPolmut.SF2 (SEQ
ID NO:9).

Figure 7, sheets 1 and 2, presents the sequence of GagComplPolmutAtt.SF2
(SEQ ID NO:10).

Figure 8, sheets 1 and 2, presents the sequence of GagComplPolmutlna.SF2
(SEQ ID NO:11).

Figure 9, sheets 1 and 2, presents the sequence of
gagCpollnaTatRevNef.opt_B (SEQ ID NO:12).

Figure 10, sheets 1 and 2, presents the sequence of GagPolmutAtt.SF2 (SEQ
ID NO:13).

Figure 11, sheets 1 and 2, presents the sequence of GagPolmutIna.SF2 (SEQ
ID NO:14).

Figure 12, sheets 1 and 2, presents the sequence of GagProtInaRTmut.SF2
(SEQ ID NO:15). |

Figure 13, sheets 1 and 2, presents the sequence of
GagProtInaRTmutTatRevNef.opt_B (SEQ ID NO:16).

Figure 14, sheets 1 and 2, presents the sequence of GagRTmut.SF2 (SEQ ID
NO:17).

10
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Figure 15, presents the sequence of GagTatRevNef.opt_B (SEQ ID NO:18).

Figure 16, presents the sequence of gp140.modSF162.thLmod (SEQID
NO:19).

Figure 17, presents the sequence of gp140.modSF162.CwtLnat (SEQ ID
NO:20). |

Figure 18, presents the sequence of gp160.modSF162.delV2.mut7 (SEQ ID
NO:21). - ' R

Figure 19, presents the sequence of gp160.modSF162.delV2.mut8 (SEQ ID
NO:22).

Figure 20, presents the sequence of int.opt.mut.SF2 (SEQ ID NO:23).

Figure 21, presents the sequence of int.opt.SF2 (SEQ ID NO:24).

Figure 22, presents the sequence of nef. D125G.-myr.opt.SF162 (SEQ ID
NO:25).

Figure 23, presents the sequence of nef.D107G.-myr18.0pt.SF162 (SEQ ID
NO:26). |

Figure 24, presents the sequence of nef.opt. D125G.SF162 (SEQ ID NO:27).

Figure 25, presents the sequence of nef.opt.SF162 (SEQ ID NO:28).

Figure 26, presents the sequence of pl15RnaseH.opt.SF2 (SEQ ID NO:29).

Figure 27, presents the sequence of p2Pol.opt.YMWM.SP2 (SEQ ID NO:30).

Figure 28; presents the sequence of p2PolInaopt. YML.SF2 (SEQ ID NO:31).

Figure 29, presents the sequence of p2Polopt.SF2 (SEQ ID NO:32).

Figure 30, presents the sequence of p2PolTatRevNef.opt.native_B (SEQ ID
NO:33).

Figure 31, sheets 1 and 2, presents the sequence of p2PolTatRevNef.opt_B
(SEQ ID NO:34).

Figure 32, presents the sequence of pol.opt.SF2 (SEQ ID NO:35).

Figure 33, presents the sequence of prot.opt.SF2 (SEQ ID NO:36).

Figure 34, presents the sequence of protIna.opt.SF2 (SEQ ID NO:37).

Figure 35, presents the sequence of protInaRT.YM.opt.SF2 (SEQ ID NO:38).

Figure 36, presents the sequence of protInaRT.YMWM.opt.SF2 (SEQ ID
NO:39). |

11
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Figure 37, presents the sequence of ProtlnaRTmut.SF2 (SEQ ID NO:40).
Figure 38, presents the sequence of protRT.opt.SF2 (SEQ ID NO:41).
Figure 39, presents the sequence of ProtRT.TatRevNef.opt_B (SEQ ID
NO:42).
5 Figure 40, presents the sequence of ProtRTTatRevNéf.opt_B (SEQID
NO:43). |
 Figure 41, presents the sequence of fe_:\re:;onl__Z.Milo.optEﬁ 162 (SEQID
NO:44).
Figure 42, presents the sequence of rev.exonl_2.0pt.SF162 (SEQ ID NO:45).
10 Figure 43, presents the sequence of RT.opt.SF2 (mutant) (SEQ ID NO:46).
Figure 44, presents the sequence of RT.opt.SF2 (native) (SEQ ID NO:47).
Figure 45, presents the sequence of RTmut.SF2 (SEQ ID NO:48).
Figure 46, presents the sequence of tat.exonl_2.opt.C22-37.SF2 (SEQ ID
NO:49).
15 Figure 47, presents the sequence of tat.exonl_2.0pt.C37.SEF2 (SEQ ID
NO:50).
Figure 48, presents the sequence of TatRevINef.opt.native.SF162 (SEQ ID
NO:51). o
Figure 49, presents the sequence of TatRevNef.opt.SF162 (SEQ ID NO:52).
20 Figure 50, presents the sequence of TatRevNefGag B (SEQ ID NO:53).

Figure 51, sheets 1 and 2, presents the sequence of TatRevNefgagCpollna B
(SEQ ID NO:54).
Figure 52, sheets 1 and 2, presents the sequence of
TatRevNefGagProtInaRTmut B (SEQ ID NO:55).
25 Figure 53, presents the sequeﬁcc of TatRevNefp2Pol.opt_B (SEQ ID NO:56).
Figure 54, presents the sequence of TatRevNefprotRTopt B (SEQ ID NO:57).
Figure 53, presents the sequence of vif.opt.SF2 (SEQ ID NO:58).
Figure 56, prcsents the sequence of vpr.opt.SF2 (SEQ ID NO:59).
Figure 57, presents the sequence of vpu.opt.SF162 (SEQ ID NO:60).
30 Figure 58, presents the sequence of gp140modSF162.GM135-154-186-195
(SEQ ID NO:61).
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Figure 59, presents the sequence of gp140modSF162.GM154 (SEQ ID
NO:62).

Figure 60, presents the sequence of gp140modSF162.GM154-186-195 (SEQ
ID NO:63).

Figure 61, presents the sequence of gp140mut7.modSF162.GM154 (SEQ ID
NO:64).

" Figure 62 depicts alignment of amino acid sequences of various Env
glycosylation mutants (GM), including amino acid translation of gp140modSF162
(SEQ ID NO:65); translation of gp140.modSF162.GM154 (SEQ ID NO:66);
translation of gp140.modSF162.GMiS4-186-195 (SEQ ID NO:67); and
g§140.modSF162.GM135-154—186-195 (SEQ ID NO:68).

Figure 63 presents an overview of genome organization of HIV-1 and useful
subgenomic fragments.

Figure 64 presents antibody titer data from immunized rabbits following
immunization with HIV Envelope DNA constructs and protein.

Figure 65 presents a comparison of ELISA titers against subtype B and C
Envelope proteins in rabbit sera collected after three DNA immunizations and a sinéle
protein boost.

Figure 66 presents data of neutralizing antibody responses against subtype B
SF162 EnvdV2 strain in rabbits immunized with subtype C TV1 Env in a DNA prime
protein boost regimen.

Figure 67 presents data of neutralizing antibody responses against subtype C
primary strains, TV1 and TV2 in 5.25 reporter cell assay after a single protein boost.

Figure 68 presents data of neutralizing antibody responses against subtype C,
TV1 and Dul74, and subtype B, SF162 after a single protein boost (as measured by
Duke PBMC assay).

DETAILED DESCRIPTION OF THE INVENTION
The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, molecular biology, immunology and

pharmacology, within the skill of the art. Such techniques are explained fully in the
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Hterature. Séc, e.g., Remington 's Pharmaceutical Sciences, 18th Edition (Easton,
Pennsylvania: Mack Publishing Company, 1990); Methods In Enzymology (S.
Colowick and N. Kaplan, eds., Academic Press, Inc.); and Handbook of Experimental
Immunology, Vols. I-IV (D.M. Weir and C.C. Blackwell, eds., 1986, Blackwell
Scientific Publications); Sambrook, et al., Molecular Cloning: A Laboratory Manual
(2nd Edition, 1989); Short Protocols in Molecular Biology, 4th ed. (Ausubel et al.

" eds., 1999, John Wiley & Sons); Molecular Biology Techniques: An Intensive

Laboratory Course, (Ream et al., eds., 1998, Academic Press); PCR (Introduction to
Biotechniques Series), 2nd ed. (Newton & Graham eds., 1997, Springer Verlag).

As used in this specification, the singular forms “a,” “an” and “the” include
plural references unless the content clearly dictates otherwise. Thus, for example,

reference to “an antigen” includes a mixture of two or more such agents.

1. DEFINITIONS

In describing the present invention, the following terms will be employed, and
are intended to be defined as indicated below.

“Synthetic” sequences, as used herein, refers to HIV polypéptide-encoding
polynucleotides whose expression has been modified as described herein, for example,
by codon substitution, altered activities, and/or inactivation of inhibitory sequences.
“Wild-type” or “native” sequences, as used herein, refers to polypeptide encoding
sequences that are essentially as they are found in nature, e.g., Gag, Pol, Vif, Vpr, Tat,
Rev, Vpu, Env and/or Nef encoding sequences as found in HIV isolates, e.g., SF162,
SF2, AF110965, AF110967, AF110968, AF110975,8_5_TV1_C.ZA,
8_2_TVI_C.ZA or 12-5_1_TV2_C.ZA. The various regions of the HIV genome are
shown in Table A, with numbering relative to 8_5_TV1_C.ZA (Figures 1A-1D).
Thus, the term “Pol” refers to one or more of the following polypeptides: polymerase
(p6Pol); protease (prot); reverse transcriptase (p66RT or RT); RNAseH
(p15RNAseH); and/or integrase (p31Int or Int). Identification of gene regions for any
selected HIV isolate can be performed by one of ordinary skill in the art based on the
teachings presented herein and the information known in the art, for example, by

performing alignments relative to 8_5_TV1_C.ZA (Figures 1A-1D) or alignrment to |
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other known HIV isolates, for example, Subtype B isolates with gene regions (e.g.,
SF2, GenBank Accession number K02007; SF162, GenBank ‘Accession Number
M38428) and Subtype C isolates with gene regions (e.g., GenBank Accession Number
AF110965 and GenBank Accession Number AF110975). |

As used herein, the term “virus-like particle” or “VLP” refers to a
nonreplicating, viral shell, derived from any of several viruses discussed further below.
VLPs are generally composed of one or more viral proteins, such as, but not limited to
those proteins referred to as capsid, coat, shell, surface and/or envelope proteins, or
particle-forming polypeptides derived from these proteins. VLPs can form
spontaneously upon recombinant expression of the protein in an appropriate
expression system. Methods for producing particular VLPs are known in the art and
discussed more fully below. The presence of VLPs following recombinant expression
of viral proteins can be detected using conventional techniques known in the art, such
as by electron microécopy, X-ray crystallography, and the like. See, e.g., Baker et al.,
Biophys. J. (1991) 60:1445-1456; Hagens.ee et al,, J. Virol. (1994) 68:4503-4505.
For example, VLPs can be isolated by density gradient centrifugation and/or identified
by characteristic density banding. Alternatively, cryoelectron microscopy can be
performed on vitrified aqueous samples of the VLP preparation in question, and
images recorded under appropriate exposure conditions.

By “particle-forming polypeptide” derived from a particular viral protein is
meant a full-length or near full-length viral protein, as well as a fragment thereof, or a
viral protein with internal deletions, which has the ability to form VLPs under
conditions that favor VLP formation. Accordingly, the polypeptide may comprise the
full-length sequence, fragments, truncated and partial sequences, as well as analogs
and precursor forms of the reference molecule. The term therefore intends deletions,
additions and substitutions to the sequence, so long as the polypeptide retains the
ability to form a VLP. Thus, the term includes natural variations of the specified
polypeptide since variations in coat proteins often occur between viral isolates. The
term also includes deletions, additions and substitutions that do not naturally occur in
the reference protein, so long as the protein retains the ability to form a VLP.

Preferred substitutions are those which are conservative in nature, i.e., those
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substitutions that take place within a family of amino acids that are related in their side
chains. Specifically, amino acids are generally divided into four families: (1) acidic --
aspartate and glutamate; (2) basic -- lysine, arginine, histidine; (3) non-polar -- alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4)
uncharged polar -- glycine, asparagine, glutamine, cystine, serine threonine, tyrosine.
Phenylalanine, tryptophan, and tyrosine are sometimes classified as aromatic amino

acids.

The term “HIV polypeptide” refers to any amino acid sequence that exhibits
sequence homology to native HIV polypeptides (e.g., Gag, Env, Prot, Pol, RT, Int, vif,
vpr, vpu, tat, rev, nef and/or combinations thereof) and/or which is functional. Non-
limiting examples of functions that may be exhibited by HIV polypeptides include, use
as immunogens (e.g., to geheratc a humoral and/or cellular immune response), use in
diagnostics (e.g, bound by suitable antibodies for use in ELISAs or other
immunoassays) and/or polypeptides which exhibit one or more biological activities
associated with the wild type or synthetic HIV polypeptide. For example, as used
herein, the term “Gag polypeptide” may refer to a polypeptide that is bound by one or
more anti-Gag antibodies; elicits a humoral and/or cellular immune response; and/or
exhibits the ability to form particles.

An “antigen” refers to a molecule containing one or more epitopes (either
linear, conformational or both) that will stimulate a host's immune system to make a
humoral and/or cellular antigen-specific response. The term is used interchangeably
with the term “immunogen.” Normally, a B-cell epitope will include at least about 5
amino acids but can be as small as 3-4 amino acids. A T-cell epitope, such as a CTL
epitope, will include at least about 7-9 amino acids, and a helper T-cell epitope at least
about 12-20 amino acids. Normally, an epitope will include between about 7 and 15
amino acids, such as, 9, 10, 12 or 15 amino acids. The term “antigen” denotes both
subunit antigens, (i.e., antigens which are separate and discrete from a whole organism
with which the antigen is associated in nature), as well as, killed, attenuated or
inactivated bacteria, viruses, fungi, parasites or other microbes. Antibodies such as
anti-idiotype antibodies, or fragments thereof, and synthetic peptide mimotopes, which

can mimic an antigen or antigenic determinant, are also captured under the definition
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of antigen as used herein. Similarly, an oligonucleotide or polynucleotide which

- expresses an antigen or antigenic determinant in vivo, such as in gene therapy and

DNA immunization applications, is also included in the definition of antigen herein.
For purposes of the present invention, antigens can be derived from any of
several known viruses, bacteria, parasites and fungi, as described more fully below.

The term also intends any of the various tumor antigens. Furthermore, for purposes of

the bfésent invention, an “éﬂtigen” refers to a protein which includes modifications,
such as deletions, additions and substitutions (generally conservative in nature), to the
native sequence, so long as the protein maintains the ability to elicit an immunological
response, as defined herein. These modifications may be deliberate, as through site-
directed mutagenesis, or may be accidental, such as through mutations of hoéts which
produce the antigens. '

An “immunological response” to an antigen or composition is the development
in a subject of a humoral and/or a cellular immune response to an antigen present in the
composition of interest. For purposes of the present invéntion, a “humoral immune
response” refers to an immune response mediated by antib'ody molecules, while a

“cellular immune response” is one mediated by T-lymphocytes and/or other white

blood cells. One important aspect of cellular immunity involves an antigen-specific

response by cytolytic T-cells (“CTL”s). CTLs have specificity for peptide antigens
that are presented in association with proteins encoded by the major histocompatibility
complex (MHC) and expressed on the surfaces of cells. CTLs help induce and
promote the destruction of intracellular microbes, or the lysis of cells infected with
such microbes. Another aspect of cellular immunity involves an antigen-specific
response by helper T-cells. Helper T-cells act to help stimulate the function, and focus
the activity of, nonspecific effector cells against cells displaying peptide antigens in
association with MHC molecules on their surface. A “cellular immune response” also
refers to the production of cytokines, chemokines and other such molecules produced
by activated T-cells and/or other white blood cells, including those derived from CD4+
and CD8+ T-cells.

A composition or vaccine that elicits a cellular immune response may serve to

sensitize a vertebrate subject by the presentation of antigen in association with MHC
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molecules at the cell surface. The cell-mediated immune response is directed at, or
near, cells presenting antigen at their surface. In addition, antigen-specific T-
lymphocytes can be generated to allow for the future protection of an immunized host.

The ability of a particular antigen to stimulate a cell-mediated immunological
response may be determined by a number of assays, such as by lymphoproliferation
(Ilymphocyte activation) assays, CTL cytotoxic cell assays, or by assaying for T-

' Iymphocytes specific for the antigen in a sensitized subject. Such assays are well
known in the art. See, e.g., Erickson et al., J. Immunol. (1993) 151:4189-4199; Doe
et al., Eur. J. Immunol. (1994) 24:2369-2376. Recent methods of measuring cell-
mediated immune response include measurement of intracellular cytokines or cytokine
secretion by T-cell populations, or by measurement of epitope specific T-cells (e.g., by
the tetramer technique)(reviewed by McMichael, A.J., and O’Callaghan, C.A., J. Exp.
Med. 187(9)1367-1371, 1998; Mcheyzer-Williams, M.G., et al, Immunol. Rev. 150:5-
21, 1996; Lalvani, A., et al, J. Exp. Med. 186:859-865, 1997).

Thus, an immunological response as used herein may be one which stimulates
the production of CTLs, and/or the production or activation of helper T- cells. The
antigen of interest may also elicit an antibody-mediated immune response. Hence, an
immunological response may include one or more of the following effects: the |
production of antibodies by B-cells; and/or the activation of suppressor T-cells and/or

-vd T-cells directed specifically to an antigen or antigens present in the composition or
vaccine of interest. These responses may serve to neutralize infectivity, and/or mediate
antibody-complement, or antibody dependent cell cytotoxicity (ADCC) to provide
protection to an immunized host. Such responses can be determined using standard
immunoassays and neutralization assays, well known in the art.

An “immunogenic composition” is a composition that comprises an antigenic
molecule where administration of the composition to a subject results in the
development in the subject of a humoral and/or a cellular immune response to the
antigenic molecule of interést. The immunogenic composition can be introduced
directly into a recipient subject, such as by injection, inhalation, oral, intranasal and

mucosal (e.g., intra-rectally or intra-vaginally) administration.
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By “subunit vaccine” is meant a vaccine composition which includes one or
more selected antigens but not all antigens, derived from or homologous to, an antigen
from a pathogen of interest such as from a virus, bacterium, parasite or fungus. Such a
composition is substantially free of intact pathogen cells or pathogenic particles, or the
lysate of such cells or particles. Thus, a “subunit vaccine” can be prepared from at |
least partially purified (preferably substantially purified) immunogenic polypeptides
from the pathogen, or analogs thereof. The method of obtaining an antigen included in
the subunit vaccine can thus include standard purification techniques, recombinant
production, or synthetic production.

“Substantially purified” general refers to isolation of a substance (compound,
polynucleotide, protein, polypeptide, polypeptide composition) such that the substance
comprises the majority percent of the sample in which it resides. Typically in a sample
a substantially purified component comprises 50%, preferably 80%-85%, more
preferably 90-95% of the sample. Techniques for purifying poiynucleotides and
polypeptides of interest are well-known in the art and include, for example, ion-
exchange chromatography, affinity chromatography and sedimentation according to
density.

A “coding sequence” or a sequence which “encodes” a selected polypeptide, is
a nucleic acid molecule which is transcribed (in the case of DNA) and translated (in the
case of mMRNA) into a polypeptide in vivo when placed under the control of
appropriate regulatory sequences (or “control elements™). The boundaries of the
coding sequence are determined by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3' (carboxy) terminus. A coding sequence can include,
but is not limited to, cDNA from viral, procaryotic or eucaryotic mRNA, genomic
DNA sequences from viral or procaryotic DNA, and even synthetic DNA sequences.
A transcription termination sequence such as a stop codon may be located 3' to the
coding sequence. '

Typical “control elements”, include, but are not limited to, transcription
promoters, transcription enhancer elements, transcription termination signals,
polyadenylation sequences (located 3' to the translation stop codon), sequences for

optimization of initiation of translation (located 5’ to the coding sequence), and
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translation termination sequences. For example, the sequences and/or vectors
described herein may also include one or more additional sequehces that may optimize
translation and/or termination including, but not limited to, a Kozak sequence (e.g.,
GCCACC placed in front (5") of the ATG of the codon-optimized wild-type leader or
any other suitable leader sequence (e.g., tpal, tpa2, wtLnat (hative wild-type leader))
or a termination sequence (e.g., TAA or, preferably, TAAA placed after (3') the
coding séqtgnée; - o

A “polynucleotide coding sequence” or a sequence which “encodes” a selected
polypeptide, is a nucleic acid molecule which is transcribed (in the case of DNA) and
translated (in the case of mRINA) into a polypeptide in vivo when placed under the
control of appropriate regulatory sequences (or “control elements”). The boundaries
of the coding sequence are determined by a start codon, for example, at or near the 5'
terminus and a translation stop codon, for example, at or near the 3' terminus.
Exemplary coding sequences are the modified viral polypebtide-codi_ng sequences of
the present invention. The coding regions of the polynucleotide sequences of the
present invention are identifiable by one of skill in the art and may, for example, be
easily identified by performing translations of all three frames of the polynucleotide and
identifying the frame corresponding to the encoded polypeptide, for example, a
synthetic nef polynucleotide of the present invention encodes a nef-derived
polypeptide. A transcription termination sequence may be located 3' to the coding
sequence. Typical “control elements”, include, but are not limited to, transcription
regulators, such as promoters, transcription enhancer elements, transcription
termination signals, and polyadenylation sequences; and translation regulators, such as
sequences for optimization of initiation of translation, e.g., Shine-Dalgarno (ribosome
binding site) sequences, Kozak sequences (i.e., sequences for the optimization of
translation, located, for example, 5’ to the coding sequence), leader sequences,
translation initiation codon (e.g., ATG), and translation termination sequences. In
certain embodiments, one or more translation regulation or initiation sequences (e. g
the Jeader sequence) are derived from wild-type translation initiation sequences, i.e.,
sequences that regulate translation of the coding region in their native state. Wild-type

leader sequences that have been modified, using the methods described herein, also
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find use in the present invention. Promoters can include inducible promoters (where
expression of a polynucleotide sequence operably linked to the promoter is induced by
an analyte, cofactor, regulatory protein, etc.), repressible promoters (where expression
of a polynucleotide sequénce operably linked to the promoter is induced by an analyte,
cofactor, regulatory protein, etc.), and constitutive promoteré.

A “mucleic acid” molecule can include, but is not limited to, procaryotic

sequences, eucaryotic mRNA, cDNA from eucaryotic mRNA, genomic DNA
sequences from eucaryotic (e.g., mammalian) DNA, and even synthetic DNA
sequences. The term also captures sequences that include any of the known base
analogs of DNA and RNA.

“Operably linked” refers to an arrangement of elements wherein the
components so described are configured 50 as to perform their usual function. Thus, a
given promoter operably linked to a coding sequence is capable of effecting the
expression of the coding sequence when the proper enzymes are present. The
promoter need not be contiguous with the coding sequence, so long as it functions to
direct the expression thereof. Thus, for example, intervening untranslated yet
transcribed sequences can be present between the promoter sequence and the coding
sequence and the promoter sequence can still be considered “operably linked” to the
coding sequence.

“Recombinant” as used berein to describe a nucleic acid molecule méans a
polynucleotide of genomic, cDNA, semisynthetic, or synthetic origin which, by virtue
of its origin or manipulation: (1) is not associated with all or a portion of the
polynucleotide with which it is associated in nature; and/or (2) is linked to a
polynucleotide other than that to which it is linked in nature. The term “recombinant”
as used with respect to a protein or polypeptide means a polypeptide produced by
expression of a recombinant polynucleotide. “Recombinant host cells,” “host cells,”
“cells,” “cell lines;” “cell cultures,” and other such terms denoting procaryotic
microorganisms or eucaryotic cell lines cultured as unicellular entities, are used inter-
changeably, and refer to cells which can be, or have been, used as recipients for
recombinant vectors or other transfer DNA, and include the progeny of the original

cell which has been transfected. It is understood that the progeny of a single parental
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cell may not necessarily be completeiy identical in morphology or in genomic or total
DNA complement to the original parent, due to accidental or deliberate mutation.

Progeny of the parental cell which are sufficiently similar to the parent to be

characterized by the relevant property, such as the presence of a nucleotide sequence

encoding a desired peptide, are included in the progeny intended by this definition, and

are covered by the above terms.

Techniques for determining amino acid sequence “similarify” are well known in
the art. In general, “similarity” means the exact amino acid to amino acid comparison
of two or more polypeptides at the appropriate place, where amino acids are identical
or possess similar chemical and/or physical properties such as charge or
hydrophobicity. A so-termed “percent similarity” then can be determined between the
compared polypeptide sequences. Techniques for determining nucleic acid and amio
acid sequence identity also are well known in the art and include determining the
nucleotide sequence of the mRINA for that gene (usually via a cDNA intermediate) and
determining the amino acid sequence encoded thereby, and comparing this to a second
amino acid sequence. In general, “identity” refers to an exact nucleotide to nucleotide
or amino acid to amino acid correspondence of two polynucleotides or polypeptide
sequences, respectively.

Two or more polynucleotide sequences can be compared by determining their
“percent identity.” Two or more amino acid sequences likewise can be compared by
determining their “percent identity.” The percent identity of two sequences, whether
nucleic acid or peptide sequences, is generally described as the number of exact
matches between two aligned sequences divided by the length of the shorter sequence
and multiplied by 100. An approximate alignment for nucieic acid sequences is
provided by the local homology algorithm of Smith and Waterman, Advances in
Applied Mathematics 2:482-489 (1981). This algorithm can be extended to use with
peptide sequences using the scoring matrix developed by Dayhoff, Atlas of Protein
Sequences and Structure, M.O. Dayhoffed., 5 suppl. 3:353-358, National Biomedical
Research Foundation, Washington, D.C., USA, and normalized by Gribskov, Nucl.
Acids Res. 14(6):6745-6763 (1986). An implementation of this algorithm for nucleic

acid and peptide sequences is provided by the Genetics Computer Group (Madison,

N
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WI) in their BestFit utility application. The defaunlt parameters for this method are
described in the Wisconsin Sequence Analysis Package Program Manual, Version 8
(1995) (available from Genetics Computer Group, Madison, WI). Other equally
suitable programs for calculating the percent identity or similarity between sequences
are generally known in the art.

For example, percent identity of a particular nucleotide sequence to a reference

sequence can be determined using the homology algorithm of Smith and Waterman
with a default scoring table and a gap penalty of six nucleotide positions. Another
method of establishing percent identity in the context of the present invention is to use
thé MPSRCH package of programs copyrighted by the Uﬁiversity of Edinburgh,
developed by John F. Collins and Shane S. Sturrok, and distributed by IntelliGenetics,
Inc. (Mountain View, CA). From this suite of packages, the Smith-Waterman
algorithm can be employed where default parameters are used for the scoring table (for
example, gap open penalty of 12, gap extension penalty of one, and a gap of six).
From the data generated, the “Match” value reflects “sequence identity.” Other
suitable programs for calculating the percent identity or similarity between sequences
are generally known in the art, such as the alignment program BLAST, which can also
be used with default parameters. For example, BLASTN and BLASTP can be used
with the following default parameters: genetic code = standard; filter = none; strand =
both; cutoff = 60; expect = 10; Matrix = BLOSUM62; Descriptions = 50 sequences;
sort by = HIGH SCORE; Databases = non-redundant, GenBank + EMBL + DDBJ +
PDB + GenBank CDS translations + Swiss protein + Spupdate + PIR. Details of these
programs can be found at the following internet address: http://www.ncbinlm.gov/cgi-
bin/BLAST.

One of skill in the art can readily determine the proper search parameters to use
for a given sequence, exemplary preferred Smith Waterman based parameters are
presented above. For example, the search parameters may vary based on the size of
the sequence in question. Thus, for the polynucleotide sequences of the present
invention the length of the polynucleotide sequence disclosed herein is searched against
a selected database and compared to sequences of essentially the same length to

determine percent identity. For example, a representative embodiment of the present
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invention would include an isolated polynucleotide comprising X contiguous
nucleotides, wherein (i) the X contiguous nucleotides have at least about a selected
Jevel of percent identity relative to Y contiguous nucleotides of one or more of the
sequences described herein (e.g., in Table C) or fragment thereof, and (ii) for search
purposes X equals Y, wherein Y isa selectéd reference polynucleotide of defined

length (for example, a length of from 15 nucleotides up to the number of nucleotides

present in a selected full-length sequence).

The sequences of the present invention can include fragments of the sequences,
for example, from about 15 nucleotides up to the number of nucleotides present in the
full-length sequences described herein (e.g., see the Figures), including all integer
values falling within the above-described range. For example, fragments of the
polynucleotide sequences of the present invention may be 30-60 nucleotides, 60-120
nucleotides, 120-240 nucleotides, 240-480 nucleotides, 480-1000 nucleotides, and all
integer values therebetween.

The synthetic expression cassettes (and purified polynucleotides) of the present
invention include related polynucleotide sequences having about 80% to 100%, greater
than 80-85%, preferably greater than 90-92%, more preferably greater than 95%, and
most preferably greater than 98% up to 100% (including all integer values falling
within these described ranges) sequence identity to the synthetic expression cassette
and/or polynucleotide sequences disclosed herein (for example, to the sequences of
the present invention) when the sequences of the present invention are used as the
query sequence against, for example, a database of sequences.

Two nucleic acid fragments are considered to “Iselectively hybridize” as
described herein. The degree of sequence identity between two nucleic acid molecules
affects the efficiency and strength of hybridization events between such molecules. A
partially identical nucleic acid sequence will at least partially inhibit a completely
identical sequence from hybridizing to a target molecule. Inhibition of hybridization of
the completely identical sequence can be assessed using hybridization assays that are
well known in the art (e.g., Southern blot, Northern blot, solution hybridization, or the
like, see Sambrook, et al., supra or Ausubel et al., supra). Such assays can be

conducted using varying degrees of selectivity, for example, using conditions varying
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from low to high stringency. If conditions of low stringency are employed, the
absence of non-specific binding can be assessed using a secondary probe that lacks
even a partial degree of sequence identity (for example, a probe having less than about
30% sequence identity with the target molecule), such that, in the absence of non-
specific binding events, the secondary probe will not hybridize to the target.

‘When utilizing a hybridization-based detection system, a nucleic acid probe is

chosen that is complementary to a target nucleic acid sequence, and then by selection
of appropriate conditions the probe and the target sequence “selectively hybridize,” or
bind, to each other to form a hybrid molecule. A nucleic acid molecule that is capable
of hybridizing seléctively to a target sequence under “moderately stringent” typically
hybridizes under conditions that allow detection of a target nucleic acid sequence of at
least about 10-14 nucleotides in length having at least approximately 70% sequence
identity with the seciuence of the selected nucleic acid probe. Stringent hybridization
conditions typically allow detection of target nucleic acid sequences of at least about
10-14 nucleotides in length having a sequence identity of greater than abéut 90-95%
with the sequence of the selected nucleic acid probe. Hybridization conditions useful
for probe/target hybridization where the probe and target have a specific degree of -
sequence identity, can be determined as is known in the art (see, for example, Nucleic
Acid Hvbridization: A Practical Approach, editors B.D. Hames and S.J. Higgins,
(1985) Oxford; Washington, DC; IRL Press).

With respect to stringency conditions for hybridization, it is well known in the
art that numerous equivalent conditions can be employed to establish a particular
stringency by varying, for example, the following factors: the length and nature of
probe and target sequences, base composition of the various sequences, concentrations
of salts and other hybridization solution components, the presence or absence of
blocking agents in the hybridization solutions (e.g., formamide, dextran sulfate, and
polyethylene glycol), hybridization reaction temperature and time parametefs, as well
as, varying wash conditions. The selection of a particular set of hybridization
conditions is selected following standard methods in the art (see, for example,

Sambrook, et al., supra or Ausubel et al., supra).
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A first polynucleotide is “derived from” second polynucleotide if it has the
same or substantially the same basepair sequence as a region of the second
polynucleotide, its cDNA, complements thereof, or if it displays sequence identity as
described above.

A first polypeptide is “derived from” a second polypeptide if it is (i) encoded by

a first polynucleotide derived from a second polynucleotide, or (ii) displays sequence

identity to the second polypeptides as described above. -

Generally, a viral polypeptide is “derived from” a particular polypeptide of a
virus (viral polypeptide) if it is (i) encoded by an open reading frame of a
polynucleotide of that virus (viral polynucleotide), or (ii) displays sequence identity to
polypeptides of that virus as described above.

“Bncoded by” refers to a nucleic acid sequence which codes for 2 polypeptide
sequence, wherein the polypeptide sequence or a portion thereof contains an amino
acid sequence of at least 3 to 5 amino acids, more preferably at least 8 to 10 amino
acids, and even more preferably at least 15 to 20 amino acids from a polypeptide
encoded by the nucleic acid sequence. Also encompassed are polypeptide sequences
which are immunologically identifiable with a polypeptide encoded by the sequence.
Further, polyproteins can be constructed by fusing in-frame two or more
polynucleotide sequences encoding polypeptide or peptide products. Further,
polycistronic coding sequences may be produced by placing two or more
polynucleotide sequences encoding polypeptide products adjacent each other, typically
under the control of one promoter, wherein each polypeptide coding sequence may be
modified to include sequences for internal ribosome binding sites.

“Purified polynucleotide” refers to a polynucleotide of interest or fragment
thereof which is essentially free, e.g., contains less than about 50%, preferably less
than about 70%, and more preferably less than about 90%, of the protein with which
the polynucleotidé is naturally associated. Techniques for purifying polynucleotides of
interest are well-known in the art and include, for example, disruption of the cell
containing the polynucleotide with a chaotropic agent and separation of the
polynucleotide(s) and proteins by ion-exchange chromatography, affnity

chromatography and sedimentation according to density.

26



10

15

20

25

30

WO 03/020876 PCT/US02/21342

By “nucleic acid immunization” is meant the introduction of a nucleic acid
molecule encoding one or more selected antigens into a host cell, for the in Vivo
expression of an antigen, antigens, an epitope, or epitopes. The nucleic acid molecule
can be introduced directly into a recipient subject, such as by injection, inhalation, oral,
intranasal and mucosal administration, or the like, or can be introduced ex vivo, mto
cells which have been removed from the host. In the latter case, the transformed cells
are reintroduced into the subject where an immiimne response can be mounted against:
the antigen encoded by the nucleic acid molecule.

“Gene transfer” or “gene delivery” refers to methods or systems for reliably
inserting DNA of interest into a host cell. Such methods can result in transient
expression of non-integrated transferred DNA, extrachromosomal replication and
expression of transferred replicons (e.g., episomes), or integration of transferred
genetic material into the genomic DNA of host cells. Gene delivery expression vectors
include, but are not limited to, vectors derived from alphaviruses, pox viruses and
vaccinia viruses. When used for immunization, such gene delivery expression vectors
may be referred to as vaccines or vaccine vectors.

“T lymphocytes” or “T cells” are non-antibody producing lymphocytes that
constitute a part of the cell-mediated arm of the immune system. T cells arise from
immature lymphocytes that migrate from the bone marrow to the thymus, where they
undergo a maturation process under the direction of thymic hormones. Here, the
mature lymphocytes rapidly divide increasing to very large numbers. The maturing T
cells become immunocompetent based on their ability to recognize and bind a specific
antigen. Activation of immunocompetent T cells is trig gered when an antigen binds to
the lymphocyte's surface receptors.

The term “transfection” is used to refer to the uptake of foreign DNA by a cell.
A cell has been “transfected” when exogenous DNA has been introduced inside the cell
membrane. A number of transfection techniques are generally known in the art. See,
e.g., Graham et al. (1973) Virology, 52:456, Sambrook et al. (1989) Molecular
Cloning, a laboratory manual, Cold Spring Harbor Laboratories, New York, Davis et
al. (1986) Basic Methods in Molecular Biology, Elsevier, and Chu et al. (1981) Gene

13:197. Such techniques can be used to introduce ohe or more exogenous DNA
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moieties into suitable host cells. The term refers to both stable and transient uptake of
the genetic material, and includes uptake of peptide- or antibody-linked DNAs.

A “vector” is capable of transferring gene sequences to target cells (e.g., viral
vectors, non-viral vectors, particulaté carriers, and liposomes). Typically, “vector
construct,” “expression vector,” and “gene transfer vector,” mean any nucleic acid
construct capable of directing the expression of a gene of interest and which can

transfer gene sequences to target cells. Thus, the term includes cloning and expression

vehicles, as well as viral vectors.

Transfer of a “suicide gene” (e.g., a drug-susceptibility gene) to a target cell
renders the cell sensitive to compounds or compositions that are relatively nontoxic to
normal cells. Moolten, F.L. (1994) Cancer Gene Ther. 1:279-287. Examples of
suicide genes are thymidine kinase of herpes simplex virus (HSV-tk), cytochrome
P450 (Manome et al. (1996) Gene Therapy 3:513-520), human deoxycytidine kinase
(Manome et al. (1996) Nature Medicine 2(5):567-573) and the bacterial enzyme

_cytosine deaminase (Dong et al. (1996) Human Gene Therapy 7:713-720). Cells
which express these genes are rendered sensitive to the effects of the relatively
nontoxic prodrugs ganciclovir (HSV-tk), cyclophosphamide (cytochrome P450 2B1), .
cytosine arabinoside (human deoxycytidine kinase) or 5-fluorocytosine (bacterial
cytosine deaminase). Culver et al. (1992) Science 256:1550-1552, Huber et al. (1994)
Proc. Natl. Acad. Sci. USA 91:8302-8306.

- A “selectable marker” or “reporter marker” refers to a nucleotide sequence
included in a gene transfer vector that has no therapeutic activity, but rather is included
to allow for simpler prepara/tion, manufacturing, characterization or testing of the gene
transfer vector.

A “specific binding agent” refers to a member of a specific binding pair of
molecules wherein one of the molecules specifically binds to the second molecule
through chemical and/or physical means. One example of a specific binding agent is an
antibody directed against a selected antigen.

By “subject” is meant any member of the subphylum chordata, including,
without limitation, humans and other primates, including non-human primates such as

rhesus macaque, chimpanzees and other apes and monkey species; farm animals such
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as cattle, sheep, pigs, goats and horses; domestic mammals such as dogs and cats;
Jaboratory animals including rodents such as mice, rats and guinea pigs; birds,
including domestic, wild and game birds such as chickens, turkeys and other
gallinaceous birds, ducks, geese, and the like. The term does not denote a particular
age. Thus, both adult and newborn individuals are intended to be covered. The

system described above is intended for use in any of the above vertebrate species, since

the immune systems of all of these vertebrates operate similarly.

By “pharmaceutically acceptable” or “pharmacologically acceptable™ is meant a
material which is not biologically or otherwise undesirable, i.e., the material may be
administered to an individual in a formulation or composition without causing any
undesirable biological effects or interacting in a deleterious manner with any of the
components of the composition in which it is contained.

By “physiological pH” or a “pH in the physiological range” is meant a pH in
the range of approximately 7.0 to 8.0 inclusive, more typically in the range of
approximately 7.2 to 7.6 inclusive.

As used herein, “treatment” refers to any of (i) the prevention of infection or
reinfection, as in a traditional vaccine, (i) the reduction or elimination of symptorms,
and (iii) the substantial or complete elimination of the pathogen in question. Treatment
may be effected prophylactically (prior to infection) or therapeutically (following
infection).

By “co-administration” is meant administration of more than one composition
or molecule. Thus, co-administration includes concurrent administration or
sequentially administration (in any orderj, via the same or different routes of
administration. Non-limiting examples of co-administration regimes include, co-
administration of nucleic acid and polypeptide; co-administration of different nucleic
acids (e.g., different expression cassettes as described herein and/or different gene
delivery vectors); and co-administration of different polypeptides (e.g., different HIV
polypeptides and/or different adjuvants). The term also encompasses multiple
administrations of one of the co-administered molecules or compositions (e.g., multiple
administrations of one or more of the expression cassettes described herein followed

by one or more administrations of a polypeptide-containing composition). In cases
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where the molecules or compositions are delivered sequentially, the time between each
administration can Be readily determined by one of skill in the art in view of the
teachings herein.

] entiviral vector”, and “recombinant lentiviral vector” refer to a nucleic acid
construct which carries, and within certain embodirents, is capable of directing the

expression of a nucleic acid molecule of interest. The lentiviral vector include at least

one transcriptional promoter/enhancer or 1ocus defining element(s), or otherelements ~
which control gene expression by other means such as alternate splicing, nuclear RNA
export, post-translational modification of messenger, or post-transcriptional
modification of protein. Such vector constructs must also include a packaging signal,
long terminal repeats (LTRS) or portion thereof, and positive and negative strand
primer binding sites appropriate to the retrovirus used (if these are not already present
in the retroviral vector). Optionally, the recombinant lentiviral vector may also include
a signal which directs polyadenylation, selectable markers such as Neo, TK,
hygromycin, phleomycin, histidinol, or DHFR, as well as one or more restriction sites
and a translation termination sequence. By way of example, such vectors typically
include a 5' LTR, a tRNA binding site, a packaging signal, an origin of second strand
DNA synthesis, and a 3’LTR or a portion thereof A

“ entiviral vector particle” as utilized within the present invention refers to a
lentivirus which carries at least one gene of interest. The retrovirus may also contain a
selectable marker. The recombinant lentivirus is capable of reverse transcribing its
genetic material (RNA) into DNA and incorporating this genetic material into a host
cell's DNA upon infection. Lentiviral vector particles may have a lentiviral envelope, a
non-lentiviral envelope (e.g., an ampho or VSV-G envelope), or a chimeric envelope.

“Nucleic acid expression vector” or “Expression cassette” refers to an assembly
which is capable of directing the expression of a sequence or gene of interest. The
nucleic acid expression vector includes a promoter which is operably linked to the
sequences or gene(s) of interest. Other control elements may be present as well.
Expression cassettes described herein may be contained within a plasmid construct. In
addition to the components of the expression cassette, the plasmid construct may also

include a bacterial origin of replication, one or more selectable markers, a signal which
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allows the plasmid construct to exist as single-stranded DNA (e.g., a M13 origin of
replication), a multiple cloning site, and a “mammalian” origin of replication (e.g., a
SV40 or adenovirus origin of replication).

“Packaging cell” refers to a cell which contains those elements necessary for
production of infectious recombinant retrovirus which are lacking in a recombinant

retroviral vector. Typically, such packaging cells contain one or more expression

" cassettes which are capable of expressing proteins which encode Gag, pol andenv

proteins.
“Producer cell” or “vector producing cell” refers to a cell which contains all

elements necessary for production of recombinant retroviral vector particles.

2. MODES OF CARRYING OUT THE INVENTION

Before describing the present invention in detail, it is to be understood that this
invention is not limited to particular formulations or process parameters as such may,
of course, vary. It is also to be understood that the terminology used herein is for the .
purpose of describing particular embodiments of the invention only, and is not intended
to be limiting.

Although a number of methods and materials similar or equivalent to those
described herein can be used in the practice of the present invention, the preferred

materials and methods are described herein.

2.1. THE HIV GENOME

The HIV genome and various polypeptide-encoding regions are shown in Table
A. The nucleotide positions are given relative to 8_5_TVI1_C.ZA (Figure 1; an HIV
Type C isolate). However, it will be readily apparent to one of ordinary skill in the art
in view of the teachings of the present disclosure how to determine corresponding
regions in other HIV strains or variants (e.g., isolates HIVyg,, HIV g, HIV-1sgi6s,
HIV-1g5170 BTV avs HIV 4 HIVies HIV-10paas5,, HIV-1yg, other HIV-1 strains from
diverse subtypes(e.g., subtypes, A through G, and O), HIV-2 strains and diverse
subtypes (e.g., HIV-2y¢; and HIV-2ycy), and simian immunodeficiency virus (SIV).
(See, e.g., Virology, 3rd Edition (W.K. Joklik ed. 1988); Fundamental Virology, 2nd
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Edition (B.N. Felds and D.M. Knipe, eds. 1991); Virology, 3rd Edition (Fields, BN,
DM Knipe, PM Howley, Editors, 1996, Lippincott-Raven, Philadelphia, PA; for a

description of these and other related viruses), using for example, sequence

comparison programs (e.g., BLAST and others described herein) or identification and

alignment of structural features (e.g., a program such as the “ALB” program described

herein that can identify the various regions).

Table A: Regions of the HIV Genome relative to 8_5_TV1_C.ZA

Region Position in nucleotide sequence
S'LTR 1-636

U3 1-457

R 458-553
Us 554-636
NFkB II 340-348
NFkB I 354-362
Spl I 379-388
Splll 390-398
Spll 400-410
TATA Box 429-433
TAR 474-499
Poly A signal 529-534
PBS 638-655
p7 binding region, packaging signal .| 685-791
Gag: 792-2285
pl7 792-1178
p24 1179-1871
Cyclophilin A bdg. 1395-1505
MHR 1632-1694
p2 1872-1907
p7 1908-2072
Frameshift slip 2072-2078
pl 2073-2120
p6Gag 2121-2285
Zn-motif I 1950-1991
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Zn-motif I

Pol:

p6Pol

Prot

P66RT
pl15RNaseH
p31lint

Vif:
Hydrophilic region

Vpr:
Oligomnierization
Amphipathic a-helix

Tat:

Tat-1 exon

Tat-2 exon

N-terminal domain
Trans-activation domain
Transduction domain

Rev:
Rev-1 exon
Rev-2 exon

.High-affinity bdg. site

Leu-rich effector domain

VYpu:
Transmembrane domain
Cytoplasmic domain

14211-5086

2013-2054

2072-5086
2072-2245
2246-2542
2543-4210
3857-4210

5034-5612
5292-5315

5552-5839
5552-5677
5597-5653

5823-6038 and 8417-8509
5823-6038
8417-8509
5823-5885
5886-5933
5961-5993

5962~6037 and 8416-8663
5962-6037
8416-8663
8439-8486
8562-8588

6060-6326

6060-6161
6162-6326
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Env (gpl60): 6244-8853
" Signal peptide 6244-6324
gp120 6325-7794
V1 6628-6729
5 V2 6727-6852
V3 7150-7254
V4 7411-7506
V5 7663-7674
C1 6325-6627
10 Cc2 6853-7149
C3 7255-7410
C4 7507-7662
C5 7675-7794
CD4 binding 7540-7566
15 gp4l 7795-8853
Fusion peptide 7789-7842
Oligomerization domain 7924-7959
N-terminal heptad repeat 7921-8028
C-terminal heptad repeat 8173-8280
20 Immunodominant region 8023-8076
Nef: 8855-9478
Moyristoylation 8858-8875
SH3 binding 9062-9091
25 Polypurine tract 0128-9154
SH3 binding 9296-9307
It will be readily apparent that one of skill in the art can readily élign any
sequence to that shown in Table A to determine relative locations of any particular
30 HIV gene. For example, using one of the alignment programs described herein (e.g.,
BLAST), other HIV genomic sequences can be aligned with 8_5_TV1_C.ZA (Table
A) and Jocations of genes determined. Polypeptide sequences can be similarly aligned.
For example, Figures 2A-2C shows the alignment of Env polypeptide sequences from
various strains, relative to SF-162. As described in detail in co-owned W0/39303,
35 Env polypeptides (e.g., gp120, gp140 and gp160) include 2 “bridging sheet”

comprised of 4 anti-parallel b-strands (b—Z, b-3, b-20 and b-21) that form a b-sheet.

Extruding from one pair of the b-strands (b-2 and b-3) are two loops, V1 and V2. The
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b-2 sheet occurs at approximately amino acid residue 113 (Cys) to amino acid residue
117 (Thr) while b-3 occurs at approximately amino acid residue 192 (Ser) to amino
acid residue 194 (Ile), relative to SF-162. The “V1/V2 region” occurs at .
approximately amino acid positions 120 (Cys) to residue 189 (Cys), relative to SF-162.
Extruding from the second pair of b-strands (b-20 and b-21) is a “small-loop”

structure, also referred to herein as “the bridging sheet small loop.” The locations of

" both the small loop and bridging sheet small loop can be determined relative to HXB-2

following the teachings herein and in WO/39303. Also shown by arrows in Figure
2A-C are approximate sites for deletions sequence from the beta sheet region. The
denotes N-glycosylation sites that can be mutated following the teachings of the

present specification.

2.2.0 SYNTHETIC EXPRESSION CASSETTES
One aspect of the present invention is the generation of HIV-1 coding
sequences, and related sequences, for example having improved expression relative to

the corresponding wild-type sequences.

2.2.1 MODIFICATION OF HIV-1 NUCLEIC ACID CODING SEQUENCES

First, the HIV-1 codon usage pattern was modified so that the resulting nucleic
acid coding sequence was comparable to codon usage found in highly expressed
human genes. The HIV codon usage reflects a high content of the nucleotides A or T
of the codon-triplet. The effect of the HIV-1 codon usage is a high AT content in the
DNA sequence that results in a decreased translation ability and instability of the
mRNA. In comparison, highly expressed human codons prefer the nucleotides G or C.
The HIV coding sequences were modified to be comparable to codon usage found in
highly expressed human genes.

Second, there are inhibitory (or instability) elements (INS) located within the
coding sequences of, for example, the Gag coding sequences. The RRE is a secondary
RNA structure that interacts with the HIV encoded Rev-protein to overcome the
expression down-regulating effects of the INS. To overcome the post-transcriptional

activating mechanisms of RRE and Rev, the instability elements can be inac_tivated by
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introducing multiple point mutations that do not alter the reading frame of the encoded
proteins.

Third, for some genes the coding sequence has been altered such that the
polynucleotide coding sequence encodes a gene product that is inactive or non-
functional (e.g., inactivated polymerase, protease, tat, rev, nef, vif, vpr, and/or vpu
gene products). Example 1 describes some exemplary mutations. Example 8 presents
information concerning functional analysis of mutated Tat, Rev and Nef antigens.

The synthetic coding sequences are assembled by methods known in the art, for
example by companies such as the Midland Certified Reagent Company (Midland,
Texas).

Modification of the Gag polypeptide coding sequences results in improved
expression relative to the wild-type coding sequences in a number of mammalian cell
lines (as well as other types of cell lines, including, but not limited to, insect cells).

Some exemplary polynucleotide sequences encoding Gag-containing
polypeptides are GagComplPolmut.SF2, GagComplPolmutAtt.SF2,
GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B, GagPolmntAtt.SF2,
GagPolmutIna.SF2, GagProtInaRTmut.SF2, GagProtInaRTmutTatRevNef.opt_B,
GagRTmut.SF2, and GagTatRevNef.opt_B. _

Similarly, the present invention also includes synthetic Env-encoding
pblynucleotides and modified Env proteins, for example, gp140.modSF162.CwtLmod,
gp140.modSF162.CwtLnat, gp160.modSF162.delV2.mut7, and
gp160.modSF162.delV2.mut8.

The codon usage pattern for Env was modified as described above for Gag so
that the resulting nucleic acid coding sequence was comp.arablc.to codon usage found
in highly expressed human genes. Experiments performed in support of the present
invention show that the synthetic Env sequences were capable of higher level of
protein production relative to the native Env sequences.

Modification of the Env polypeptide coding sequences results in improved
expression relative to the wild-type coding sequences in a number of mammalian cell
lines (as well as other types of cell lines, including, but not limited to, insect cells).

Similar Env polypeptide coding sequences can be obtained, modified and tested for
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improved expression from a variety of isolates, including those described above for
Gag.

Further modifications of Env include, but are not limited to, generating
polynucleotides that encode Env polypeptides having mutations and/or deletions
therein. For instance, the hypervariable regions, V1 and/or V2, can be deleted as

described herein. Additionally, other modifications, for example to the bridging sheet

region and/or to N-glycosylation sites within Env can also be performed following the
feachings of the present specification. (see, Figure2A-C, as well as WO 00/39303,
WO 00/39302, WO 00/39304, WO 02/04493). Various combinations of these
modifications can be employed to generate synthetic expression cassettes as described
herein. |

The present invention also includes expression cassettes which mclude
synthetic Pol sequences. As noted above, “Pol” includes, but is not limited to, the
protein-encoding regions comprising polymerase, protease, reverse transcriptase
and/or integrase-containing sequences (Wan et et al (1996) Biochem. J. 316:569-573;
Kohl et al. (1988) PNAS USA 85:4686-4690; Krausslich et al. (1988) J. Virol.
62:4393-4397; Coffin, “Retroviridae and their Replication” in Virology, pp1437-1500
(Raven, New York, 1990); Patel et. al. (1995) Biochemistry 34:5351-5363). Thus, the
synthetic expression cassettes exemplified herein include one or more of these regions
and one or more changes to the resulting amino acid sequences. Some exemplary
polynucleotide sequences encoding Pol-derived polypeptides are presented in Table C.

The codon usage pattern for Pol was modified as described above for Gag and
Env so that the resulting nucleic acid coding sequence was comparable to codon usage
found in highly expressed human genes.

Constructs may be modified in various ways. For example, the expression
constructs may include a sequence that encodes the first 6 amino acids of the Integrase
polypeptide. This 6 amino acid region is believed to provide a cleavage recognition
site recognized by HIV protease (see, e.g., McCornack et al. (1997) FEBS Letts
414:84-88). Constructs may include a multiple cloning site (MCS) for insertion of
one or more transgenes, typically at the 3' end of the construct. In addition, a cassette

encoding a catalytic center epitope derived from the catalytic center in RT is typically
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included 3' of the sequence encoding 6 amino acids of integrase. This cassette encodes
Dle178 through Serine 191 of RT and may be added to keep this well conserved region
as a possible CTL epitope. Further, the constructs contain an insertion mutations to
preserve the reading frame. (see, e.g., Park et al. (1991) J. Virol. 65:5111).

In certain embodiments, the catalytic center and/or primer grip region of RT

are modified. The catalytic center and primer grip regions of RT are described, for

" ‘example, in Patel et al. (1995) Biochem. 34:5351 and Palaniappan et al. (1997) J. Biol.

Chem. 272(17):11157. For example, wild type sequence encoding the amino acids
YMDD at positions 183-185 of p66 RT, numbered relative to AF110975, may be
replaced with sequence encoding the amino acids “AP”. Further, the primer grip
region (amino acids WMGY, residues 229-232 of p66RT, numbered relative to
AF110975) may be replaced with sequence encoding the amino acids “PL”

For the Pol sequence, the changes in codon usage are typically restricted to the
regions up to the -1 frameshift and starting again at the end of the Gag reading frame;
however, regions within the frameshift translation region can be modified as well.
Finally, inhibitory (or instability) elements (INS) located within the coding sequences
of the protease polypeptide coding sequence éan be altered as well.

Experiments can be performed in support of the present invention to show that
the synthetic Pol sequences were capable of higher level of protein production relative
to the native Pol sequences. . Modification of the Pol polypeptide coding sequences
results in improved expression relative to the wild-type coding sequences in a number
of mammalian cell lines (as well as other types of cell lines, including, but not limited
to, insect cells). Similar Pol polypeptide coding sequences can be obtained, modified
and tested for improved expression from a variety of isolates, including those described
above for Gag and Env.

The present invention also includes expression cassettes which include
synthetic sequences derived HIV genes other than Gag, Env and Pol, including but not
limited to, regions within Gag, Env, Pol, as well as, GagComplPolmut.SF2,
GagComplPolmutAtt.SF2, GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B,
GagPolmutAtt.SF2, GagPolmutIna.SF2, GagProtInaRTmut.SF2,
GagProtInaRTmutTatRevNef.opt_B, GagRTmut.SF2, GagTatRevNef.opt_B,
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gp140.modSF162.CwtLmod, gp140.modSF162.CwtLnat,
gpl60.modSF162.delV2'.mut7, gp160.modSF162.delV2.mut8, int.opt.mut.SF2,
int.opt.SF2, nef. D125G.-myr.opt.SF162, nef.D107G.-myr18.0pt.SF162,
nef.opt.D125G.SF162, nef.opt.SF162, pl15RnaseH.opt.SF2, p2Pol.opt. YMWM.SF2,
p2PolInaopt. YM.SF2, piPolopt.SFZ, p2PolTatRevNef.opt.native_B,
p2PolTatRevNef.opt_B, pol.opt.SE2, prot.opt.SF2, protlna.opt.SF2,
protlnaRT.YM:opt:SF2, protlnaRT. YMWMLopt.SF2, ProtInaRTmut.SF2,
protRT.opt.SF2, ProtRT.TatRevNef.opt_B, ProtRTTatRevNef.opt_B,
rev.exonl_2.M5-10.0pt.SF162, rev.exonl_2.0pt.SF162, RT.opt.SF2 (mutant),
RT.opt.SF2 (native), RTmut.SF2, tat.exonl_2.opt.C22-37.SF2,
tat.exonl_2.0pt.C37.SF2, TatRevNef.opt.native.SF162, TatRevNef.opt.SF162,
TatRevNefGag B, TatRevNefgagCpollna B, TatRevNefGagProtInaR Tmut B,
TatRevNefp2Pol.opt_B, TatRevNefprotRTopt B, vif.opt.SF2, vpr.opt.SF2, and
vpu.opt.SF162. Sequences obtained from other strains can be manipulated in similar
fashion following the teachings of the present specification. As noted above, the
codon usage pattern is modified as described above for Gag, Env and Pol so that the
resulting nucleic acid coding sequence is comparable to codon usage found in highly
expressed human genes. Typically these synthetic sequences are capable of higher
level of protein production relative to the native sequences and that modification of the
wild-type polypeptide coding sequences results in improved expression relative to the
wild-type coding sequences in a number of mammalian cell lines (as well as other types
of cell lines, including, but not limited to, insect cells). Furthermore, the nucleic acid
sequence can also be modified to introduce mutations into one or more regions of the
gene, for instance to alter the function of the gene product (e.g., render the gene
product non-functional) and/or to eliminate site modifications (e.g., the myristoylation
site in Nef). |

Synthetic expression cassettes, derived from HIV Type B coding sequences,
exemplified herein include, but are not limited to, those comprising one or more of the
following synthetic polynucleotides: GagComplPolmut.SF2,
GagComplPolmutAtt.SF2, GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B,
GagPolmutAtt.SF2, GagPolmutIna.SF2, GagProtlnaRTmut.SF2,
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GagProtInaRTmutTatRevNef.opt_B, GagRTmut.SF2, GagTatRevNef.opt_B,
gp140.modSF162.CwtLmod, gp140.modSF162.CwtLnat,
gp160.modSF162.delV2.mut7, gp160.modSF162.delV2.mut8, int.opt.mut.SF2,
int.opt.SF2, nef.D125G.-myr.opt.SF162, nef. D107G.-myr18.opt.SF162,
nef.opt.D125G.SF162, nef.opt.SF162, pl5RnaseH.opt.SF2, p2Pol.opt. YMWM.SF2,
p2PolInaopt. YM.SF2, p2Polopt.SE2, p2PolTatRevNef.opt.native_B,
p2PolTatRevNef.opt_B, polopt.SF2, prot.opt.SF2, protlna.opt.SF2,
protlnaRT.YM.opt.SF2, protinaRT. YMWM.opt.SF2, ProtInaRTmut.SF2,
protRT.opt.SF2, ProtRT.TatRevNef.opt_B, ProtRTTatRevNef.opt_B,
rev.exonl_2.MS-10.0pt.SF162, rev.exonl_2.opt.SF162, RT.opt.SF2 (mutant),
RT.opt.SF2 (native), RTmut.SF2, tat.eXonl_é.op_t.C22—37.SF2,
tat.exonl_2.opt.C37.SF2, TatRevNef.opt.native.SF162, TatRevNef.opt.SF162,
TatRevNefGag B, TatRevNefgagCpollna B, TatRevNefGagProtInaR Tmut B,
TatRevNefp2Pol.opt_B, TatRevNefprotRTopt B, vif.opt.SF2, vpr.opt.SF2, and

vpu.opt.SF162.

Gag-complete refers to in-frame polyproteins comprising, e.g., Gag and po],
wherein the p6 portion of Gag is present.

Additional sequences that may be employed in some aspects of the present
invention have been described in WO 00/39302, WO 00/39303, WO 00/39304, and
WO 02/04493.

2.2.2 FURTHER MODIFICATION OF SEQUENCES INCLUDING HIV NUCLEIC

Acib CODING SEQUENCES -

The HIV polypeptide-encoding expression cassettes described herein may also
contain one Or more further sequences encoding, for example, one or more transgenes.
Further sequences (e.g., transgenes) useful in the practice of the present invention
include, but are not limited to, further sequences are those encoding further viral
epitopes/antigens {including but not limited to, HCV antigens (e.g., E1, E2;
Houghton, M.., et al., U.S. Patent No. 5,714,596, issued February 3, 1998; Houghton,
M.., et al., U.S. Patent No. 5,712,088, issued January 27, 1998; Houghton, M.., et al.,
U.S. Patent‘No. 5,683,864, issued November 4, 1997; Weiner, A.J., et al,, U.S. Patent
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No. 5,728,520, issued March 17, 1998; Weiner, A.J., et al,, U.S. Patent No.
5,766,845, issued June 16, 1998; Weiner, A.J., et al., U.S. Patent No. 5,670,152,
issued September 23, 1997), HIV antigens (e.g., derived from one or more HIV
isolate); and sequences encoding tumor antigens/epitopes. Further sequences may also
be derived from non-viral sources, for instance, sequences encoding cytokines such

interleukin-2 (IL-2), stem cell factor (SCF), interleukin 3 (IL-3), interleukin 6 (IL-6),

(GM-CSF), interleukin-1 alpha (IL-1I), interleukin-11 (IL-11), MIP-11I, tumor necrosis
factor (TNF), leukemia inhibitory factor (LIF), c-kit ligand, thrombopoietin (TPO) and
fit3 ligand, commercially available from several vendors such as, for example,
Genzyme (Framingham, MA), Genentech (South San Fréncisco, CA), Amgen
(Thousand Oaks, CA), R&D Systems and Immunex (Seattle, WA). Additional
sequences are described below. Also, variations on the orientation of the Gag and
other coding sequences, relative to each other, are described below.

HIV polypeptide coding sequences can be obtained from other HIV isolates,
see, e.g., Myers et al. Los Alamos Database, Los Alamos National Laboratory, Los
Alamos, New Mexico (1992); Myers et al., Human Retroviruses and Aids, 1997, Los
Alamos, New Mexico: Los Alamos National Laboratory. Synthetic expression
cassettes can be generated using such coding sequences as starting material by
following the teachings of the present specification.

Further, the synthetic expression cassettes of the present invention include
related polypeptide sequences having greater than 85%, preferably greater than 90%,
more preferably greater than 95%, and most preferably greater than 98% sequence
identity to the polypeptides encoded by the synthetic expression cassette sequences
disclosed herein.

Exemplary expression cassettes and modifications are set forth in Example 1.

2.2.3 EXPRESSION OF SYNTHETIC SEQUENCES ENCODING HIV-1
POLYPEPTIDES AND RELATED POLYPEPTIDES
Synthetic HIV-encoding sequences (expression cassettes) of the present

invention can be cloned into a number of different expression vectors to evaluate levels
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of expression and, in the case of Gag-containing constructs, production of VLPs. The
synthetic DNA fragments for HTV polypeptides can be cloned into eucaryotic.
expression 'vectors, including, a transient expression vector, CMV-promoter-based
mammalian vectors, and a shuttle vector for use in baculovirus expression systems.
Corresponding wild-type sequences can also be cloned into the same vectors.

These vectors can then be transfected into a several different cell types,
including a variety of mammalian cell lines (293, RD;COS-7, and CHO, cell lines
available, for example, from the A.T.C.C.). The cell lines are then cultured under
appropriate conditions and the levels of any appropriate polypeptide product can be
evaluated in supernatants. (see, Table A). For example, p24 can be used to evaluate
Gag expression; gp160, gp140 or gp120 can be used to evaluate Env expression;
p6pol can be used to evaluate Pol expression; prot can be used to evaluate protease;
p15 for RNAseH; p31 for Integrase; and other appropriate polypeptides for Vif, Vpr,
Tat, Rev, Vpu and Nef. Further, modified polypeptides can also be used, for example,
other Env polypeptides include, but are not limited to, for example, native gp160,
oligomeric gp140, monomeric gp120 as well as modified and/or synthetic sequences of
these polypeptides. The results of these assays demonstrate that expression of
synthetic HIV polypeptide-encoding sequences are significantly higher than
corresponding wild-type sequences.

Further, Western Blot analysis can be used to show that cells containing the
synthetic expression cassette produce the expected protein at higher per-cell
concentrations than cells containing the native expression cassette. The HIV proteins
can be seen in both cell lysates and supernatants. The levels of production are
significantly higher in cell supernatants for cells transfected with the synthetic
expression cassettes of the present invention.

Fractionation of the supernatants from mammalian cells transfected with the
synthetic expression cassette can be used to show that the cassettes provide superior
production of HIV proteins and, in the case of Gag, VLPs, relative to the wild-type
sequences.

Efficient expression of these HIV-containing polypeptides in mammalian cell

lines provides the following benefits: the polypeptides are free of baculovirus
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contaminants; production by established methods approved by the FDA; increased
purity; greater yields (relative to native coding sequences); and a novel method of
producing the Sub HIV-containing polypeptides in CHO cells which is not feasible in
the absence of the increased expression obtained using the constructs of the present
invention. Exemplary Mammalian cell lines include, but are not limited to, BHK,
VERO, HT1080, 293, 293T, RD, COS-7, CHO, Jurkat, HUT, SUPT, C8166,
MOLT4/clone8, MT-2, MT-4, H9, PM1, CEM, and CEMX174 (such cell lines are
available, for example, from the AT.C.C).

A synthetic Gag expression cassette of the present invention will also exhibit
high levels of expression and VLP production when transfected into insect cells.
Synthetic expression cassettes described herein also demonstrate high levels of
expression in insect cells. Further, in addition to a higher total protein yield, the final
product from the synthetic polypeptides consistently contains lower amounts of
contaminating baculovirus proteins than the final product from the native sequences.

Further, synthetic expression cassettes of the present invention can also be
introduced into yeast vectors which, in turn, can be transformed into and efficiently
expressed by yeast cells (Saccharomyces cerevisea; using vectors as described in
Rosenberg, S. and Tekamp-Olson, P., U.S. Patent No. RE35,749, issued, March 17,
1998).

In addition to the mammalian and insect vectors, the synthetic expression
cassettes of the present invention can be incorporated into a variety of expression
vectors using selected expression control elements. Appropriate vectors and control
elements for any given cell an be selected by one having ordinary skill in the art in view
of the teachings of the present specification and information known in the art about
expression vectors. '

For example, a synthetic expression cassette can be inserted into a vector
which includes control elements operably linked to the desired coding sequence, which
allow for the expression of the gene in a selected cell-type. For example, typical
promoters for mammalian cell expression include the SV40 early promoter, a CMV
promoter such as the CMV immediate early promoter (a CMV promoter can include

intron A), RSV, HIV-Ltr, the mouse mammary tumor virus LTR promoter (MMLV-
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itr), the adenovirus major late promoter (Ad MLP), and the herpes simplex virus
promoter, among others. Other nonviral promoters, such as a promoter derived from
the murine metallothionein gene, will also find use for mammalian expression.
Typically, transcription termination and polyadenylation sequences will also be present,
located 3' to the translation stop codon. Preferably, a sequence for optimization of
initiation of translation, located 5’ to the coding sequence, is also present. Examples
of transcription terminator/polyadenylafion signals include those derived from SV40,
as described in Sambrook, et al., supra, as well as a bovine growth hormone
terminator sequence. Introns, containing splice donor and acceptor sites, may also be
designed into the constructs for use with the present invention (Chapman et al., Nuc.
Acids Res. (1991) 19:3979-3986). ’

Enhancer elements may also be used herein to increase expression levels of the
mammalian constructs. Examples include the SV40 early gene enhancer, as described
in Dijkema e;c al., EMBO J. (1985) 4:761, the enhancer/promoter derived from the
long terminal repeat (LTR) of the Rous Sarcoma Virus, as described in Gorman et al.,
Proc. Natl. Acad. Sci. USA (1982b) 79:6777 and elements derived from human CMV,
as described in Boshart et al., Cell (19835) 41:521, such as elements included in the
CMYV intron A sequence (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986).

The desired synthetic polypeptide encoding sequences can be cloned into any
nﬁmber of commercially available vectors to generate expression of the polypeptide in
an appropriate host system. These systems include, but are not limited to, the

following: baculovirus expression {Reilly, P.R., et al., BACULOVIRUS EXPRESSTON

VECTORS: A LABORATORY MANUAL (1992); Bearnes, et al., Biotechniques 11:378

(1991); Pharmingen; Clontech, Palo Alto, CA)}, vaccinia expression {Earl, P. L., et
al., “Expression of proteins in mammalian cells using vaccinia” In Current Protocols
in Molecular Biology (F. M. Ausubel, et al. Eds.), Greene Publishing Associates &
Wiley Interscience, New York (1991); Moss, B., et al., U.S. Patent Number
5,135,855, issued 4 August 1992}, expression in bacteria {Ausubel, FM,, et al.,

CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley and Sons, Inc., Media
PA; Clontech}, expression in yeast {Rosenberg, S. and Tekamp-Olson, P.,U.S. Patent
No. RE35,749, issued, March 17, 1998; Shuster, J.R., U.S. Patent No. 5,629,203,
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issued May 13, 1997; Gellissen, G., et al., Antonie Van Leeuwenhoek, 62(1-2):79-93
(1992); Romanos, M.A.,, et al., Yeast 8(6):423-488 (1992); Goeddel, D.V., Methods
in Enzymology 185 (1990); Guthrie, C., and G.R. Fink, Methods in Enzymology 194
(1991)}, expression in mammalian cells {Clontech; Gibco-BRL, Ground Island, N'Y;
e.g., Chinese hamster ovary (CHO) cell lines (Haynes, J., et al., Nuc. Acid. Res.
11:687-706 (1983); 1983, Lau, Y.F., et al., Mol. Cell. Biol. 4:1469-1475 (1984);

Kaufman, R. J., “Selection and coamplification of heterologous genes in mammalian

cells,” in Methods in Enzymology, vol. 185, pp537-566. Academic Press, Inc., San
Diego CA (1991)}, and expression in plant cells {plant cloning vectors, Clontech
Laboratories, Inc., Palo Alto, CA, and Pharmacia LKB Biotechnology, Inc.,
Pistcataway, NJ; Hood, E., et al, J. Bacteriol. 168:1291-1301 (1986); Nagel, R., et
al., FEMS Microbiol. Lett. 67:325 (1990); A, et al., “Binary Vectors”, and others in
Plant Molecular Biology Manual A3:1-19 (1988); Miki, B.L.A., et al., pp.249-265,
and others in Plant DNA Infectious Agents (Hobn, T., et al., eds.) Springer-Verlag,

Wien, Austria, (1987); Plant Molecular Biology: Essential Techniques, P.G. Jones
and .M. Sutton, New York, J. Wiley, 1997; Miglani, Gurbachan Dictionary of Plant
Genetics and Molecular Biology, New York, Food Products Press, 1998; Henry, R.
J., Practical Applications of Plant Molecular Biology, New York, Chapman & Hall,
1997}.

Also included in the invention is an expression vector, containing coding
sequences and expression control elements which allow expression of the coding
regions in a suitable host. The control elements generally include a promoter,
translation initiation codon, and translation and transcription termination sequences,
and an insertion site for introducing the insert into the vector. Translational control
elements have been reviewed by M. Kozak (e.g., Kozak, M., Mamm. Genome
7(8):563-574, 1996; Kozak, M., Biochimie 76(9):815-821, 1994; Kozak, M., J Cell
Biol 108(2):229-241, 1989; Kozak, M., and Shatkin, A.J., Methods Enzymol
60:360-375, 1979).

Expression in yeast systems has the advantage of commercial production.
Recombinant protein production by vaccinia and CHO cell line have the advantage of

being mammalian expression systems. Further, vaccinia virus expression has several
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advantages including the following: (i) its wide host range; (i) faithful post-
transcriptional modification, processing, folding, transport, secretion, and assembly of
recémbinant proteins; (iii) high level expression of relatively soluble recombinant
proteins; and (iv) a large capacity to accommodate foreign DNA.

Thé recombinantly expressed polypeptides from synthetic HIV polypeptide-
encoding expression cassettes are typically isolated from lysed cells or culture media.
Purification can be carried out by methods known in the art including salt
fractionation, ion exchange chromatography, gel filtration, size-exclusion
chromatography, size-fractionation, and affinity chromatography. Immunoaffinity
chromatography can be employed using antibodies generated based on, for example,
HIV antigens.

Advantages of expressing the proteins of the present invention using
mammalian cells include, but are not limited to, the following: well-established
protocols for scale-up production; the ability to produce VLPs; cell lines are suitable to
meet good manufacturing process (GMP) standards; culture conditions for mammalian
cells are known in the art.

Synthetic HIV 1 polynucleotides are described herein, see, for example, the
figures. Various forms of the different embodiments of the invention, described herein,
may be combined.

Exemplary expression assays are set forth in Example 2. Exemplary conditions

for Western Blot analysis are presented in Example 3.

2.3.0 PRODUCTION OF VIRUS-LIKE PARTICLES AND USE OF THE
CONSTRUCTS OF THE PRESENT INVENTION TO CREATE PACKAGING
CELL LINES.

The group-specific antigens (Gag) of human immunodeficiency virus type-1
(HIV-1) self-assemble into noninfectious virus-like particles (VLP) that are released
from various eucaryotic cells by budding (reviewed by Freed, E.O., Virology 251:1-15,
1998). The Gag-containing synthetic expression cassettes of the present invention
provide for the production of HIV-Gag virus-like particles (VLPs) using a variety of
different cell types, including, but not limited to, mammalian cells.
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Viral particles can be used as a matrix for the proper presentation of an antigen

entrapped or associated therewith to the immune system of the host.

2.3.1 VLP PRODUCTION USING THE SYNTHETIC EXPRESSION CASSETTES
OF THE PRESENT INVENTION

The Gag-containing synthetic expression cassettes of the present invention may
provide superior production of both Gag proteins and VLPs, relative to native Gag
coding sequences. Further, electron microscopic evaluation of VLP production can be
used to show that free and budding immature virus particles of the expected size are
produced by cells containing the synthetic expression cassettes.

Using the synthetic expression cassettes of the present invention, rather than
native Gag coding sequences, for the production of virus-like particles provide several
advantages. First, VLPs can be produced in enhanced quantity making isolation and
purification of the VLPs easier. Second, VLPs can be produced in a variety of cell
types using the synthetic expression cassettes, in particular, mammalian cell lines can
be used for VLP production, for example, CHO cells. Production using CHO cells
provides (i) VLP formation; (ii) correct myristoylation and budding; (iii) absence of
non-Macmillian cell contaminants (e.g., insect viruses and/or cells); and (iv) ease of
purification. The synthetic expression cassettes of the present invention are also useful
for enhanced expression in cell-types other than mammalian cell lines. For example,
infection of insect cells with baculovirus vectors encoding the synthetic expression
cassettes results in higher levels of total Gag protein yield and higher levels of VLP
production (relative to wild-coding sequences). Further, the final product from insect
cells infected with the baculovirus-Gag synthetic expression cassettes consistently
contains lower amounts
of contaminating insect proteins than the final product when wild-coding sequences are
used.

VLPs can spontaneously form when the particle-forming polypeptide of
interest is recombinantly expressed in an appropriate host cell. Thus, the VLPs
produced using the synthetic expression cassettes of the present invention are

conveniently prepared using recombinant techniques. As discussed below, the Gag
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polypeptide encoding synthetic expression cassettes of the present invention can

include other polypeptide coding sequences of interest (for example, HIV protease,

HIV polymerase, Env; synthetic Env). Expression of such synthetic expression

cassettes yields VLPs comprising the Gag polypeptide, as well as, the polypeptide of
5 interest.

Once coding sequences for the desired particle-forming polypeptides have been

isolated or synthesized, they can be cloned into any suitable vector or Teplicon for -
expression. Numerous cloning vectors are known to those of skill in the art, and the
selection of an appropriate cloning vector is a matter of choice. See, generally,

10  Sambrook et al, supra. The vector is then used to transform an appropriate host cell
Suitable recombinant expression systems include, but are not limited to, bacterial,
mammalian, baculovirus/insect, vaccinia, Semliki Forest virus (SFV), Alphaviruses
(such as, Sindbis, Venezuelan Equine Encephalitis (VEE)), mammalian, yeast and
Xenopus expression systems, well known in the art. Particularly preferred expression

15 systems are mammalian cell lines, vaccinia, Sindbis, eucaryotic layered vector initiation
systems (e.g., US Patent No. 6,015,686, US Patent No. 5, 814,482, US Patent No.
6,015,694, US Patent No. 5,789,245, EP 1029068A2, WO 9918226A2/A3, EP
00907746A2, WO 9738087A2), insect and yeast systems.

. The synthetic DNA fragments for the expression cassettes of the present

20 invention, e.g., Pol, Gag, Env, Tat, Rev, Nef, Vif, Vpr, and/or Vpu, may be cloned
into the following eucaryotic expression vectors: pCMVKm?2, for transient expression
assays and DNA immunization studies, the pCMVKm2 vector is derived from
pCMV6a (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986) and comprises a
kanamycin selectable marker, a ColE1 origin of replication, a CMV promoter enhancer

25 and Intron A, followed by an insertion site for the synthetic sequences described below
followed by a polyadenylation signal derived from bovine growth hormone -- the
pCMVKm?2 vector differs from the pCMV-link vector only in that a polylinker site is
inserted into pCMVKm2 to generate pCMV-link; pESN2dhfr and pCMVPLEdhfr, for
expression in Chinese Hamster Ovary (CHO) cells; and, pAcC13, a shuttle vector for

30  use in the Baculovirus expression system (pAcC13, is derived from pAcC12 which is
described by Munemitsu S., et al., Mol Cell Biol. 10(11):5977-5982, 1990).
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Briefly, construction of pPCMVPLEdhfr was as follows.

To construct a DHFR cassette, the EMCV IRES (internal ribosorae entry site)
leader was PCR-amplified from pCite-4a+ (Novagen, Inc., Milwaukee, WI) and
inserted into pET-23d (Novagen, Inc., Milwaukee, WI) as an Xba-Nco fragment to
give pET-EMCV. The dhfr gene was PCR-amplified from pESN2dhfr to give a
product with a Gly-Gly-Gly-Ser spacer in place of the translation stop codon and

inserted as an Nco-BamH]1 fragment to give pET-E-DHFR. Next, the attenuated neo
gene was PCR amplified from a pSV2Neo (Clontech, Palo Alto, CA) derivative and
inserted into the unique BamH1 site of pET-E-DHFR to give pET-E-DHFR/Ne0 .
Finally the bovine growth hormone terminator from pCDNA3 (Invitrogen, Inc.,
Carlsbad, CA) was inserted downstream of the neo gene to give pET-E-
DHFR/Neo,,,BGHt. The EMCV—dhfr/neo selectable marker cassette fragment was
prepared by cleavage of pET-E—DHFR/Neom)BGHt. |

In one vector construct the CMV enhancer/promoter plus Intron A was
transferred from pCMV6a (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986) as
a HindI[I-Sall fragment into pUC19 (New England Biolabs, Inc., Beverly, MA). The
vector backbone of pUC19 was deleted from the Ndel to the Sapl sites. The above
described DHFR cassette was added to the construct such that the EMCV IRES
followed the CMV promoter. The vector also contained an amp® gene and an SV40
origin of replication.

A number of mammalian cell lines are known in the art and include immortal-
ized cell lines available from the American Type Culture Collection (A.T.C.C.), such
as, but not limited to, Chinese hamster ovary (CHO) cells, HeLa cells, baby hamster
kidney (BHK) cells, monkey kidney cells (COS), as well as others. Similarly, bacterial
hosts such as E. coli, Bacillus subtilis, and Streptococcus spp., will find use with the
present expression constructs. Yeast hosts useful in the present invention include inter
alia, Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenula
polymorpha, Kluyveromyces fragilis, Kluyveromyces lactis, Pichia guillerimondii,
Pichia pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells for
use with baculovirus expression vectors include, inter alia, Aedes aegypti, Autographa

californica, Bombyx mori, Drosophila melanogaster, Spodoptera frugiperda, and
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Trichoplusia ni. See, e.g., Summers and Smith, Texas Agricultural Experiment Station
Bulletin No. 1555 (1987).

Viral vectors can be used for the production of particles in eucaryotic cells,
such as those derived from the pox family of viruses, including vaccinia virus and avian
poxvirus. Additionally, a vaccinia based infection/transfection system, as described in
Tormei et al., J. Virol. (1993) 67:4017-4026 and Selby et al., J. Gen. Virol. (1993)

74:1103-1113, will also find use with the present ifivention. In this system, cellsare ™~

first infected in vitro with a vaccinia virus recombinant that encodes the bacteriophage
T7 RNA polymerase. This polymerase displays exquisite specificity in that it only
transcribes templates bearing T7 promoters. Following infection, cells are transfected
with the DNA of interest, driven by a T7 promoter. The polymerase expressed in the
cytoplasm from the vaccinia virus recornbinant transcribes the transfected DNA. into
RNA which is then translated into protein by the host translational machinery.
Alternately, T7 can be added as a purified protein or enzyme as in the “Progenitor”
system (Studier and Moffatt, J. Mol. Biol. (1986) 189:113-130). The method
provides for high level, transient, cytoplasmic production of large quantities of RNA
and its translation product(s). |

Depending on the expression system and host selected, the VLPS are produced
by growing host cells transformed by an expression vector under conditions whereby
the particle-forming polypeptide is expressed and VLPs can be formed. The selection
of the appropriate growth conditions is within the skill of the art. If the VLPs are
formed intracellularly, the cells are then disrupted, using chemical, physical or
mechanical means, which lyse the cells yet keep the VLPs substantially intact. Such
methods are known to those of skill in the art and are described in, e.g., Protein
Purification Applications: A Practical Approach, (E.L.V. Harris and S. Angal, Eds.,
1990).

The particles are then isolated (or substantially purified) using methods that
preserve the integrity thereof, such as, by gradient centrifugation, e.g., cesium chloride
(CsCl) sucrose gradients, pelleting and the like (see, e.g., Kirnbauer et al. J. Virol.
(1993) 67:6929-6936), as well as standard purification techniques including, e.g., ion

exchange and gel filtration chromatography.
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VLPs produced by cells containing the synthetic expression cassettes of the
present invention can be used to elicit an immune response when administered to a
subject. Ope advantage of the present invention is that VLPs can be produced by
mammalian cells carrying the synthetic expression cassettes at levels previously not
possible. As discussed above, the VLPs can comprise a variety of antigens in addition
to the Gag polypeptide (e.g., Gag-protease, Gag-polymerase, Env, synthetic Env,
etc.). Purified VLPs, produced using the synthetic expression cassettes of the-present = -
invention, can be administered to a vertebrate subject, usually in the form of vaccine
compositions. Combination vaccines may also be used, where such vaccines contain,
for example, an adjuvant subunit protein (e.g., Env). Administration can take place
using the VLPs formulated alone or formulated with other antigens. Further, the
VLPs can be administered prior to, concurrent with, or subsequent to, delivery of the
synthetic expression cassettes for DNA immunization (see below) and/or delivery of
other vaccines. Also, the site of VLP administration may be the same or different as
other vaccine compositions that are being administered. Gene delivery can be
accomplished by a number of methods including, but are not limited to, immunization
with DNA, alphavirus vectors, pox virus vectors, and vaccinia virus vectors.

VLP immune-stimulating (or vaccine) compositions can include various
excipients, adjuvants, carriers, auxiliary substances, modulating agents, and the like.
The immune stimulating compositions will include an amount of the VLP/antigen
sufficient to mount an immunological response. An appropriate effective amount can
be determined by one of skill in the art. Such an amount will fall in a relatively broad
range that can be determined through routine trials and- will generally be an amount on
the order of about 0.1 pg to about 1000 pg, more preferably about 1 pg to about 300
ug, of VLP/antigen. '

A carrier is optionally present which is a molecule that does not itself induce

the production of antibodies harmful to the individual receiving the composition.

" Suitable carriers are typically large, slowly metabolized macromolecules such as

proteins, polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids,
amino acid copolymers, lipid aggregates (such as oil droplets or liposomes), and

inactive virus particles. Examples of particulate carriers include those derived from
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polymethyl methacrylate polymers, as well as microparticles derived from
poly(lactides) and poly(lactide-co-glycolides), known as PLG. See, e.g., Jeffery et al.,
Pharm. Res. (1993) 1_()_:362-368; McGee IP, et al., J Microencapsul. 14(2):197-210,
1997; O'Hagan DT, et al., Vaccine 11(2):149-54, 1993. Such carriers are well known
to those of ordinary skill in the art. Additionally, these carriers may function as
immunostimulating ragents (“adjuvants”). Furthermore, the antigen may be conjugated
to a bacterial toxoid, such as toxoid from diphtheria, tetanus, cholera, efc., as well as
toxins derived from E. coli.

Adjuvants may also be used to enhance the effectiveness of the compositions.
Such adjuvants include, but are not Limited to: (1) aluminum salts (alum), such as
aluminum hydroxide, aliminum phosphate, aluminum sulfate, etc.; (2) oil-n-water
emulsion formulations (with or without other specific immunostimulating agents such
as muramyl peptides (see below) or bacterial cell wall components), such as for
example (2) MF59 (International Publication No. WO 90/14837), containing 5%
Squalene, 0.5% Tween 80, and 0.5% Span 85 (optionally containing various amounts
of MTP-PE (see below), although not required) formulated into submicron particles
using a microfluidizer such as Model 110Y microfluidizer (Microfluidics, Newton,
MA), (b) SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-blocked
polymer L121, and thr-MDP (see below) either microfluidized into a submicron
emulsion or vortexed to generate a larger particle size emulsion, and (c) Ribi™
adjuvant system (RAS), (Ribi Immunochem, Hamilton, MT) containing 2% Squalene,
0.2% Tween 80, and one or more bacterial cell wall components from the group
consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell
wall skeleton (CWS), preferably MPL + CWS (Detox™); (3) saponin adjuvants, such
as Stimulon™ (Cambridge Bioscience, Worcester, MA) may be used or particle
generated therefrom such as ISCOMs (immunostimulating complexes); (4) Complete
Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant (IFA); (5) cytokines, such
as interleukins (IL-1, IL-2, etc.), macrophage cdlony stimulating factor (M-CSF),
tumor necrosis factor (TNF), etc.; (6) oligonucleotides or polymeric molecules
encoding immunostimulatory CpG motifs (Davis, HL., et al., J. Immunology 160:870- -
876, 1998; Sato, Y. et al., Science 273:352-354, 1996) or complexes of
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antigens/oligonucleotides {Polymeric molecules include double and single stranded
RNA and DNA, and backbone modifications thereof, for example, methylphosphoné.te
linkages; or (7) detoxified mutants of a bacterial ADP-ribosylating toxin such as a
cholera toxin (CT), a pertussis toxin (PT), or an E. coli heat-labile toxin (LT),
particularly LT-K63 (where lysine is substituted for the wild-type amino acid at
position 63) LT-R72 (where arginine is substituted for the wild-type amino acid at

position 109), and PT-K9/G129 (where lysine is substituted for the wild-type amino
acid at position 9 and glycine substituted at position 129) (see, e.g., International
Publication Nos. W093/13202 and WO§2/ 19265); and (8) other substances that act as
immunostimulating agents to enhance the effectiveness of the composition. Further,
such polymeric molecules include alternative polymer backbone structures such as, but
not limited to, polyvinyl backbones (Pitha, Biochem Biophys Acta, 204:39, 1970a;
Pitha, Biopolymers, 9:965, 1970b), and morpholino backbones (Summerton, J., et al.,
U.S. Patent No. 5,142,047, issued 08/25/92; Summerton, J., ez al., U.S. Patent No.
5,185,444 issued 02/09/93). A variety of other charged and uncharged polynucleotide
analogs have been reported. Numerous backbone modifications are known in the art,
including, but not limited to, uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoamidates, and carbamates) and charged anageé (e.g.,
phosphorothioates and phosphorodithioates).}; and (7) other substances that act as
immunostimulating agents to enhance the effectiveness of the VLP immune-stimulating
(or vaccine) composition. Alum, CpG oligonucleotides, and MF59 are preferred.

Muramyl peptides include, but are not limited to, N-acetyl-muramyl-L-
threonyl-D-isoglutamine (thr-MDP), N-acteyl-normuramyl-L-alanyl-D-isogluatme
(nor-MDP), N—acetylmuramyl—L-alanyl—D—isogluatnﬁnyl—L—alaxline-,’).—(l'—Z'-dipaJmitoyl—
sn-glycero-3-huydroxyphosphoryloxy)-ethylamine (MTP-PE), etc.

Dosage treatment with the VLP composition may be a single dose schedule or
a multiple dose schedule. A multiple dose schedule is one in which a primary course of
yaccination may be with 1-10 separate doses, followed by other doses given at
subsequent time intervals, chosen to maintain and/or reinforce the immune response,

for example at 1-4 months for a second dose, and if needed, a subsequent dose(s) after
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several months. The dosage regimen will also, at least in part, be determined by the
need of the subject and be dependent on the judgment of the practitioner.

If prevention of disease is desired, the antigen carrying VLPs are generally
administered prior to primary infection with the pathogen of interest. If treatment is
desired, e.g., the reduction of symptoms or recurrences, the VLP compositions are

generally administered subsequent to primary infection.

2.3.2 USING THE SYNTHETIC EXPRESSION CASSETTES OF THE PRESENT
INVENTION TO CREATE PACKAGING CELL LINES

A number of viral based systems have been developed for use as gene transfer
vectors for mammalian host cells. For example, retroviruses (in particular, lentiviral
vectors) provide a convenient platform for gene delivery systems. A coding sequence
of interest (for example, a sequence useful for gene therapy applications) can be
inserted into a gene delivery vector and packaged retroviral particles using
techniques known in the art. Recombinant virus can then be isolated and delivered to
cells of the subject either in vivo or ex vivo. A number of retroviral systéms have been
described, including, for example, the following: (U.S. Patent No. 5,219,740; Miller et
al. (1989) BioTechniques 7:930; Miller, A.D. (1990) Human Gene Therapy 1:5;
Scarpa et al. (1991) Virology 180:849; Burns et al. (1993) Proc. Natl. Acad. Sci. USA
90:8033; Boris-Lawrie et al. (1993) Cur. Opin. Genet. Develop. 3:102; GB 2200651;
EP 0415731; EP 0345242; WO 89/02468; WO 89/05349; WO 89/09271; WO
90/02806; WO 90/07936; WO 90/07936; WO 94/03622; WO 93/25698; WO
93/25234; WO 93/11230; WO 93/10218; WO 91/02805; in U.S. 5,219,740; U.S.
4,405,712; U.S. 4,861,719; U.S. 4,980,289 and U.S. 4,777,127, in U.S. Serial No.
07/800,921; and in Vile (1993) Cancer Res 53:3860-3864; Vile (1993) Cancer Res
53:962-967; Ram (1993) Cancer Res 53:83-88; Takamiya (1992) J Neurosci Res
33:493-503; Baba (1993) J Neurosurg 79:729-735; Mann (1983) Cell 33:153; Cane
(1984) Proc Natl Acad Sci USA 81;6349; and Miller (1990) Hurman Gene Therapy 1.

In other embodiments, gene transfer vectors can be constructed to encode a
cytokine or other immunomodulatory molecule. For example, nucleic acid sequences

encoding native IL-2 and gamma-interferon can be obtained as described in US Patent
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Nos. 4,738,927 and 5,326,859, respectively, while useful muteins of these proteins can
be obtained as described in U.S. Patent No. 4,853,332. Nucleic acid sequences
encoding the short and long forms of mCSF can be obtained as described in US Patent
Nos. 4,847,201 and 4,879,227, respectively. In particular aspects of the invention,

5 retroviral vectors expressing cytokine or immunomodulatory genes can be produced as
described herein (for example, employing the packaging cell lines of the present
invention) and in International Application No. PCT US 94/02951, entitled
“Compositions and Methods for Cancer Immunotherapy.”

Examples of suitable immunomodulatory molecules for use herein include the
10 following: IL-1 and IL-2 (Karupiah et al. (1990) J. Imimunology 144:290-298, Weber
et al. (1987) J. Exp. Med. 166:1716-1733, Gansbacher et al. (1990) J. Exp. Med.
172:1217-1224, and U.S. Patent No. 4,738,927); IL-3 and IL-4 (Tepper et al. (1989)
Cell 57:503-512, Golumbek et al. (1991) Science 254:713-716, and U.S. Patent No.
5.017,691); IL-5 and IL-6 (Brakenhof et al. (1987) J. Immunol. 139:4116-4121, and
15 International Publication No. WO 90/06370); IL-7 (U.S. Patent No. 4,965,195); IL-8,
IL-9, IL-10, IL-11, IL-12, and IL-13 (Cytokine Bulletin, Summer 1994); IL-14 and
IL-15; alpha interferon (Finter et al. (1991) Drugs 42:749-765, U.S. Patent Nos.
4,892,743 and 4,966,843, International Publication No. WO 85/02862, Nagata et al.
(1980) Nature 284:316-320, Familletti et al. (1981) Methods in Enz. 78:387-394, Twu
20  etal (1989) Proc. Natl. Acad. Sci. USA 86:2046-2050, and Faktor et al. (1990)
Oncogene 5:867-872); beta-interferon (Seif et al. (1991) J. Virol. 65:664-671);
gamma-interferons (Radford et al. (1991) The American Society of Hepatology
20082015, Watanabe et al. (1989) Proc. Natl. Acad. Sci. USA 86:9456-9460,
Gansbacher et al. (1990) Cancer Research 50:7820-7825, Maio et al. (1989) Can.
25 Imnunol. Immunother. 30:34-42, and U.S. Patent Nos. 4,762,791 and 4,727,138); G-
CSF (U.S. Patent Nos. 4,999,291 and 4,810,643); GM-CSF (International Publication
No. WO 85/04188).
Immunomodulatory factofs may also be agonists, antagonists, or ligands for
these molecules. For example, soluble forms of receptors can often behave as

30 antagonists for these types of factors, as can mutated forms of the factors themselves.
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Nucleic acid molecules that encode the above-described substances, as well as
other nucleic acid molecules that are advantageous for use within the present
invention, may be readily obtained from a varjety of sources, including, for exarple,
depositories such as the American Type Culture Collection, or from commercial
sources such as British Bio-Technology Limited (Cowley, Oxford England).
Representative examples include BBG 12 (containing the GM-CSF gene coding for the
mature protein of 127 amino acids), BBG 6 '(WTTiC'lTCUﬁth’IIS sequences encoding
gamma interferon), A.T.C.C. Deposit No. 39656 (which contains sequences encoding
TNF), A.T.C.C. Deposit No. 20663 (which contains sequences encoding alpha-
interferon), A.T.C.C. Deposit Nos. 31902, 31902 and 39517 (which contain sequences
encoding beta-interferon), A.T.C.C. Deposit No. 67024 (which contains a sequence
which encodes Interleukin-1b), A.T.C.C. Deposit Nos. 39405, 39452, 39516, 39626
and 39673 (which contain sequences encoding Interleukin-2), A.T.C.C. Deposit Nos.
59399, 59398, and 67326 (which contain sequences encoding Interleukin-3), ATC.C
Deposit No. 57592 (which contains sequences encoding Interleukin-4), A.T.C.C.
Deposit Nos. 59394 and 59395 (which contain sequences encoding Interleukin-5), and
A.T.C.C. Deposit No. 67153 (which contains sequences encoding Interleukin-6).

Plasmids containing cytokine genes or immunomodulatory genes (International
Publication Nos. WO 94/02951 and WO 96/21015) can be digested with appropriate
restriction enzymes, and DNA fragments containing the particular gene of interest can
be inserted into a gene transfer vector using standard molecular biology techniques.
(See, e.g., Sambrook et al., supra., or Ausubel et al. (eds) Current Protocols in
Molecular Biology, Greene Publishing and Wiley-Interscience).

Polynucleotide sequences coding for the above-described molecules can be
obtained using recombinant methods, such as by screening cDNA and genomic
libraries from cells' eXpressing the gene, or by deriving the gene from a vector known
to include the same. For example, plasmids which contain sequences that encode
altered cellular products may be obtained from a depository such as the A T.C.C., or
from commercial sources. Plasmids containing the nucleotide sequences of interest

can be digested with appropriate restriction enzymes, and DNA fragments containing
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the nucleotide sequences can be inserted into a gene transfer vector using standard
molecular biology techniques.

Alternatively, cDNA sequences for use with the. present invention may be
obtained from cells which express or contain the sequences, using standard techniques,
such as phenol extraction and PCR of cDNA or genomic DNA. See, e.g., Sambrook
et al., supra, for a description of techniques used to obtain and isolate DNA, Briefly,
reverse transcriptase using oligo-dT or random primers. The single stranded cDNA
may then be amplified by PCR (see U.S. Patent Nos. 4,683,202, 4,683,195 and
4,800,159, see also PCR Technology: Principles and Applications for DNA
Amplification, Erlich (ed.), Stockton Press, 1989)) using oligonucleotide primers
complementary to sequences on either side of desired sequences.

The nucleotide sequence of interest can also be produced synthetically, rather
than cloned, using a DNA synthesizer (e.g., an Applied Biosystems Model 392 DNA
Synthesizer, available from ABI, Foster City, California). The nucleotide sequence can
be designed with the appropriate codons for the expression product desired. The
complete sequence is assembled from overlapping oligonucleotides prepared by
standard methods and assembled into a complete coding sequence. See, e.g., Edge
(1981) Nature 292:756; Nambair et al. (1984) Science 223:1299; Jay et al. (1984) J.
Biol. Chem. 259:6311.

The synthetic expression cassettes of the present invention can be employed in
the construction of packaging cell lines for use with retroviral vectors.

One type of retrovirus, the murine leukemia virus,b or “MLYV?”, has been widely
utilized for gene therapy applications (see generally Mann et al. (Cell 33:153, 1993),
Céne and Mulligan (Proc, Nat'l. Acad. Sci. USA 81:6349, 1984), and Miller et al.,
Human Gene Therapy 1:5-14,1990.

Lentiviral vectors typically, comprise a 5' lentiviral LTR, a tRNA binding site, a
packaging signal, a promoter operably linked to one or more genes of interest, an
origin of second strand DNA synthesis and a 3' lentiviral LTR, wherein the lentiviral
vector contains a nuclear transport element. The nuclear transport element may be

located either upstream (5%) or downstream (3") of a coding sequence of interest (for
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example, a synthetic Gag or Env expression cassette of the present invention). Within
certain embodiments, the nuclear transport element is not RRE. Within one
embodiment the packaging signal is an extended packaging signal. Within other
embodiments the promoter s a tissue specific promoter, or, alternatively, a promoter
such as CMV. Within other embodiments, the lentiviral vector further comprises an

mternal ribosome entry site.

~ “Awide varjety of Jentiviruses may be utilized wittin the context of the present
invention, including for example, lentiviruses selected from the group consisting of
HIV, HIV-1, HIV-2, FIV and SIV.

Within yet another aspect of the invention, host cells (e.g., packaging cell lines)
are provided which contain any of the expression cassettes described herein. For
example, within one aspect packaging cell line are provided comprising an expression
cassette that comprises a sequence encoding synthetic Gag-polymerase, and a nuclear
transport element, wherein the promoter is operably linked to the sequence encoding
Gag-polymerase. Packaging cell lines may further comprise a promoter and a sequence
encoding tat, rev, or an envelope, wherein the promoter is operably linked to the
sequence encoding tat, rev, Env or sequences encoding modified versions of these
proteins. The packaging cell line may further comprise a sequence encoding any one
or more of other HIV gene encoding sequences.

In one embodiment, the expression cassette (carrying, for example, the
synthetic Gag-polymerase) is stably integrated. The packaging cell line, upon
introduction of a lentiviral vector, typically produces particles. The promoter
regulating expression of the synthetic expression cassette may be inducible. Typically,
the packaging cell line, upon introduction of a lentiviral vector, produces particles that
are essentially free of replication competent virus.

Packaging cell lines are provided comprising an expression cassette which
directs the expression of a synthetic Gag-polymerase gene or comprising an expression

cassette which directs the expression of a synthetic Env genes described herein. (See,

‘also, Andre, S., et al., Journal of Virology 72(2):1497-1503, 1998; Haas, I., et al.,

Current Biology 6(3):315-324, 1996) for a description of other modified Env
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sequences). A lentiviral vector is introduced into the packaging cell line to produce a
vector producing cell line. '

As noted above, lentiviral vectors can be designed to carry or express a
selected gene(s) or sequences of interest. Lentiviral vectors may be readily
constructed from a wide variety of lentiviruses (see RNA Tumor Viruses, Second

Edition, Cold Spring Harbor Laboratory, 1985). Representative examples of

Ientiviruses included HIV, HIV-1, HIV-2, FIV and STV. Such lentiviruses may either

be obtained from patient isolates, or, more preferably, from depositories or collections
such as the American Type Culture Collection, or isolated from known sources using
available techniques.

Portions of the lentiviral gene delivery vectors (or vehicles) may be derived
from different viruses. For example, in a given recombinaﬁt lentiviral vector, LTRs
may be derived from an HIV, a packaging signal from SIV, and an origin of second
strand synthesis from HrV-2. Lentiviral vector constructs may comprise a 5' lentiviral
LTR, a tRNA binding site, a packaging signal, one or more heterologous sequences,
an ofigin of second strand DNA synthesis and a 3' LTR, wherein said Ientiviral vector
contains a nuclear transport element that is not RRE.

Briefly, Long Terminal Repeats (“LTRs”) are subdivided into three elements,
designated U3, R and U3. These elements contain a variety of signals which are
responsible for the biological activity of a retrovirus, including for example, promoter
and enhancer elements which are Jocated within U3. LTRs may be readily identified in
the provirus (integrated DNA form) due to their precise duplication at either end of the
genome. As utilized herein, a 5’ LTR should be understood to include a 5' promoter
element and sufficient LTR sequence to allow reverse transcription and integration of
the DNA form of the vector. The 3' LTR should be understood to include a
polyadenylation signal, and sufficient LTR sequence to allow reverse transcription and
integration of the DNA form of the vector.

The tRNA binding site and origin of second strand DNA synthesis are also
important for a retrovirus to be biologically active, and may be readily identified by one
of skill in the art. For example, retroviral tRNA binds to a tRNA binding site by

Watson-Crick base pairing, and is carried with the retrovirus genome into a viral
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particle. The tRNA is then utilized as a primer fér DNA synthesis by reverse
transcriptase. The tRNA binding site may be readily identified based upon its location
just downstream from the 5LTR. Similarly, the origin of second strand DNA synthesis
is, as its name implies, important for thé second strand DNA synthesis of a retrovirus.
This region, which is also referred to as the poly-purine tract, is located just upstream
of the 3LTR.

"~ Inadditionto a5 and 3'LTR, tRNA binding site, and origin of second strand

DNA synthesis, recombinant retroviral vector constructs may also comprise a
packaging signal, as well as one or more genes or coding sequences of interest. In
addition, the lentiviral vectors have a nuclear transport element which, in preferred
embodiments is not RRE. Representative examples of suitable nuclear transport
elements include the element in Rous sarcoma virus (Ogert, et al., J ViroL 70, 3834-
3843, 1996), the element in Rous sarcoma virus (Liu & Mertz, Genes & Dev., 9, 1766-
1789, 1995) and the element in the genome of simian retrovirus type I (Zolotukhin, et
al., J Virol. 68, 7944-7952, 1994). Other potential elements include the elements in
the histone gene (Kedes, Annu. Rev. Biochem. 48, 837-870, 1970), the o-interferon
gene (Nagata et al., Nature 287, 401-408, 1980), the B-adrenergic receptor gene
(Koilka, et al., Nature 329, 75-79, 1987), and the c-Jun gene (Hattorie, et al., Proc.
Natl. Acad. Sci. USA 85, 9148-9152, 1988).

Recombinant lentiviral vector constructs typically lack both Gag-polymerase
and Env coding sequences. Recombinant lentiviral vector typically contain less than
20, preferably 15, more preferably 10, and most preferably 8 consecutive nucleotides
found in Gag-polymerase and Env genes. One advantage of the present invention is
that the synthetic Gag-polymerase expression cassettes, which can be used to
construct packaging cell lines for the recombinant retroviral vector constructs, have
little homology to wild-type Gag-polymerase sequences and thus considerably reduce
or eliminate the possibility of homologous recombination between the synthetic and
wild-type sequences.

Lentiviral vectors may also include tiésue-speciﬁc promoters to drive

expression of one or more genes Or sequences of interest.
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Lentiviral vector constructs may be generated such that more than one gene of
interest is expressed. This may be accomplished through the use of di- or oligo-
cistronic cassettes (e.g., where the coding regions are separated by 80 nucleotides or
less, see generally Levin et al., Gene 108:167-174, 1991), or through the use of
Internal Ribosome Entry Sites (“TRES”). '

Packaging cell lines suitable for use with the above described recombinant

retroviral vector constructs mmay be readily prepared given the disclosure provided
herein. Briefly, the pafcnt cell line from which the packaging cell line is derived can be
selected from a variety of mammalian cell lines, including for example, 293, RD, COS-
7, CHO, BHK, VERO, HT1080, and myeloma cells.

After selection of a suitable host cell for the generation of a packaging cell line,
one or more expression cassettes are introduced into the cell line in order to
complement or supply in frans components of the vector which have been deleted.

Representative examples of suitable synthetic HIV polynucleotide sequences
have been described herein for use in expression cassettes of the present invention. As
described above, the native and/or synthetic coding sequences may also be utilized in
these expression cassettes.

Utilizing the above-described expression cassettes, a wide variety of packaging
cell lines can be generated. For example, within one aspect packaging cell line are
provided comprising an expression cassette that comprises a sequence encoding
synthetic Gag-polymerase, and a nuclear transport element, wherein the promoter is
operably linked to the sequence encoding Gag-polymerase. Within other aspects, .
packaging cell lines are provided comprising a promoter and a sequence encoding tat,
rev, Env, or other HIV antigens or epitopes derived therefrom, wherein the promoter
is operably linked to the sequence encoding tat, rev, Env, or the HIV antigen or
epitope. Within further embodiments, the packaging cell line may comprise a sequence
encoding any one or more of tat, rev, nef, vif, vpu or vpr. For example, the packaging
cell line may contain only tat, rev, nef, vif, vpu, or vpr alone, tat rev and nef, nef and
vif, nef and vpu, nef and vpr, vif and vpu, vif and vpr, vpu and vpr, nef vif and vpu, nef
vif and vpr, nef vpu and vpr, vif vpu and vpr, all four of nef, vif, vpu, and vpr, etc.
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In one embodiment, the expression cassette is stably integrated. Within
another embodiment, the packaging cell line, upon introduction of a lentiviral vector,
produces particles. Within further embodiments the promoter is inducible. Within
certain preferred embodiments of the invention, the packaging cell line, upon
introduction of a lentiviral vector, produces particles that are free of replication

competent virus.

" The synthetic cassettes confaining modified coding sequences are transfected
into a selected cell line. Transfected cells are selected that (i) carry, typically,
integrated, stable copies of the HIV coding sequences, and (ii) are expressing
acceptable levels of these polypeptides (expression can be evaluated by methods
known in the prior art in view of the teachings of the present disclosure). The ability
of the cell line to produce VLPs may also be verified. '

A sequence of interest is constructed into a suitable viral vector as discussed
above. This defective virus is then transfected into the packaging cell line. The
packaging cell line provides the viral functions necessary for producing virus-like
particles into which the defective viral genome, containing the sequence of interest, are
packaged. These VLPs are then isolated and can be used, for example, in gene
delivery or gene therapy.

Further, such packaging cell lines can also be used to produce VLPs alone,
which can, for example, be used as adjuvants for administration with other éntigens or
in vaccine cormpositions. Also, co-expression of a selected sequence of interest
encoding a polypeptide (for example, an antigen) in the packaging cell line can also
result in the entrapment and/or association of the selected polypeptide in/with the
VLPs.

Various forms of the different embodiments of the present invention (e.g.,

synthetic constructs) may be combined.

2.4.0 DNA IMMUNIZATION AND GENE DELIVERY
A variety of HIV polypeptide antigens, particularly HIV antigens, can be used
in the practice of the present invention. HIV antigens can be included in DNA

immunization constructs containing, for example, a synthetic Env expression cassettes,
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a synthetic Gag expression cassette, a synthetic pol-derived polypeptide expression
cassette, a synthetic expression cassette comprising sequences encoding one or more
accessory or regulatory genes (e.g., tat, rev, nef, vif, vpu, vpr), and/or a synthetic Gag
expression cassette fused in-frame to a coding sequence for the polypeptide antigen
(synthetic or wild-type), where expression of the construct results in VLPs presenting

the antigen of interest.

HIV antigens of particular interest to be used in the practiceof the'present— ——

invention include pol, tat, rev, nef, vif, vpu, vpr, and other HIV-1 (also known as
HTLV-III, LAV, ARV, etc.) antigens Or epitopes derived therefrom, including, but not
limited to, antigens such as gp120, gp41, gp160 (both native and modified); Gag; and
pol from a variety of isolates including, but not limited to, HIV, HIVg,, HIV-1gg6,
HIV-1g170, HIVpay, HIV 4, HIVygy, HIV-1gy35,, HIV-1ys,, other HIV-1 strains from
diverse subtypes(e.g., subtypes, A through G, and O), HIV-2 strains and diverse
subtypes (e.g., HIV-2y¢; and HIV-2ycy). See, e.g., Myers, et al., Los Alamos
Database, Los Alamos National Laboratory, Los Alamos, New Mexico; Myers, et al.,
Human Retroviruses and Aids, 1990, Los Alamos, New Mexico: Los Alamos National
Laboratory. These antigens may be synthetic (as described herein) or wild—type.

“To evaluate efficacy, DNA immunization using synthetic expression cassettes
of the present invention can be performed, for example, as follows. Mice are
immunized with a tat/rev/nef synthetic expression cassette. Other mice are immunized
with a tat/rev/nef wild type expression cassette. Mouse immunizations with plasmid-
DNAs typically show that the synthetic expression cassettes provide a clear
improvement of immunogenicity relative to the native expression cassettes. Also, a
second boost immunization will induce a secondary immune response, for example,
after approximately two weeks. Further, the results of CTL assays typically show
increased potency of synthetic expression cassettes for induction of cytotoxic T-
lymphocyte (CTL) responses by DNA immunization.

Exemplary primate studies directed at the evaluation of neutralizing antibodies

and cellular immune responses against HIV are described below.
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It is readily apparent that the subject invention can be used to mount an
immune response to a wide variety of antigens and hence to treat or prevent infection,

particularly HIV infection.

5 2.4.1 DELIVERY OF THE SYNTHETIC EXPRESSION CASSETTES OF THE

PRESENT INVENTION
Polynucleotide sequences coding for the above-described molecules can be

obtained using recombinant methods, such as by screening cDNA and genomic

libraries from cells expressing the gene, or by deriving the gene from a vector known

10 to include the same. Furthermore, the desired gene can be isolated directly from cells
and tissues containing the same, using standard techniques, such as phenol extraction
and PCR of cDNA or genomic DNA. See, e.g., Sambrook et al., supra, fora
description of techniques used to obtain and isolate DNA. The gene of interest can
also be produced synthetically, rather than cloned. The nucleotide sequence can be

15 designed with the appropriate codons for the particular amino acid sequence desired.
In general, one will select preferred codons for the intended host in which the sequence
will be expressed. The complete sequence is assembled from overlapping
oligonucleotides prepared by standard methods and assembled into a complete coding
sequence. See, e.g., Edge, Nature (198 1) 292:756; Nambair et al., Science (1984)

20  223:1299; Jay et al., J. Biol. Chem. (1984) 259:6311; Stemmer, W.P.C,, (1995) Gene
164:49-53.

Next, the gene sequence encoding the desired antigen can be inserted mnto a
vector containing a synthetic expression cassette of the present invention. In one
embodiment, polynucleotides encoding selected antigens are separately cloned into

25  expression vectors (e.g., Env-coding polynucleotide in a first vector, Gag-coding
polynucleotide in a second vector, Pol-derived polypeptide-coding polynucleotide in a
third vector, tat-, rev-, nef-, vif-, vpu-, vpr-coding polynucleotides in furthgr vectors,
etc.). In certain embodiments, the antigen is inserted into or adjacent a synthetic Gag
coding sequence such that when the combined sequence is expressed it results in the

30  production of VLPs comprising the Gag polypeptide and the antigen of interest, e.g.,

Env (native or modified) or other antigen(s) (native or modified) derived from HIV.
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Insertions can be made within the coding sequence or at either end of the coding
sequence (3', amino terminus of the expressed Gag polirpeptide; or 3', carboxy
terminus of the expressed Gag polypeptide)(Wagner, R., et al., Arch Virol. 127:117-
137, 1992; Wagner, R., et al.,, Virology 200:162-175, 1994; Wu, X., et al., J. Virol.
69(6):3389-3398, 1995; Wang, C-T., et al,, Virology 200:524-534, 1994; Chazal, N.,
et al., Virology 68(1):111-122, 1994; Griffiths, J.C., et al., J. Virol. 67(6):3191-3198,
1993; Reicin, A.S., et al., J. Virol. 69(2):642-650, 1995). o

Up to 50% of the coding sequences of p55Gag can be deleted without
affecting the assembly to virus-like particles and expression efficiency (Borsetti, A., et
al, J. Virol. 72(11):9313-9317, 1998; Gamier, L., et al., J Virol 72(6):4667-4677,
1998; Zhang, Y., et al., J Virol 72(3):1782-1789, 1998; Wang, C., et al., J Virol
72(10): 7950-7959, 1998). In one embodiment of the present invention,
immunogenicity of the high level expressing synthetic Gag expression cassettes can be
increased by the insertion of different structural or non-structural HIV antigens, multi-
epitope cassettes, or cytokine sequences into deleted regions of Gag sequence. Such
deletions may be generated following the teachings of the present invention and
information available to one of ordinary skill in the art. One possible advantage of this
approach, relative to using full-length sequences fused to heterologous polypeptides,
can be higher expression/secretion efficiency of the expression product.

When sequences are added to the amiﬁo terminal end of Gag, the
polynucleotide can contain coding sequences at the 5' end that encode 2 signal for
addition of a myristic moiety to the Gag-containing polypeptide (e.g., sequences that
encode Met-Gly). 4

The ability of Gag-containing polypeptide constructs to form VLPs can be
empirically determined following the teachings of the present specification.

The synthetic expression cassettes can also include control elements operably
linked to the coding sequence, which allow for the expression of the gene in vivo in the
subject species. For example, typical promoters for mammalian cell expression include

the SV40 early promoter, 2 CMV promoter such as the CMV immediate early

" promoter, the mouse marhmary tumor virus LTR promoter, the adenovirus major late

promoter (Ad MLP), and the herpes simplex virus promoter, among others. Other
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nonviral promoters, such as a promoter derived from the murine metallothionein gene,
will also find use for mammalian expression. Typically, transcription termination and
polyadenylation sequences will also be present, located 3' to the translation stop
codon. Preferably, a sequence for optimization of initiation of translation, located 5’
to the coding sequence, is also present. Examples of transcription

terminator/polyadenylation signals include those derived from SV40, as described in

Sambrook et al., supra, as well as a bovine growth hormone terminator sequence.

Enhancer elements may also be used herein to increase expression levels of the
mammalian constructs. Examples include the SV40 early gene enhancer, as described
in Dijkema et al., EMBO J. (1985) 4:761, the enhancer/promoter dertved from the
long terminal repeat (LTR) of the Rous Sarcoma Virus, as described in Gorman et al.,
Proc. Natl. Acad. Sci. USA (1982b) 79:6777 and elements derived from human CMV,
as described in Boshart et al., Cell (1985) 41:521, such as elements included in the
CMV intron A sequence.

Furthermore, plasmids can be constructed which include a chimeric antigen-

“coding gene sequences, encoding, e.g., multiple antigens/epitopes of interest, for
example derived from more than one viral isolate.

Typically the antigen coding sequences precede or follow the synthetic coding
sequence and the chimeric transcription unit will have a single open reading frame
encoding both the antigen of interest and the synthetic coding sequences.
Alternatively, multi-cistronic cassettes (e.g., bi-cistronic cassettes) can be constructed
allowing expression of multiple antigens from a single mRNA using the EMCV IRES,
or the like (Example 7).

In one embodiment of the present invention, a nucleic acid immunizing
composition may comprise, for example, the following: a first expression vector
comprising a Gag expression cassette, a second vector comprising an Env expression
cassette, and a third expression vector comprising a Pol expression cassette, or one or
more coding region of Pol (e.g., Prot, RT, RNase, Int), wherein further antigen coding
sequences may be associated with the Pol expression, such antigens may be obtained,
for example, from accessory gehes (e.g., vpr, vpu, vif), regulatory genes (e.g., nef, tat,

rev), or portions of the Pol sequences (e.g., Prot, RT, RNase, Int)). In another
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embodiment, a nucleic acid immunizing composition may comprise, for example, an
expression cassette comprising any of the synthetic polynucleotide sequences of the
present invention. In another embodiment, a nucleic acid immunizing composition may
comprise, for example, an expression cassette comprising coding sequences fora
number of HIV genes (or sequences derived from such genes) wherein the coding
sequences are in-frame and under the control of a single promoter, for example, Gag-
Env conéfrats:; Tat-Rev-Nef constructs, P2Pol-tat-rev-nef constructs, etc. The
synthetic coding sequences of the present invention may be combined in any number of
combinations depending on the coding sequence products (ie., HIV polypeptides) to
which, for example, an immunological response is desired to be raised. In yet another
embodiment, synthetic coding sequences for multiple HIV-derived polypeptides may
be constructed into a polycistronic message under the control of a single promoter
wherein IRES are placed adjacent the coding sequence for each encoded polypeptide.
Once complete, the constructs are used for nucleic acid immunization using
standard gene delivery protocols. Methods for gene delivery are known in the art.
See, e.g., U.S. Patent Nos. 5,399,346, 5,580,859, 5,589,466. Genes can be delivered

either directly to the vertebrate subject or, alternatively, delivered ex vivo, to cells

derived from the subject and the cells reimplanted in the subject.

A number of viral based systems have been developed for gene transfer into
mammalian cells. For example, retroviruses provide a convenient platform for gene
delivery systems. Selected sequences can be inserted into a vector and packaged in
retroviral particles using techniques known in the art. The recombinant virus can then
be isolated and delivered to cells of the subject either in vivo or ex vivo. A number of
retroviral systems have been described (U.S. Patent No. 5,219,740; Miller and
Rosman, BioTechniques (1989) 7:980-990; Miller, A.D., Human Gene Therapy
(1990) 1:5-14; Scarpa et al., Virology (1991) 180:849-852; Burns et al., Proc. Natl.
Acad. Sci. USA (1993) 90:8033-8037; and Boris-Lawrie and Temin, Cur. Opin.
Genet, Develop. (1993) 3:102-109. |

A number of adenovirus vectors have also been described. Unlike retroviruses
which integrate into the host genome, adenoviruses persist extrachromosomally thus

minimizing the risks associated with insertional mutagenesis (Haj-Ahmad and Graham,
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J. Virol. (1986) 57:267-274; Bett et al., J. Virol. (1993) 67:5911-5921; Mittereder et
al., Human Gene Therapy (1994) 5:717-729; Seth et al., J. Virol. (1994) 68:933-940;
Barr et al., Gene Therapy (1994) 1:51-58; Berkner, K.L. BioTechniques (1988) 6:616-
629; and Rich et al., Human Gene Therapy (1993) 4:461-476).

Additionally, various adeno-associated virus (AAV) vector systems have been
developed for gene delivery. AAV vectors can be readily constructed using techniques
well known in the art. See, e.g., U.S. Patent Nos. T73,4ﬁ and g,ﬁb_,@llj
International Publication Nos. WO 92/01070 (published 23 January 1992) and WO
93/03769 (published 4 March 1993); Lebkowski et al., Molec. Cell. Biol. (1988)
8:3988-3996; Vincent et al., Vaccines 90 (1990) (Cold Spring Harbor Laboratory
Press); Carter, B.J. Current Opinion in Biotechnology (1992) 3:533-539; Muzyczka,
N. Current Topics in Microbiol. and Immunol. (1992) 158:97-129; Kotin, R.M.
Human Gene Therapy (1994) 5:793-801; Shelling and Smith, Gene Therapy (1994)
1:165-169; and Zhou et al., J. Exp. Med. (1994) 179:1867-1875.

Another vector system useful for delivering the polynucleotides of the present
invention is the enterically administered recombinant poxvirus vaccines described by
Small, Jr., P.A., et al. (U.S. Patent No. 5,676,950, issued October 14, 1997).

Additional viral vectors which will find use for delivering the nucleic acid
molecules encoding the antigens of interest include those derived from the pox family
of viruses, including vaccinia virus and avian poxvirus. By way of example, vaccinia
virus recombinants expressing the genes can be constructed as follows. The DNA
encoding the particular synthetic HIV polypeptide coding sequence is first inserted into
an appropriate vector so that it is adjacent to a vaccinia promoter and flanking vaccinia
DNA sequences, such as the sequence encoding thymidine kinase (TK). This vector is
then used to transfect cells which are simultaneously infected with vaccinia.
Homologous recombination serves to insert the vaccinia promoter plus the gene
encoding the coding sequences of interest into the viral genome. The resulting TK"
recombinant can be selected by culturing the cells in the presence of 5-
bromodeoxyuridine and picking viral plaques resistant thereto.

Alterﬁatively, avipoxviruses, such as the fowlpox and canarypox viruses, can

also be used to deliver the genes. Recombinant avipox viruses, eXpressing
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immunogens from mammalian pathogens, are known to confer protective immunity
when administered to non-avian species. The use of an avipox vector is particularly
desirable in human and other mammalian species since members of the avipox genus
can only productively replicate in susceptible avian species and therefore are not

5 infective in mammalian cells. Methods for producing recombinant avipoxviruses are

known in the art and employ genetic recombination, as described above with respect to

the production of vaccinia viruses. See, e.g., WO 91/12882; WO 89/03429; and WO

92/03545.
Molecular conjugate vectors, such as the adenovirus chimeric vectors described
10 in Michael et al., J. Biol. Chem. (1993) 268:6866-6869 and Wagner et al.,, Proc. Natl.
Acad. Sci. USA (1992) _8_9_:6099—6103, can also be used for gene delivery.

Members of the Alphavirus genus, such as, but not limited to, vectors derived
from the Sindbis, Semliki Forest, and Venezuelan Equine Encephalitis viruses, will also
find use as viral vectors for delivering the polynucleotides of the present invention (for

15  example, a synthetic Gag-polypeptide encoding expression cassette). For a description
of Sindbis-virus derived vectors useful for the practice of the instant methods, see,
Dubensky et al., J. Virol. (1996) 70:508-519; and International Publication Nos. WO
95/07995 and WO 96/17072; as well as, Dubensky, Jr., T.W., et al,, U.S. Patent No.
5,843,723, issued December 1, 1998, and Dubensky, Jr., T.W., U.S. Patent No.

20 5,789,245, issued August 4, 1998. Preferred expression systems include, but are not -
limited to, eucaryotic layered vector initiation systems (e.g., US Patent No. 6,015,686,
US Patent No. 5, 814,482, US Patent No. 6,015,694, US Patent No. 5,789,245, EP
V1029068A2, WO 9918226A2/A3, EP 00907746A2, WO 9738087A2).

A vaccinia based infection/transfection system can be conveniently used to

25  provide for‘ inducible, transient expression of the coding sequences of interest in a host
cell. In this system, cells are first infected in vitro with a vaccinia virus recombinant
that encodes the bacteriophage T7 RNA polymerase. This polymerase displays
exquisite specificity in that it only transcribes templates bearing T7 promoters.
Following infection, cells are transfected with the polynucleotide of interest, driven by

30 a T7 promoter. The polymerase expressed in the cytoplasm from the vaccinia virus -

recombinant transcribes the transfected DNA into RNA which is then translated into
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protein by the host translational machinery. The method provides for high level,

transient, cytoplasmic production of large quantities of RNA and its translation

products. See, e.g., Elroy-Stein and Moss, Proc. Natl. Acad. Sci. USA (1990)

87:6743-6747; Fuerst et al., Proc. Natl. Acad. Sci. USA (1986) 83:8122-8126.
As an alternative approach to infection with vaccinia or avipox virus

recombinants, or to the delivery of genes using other viral vectors, an amplification

systefh_cén be used that will lead to high level expresgc;n following in;fdduction mto
host cells. Specifically, a T7 RNA polymerase promoter preceding the coding region
for T7 RNA polymerase can be engineered. Translation of RNA derived from this
template will generate T7 RNA polymerase which in turn will transcribe more
template. Concomitantly, there will be a cDNA whose expression is under the control
of the T7 promoter. Thus, some of the T7 RNA polymerase generated from
translation of the amplification template RNA will lead to transcription of the desired
gene. Because some T7 RNA polymerase is required to initiate the amplification, T7
RNA polymerase can be introduced into cells along with the template(s) to prime the
transcription reaction. The polymerase can be introduced as a protein or on a plasmid
encoding the RNA polymerase. For a further discussion of T7 systems and their use
for transforming cells, see, e.g., International Publication No. WO 94/26911; Studier
and Moffatt, J. Mol. Biol. (1986) 189:113-130; Deng and Wolff, Gene (1994)
143:245-249; Gao et al., Biochem. Biophys. Res. Commun. (1994) 200:1201-1206;

- Gao and Huang, Nuc. Acids Res. (1993) 21:2867-2872; Chen et al., Nuc. Acids Res.

(1994) 22:2114-2120; and U.S. Patent No. 5,135,855.

Delivery of the expression cassettes of the present invention can also be
accomplished using eucaryotic expression vectors comprising CMV-derived elements,
such vectors include, but are not limited to, the following: pCMVKm2, pCMV-link
PCMVPLEdhfr, and pCMV6a (all described above). ‘

Synthetic expression cassettes of interest can also be delivered without a vira]
vector. For example, the synthetic expression cassette can be packaged in liposomes
prior to delivery to the subject or to cells derived therefrom. Lipid encapsulation is
generally accomplished using liposomes which are able to stably bind or entrap and

retain nucleic acid. The ratio of condensed DNA to lipid preparation can vary but will
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generally be around 1:1 (mg DNA:micromoles lipid), or more of lipid. For a review of
the use of liposomes as carriers for delivery of nucleic acids, see, Hug and Sleight,
Biochim. Biophys. Acta. (1991) 1097:1-17; Straubinger et al., in Methods of
Enzymology (1983), Vol 101, pp. 512-527.

Liposomal preparations for use in the present.invention include cationic

(posmvely charged) anionic (negatively charged) and neutral preparations, with

cationic liposomes partlculaﬂy preferred Cationic hposomes have been shown to
mediate intracellular delivery of plasmid DNA (Felgner et al., Proc. Natl. Acad. Sci.
USA (1987) 84:7413-7416); mRNA (Malone et al., Proc. Natl. Acad. Sci. USA (1989)
86:6077-6081); and purified transcription factors (Debs et al., J. Biol. Chem. (1990)
265:10189-10192), in functional form.

Cationic liposomes are readily available. For example, N[1-2,3-

 dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA) liposomes are available under

the trademark Lipofectin, from GIBCO BRL, Grand Island, NY. (See, also, Felgner et
al., Proc. Natl. Acad. Sci. USA (1987) 84:7413-7416). Other commercially available
lipids include (DDAB/DOPE) and DOTAP/DOPE (Boerhinger). Other cationic
liposomes can be prepared from readily available materials using techniques well
known in the art. See, e.g., Szoka et al., Proc. Natl. Acad. Sci. USA (1978) 75:4194-
4198; PCT Publication No. WO 90/11092 for a description of the synthesis of DOTAP
(1,2-bis(oleoyloxy)-3-(trimethylammonio)propane) liposomes.

Similarly, anionic and neutral liposomes are readily available, such as, from
Avanti Polar Lipids (Birmingham, AL), or can be easily prepared using readily
available materials. Such materials include phosphatidyl choline, cholesterol,
phosphatidyl ethanolamine, dioleoylphosphatidyl choline (DOPC),
dioleoylphosphatidyl glycerol (DOPG), dioleoylphoshatidyl ethanolamine (DOPE),
among others. These materials can also be mixed with the DOTMA and DOTAP
starting materials in appropriate ratios. Methods for making liposomes using these
materials are well known in the art.

The liposomes can comprise multilammelar vesicles (MLVSs), small unilamellar
vesicles (SUVs), or large unilamellar vesicles (LUVs). The various liposome-nucleic

acid complexes are prepared using methods known in the art. See, €.8., Straubinger et
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al., in METHODS OF IMMUNOLOGY (1983), Vol. 101, pp. 512-527; Szoka et al,
Proc. Natl. Acad. Sci. USA (1978) 75:4194-4198; Papahadjopoulos et al., Biochim.
Biophys. Acta (1975) 394:483; Wilson et al., Cell (1979) 17:77); Deamer and
Bangham, Biochim. Biophys. Acta (1976) 443:629; Ostro et al., Biochem. Biophys.

5 Res. Commun. (1977) 76:836; Fraley et al., Proc. Natl. Acad. Sci. USA (1979)
76:3348); Enoch and Strittmatter, Proc. Natl. Acad. Sci. USA (1979) 76:145); Fraley
et al., J. Biol. Chem. (1980) 255:10431; Szoka and Papahadjopoulos, Proc. Natl.
Acad. Sci. USA (1978) 75:145; and Schaefer-Ridder et al., Science (1982) 215:166.

The DNA and/or prdtein antigen(s) can also be delivered in cochleate lipid

10  compositions similar to those described by Papahadjopoulos et al., Biochem. Biophys.
Acta. (1975) 394:483-491. See, also, U.S. Patent Nos. 4,663,161 and 4,871,488.

The synthetic expression cassette of interest may also be encapsulated,
adsorbed to, or associated with, particulate carriers. Such carriers present multiple
copies of a selected antigen to the immune system and promote ‘trapping and retention

15  of antigens in local lymph nodes. The particles can be phagocytosed by macrophages
and can enhance antigen presentation through cytokine release. Examples of
particulate carriers include those derived from polymethyl methacrylate polymers, as
well as microparticles derived from poly(lactides) and poly(lactide-co-glycolides),
known as PLG. See, e.g., Jeffery et al., Pharm. Res. (1993) 10:362-368; McGee 1P,

20 et al., J Microencapsul. 14(2):197-210, 1997; O'Hagan DT, et al,, Vaccine 11(2):149-
54,1993. Suitable microparticles may also be manufactured in the presence of
charged detergents, such as anionic or cationic detergents, to yield microparticles with
a surface having a net negative or a net positive charge. For example, microparticles
manufactured with anionic detergents, such as hexadecyltrimethylammonium bromide

25 (CTAB), i.e. CTAB-PLG microparticles, adsorb negatively charged macromolecules,
such as DNA. (see, e.g., Int'l Application Number PCT/US99/17308).

Furthermore, other particulate systems and polymers can be used for the in
vivo or ex vivo delivery of the gene of interest. For example, polymers such as
polylysine, polyarginine, polyornithine, spermine, spermidine, as well as conjugates of

30  these molecules, are useful for transferring a nucleic acid of interest. Similarly, DEAE

dextran-mediated transfection, calcium phosphate precipitation or precipitation using
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other insoluble inorganic salts, such as strontium phosphate, aluminum silicates
including bentonite and kaolin, chromic oxide, magpesium silicate, talc, and the like,
will find use with the present methods. See, e.g., Felgner, P.L., Advanced Drug
Delivery Reviews (1990) 5:163-187, for a review of delivery sjstems useful for gene
transfer. Peptoids (Zuckerman, R.N,, et al., U.S. Patent No. 5,831,005, issued
November 3, 1998) may also be used for delivery of a construct of the present
invention. | -

Additionally, biolistic delivery systems employing particulate carriers such as
gold and tungsten, are especially useful for delivering synthetic expression cassettes of
the present invention. The particles are coated with the synthetic expression
cassette(s) to be delivered and accelerated to high velocity, generally under a reduced
atmosphere, using a gun'powder discharge from a “gene gun.” For a description of .
such techniques, and apparatuses useful therefore, see, e.g., U.S. Patent Nos.
4,945,050; 5,036,006; 5,100,792; 5,179,022; 5,371,015; and 5,478,744. Also, needle-
less injection systems can be used (Davis, H.L., et al, Vaccine 12:1503-1509, 1994;
Bioject, Inc., Portland, OR).

Recombinant vectors carrying a synthetic expression cassette of the present
invention are formulated into compositions for delivery to the vertebrate subject.
These compositions may either be prophylactic (to prevent infection) or therapeutic (to
treat disease after infection). The compositions will cornprise a “therapeutically
effective amount” of the gene of interest such that an amount of the antigen can be
produced in vivo so that an immune response is generated in the individual to which it
is administered. The exact amount necessary will vary depending on the subject being
treated; the age and general condition of the subject to be treated; the capacity of the
subject's immune system to synthesize antibodies; the degree of protection desired; the
severity of the condition being treated; the particular antigen selected and its mode of
administration, among other factors. An appropriate effective amount can be readily
determined by one of skill in the art. Thus, a “therapeutically effective amount” will
fall in a relatively broad range that can be determined through routine trials.

The compositions will generally include one or more “pharmaceutically

acceptable excipients or vehicles” such as water, saline, glycerol, polyethyleneglycol,
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hyaluronic acid, ethanol, etc. Additionally, auxiliary substances, such as wetting or
emulsifying agents, pH buffering substances, and the like, may be present in such
vehicles. Certain facilitators of nucleic acid uptake and/or expression can also be
included in the compositions or coadministered, such as, but not limited to,
bupivacaine, cardiotoxin and sucrose.

Once formulated, the compositions of the invention can be administered

10
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20
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30

-directly to the subject (e.g., as described above) or, alternatively, delivered ex vivo, to
cells derived from the subject, using methods such as those described above. For
example, methods for the ex vivo delivery and reimplantation of transformed cells into
a subject are known in the art and can include, e.g., dextran-mediated transfection,
calcium phosphate precipitation, polybrene mediated transfection, lipofectamie and
LT-1 mediated transfection, protoplast fusion, electroporation, encapsulation of the
polynucleotide(s) (with or without the corresponding antigen) in liposomes, and direct
microinjection of the DNA into nuclei. |

Direct delivery of synthetic expression cassette compositions in vivo will
generally be accomplished with or without ;iral vectors, as described above, by
injection using either a conventional syringe or a gene gun, such as the Accell® gene
delivery system (PowderJect Technologies, Inc., Oxford, England). The constructs
can be injected either subcutaneously, epidermally, intradermally, intramucosally such
as nasally, rectally and vaginally, intraperitoneally, intravenously, orally or
intramuscularly. Delivery of DNA into cells of the epi_c)lermis is particularly preferred
as this mode of administration provides access to skin-associated lymphoid cells and
provides for a transient presence of DNA in the recipient. Other modes of
administration include oral and pulmonary administration, suppositories, needle-less
injection, transcutaneous and transdermal applications. Dosage treatment may be a
single dose schedule or a multiple dose schedule. Administration of nucleic acids may
also be combined with administration of peptides or other substances.

Exemplary immunogenicity studies are presented in Examples 4, 5,6,9, 10,

11, and 12.
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2.4.2 EX vivo DELIVERY OF THE SYNTHETIC EXPRESSION CASSETTES OF
THE PRESENT INVENTION

In one embodiment, T cells, and related cell types (including but not limited to
antigen presenting cells, such as, macrophage, monocytes, lymphoid cells, dendritic
cells, B-cells, T-cells, stem cells, and progenitor cells thereof), can be used for ex vivo
delivery of the synthetic expression cassettes of the present invention. T cells can be
isolated from periplileralr blood iy;ﬁl&;;tes (PBLs) by a variety of procedures known
to those skilled in the art. For example, T cell populations can be “enriched” from a
population of PBLs through the removal of accessory and B cells. In particular, T cell
enrichment can be accomplished by the elimination of non-T cells using anti-MHC
class II monoclonal antibodies. Similarly, other antibodies can be used to deplete
specific populations of non-T cells. For example, anti-Ig antibody molecules can be
used to deplete B cells and anti-Macl antibody molecules can be used to deplete
macrophages.

T cells can be further fractionated into a number of different subpopulations by
techniques known to those skilled in the art. Two major subpopulations can be
isolated based on their differential expression of the cell surface markers CD4 and
CDS8. For example, following the enrichment of T cells as described above, CD4" cells
can be enriched using antibodies specific for CD4 (see Coligan et al., supra). The
antibodies may be coupled to a solid support such as magnetic beads. Conversely,
CD8+ cells can be enriched through the use of antibodies specific for CD4 (to remove
CD4* cells), or can be isolated by the use of CD8 antibodies coupled to a solid
support. CD4 lymphocytes from HIV-1 infected patients can be expanded ex vivo,
before or after transduction as described by Wilson et. al. (1995) J. Infect. Dis.
172:88.

Following purification of T cells, a variety of methods of genetic modification
known to those skilled in the art can be performed using non-viral or viral-based gene
transfer vectors constructed as described herein. For example, one such approach
involves transduction of the purified T cell population with vector-containing
supernatant of cultures derived from vector producing cells. A second approach

involves co-cultivation of an irradiated monolayer of vector-producing cells with the
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purified T cells. A third approach involves a similar co-cultivation approach; however,
the purified T cells are pre-stimulated with various cytokines and cultured 48 hours
prior to the co-cultivation with the irradiated vector producing cells. Pre-stimulation
prior to such transduction increases effective gene transfer (Nolta et al. (1992) Exp.
Hematol. 20:1065). Stimulation of these cultures to proliferate also provides
increased cell populations for re-infusion into the patient. Subsequent to co-
cultivation, T cells are collected from the vector producing cell monolayer, expanded,
and frozen in liquid nitrogen.

Gene transfer vectors, containing one or more synthetic expression cassette of
the present invention (associated with appropriate control elements for delivery to the
isolated T cells) can be assembled using known methods and following the guidance of
the present specification.

Selectable markers can also be used in the construction of gene transfer
vectors. For example, a marker can be used which imparts to a mammalian cell
transduced with the gene transfer vector resistance to a cytotoxic agent. The cytotoxic
agent can be, but is not limited to, neomycin, aminoglycoside, tetracycline,
chloramphenicol, sulfonamide, actinomycin, netropsin, distamycin A, anthracycline, or
pyrazinamide. For example, neomycin phosphotransferase II imparts resistance to the
neomycin analogue geneticin (G418).

The T cells can also be maintained in a2 medium containing at least one type of
growth factor prior to being selected. A variety of growth factors are known in the art
which sustain the growth of a particular cell type. Examples of such growth factors
are cytokine mitogens such as rIl.-2, IL-10, IL-12, and IL-15, which promote growth
and activation of lymphocytes. Certain types of cells are stimulated by other growth
factors such as hormones, including human chorionic gonadotropin (hCG) and human
growth hormone. The selection of an appropriate growth factor for a particular cell
population is readily accomplished by one of skill in the art.

For example, white blood cells such as differentiated progenitor and stem cells
are stimulated by a variety of growth factors. More particularly, IL-3, IL-4, IL~5, IL~
6, IL-9, GM-CSF, M-CSF, and G-CSF, produced by activated Ty, and activated

macrophages, stimulate myeloid stem cells, which then differentiate into pluripotent
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stem cells, granulocyte-monocyte progenitors, eosinophil progenitors, basophil
progenitors, megakaryocytes, and erythroid progenitors. Differentiation is modulated
by growth factors such as GM-CSF, IL-3, IL-6, IL-11, and EPO.

Pluripotent stem cells then differentiate into lymphoid stem cells, bone marrow
stromal cells, T cell progenitors, B cell progenitors, thymocytes, Ty Cells, T cells, and
B cells. This differentiation is modulated by growth factors such as IL.-3, IL-4, IL-6,
IL-7, GM-CSF, M-CSF, G-CSF, IL-2, and IL-5.

Granulocyte-monocyte progenitors differentiate to monocytes, macrophages,

and neutrophils. Such differentiation is modulated by the growth factors GM-CSF, M-
CSF, and I.-8. Eosinophil progenitors differentiate into eosinophils. This process 18
modulated by GM-CSF and IL-5.

The differentiation of basophil progenitors into mast cells and basophils is
modulated by GM-CSF, IL-4, and IL-9. Megakaryocytes produce platelets in
response to GM-CSF, EPO, and IL-6. Erythi'oid progenitor cells differentiate into red
blood cells in response to EPO.

Thus, during activation by the CD3-binding agent, T cells can also be
contacted with a mitogen, for example a cytokine such as IL-2. In particularly
preferred embodiments, the IL-2 is added to the population of T cells at a
concentration of about 50 to 100 pg/ml. Activation with the CD3-binding agent can
be carried out for 2 to 4 days.

Once suitably activated, the T cells are genetically modified by contacting the
same with a suitable gene transfer vector under conditions that allow for transfection
of the vectors into the T cells. Genetic modification is carried out when the cell
density of the T cell population is between about 0.1 x 10 and 5 x 105, preferably
between about 0.5 x 10° and 2 x 10°. A number of suitable viral and nonviral-based
gene transfer vectors have been described for use herein.

After transduction, transduced cells are selected away from non-transduced '
cells using known techniques. For example, if the gene transfer vector used in the
transduction includes a selectable marker which confers resistance to a cytotoxic
agent, the cells can be contacted with the appropriate cytotoxic agent, whereby non-

transduced cells can be negatively selected away from the transduced cells. If the
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selectable marker is a cell surface marker, the cells can be contacted with a binding
agent specific for the particularlcell surface marker, whereby the transduced cells can
be positively selected away from the population. The selection step can also entail
fluorescence-activated cell sorting (FACS) techniques, such as where FACS is used to

5 select cells from the population containing a particular surface marker, or the selection
step can entail the use of magnetically responsive particles as retrievable supports for
target cell capture and/or background removal. T

More particularly, positive selection of the transduced cells can be performed

using a FACS cell sorter (e.g. a FACSVantage™ Cell Sorter, Becton Dickinson

10 Immunocytometry Systems, San Jose, CA) to sort and collect transduced cells
expressing a selectable cell surface marker. Following transduction, the cells are
stained with fluorescent-labeled antibody molecules directed against the particular cell
surface marker. The amount of bound antibody on each cell can be measured by
passing droplets containing the cells through the cell sorter. By imparting an

15 electromagnetic charge to droplets containing the stained cells, the transduced cells
can be separated from other cells. The positively selected cells are then harvested in
sterile collection vessels. These cell sorting procedures are described in detail, for
example, in the FACSVantage™ Training Manual, with particular reference to
sections 3-11 to 3-28 and 10-1 to 10-17.

20 Positive selection of the transduced cells can also be performed using magnetic
separation of cells based on expression or a particular cell surface marker. In such
separation techniques, cells to be positively selected are first contacted with specific
binding agent (e.g., an antibody or reagent the interacts specifically with the cell
surface marker). . The cells are then contacted with retrievable particles (e.g.,

25 magnetically responsive particles) which are coupled with a reagent that binds the
specific binding agent (that has bound to the positive cells). The cell-binding agent-
particle complex can then be physically separated from non-labeled cells, for example
using a magnetic field. When using magnetically responsive particles, the labeled cells
can be retained in a container using a magnetic filed while the negative cells are

30  removed. These and similar separation procedures are known to those of ordinary skill

in the art.
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Expression of the vector in the selected transduced cells can be assessed by a
number of assays known to those skilled in the art. For example, Western blot or
Northern analysis can be employed depending on the nature of the inserted nucleotide
sequence of interest. Once expression has been established and the transformed T cells
have been tested for the presence of the selected synthetic expression cassette, they are
ready for infusion into a patient via the peripheral blood stream.

" The invention includes a kit for genetic modification of an ex vivo population of
primary mammalian cells. The kit typically contains a gene transfer vector coding for
at least one selectable marker and at least one synthetic expression cassette contained
in one or more containers, ancillary reagents or hardware, and instructions for use of

the kit.

2.4.3 FURTHER DELIVERY REGIMES

Any of the polynucleotides (e.g., expression cassettes) or polypeptides
described herein (delivered by any of the methods described above) can also be used in
combination with other DNA delivery systems and/or protein delivery systems. Non-
limiting examples include co-administration of these molecules, for example, in prime-
boost methods where one or more molecules are delivered in a “priming” step and,
subsequently, one or more molecules are delivered in a “boosting” step. In certain
embodiments, the delivery of one or more nucleic acid-containing composifioqs and is
followed by delivery of one or more nucleic acid-containing compositions and/or one
or more polypeptide-containing compositions (e.g., polypeptides comprising HIV
antigens). In other embodiments, multiple nucleic acid “primes” (of the same or
different nucleic acid molecules) can be followed by multiple polypeptide “boosts” (of
the same or different polypeptides). Other examples include multiple nucleic acid
administrations and multiple polypeptide administrations. |

In any method involving co-administration, the various compositions can be

delivered in any order. Thus, in embodiments including delivery of multiple different
compositions or molecules, the nucleic acids need not be all delivered before the
polypeptides. For example, the priming step may include delivery of one or more

polypeptides and the boosting comprises delivery of one or more nucleic acids and/or
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one more polypeptides. Multiple polypeptide administrations can be followed by
multiple nucleic acid administrations or polypeptide and nucleic acid administrations
can be performed in any order. In any of the embodiments described herein, the
nucleic acid molecules can encode all, some or none of the polypeptides. Thus, one or
more or the nucleic acid molecules (e.g., expression cassettes) described herein and/or

one or more of the polypeptides described herein can be co-administered in any order

'~ and via any administration routes. Therefore, any combination of polynucleotides

and/or polypeptides described herein can be used to generate elicit an immune

reaction.

3.0 IMPROVED HIV-1 GAG AND POL EXPRESSION CASSETTES

While not desiring to be bound by any particular model, theory, or hypothesis,
the following information is presentéd to provide a more complete understanding of
the present invention.

The world health organization (WHO) estimated the number of people
worldwide that are infected with HIV-1 to exceed 36.1 million. The development of a
safe and effective HI'V vaccine is therefore essential at this time. Recent studies have
demonstrated the importance of CTL in controlling the HIV-1 replication in infected
patients. Furthermore, CTL reactivity with multiple HIV antigens will be necessary for
the effective control of virus replication. Experiments performed in support of the
present invention suggest that the inclusion of HIV-1 Gag and Pol, beside Env for the
induction of neutralizing antibodies, into the vaccine is useful.

To increase the potency of HIV-1 vaccine candidates, codon modified Gag and
Pol expression cassettes were designed, either for Gag alone or Gag plus Pol. To
evaluate possible differences in expression and potency, the expression of these
constructs was analyzed and immunogenicity studies carried out in mice.

Several expression cassettes encoding Gag and Pol were designed, including,
but not limited to, the following: GagProtease, GagPolAintegrase with frameshift
(gagFSpol), and GagPolAintegrase in-frame (gagpol). Versions of GagPolAintegrase
in-frame were also designed with attenuated (Att) or non-functional Protease (Ina).

The nucleic acid sequences were codon modified to correspond to the codon usage of
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highly expressed human genes. Mice were immunized with titrated DNA doses and
humoral and cellular immune responses evaluated by ELISA and intracellular cytokine
staining (Example 10).

The immune responses in mice has been seen to be correlated with relative
levels of expression in vitro. Vaccine studies in rhesus monkeys will further address

immune responses and expression levels in vivo.
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4.0 ENHANCED VACCINE TECHNOLOGIES FOR THE INDUCTION OF
POTENT NEUTRALIZING ANTIBODIES AND CELLULAR IMMUNE
RESPONSES AGAINST HIV.

‘While not desiring to be bound by any particular model, theory, or hypothesis,
the following information is presented to provide a more complete understanding of
the present invention.

Protection against HIV infection will likely require potent and broadly reactive
pre-existing neutralizing antibodies in vaccinated individuals exposed to a virus
challenge. Although cellular immune responses are desirable to control viremia in
those who get infected, protection against infection has not been demonstrated for
vaccine approaches that rely exclusively on the induction of these responses. For this
reason, experiments performed in support of the present invention use prime-boost
approaches that employ novel V-deleted envelope antigens from primary HIV isolates
(e.g., R5 subtype B (HIV-1ggq,) and subtype C (HIV-1y,) strains). These antigens
were delivered by enhanced DNA [polyactide co-glycolide (PLG) microparticle
formulations or electroporation] or alphavirus replicon particle-based vaccine
approaches, followed by booster immunizations with Env proteins in MF59 adjuvant.
Efficient in vivo expression of plasmid encoded genes by electrical permeabilization
has been described (see, e.g., Zucchelli et al. (2000) J. Virol. 74:11598-11607; Banga
et al. (1998) Trends Biotechnol. 10:408-412; Heller et al. (1996) Febs Lett. 389:225-
228; Mathiesen et al. (1999) Gene Ther, 4:508-514; Mir et al. (1999) Proc. Nat’l Acad
Sci. USA 8:4262-4267; Nishi et al. (1996) Cancer Res. 5:1050-1055). Both native
and V-deleted monomeric (gp120) and oligomeric (0-gp140) forms of protein from the
SF162 strain were tested as boosters. All protein preparations were highly purified
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and extensively characterized by biophysical and immunochemical methodologies.
Results from rabbit and primate immunogenicity studies indicated that, whereas
neutralizing antibody responses could be consistently induced against the parental non-
V2-deleted SF162 virus, the induction of responses against heterologous HIV strains
improved with deletion of the V2 loop of the immunogens. Moreover, using these

prime-boost vaccine regimens, potent HI'V antigen-specific CD4 + and CD8+ T-cell

respoﬁéés_were also demonstrated.

Based on these findings, V2-deleted envelope DNA and protein vaccines were
chosen for advancement toward clinical evaluation. Similar approaches for
immunization may be employed using, for example, nucleic acid immunization
employing the synthetic HIV polynucleotides of the present invention coupled with
corresponding or heterologous HIV-derived polypeptide boosts.

One embodiment of this aspect of the present invention may be described
generally as follows. Antigens are selected for the vaccine composition(s). Env
polypeptides are typically employed in a first antigenic composition used to induce an

immune response. Further, Gag polypeptides are typically employed in a second

. antigenic composition used to induce an immune response. The second antigenic

composition may include further HIV-derived polypeptide sequences, including, but
pot limited to, Pol, Tat, Rev, Nef, Vif, Vpr, and/or Vpu sequences. A DNA prime
vaccination is typically performed with the first and second antigenic compositions.
Further DNA vaccinations with one or more of the antigenic compositions may also be
included at selected time intervals. The prime is typically followed by at least one
boost. The boost may, for example, include adjuvanted HIV-derived polypeptides
(e.g., corresponding to those used for the DNA vaccinations), coding sequences for
HIV-derived polypeptides (e.g., corresponding to those used for the DNA
vaccinations) encoded by a viral vector, further DNA vaccinations, and/or
combinations of the foregoing. In one embodiment, 2 DNA prime is administered with
a first antigenic composition (e.g., a DNA construct encoding an Envelope
polypeptide) and second antigenic composition (e.g., a DNA construct encoding a Gag
polypeptide, a Pol polypeptide, a Tat polypeptide, a Nef polypeptide, and a Rev

polypeptide). The DNA construct for use in the prime may, for example, comprise a
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CMV promoter operably linked to the polynucleotide encoding the polypeptide
sequence. The DNA prime is followed by a boost, for example, an adjuvanted
Envelope polypeptide boost and a viral vector boost (where the viral vector encodes,
e.g., a Gag polypeptide, a Pol polypeptide, a Tat polypeptide, a Nef polypeptide, and a
Rev polypeptide). Alternately (or in addition), the boost may be an adjuvanted Gag
polypeptide, Pol polypeptide, Tat polypeptide, Nef polypeptide, and Rev polypeptide

boost and a viral vector boost (where the viral vector encodes, e.g., an Envelope
polypeptide). The boost may include all polypeptide antigens which were encoded in
the DNA prime; however, this is not required. Further, different polypeptide antigens
may be used in the boost relative to the initial vaccination and visa versa. Further, the
initial vaccination may be a viral vector rather than a DNA construct.

Some factors that may be considered in HIV envelope vaccine design are as
follows. Envelope-based vaccines have demonstrated protection against infection in
non-human primate models. Passive antibody studies have demonstrated protection
against HIV infection in the presence of neutralizing antibodies against the virus
challenge stock. Vaccines that exclude Env generally confer less protective efficacy.
Experiments performed in support of the present invention have demonstrated that
monomeric gp120 protein-derived from the SF2 lab strain provided neutralization of
HIV-1 lab strains and protection against virus challenges in primate models. Primary
gp120 protein derived from Thai E field strains provided cross-subtype neutralization
of lab strains. Primary sub-type B oligomeric 0-gp140 protein provided partial
neutralization of subtype B primary (field) isolates. Primary sub-type B o-gp140AV2
DNA prime plus protein boost provided potent neutralization of diverse subtype B
primary isolates and protection against virus challenge in primate models. Primary
sub-type C o-gp140 and o-gp140AV?2 likely provide similar results to those just
described for sub-type B.

Vaccine strategies for induction of potent, broadly reactive, neutralizing
antibodies may be assisted by construction of Envelope polypeptide structures that
expose conserved neutralizing epitopes, for example, variable-region deletions and de-
glycosylations, envelope protein-receptor complexes, rational design based on crystal

structure (e.g., B-sheet deletions), and gp41-fusion domain based immunogens.
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Stable CHO cell lines for envelope protein production have been developed
using optimized envelope polypeptide coding sequences, including, but not limited to,
the following: gp120, 0-gp140, gp120AV2, 0-gp140AV2, gpl120AV1V2, o-
gpl40AV1V2,

In addition, following prime-boost regimes (such as those described above)
appear to be beneficial to help reduce viral load in infected subjects, as well as possibly
slow or prevent progression of HIV-related disease (relative to untreated subjects).

Exemplary antigenic compositions and immunogenicity studies are presented in

Examples 9, 10, 11, and 12.

EXPERIMENTAL

Below are examples of specific embodiments for carrying out the present
invention. The examples are offered for illustrative purposes only, and are not
intended to limit the scope of the present invention in any way.

Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, terrlperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.

Example 1
Generation of Synthetic Expression Cassettes

A, GeneratingSvntbetic Polynucleotides

The polynucleotide sequences of the present invention were manipulated to
maximize expression of their gene products. The order of the following steps may
vary.

First, the HIV-1 codon usage pattern was modified so that the resulting nucleic
acid coding sequence was comparable to codon usage found in highly expressed
human genes. The HIV codon usage reflects a high content of the nucleotides A or T
of the codon-triplet. The effect of the HIV-1 codon usage is a high AT content in the
DNA sequence that results in a high AU content in the RNA and in a decreased
translation ability and instability of the mRNA. In comparison, highly expressed
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to be comparable to codon usage found in highly expressed human genes.

Second, for some genes non-functional variants were created. In the following

table (Table B) mutations affecting the activity of several HIV genes are disclosed.

Table B

Gene

“Region”

Exemplary Mutations

Pol

prot

Att = Reduced activity by attenuation of Protease
(Thr26Ser) (e.g., Konvalinka et al., 1995, J Virol 69:
7180-86)

Ina = Mutated Protease, nonfunctional enzyme
(Asp25Ala)(e.g., Konvalinka et al., 1995, J Virol 69:
7180-86)

RT

YM = Deletion of catalytic center (YMDD_AP; SEQ ID
NO:7) (e.g., Biochemistry, 1995, 34, 5351, Patel et. al.)
WM = Deletion of primer grip region (WMGY_PI; SEQ
ID NO:8)) (e.g., I Biol Chem, 272, 17, 11157,
Palaniappan, et. al., 1997)

RNase

no direct mutations, RnaseH is affected by “WM”
mutation in RT

Integrase

1) Mutation of HHCC domain, Cys40Ala (e.g.,
‘Wiskerchen et. al., 1995, J Virol, 69: 376).

2.) Inactivation catalytic center, Asp64Ala, Aspl16Ala,
Glul52Ala (e.g., Wiskerchen et. al., 1995, J Virol, 69:
376).

3) Inactivation of minimal DNA binding domain
(MDBD), deletion of Trp235(e.g., Ishikawa et. al., 1999,
T Virol, 73: 4475). '
Constructs int.opt.mut.SF2 and int.opt.mut_C (South
Africa TV1) both contain all these mutations (1, 2, and
3)

Env

Mutations_in cleavage site (e.g., mutl-4, 7)

Mutations in glycosylation site (e.g., GM mutants, for
example, change Q residue in V1 and/or V2 to N
residue; may also be designated by residue altered in
sequence)
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Gene

‘“Region

2

Exemplary Mutations

Tat

Mutants of Tat in transactivation domain (e.g., Caputo et
al., 1996, Gene Ther. 3:235)

cys22 mutant (Cys22Gly) = TatC22

cys37 mutant (Cys37Ser) = TatC37

cys22/37 double mutant = Tat(C22/37

Rev

Mutations in Rev domains (e.g., Thomgsfet al. . 1928 I |

Virol. 72:2935-44)

Mutation in RNA binding-nuclear localization
ArgArg38,39AspLeu = M5

Mutation in activation domain LeuGlu78,79AspLeu =
M10

Nef

Mutations of myristoyilation signal and in
oligomerization domain:

1. Single point mutation myristoyilation signal:
Gly-to-Ala = -Myr

2. Deletion of N-terminal first 18 (sub-type B, e.g.,
SF162) or 19 (sub-type C, e.g., South Africa clones)
amino acids: -Myr18 or -Myr19 (respectively)

(e.g., Peng and Robert-Guroff, 2001, Immunol Letters
78: 195-200)

Single point mutation oligomerization:

(e.g., Liu et al., 2000, J Virol 74: 5310-19)

Asp125Gly (sub B SF162) or Asp124Gly (sub C South
Africa clones)

Mutations affecting (1) infectivity (replication) of HIV-

virions and/or (2) CD4 down regulation. (e.g.,
Lundquist et al. (2002) J Virol. 76(9):4625-33)

Vif

Mutations of Vif:
e.g., Simon et al., 1999, J Virol 73:2675-81

Mutations of Vpr:
e.g., Singh et al., 2000, J Virol 74: 10650-57

Vpu

Mutations of Vpu:
e.g., Tiganos et al., 1998, Virology 251: 96-107

Constructs comprising some of these mutations are described herein. Vif, vpr

and vpu synthetic constructs are described. Reducing or eliminating the function of

86



10

15

20

25

30

WO 03/020876 PCT/US02/21342

the associated gene products can be accomplished employing the teachings set forth in
the above table, in view of the teachings of the present specification.

In one embodiment of the invention, the full length coding region of the Gag-
polymerase sequence is included with the synthetic Gag sequences in order to increase
the number of epitopes for virus-like particles expressed by the synthetic, optimized
Gag expression cassette. Because synthetic HIV-1 Gag-polymerase expresses the
poteniia_ﬂj/ deleterious functional enzymes reverse transcri;;t'ase (R"Iﬁd mte,gr;éé
(INT) (in addition to the structural proteins and protease), it is important to inactivate
RT and INT functions. Several in-frame deletions in the RT and INT reading frame
can be made to achieve catalytic nonfunctional enzymes with respect to their RT and
INT activity. {Jay. A.Levy (Editor) (1995) The Retroviridae, Plenum Press, New
York. ISBN 0-306-45033X. Pages 215-20; Grimison, B. and Laurence, J. (1995),
Journal Of Acquired Immune Deficiency Syndromes and Human Retrovirology
9(1):58-68; Wakefield, J. K. .et al., (1992) Journal Of Virology 66(11):6806-6812;
Esnouf, R..et al., (1995) Nature Structural Biology 2(4):303-308; Maignan, S., et al.,

- (1998) Journal Of Molecular Biology 282(2):359-368; Katz, R. A. and Skalka, A. M.

(1994) Annual Review Of Biochemistry 73 (1994); Jacobo-Molina, A., et al., (1993)
Proceedings Of the National Academy Of Sciences Of the United States Of America
90(13):6320-6324; Hickman, A. B., et al., (1994) Journal Of Biological Chemistry
269(46):29279-29287; Goldgur, Y., et al., (1998) Proceedings Of the National
Academy Of Sciences Of the United States Of America 95(16):9150-9154; Goette,
M, et al., (1998) Journal Of Biological Chemistry 273(17):10139-10146; Gorton, J.
L., et al,, (1998) Journal of Virology 72(6):5046-5055 ;‘Engelman, A, etal, (1997)
Journal Of Virology 71(5):3507-3514; Dyda, F., et al.,.Science 266(5193):1981-1986;
Davies, J. F., et al., (1991) Science 252(5002):88-95; Bujacz, G., et al., (1996) Febs
Letters 398(2-3):175-178; Beard, W. A., et al., (1996) Journal Of Biological
Chemistry 271(21):12213-12220; Kohlstaedt, L. A., et al., (1992) Science
256(5065):1783-1790; Krug, M. S. and Berger, S. L. (1991) Biochemistry
30(44):10614-10623; Mazumder, A., et al., (1996) Molecular Pharmacology
49(4):621-628; Palaniappan, C., et al., (1997) Journal Of Biological Chemistry
272(17):11157-11164; Rodgers, D. W., et al., (1995) Proceedings Of the National
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Academy Of Sciences Of the United States Of America 92(4):1222-1226; Sheng, N.
and Dennis, D. (1993) Biochemistry 32( 18):4938-4942; Spence, R. A, et al., (1995)
Science 267(5200):988-993.}

Furthermore selected B- and/or T-cell epitopes can be added to the Gag-
polymerase constructs within the deletions of the RT- and INT-coding sequence to
replace and augment any epitopes deleted by the functional modifications of RT and
INT. Alternately, selected B- and T-cell epitopes (including CTL epitopes) from RT
and INT can be included in a minimal VLP formed by expression of the synthetic Gag
or synthetic GagProt cassette, described above. (For descriptions of known HIV B-
and T-cell epitopes see, HIV Molecular Immunology Database CTL Search Interface;
Los Alamos Sequence Compendia, 1987-1997; Internet address: http:/hiv-
web.lanl. gov/immunology/index.html.)

In another aspect, the present invention comprises Env coding sequences that

include, but are not limited to, polynucleotide sequences encoding the following HIV-

encoded polypeptides: gp160, gp140, and gp120 (see, e.g., U.S. Patent No. 5,792,459
for a description of the HIV-1gg, ("SF2") Env polypeptide). The relationships between
these polypeptides is shown schematically in Figure 3 (in the figure: the polypeptides
are indicated as lines, the amino and carboxy termini are indicated on the gp160 line;
the open circle represents the oligomerization domain; the open square represents a
transmembrane spanning domain (TM); and “c” represents the location of a cleavage
site, in gp140.mut the “X” indicates that the cleavage site has been mutated such that it
no longer functions as a cleavage site). The polypeptide gp160 includes the coding
sequences for gp120 and gp41. The polypeptide gp41 is comprised of several domains

including an oligomerization domain (OD) and a transmembrane spanning domain

(TM). In the native envelope, the oligomerization domain is required for the non-

covalent association of three gp41 polypeptides to form a trimeric structure: through
non-covalent interactions with the gp41 trimer (and itself), the gp120 polypeptides are
also organized in a trimeric structure. A cleavage site (or cleavage sites) exists
approximately between the polypeptide sequences for gp120 and the polypeptide
sequences corresponding to gp41. This cleavage site(s) can be mutated to prevent

cleavage at the site. The resulting gp140 polypeptide corresponds to a truncated form
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of gp160 where the transmembrane spanning domain of gp41 has been deleted. This
gp140 polypeptide can exist in both monomeric and oligomeric (i.e. trimeric) forms by
virtue of the presence of the oligomerization domain in the gp41 moiety. In the
situation where the cleavage site has been mutated to prevent cleavage and the
transmembrane portion of gp41 has been deleted the resulting polypeptide product is
designated “mutated” gp140 (e.g., gp140.mut). As will be apparent to those in the
ﬁeid: the E:leavage site can be mutated in a variety of wé{sﬁéé, also, WO 00/3%5
Wild-type HIV coding sequences (e.g., Gag, Env, Po], tat, rev, nef, vpr, vpu,
vif, etc.) can be selected from any known HIV isolate and these sequences
manipulated to maximize expression of their gene products fo]lowiﬁg the teachings of
the present invention. The wild-type coding region maybe modified in one or more of
the following ways. In one embodiment, sequences encoding hypervariable regions of
Env, particularly V1 and/or V2 were deleted. In other embodiments, mutations were

introduced into sequences, for example, encoding the cleavage site in Env to abrogate

. the enzymatic cleavage of oligomeric gp140 into gp120 monomers. (See, e.g., Earl et

al. (1990) PNAS USA 87:648-652; Earl et al. (1991) J. Virol. 65:31-41). In yet other
embodiments, hypervariable region(s) were deleted, N-glycosylation sites were
removed and/or cleavage sites mutated. As discussed above, different mutations may
be introduced into the coding sequences of different genes (see, e.g., Table B). For
example, Tat coding sequences were modified according to the teachings of the
present specification, for example to affect the transactivation domain of the gene
product (e.g., replacing a cystein residue at position 22 with a glycine, Caputo et al.
(1996) Gene Therapy 3:235).

To create the synthetic codjng sequences of the present invention the gene

- cassettes are designed to comprise the entire coding sequence of interest. Synthetic

gene cassettes are constructed by oligonucleotide synthesis and PCR amplification to
generate gene fragments. Primers are chosen'to provide convenient restriction sites
for subcloning. The resulting fragments are then ligated to create the entire desired
sequence which is then cloned into an appropriate vector. The final synthetic
sequences are (i) screened by restriction endonuclease digestion and analysis, (if)

subjected to DNA sequencing in order to confirm that the desired sequence has been
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obtained and (iii) the identity and integrity of the expressed protein confirmed by SDS-
PAGE and Western blotting. The synthetic coding sequences are assembled at Chiron
Corp. (Emeryville, CA) or by the Midland Certified Reagent Company (Midland,
Texas).

Percent identity to the synthetic sequences of the present invention can be
determined, for example, using the Smith-Waterman search algorithm (Time Logic,
Incline Village, N'V), wi'tﬁﬁérfollowing%p'lary parameieré: weightmTrix =
nuc4x4hb; gap opening penalty = 20, gap extension penalty = 5, reporting threshold =
1; alignment threshold = 20.

Various forms of the different embodiments of the present invention (e.g.,
constructs) may be combined.

Exemplary embodiments of the synthetic polynucleotides of the present

invention include, but are not limited to, the sequences presented in Table C.

Table C
Type B Synthetic, Codon Optimized Polynucleotides

{ Name : Figure Description (encoding)
_ Number
GagComplPolmut.SF2 6 Gég complete, RT mutated,
(SEQ ID NO:9) Protease functional, all in
frame
GagComplPo]IhutAtt.SFZ 7 Gag complete, RT mutated,
(SEQ ID NO:10) Protease attenuated; all in
frame
GagComplPolmutIna.SF2 8 Gag complete, RT mutated,
(SEQ ID NO:11) _ Protease non-functional; all in
frame
gagCpollnaTatRevNef.opt_B 9 Gag complete, protease non-
(SEQ ID NO:12) functional, RT mutated, tat
) | mutated, rev mutated, nef
mutated; all in frame
GagPolmutAtt.SF2 10 Gag, RT mutated, Protease
(SEQ ID NO:13) attenuated; all in frame
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Name Figure Description (encoding)
Number
GagPolmutIna.SF2 11 Gag, RT mutated, Protease
(SEQID NO:14) non-functional; all in frame
GagProtInaRTmut.SF2 12 Gag, Protease non-functional,
(SEQ ID NO:15) RT mutated; all in frame
S5 | GagProtlnaRTmutTatRevNefoptB—-13—-  ---|-Gag; protease non-functional,
(SEQID NO:16) RT mutated, tat mutated, rev
mutated, nef mutated; all in
frame
GagRTmut.SF2 14 Gag, RT mutated; all n frame
(SEQID NO:17)
GagTatRevNef.opt_B 15 Gag, tat mutated, rev mutated,
10 (SEQ ID NO:18) nef mutated; all in frame
gp140.modSF162.CwtLmod 16 ~ gp140 derived from SF162
(SEQID NO:19) with a HIV Type C (TV1)
} optimized leader sequence
gp140.modSF162.CwtLnat 17 gp140 derived from SF162
(SEQ ID NO:20) with a HIV Type C(TV1)
. native leader sequence
15 - ] gpl160.modSF162.delV2.mut7 18 gp160 derived from SF162,
(SEQ ID NO:21) deletion of V2 loop, mutated
. -cleavage site
gp160.modSF162.delV2.mut8 19 gp160 derived from SF162,
(SEQID NO:22) . deletion of V2 loop, mutated
cleavage site
mt.opt.mut.SF2 20 integrase mutated
20 (SEQID NO:23)
mt.opt.SF2 21 integrase
(SEQ ID NO:24)
nef D125G.~myr.opt.SF162 22 nef mutated, myristoyilation
(SEQ ID NO:25) defective
25 nef.D107G.-myr18.0pt.SF162 23 nef mutated, myristoyilation
(SEQ ID NQO:26) defective
nef.opt.D125G.SF162 |24 nef mutated
(SEQ ID NO:27)
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Name Figure Description (encoding)
Number

nef.opt.SF162 25 nef
(SEQ ID NO:28)
p15RnaseH.opt.SF2 26 pl5 RNase H; in-frame
(SEQ ID NO:29)

1 p2Pol.opt. YMWM.SF2 127 p2 pol mutated (RT YM, WM)
(SEQ ID NO:30)
p2Pollnaopt. YM.SF2 28 p2 pol, protease non-
(SEQ ID NO:31) functional, RT YM; all in

: frame
p2Polopt.SF2 29 p2 pol; all in frame
(SEQ ID NO:32) _
p2PolTatRevNef.opt.native_B 30 | p2 pol tat rev nef; all native; all
(SEQ ID NO:33) in frame
p2PolTatRevNef.opt_B 31 p2 pol, protease mutated, RT
(SEQ ID NO:34) mutated, tat mutated, rev
mutated, nef, mutated; all in
frame

pol.opt.SF2 32 pol
(SEQ ID NO:35)
prot.opt.SF2 33 protease
(SEQ ID NO:36)
protIna.opt.SF2 34 protease non-functional
(SEQ ID NO:37)
protInaRT.YM.opt.SF2 35 protease non-functional, RT
(SEQ ID NO:38) YM mutated; all in frame
protInaRT.YMWM.opt.SF2 36 protease non-functional, RT
(SEQ ID NO:39) YM WM mutated; all in frame
ProtInaRTmut.SF2 37 Protease inactive, RT mutated,;
(SEQ ID NO:40) all in frame
protRT.opt.SF2 38 protease RT; all in frame
(SEQ ID NO:41) :
ProtRT.TatRevNef.opt_B 39 protease mutated, RT mutated,

(SEQ ID NO:42)

tat mutated, rev mutated, nef,
mutated; all in frame
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Name Figure Description (encoding)
Number

ProtRTTatRevNef.opt_B 40 protease mutated, RT mutated,

(SEQ ID NO:43) tat mutated, rev mutated, nef,
mutated; all in frame

rev.exonl_2.M5-10.opt.SF162 4] rev exon 1 and 2 in-frame, rev

(SEQ ID NO:44) mutated

i _fev.e>(7<);11_2.o_13_t.SF182 o >42 o Wrev ex:i 1 and 2 in-frame

(SEQ ID NO:45)

RT.opt.SF2 (mutant) 43 RT mutant

(SEQ ID NO:46)

RT.opt.SE2 (native) 44 RT native

(SEQ ID NO:47)

RTmut.SF2 45 RT mutated

(SEQ ID NO:48)

tat.exonl_2.opt.C22-37.SF2 46 tat exon 1 and 2 in-frame, tat

(SEQ ID NO:49) mutated

tat.exonl_2.opt.C37.SF2 47 tat exon 1 and 2 in-frame, tat

(SEQ ID NO:50) mutated

TatRevNef.opt.native.SF162 48 tat native, rev mative, nef

(SEQ ID NO:51) native; all in frame

TatRevNef.opt.SF162 49 tat mutated, rev mutated, nef

(SEQ ID NO:52) mutated; all in frame

TatRevNefGag B 50 tat mutated, rev mutated, nef

(SEQ ID NO:53) mutated, gag; all in frame

TatRevNefgagCpollna B 51 tat mutated, rev mutated, nef

(SEQ ID NO:54) mutated, gag complete,
protease non-functional, RT
mutated; all.in frame

TatRevNefGagProtInaRTmnt B 52 tat mutated, rev mutated, nef

(SEQ ID NO:55) mutated, gag, protease non-
functional, RT mmutant; all in
frame

TatRevNefp2Pol.opt_B 53 tat mutated, rev mutated, nef

(SEQ ID NO:56)

mutated, p2 pol, protease
mutated, RT mutated; all in
frame
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Name -} Figure Description (encoding)
Number
TatRevNefprotRTopt B 54 tat mutated, rev mutated, nef
(SEQ ID NO:57) mutated, protease mutated, RT
mutated; all in frame

vif.opt.SF2 55 optimized vif derived from SF2
(SEQ ID NO:58)

>7pr.opt.SiFVZ - 156 optimized vpr derived from
(SEQ ID NO:59) ' SF2
vpu.opt.SF162 57 optimized vpu derived from
(SEQ ID NO:60) SF162

{In Table C, .mut or .mut7 or .mut 8 = envelope mutated in cellular protease
cleavage site between gp120/gp41 (i.e., to prevent cleavage; e.g., better for purifying

protein) }

B. Creating Expression Cassettes Comprising the Synthetic Polynucleotides of the

Present Invention.

The synthetic DNA fragments of the present invention are cloned into the
following expression vectors: pCMVKm2, for transient expression assays and DNA
immunization studies, the pPCMVKm?2 vector was derived from pCMV6a (Chapman et
al., Nuc. Acids Res. (1991) 19:3979-3986) and comprises a kanamycin selectable
marker, a ColE1 origin of replication, a CMV promoter enhancer and Intron A,
followed by an insertion site for the synthetic sequences described below followed by a
polyadenylation signal derived from bovine growth hormone -- the pPCMVKm2 vector
differs from the pCMV-link vector only in that a polylinker site was inserted into
pCMVKm?2 to generate pCMV-link; pESN?dhfr and pCMVPLEdhir (also known as
pCMVIII), for expression in Chinese Hamster Ovary (CHO) cells; and, pAcC13, a
shuttle vector for use in the Baculovirus expression system (pAcC13, was derived
from pAcC12 which was described by Munemitsu S., et al., Mol Cell Biol.
10(11):5977-5982, 1990). See, also co-owned WO 00/39302, WO 00/39303, WO
00/39304, and WO 02/04493, for a description of these vectors.
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Briefly, econstruction of pPCMVPLEdhfr (pCMVIII) was as follows. To
construct a DHFR cassette, the EMCV IRES (internal ribosome entry site) leader was
PCR-amplified from pCite-4a+ (Novagen, Inc., Milwaukee, WI) and inserted into
pET-23d (Novagen, Inc., Milwaukee, WI) as an Xba-Nco fragment to give pET-
EMCV. The dhfr gene was PCR-amplified from pESN2dhfr to give a product with a

Gly-Gly-Gly-Ser spacer in place of the translation stop codon and inserted as an Nco-

amplified from a pSV2Neo (Clontech, Palo Alto, CA) derivative and inserted into the
unique BamH1 site of pET-E-DHFR to give pET-E-DHFR/Neo,,. Then, the bovine
growth hormone terminator from pCDNA3 (Invitrogen, Inc., Carlsbad, CA) was
inserted downstream of the neo gene to give pET-E-DHFR/Neo,,BGHt. The
EMCV-dhfrineo selectable marker cassette fragment was prepared by cleavage of
pET-E-DHFR/Neo,,BGHt. The CMV enhancer/promoter plus Intron A was
transferred from pCMV6a (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986) as
a HindlII-Sall fragment into pUC19 (New England Biolabs, Inc., Beverly, MA). The
vector backbone of pUC19 was deleted from the Ndel to the Sap1 sites. The above
described DHFR cassette was added to the construct such that the EMCV IRES
followed the CMV promoter to produce the final construct. The vector also contained

an amp” gene and an SV40 origin of replication.

Expression vectors of the present invention contain one or more of the
synthetic coding sequences disclosed herein, e.g., shown in the Figures. When the
expression cassette contains more than one coding sequence the coding sequences may
all be in-frame to generate one polyprotein; alternately, the more than one polypeptide
coding sequences may comprise a polycistronic message where, for example, an IRES

1s placed 5' to each polypeptide coding sequence.

Example 2
Expression Assays for the Synthetic Coding Sequences

The wild-type sequences are cloned into expression vectors having the same

features as the vectors into which the synthetic HIV-derived sequences were cloned.
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Expression efficiencies for various vectors carrying the wild-type (any known
isolated) and corresponding synthetic sequence(s) are evaluated as follows. Cells from
several mammalian cell lines (293, RD, COS-7, and CHO; all obtained from the
American Type Culture Collection, 10801 University Boulevard, Manassas, VA
20110-2209) are transfected with 2 pg of DNA in transfection reagent LT1 (PanVera
Corporation, 545 Science Dr., Madison, WI). The cells are incubated for 5 hours in

reduced serum medium (Opti-MEM, Gibco-BRL, Gaithersburg, MD). The medium is
then replaced with normal medium as follows: 293 cells, IMDM, 10% fetal calf serum,
2% glutamine (BioWhittaker, Walkersville, MD); RD and COS-7 cells, D-MEM, 10%
fetal calf serum, 2% glutamine (Opti-MEM, Gibco-BRL, Gaithersburg, MD); and
CHO cells, Ham’s F-12, 10% fetal calf serum, 2% glitamine (Opti-MEM, Gibco-BRL,
Gaithersburg, MD). The cells are incubated for either 48 or 60 hours. Supernatants
are harvested and filtered thrdugh 0.45 pm syringe filters and, optionally, stored at -
20°C.

Supernatants are evaluated using the Coulter p24-assay (Coulter Corporation,
Hialeah, FL, US), using 96-well plates coated with a suitable monoélonal antibody
directed against an HIV antigen (e.g, 2 murine monoclonal directed again an HIV core
antigen). The appropriate HIV antigen binds to the coated wells and biotinylated
antibodies against HIV recognize the bound antigen. Conjugated strepavidin-
horseradish peroxidase reacts with the biotin. Color develops from the reaction of
peroxidase with TMB substrate. The reaction is terminated by addition of 4N H,SO,.
The intensity of the color is directly proportional to the amount of HIV antigen in a
sample.

Chinese hamster ovary (CHO) cells are also transfected with plasmid DNA
encoding the synthetic HIV polypeptides described herein (e.g., pESN2dhfr or
pCMVII vector backbone) using Mirus TransIT-LT1 polyamine transfection reagent
(Pan Vera) according to the manufacturers instructions and incubated for 96 hours.‘
After 96 hours, media is changed to selective media (F12 special with 250 pg/ml
G418) and cells are split 1:5 and incubated for an additional 48 hours. Media is
changed every 5-7 days until colonies start forming at which time the colonies are

picked, plated into 96 well plates and screened by Capture ELISA. Positive clones are
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expanded in 24 well plates and are screened several times for HIV protein production
by Capture ELISA, as described above. After reaching confluency in 24 well plates,
positive clones are expanded to T25 flasks (Corning, Corning, NY). These are
screened several times after confluency and positive clones are expanded to T75 flasks.

Positive T75 clones are frozen in LN2 and the highest expressing clones are
amplified with 0-5 pM methotrexate (MTX)at several concentrations and plated in
are again expanded as described above. Clones are expanded an amplified and
screened at each step capture ELISA. Positive clones are frozen at each methotrexate
level. Highest producing clones are grown in perfusion bioreactors (3L, 100L) for
expansion and adaptation to low serum suspension culture conditions for scale-up to
larger bioreactors.

Data from experiments performed in support of the present invention show that
the synthetic HIV expression cassettes provided dramatic increases in production of
their protein products, relative to the native (wild-type) sequences, when expressed in
a varijety of cell lines and that stably transfected CHO cell lines, which express the
desired HIV polypeptide(s), may be produced. Production of HIV polypeptides using
CHO cells provides (i) correct glycosylation patterns and protein conformation (as
determined by binding to panel of MAbs); (ii) correct binding to CD4 receptor
molecules; (iii) absence of non~-mammalian cell contaminants (e.g., insect viruses

and/or cells); and (iv) ease of purification.

Example 3

Western Blot Analysis of Expression
Western blot analysis of cells transfected with the HIV expression cassettes

described herein are performed essentially as described in co-owned WO 00/39302.
Briefly, human 293 cells are transfected as described in Example 2 with pCMV6a-
based vectors containing native or synthetic HIV expression cassettes. Cells are
cultivated for 60 hours post-transfection. Supernatants are prepared as described.
Cell lysates are prepared as follows. The cells are washed once with phosphate-

buffered saline, lysed with detergent [1% NP40 (Sigma Chemical Co., St. Louis, MO) '
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in 0.1 M Tris-HCI, pH 7.5], and the lysate transferred into fresh tubes. SDS-
polyacrylamide gels (pre-cast 8-16%; Novex, San Diego, CA) are loaded with 20 ul of
supernatant or 12.5 pl of cell lysate. A protein standard is also loaded (5 pl, broad
size range standard; BioRad Laboratories, Hercules, CA). Electrophoresis is carried
5  out and the proteins are transferred using a BioRad Transfer Chamber (BioRad
Laboratories, Hercules, CA) to Immobilon P membranes (Millipore Corp., Bedford,
------- MA) -i:sin_g the transfer buffer recommended by the manufacturer (Millipore), where
the transfer is performed at 100 volts for 90 minutes. The membranes are exposed to
HIV-1-positive human patient seruxﬁ and immunostained using o-phenylenediamine
10 dihydrochloride (OPD; Sigma).

The results of the immunoblotting analysis are used to show that cells
containing the synthetic HIV expression cassette produce the expected HIV-
polypeptide(s) at higher per-cell concentrations than cells containing the native
expression cassette.

15
Example 4
In Vivo Immunogenicity of Synthetic HTV Expression Cassettes
A. Immunization

To evaluate the immunogenicity of the synthetic HIV expression cassettes, a

20  mouse study may be performed. The plasmid DNA, e.g., pPCMVKM2 carrying an
expression cassette comprising a synthetic sequence of the present invention, is diluted
to the following final conéentrations in a total injection volume of 100 pl: 20 pg, 2 pg,
0.2 ug, and 0.02 pg. To overcome possible negative dilution effects of the diluted
DNA, the total DNA concentration in each sample is brought up to 20 pg using the

25  vector (pCMVKM?2) alone. As a control, plasmid DNA comprising an expression
cassette encoding the native, cofresponding polypeptide is handled in the same manner.
Twelve groups of four Balb/c mice (Charles River, Boston, MA) are intramuscularly
immunized (50 pl per leg, intramuscular injection into the tibialis anterior) using
varying dosages.

30
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B. Humoral Immune Response

The humoral immune response is checked with a suitable anti-HIV antibody
ELISAs (enzyme-linked immunosorbent assays) of the mice sera 0 and 4 weeks post
immunization (groups 5-12) and, in addition, 6 and 8 weeks post immunization,
respectively, 2 and 4 weeks post second immunization (groups 1-4).

The antibody titers of the sera are determined by anti-HIV antibody ELISA.
Briefly, sera from immunized mice were screened for antibodies directed againstan
appropriate HIV protein (e.g., HIV p55 for Gag). ELISA microtiter plates are coated
with 0.2 pg of HIV protein per well overnight and washed four times; subsequently,
blocking is done with PBS-0.2% Tween (Sigma) for 2 hours. After removal of the
blocking solution, 100 ul of diluted mouse serum is added. Sera are tested at 1/25
dilutions and by serial 3-fold dilutions, thereafter. Microtiter plates are washed four
times and incubated with a secondary, peroxidase-coupled anti-mouse IgG antibody
(Pierce, Rockford, IL). ELISA plates are washed and 100 plof 3, 3’, 5, 5'-tetramethyl
benzidine (TMB; Pierce) was added per well. The optical density of each well is
measured after 15 minutes. The titers reported are the reciprocal of the dilution of
serum that gave a half-maximum optical density (O.D.). _

The results of the mouse immunizations with plasmid-DNAs are used to show
that the synthetic expression cassettes provide improvement of immunogenicity

relative to the native expression cassettes. Also, the second boost immunization

induces a secondary immune response after two weeks (groups 1-3).

C. Cellular Immune Response
The frequency of specific cytotoxic T-lymphocytes (CTL) is evaluated by a

standard chromium release assay of peptide pulsed Balb/c mouse CD4 cells. HIV
protein-expressing vaccinia virus infected CD-8 cells are used as a positive control (vv-
protein). Briefly, spleen cells (Effector cells, E) are obtained from the BALB/c mice
(immunized as described above). The cells are cultured, restimulated, and assayed for
CTL activity against, e.g., Gag peptide-pulsed target cells as described (Doe, B., and
Walker, C.M., AIDS 10(7):793-794, 1996). Cytotoxic activity is measured in a

standard 'Cr release assay. Target (T) cells are cultured with effector (E) cells at
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various E:T ratios for 4 hours and the average cpm from duplicate wells is used to
calculate percent specific *'Cr release.

Cytotoxic T-cell (CTL) activity is measured in splenocytes recovered from the
mice immunized with HIV DNA constructs described herein. Effector cells from the
DNA-immunized animals exhibit specific lysis of HIV peptide-pulsed SV-BALB
(MHC matched) targets cells indicative of a CTL response. Target cells that are
peptide-pulsed and derived from an MHC-unmatched mouse strain (MC57) are ot~
lysed. The results of the CTL assays are used to show increased potency of synthetic
HIV expression cassettes for induction of cytotoxic T-lymphocyte (CTL) responses by

DNA immunization.

Example 5
In Vivo Immunoeenicity of Synthetic HIV Expression Cassettes

A. General Immunization Methods

To evaluate the immuno genicity of the synthetic HIV expression cassettes,
studies using guinea pigs, rabbits, mice, rhesus macaques and baboons are performed.
The studies are typically structured as follows: DNA immunization alone (single or
multiple); DNA immunization followed by protein immunization (boost); DNA
immunization followed by Sindbis particle immunization; immunization by Sindbis

particles alone.

B. Guinea Pigs

Experiments may be performed using guinea pigs as follows. Groups
comprising six guinea pigs each are immunized intramuscularly or mucosally at 0, 4,
and 12 weeks with plasmid DNAs encoding expression cassettes comprising one or
more the sequences described herein. The animals are subsequently boosted at
approximately 18 weeks with a single dose (intramuscular, mtradermally or mucosally)
of the HIV protein encoded by the sequence(s) of the plasmid boost and/or other HIV
protemns. Antibody titers ( geometfic mean titers) are measured at two weeks following
the third DNA immunization and at two weeks after the protein boost. These results

are used to demonstrate the usefulness of the synthetic constructs to generate immune
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responses, as well as, the advantage of providing a protein boost to enhance the

immune response following DNA immunization.

C. Rabbits
Experiments may be performed using rabbits as follows. Rabbits are
immunized intramuscularly, mucosally, or intradermally (using a Bioject needless

s§fm ge) with plas_mid DNAs encocﬁng the HIV pr_ae_ins described herein. The nucleic
acid immunizations are followed by protein boosting after the initial immunization.
Typically, constructs comprising the synthetic HIV-polypeptide-encoding
polynucleotides of the present invention are highly immunogenic and generate

substantial antigen binding antibody responses after only 2 immunizations in rabbits.

D. Humoral Immune Response
In any immunized animal model, the humoral immune response is checked in

serum specimens from the immunized animals with an anti-HIV antibody ELISAs
(enzyme-linked immunosorbent assays) at various times post-immunization. The
antibody titers of the sera are determined by anti-HIV antibody ELISA as described
above. Briefly, sera from immunized animals are screened for antibodies directed
against the HIV polypeptide/protein(s) encoded by the DNA and/or polypeptide used
to immunize the animals. Wells of ELISA microtiter plates are coated overnight with
the selected HIV polypeptide/protein and washed four times; subsequently, blocking is
done with PBS-0.2% Tween (Sigma) for 2 hours. After removal of the blocking
solution, 100 pl of diluted mouse serum is added. Sera are tested at 1/25 dilutions and
by serial 3-fold dilutions, thereafter. Microtiter plates are washed four times and
incubated with a secondary, peroxidase-coupled anti-mouse IgG antibody (Pierce,
Rockford, IL). ELISA plates are washed and 100 ul of 3, 3°, 5, 5'-tetramethyl
benzidine (TMB; Pierce) was added bper well. The optical density of each well is
measured after 15 minutes. Titers are typically 'repbx’ted as the reciprocal of the
dilution of serum that gave a half-maximum optical density (O.D.).

Cellular immune response may also be evaluated.
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Example 6
DNA-immunization of Baboons and Rhesus Macaques Using Expression Cassettes

Comprising the Synthetic HIV Polynucleotides of the Present Invention
A. Baboons

Four baboons are immunized 3 times (weeks 0, 4 and 8) bilaterally,

intramuscular into the quadriceps or mucosally using the gene delivery vehicles

" described herein. The animals are bled two weeks after each immunization and an HIV

antibody ELISA is performed with isolated plasma. The ELISA is performed
essentially as described above except the second antibody-conjugate is an anti-human
IgG, g-chain specific, peroxidase conjugate (Sigma Chemical Co., St. Louis, MD
63178) used at a dilution of 1:500. Fifty pg/ml yeast extract may be added to the
dilutions of plasma samples and antibody conjugate to reduce non-specific background
due to preexisting yeast antibodies in the baboons. Lymphoproliferative responses to -
are observed in baboons two weeks post-fourth immunization (at week 14), and
enhanced substantially post-boosting with HIV-polypeptide (at week 44 and 76). Such

proliferation results are indicative of induction of T-helper cell functions.

B. Rhesus Macaques

The improved potency of the synthetic, codon-modified HIV-polypeptide
encoding polynucleotides of the present invention, when constructed into expression
plasmids may be confirmed in rhesus macaques. Typically, the macaques have
detectable HIV-specific CTL after two or three 1 mg doses of modified HIV
polynucleotide. In sum, these results demonstrate that the synthetic HTV DNA is

immupogenic in non-human primates. Neutralizing antibodies may also detected.

Example 7

Co-Transfection of Monocistronic and Multicistronic Constructs
The present invention includes co-transfection with multiple, monocistronic
expression cassettes, as well as, co-transfection with one or more multi-cistronic

expression cassettes, or combinations thereof.
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Such constructs, in a variety of combinations, may be transfected into 293T
cells for transient transfection studies.

For example, a bicistronic construct may be made where the coding sequences
for the different HIV polypeptides are under the control of a single CMV promoter
and, between the two coding sequences, an IRES (internal ribosome entry site (EMCV

IRES); Kozak, M., Critical Reviews in Biochemistry and Molecular Biology

| 27(45):385-402, 1992; Witherell, G.W., et al., Virology 214:650-663, 1995) sequence

is introduced after the first HIV coding sequence and before the second HIV coding
sequence. _

Supernatants collected from cell culture are tested for the presence of the HIV
proteins and indicate that appropriate proteins are expressed in the transfected cells
(e.g., if an Env coding sequence was present the corresponding Env protein was
detected; if a Gag coding sequence was present the corresponding Gag protein was
detected, etc).

The production of chimeric VLPs by these cell lines may be determined using
electron microscopic analysis. (See, €.g., co-owned WO 00/39302).

Example 8
Accessory gene components for an HIV-1 vaccine: functional analysis of mutated Tat,

Rev and Nef Type C anticens

The HIV-1 regulatory and accessory genes have received increased attention as
components of HIV vaccines due to their role in viral pathogenesis, the high ratio of
highly conserved CTL epitopes and their early éxpression in the viral life cycle.
Because of various undesirable properties of these genes, questions regarding their
safety and suitability as vaccine components have been raised. Experiments performed
in support of the present invention have analyzed candidate HIV-1 subtype C zat, rev,
and nef mutants for efficient expression and inactivation of potential deleterious
functions. Other HIV subtype accessory genes may be evaluated similarly.

Sequence-modified, mutant zat, rev, and nef genes coding for consensus Tat,

Rev and Nef proteins of South African HIV-1 subtype C were constructed using

overlapping synthetic oligonucleotides and PCR-based site-directed mutagenesis.

103



10

15

20

25

30

WO 03/020876 . PCT/US02/21342

Constructs of the wild-type genes of the isolates closely resembling the respective
consensus sequences were also made by PCR. In vitro expression of the constructs
was analyzed by western blotting. The frans-activation activity of the Tat mutants and
nuclear RNA export activity of the Rev mutants were studied after transfection of
various cell lines using reporter-gene-based functionality assays.

In vitro expression of all constructs was demonstrated by western blotting
Rev, or Nef-expression plasmids. Expression levels of the sequence-modified genes
were significantly higher than the wild-type genes.

Subtype B and C Tat cDNA was mutated to get TatC22, TatC37, and
TatC22/37. Tat activity assays in three cell lines (RD, HeLa and 293). In the
background of the subtype C consensus Tat, a single mutation at C22 was insufficient
to inactivate LTR-dependent CAT expression. In contrast, this activity was
significantly impaired in RD, 293 and HeLa cells using the single mutation, C37, or the
double mutation, C22C37 (see Table B). Corresponding results were obtained for Tat
mutants derived from subtype B strains.

Exemplary results are presented in Figure 4 for transactivation activity of Tat
mutants on LTR-CAT plasmid in 293 cells. Three independent assays were performed
for each comnstruct (Figure 4, legend (1), (2), (3)).

The subtype C constructs TatC22ProtRTTatRevNef and
ProtRTTatC22RevNef showed reduced Tat activity when compared to TatC22 alone,
probably due to structural changes caused by the fusion protein.

For Rev constructs, to test for the loss of function, a CAT assay with a
reporter plasmid including native or mutated Rev was used. As shown in Figure 5,
compared to wild-type Rev, the mRNA export function of the subtype C Rev with a
double mutation, M5M10 (see Table B), was significantly lower. The background
levels are shown in the “mock” data and the pDM128 reporter plasmid without Rev
data. Two independent assays were performed for each construct (Figure 5, legend
(1), (2)).

Assays to measure Nef-specific functions may also be performed (Nef

mutatjons are described in Table B). For example, FACs analysis is used to look for
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the presence of MHC1 and CD4 on cell surfaces. Cells are assayed in the presence
and absence of Nef expression (for controls), as well as using the synthetic
polynucleotides of the present invention that encode native nef protein and mutated nef
protein. Down-regulation of MHC1 and CD4 expression indicates that the nef gene
product is not functional, i.e., if nef is non-functional there is no down regulation.
These data demonstrate the impaired functionality of tat and rev DNA
immuno gens that ma}7 form part of at multi—compo;ent I—I[{/'-l sul;ype C ;ﬁccirit;.. In
contrast to previous published data by other groups, the C22 mutation did not

sufficiently inactivate the transactivation function of Tat. The C37 mutation appeared

to be required for inactivation of subtype C and subtype B Tat proteins.

Example 9
Evaluation of immunogenicity of various HIV polypeptide encoding plasmids

As noted above, the immunogenicity of any of the polynucleotides or
expression cassettes described herein is readily evaluated. In the following table (Table
D) are exemplified procedures involving a comparison of the immunogenicity of
subtype B and C envelope plasmids, both individually and as a mixed-subtype vaccine,
using electroporation, in rabbits. It will be apparent that such methods are equally

applicable to any other HIV polypeptide.

Table D
Imm'n ' Total Vol Sites/
Grp | Animal # jAdjuvant Immunogen Dose Site ] Animal | Route
1 1-4 1,2 - pCMV 160 TVIDNA| 1.0mg | 0.5ml 2 IM/Quad
(Electro)
3 - pCMV 160 TVIDNA} 1.0mg | 0.5mi 2 IM/Quad
(Electro)
MF59C [|Protein TBD 0.05mg § 0.5ml 2 IM/Glut
2 | 58 1,2 - pCMV 160 dv2 TV1l} 1.0mg } 0.5ml } . 2 IM/Quad
| DNA _ ' (Electro)
3 . pCMV 160 dVv2 TV1] 1.0mg | 0.5ml 2 IM/Quad
DNA ‘ (Electro)
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Imm'n Total Vol/ Sites/
Grp |Animal # JAdjuvant Immunogen Dose Site | Animal | Route

0.05mg | 0.5ml 2 IM/Glut

MF59C |Protein TBD

30

3 9-12 1,2 - pCMV 160 dVI/V2} 1.0mg } 0.5ml 2 M/Quad
TV1 DNA (Electro)
N 0T 31 - Pomv 160 avive) 1omg [ osmi [ 2 [DW/Quad
TV1 DNA (Electro)
0.05mmg } 0.5ml 2 IM/Glut

MF59C {Protein TBD
4 13-16 1,2 - pCMV 140 TV1IDNA] 1.0mg | 0.5ml 2 Vi/Quad
(Electro)
3 - pCMV 140 TVIDNA] 1.0mg § 0.5ml 2 M/Quad
(Electro)
MEF59C |Protein TBD 0.05mg| 0.5ml 2 IM/Glut

35

5 17-20 1,2 - pCMV140dV2TV1 1.0mg | 0.5m! 2 ™M/Quad
DNA (Electro)
3 - pCMV1404V2TV1 1.0mg { 0.5ml 2 IM/Quad
DNA (Electro)
MF59C {Protein TBD 0.05mg | 0.5ml 2 IM/Glut
6 | 21-24 1,2 - pCMV 140 dV1/V2} 1.0mg | 0.5ml 2 IM/Quad
TV1 DNA (Electro)
40 3 - pCMV 140 dv1/v2| 1.0mg | 0.5ml 2 M/Quad
TV1DNA (Electro)
0.05mg § 0.5m! 2 M/Glut

MF59C }Protein TBD
7 25-28 1,2 - pSIN1404V2SF162] 1.0mg | 0.5ml 2 IM/Quad
' DNA (Electro)
3 - pSIN 140 dv2 SF162} 1.0mg ]} 0.5ml 2 IM/Quad
DNA (Electro)
MF59C |Protein TBD 0.05mg } 0.5ml 2 IM/Glut
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8 | 20-32 1,2 - pCMV 140 dv2] 1.0mg § 0.5ml 2 IM/Quad
SF162 DNA (Electro)
3 - pCMV 140 dV2} 1.0mg } 0.5ml 2 IM/Quad
SF162 DNA (Electro)
{ — MF59C-}Protein TBP 4-0:05mg | O5ml § -2 IM/Glut-y
5 9 | 33-36 1,2 - pCMV 140 Q154] 1.0mg } 0.5ml 2 IM/Quad
SF162 DNA {Electro)
3 - pCMV 140 Q154} 1.0mg | 0.5ml 2 IM/Quad
SF162 DNA (Electro)
MF59C [Protein TBD 0.05mg{ 0.5ml 2 IM/Glut
10 | 37-40 1,2 - pCMV 140 dV2} 1.0mg .
SF162DNA 1.0mg | 0.5ml 2 IM/Quad
pCMV 140 dV2 TV1 (Blectro)
DNA
10 3 - pCMV 140 dV2] 1.0mg
SF162 DNA 1.0mg § 0.5ml 2 IM/Quad
pCMYV 140 dV2 TV1 (Electro)
" IDNA
MF59C }Protein TBD 0.05mg} 0.5ml 2 IM/Glut
pCMV 140 dV2
- SF162 DNA 1.0mg
pCMV 140dV2 TV1 | 1.0mg 0.5ml 2 IM/Quad
DNA (Electro)
11 | 41-44 1,2 . pCMV 140 dV2 1.0mg
SKF162 DNA 1.0mg | 0.5ml 2 IM/Quad
pCMYV 140 dV2 TV1 (Electro)

DNA
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l 3 lMFsgc Protein TBD lo.osmgl O.5mll 2 IM/Glut

The MF59C adjuvant is a microfluidized emulsion containing 5% squalene,

0.5% tween 80, 0.5% span 85, in 10mM citrate pH 6, stored in 10mL aliquots at 4°C.

Immunogens are prepared as described in the following table (Table E) for

administration to animals in the various groups. Concentrations may vary-from those

described in the table, for example depending on the sequences and/or proteins being

used.
Table E
Group Preparation
1-9 Immunization 1-3: pCMV and pSIN based plasmid DNA in Saline +

Electroporation

Subtype B and C plasmids will be provided frozen at a concentration of 1.0mg/ml
in sterile 0.9% saline. Store at —80°C until use. Thaw DNA at room
temperature; the material should be clear or slightly opaque, with no particulate
matter. Animals will be shaved prior to imrmunization, under sedation of 1x dose
IP (by animal weight) of Ketamine-Xylazine (80mg/m! - 4mg/ml). Immunize
each rabbit with 0.5m! DNA mixture per side (IM/Quadriceps), 1.0ml per
animal. Follow the DNA injection with Electroporation using a 6-needle circular
array with lcm diameter, 1cm needle length. Electroporation pulses were given
at 20V/mm, 50ms pulse length, 1 pulse/s.

Immunization 3: Protein Immunization

Proteins will be provided at 0.1mg/ml in citrate buffer. Store at —80°C until use.
Thaw at room temperature; material should be clear with no particulate matter.
Add equal volume of MF59C adjuvant to thawed protein and mix well by
inverting the tube. Immunize each rabbit with 0.5ml adjuvanted protein per side,
IM/Glut for a total of 1.0ml per animal. Use material within 1 hour of the
addition of adjuvant. '

Immunization 1-3: Combined subtype B and C plasmid DNA in Saline

The immunogen will be provided at 2.0mg/ml total DNA (Img/ml of each
plasmid) in sterile 0.9% saline. Store at ~80°C until use. Thaw DNA at room
temperature; the material should be clear or slightly opaque, with no particulate
matter. Animals will be shaved prior to immunization, under sedation of 1x dose
IP (by animal weight) of Ketamine-Xylazine (80mg/m] -~ 4mg/ml). Immunize each
rabbit with 0.5ml DNA mixture per side (IM/Quadriceps), 1.0ml per animal.
Follow the DNA injection with Electroporation using a 6-needle circular array
with lcm diameter, 1cm needle length. Electroporation pulses were given at
20V/mm, 50ms pulse length, 1 pulse/s.
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Group Preparation

10-11 } Immunization 3: Protein Immunization
Proteins will be provided at 0.1mg/ml in citrate buffer. Store at ~80°C until use.
Thaw at room temperature; material should be clear with no particulate matter.
Add equal volume of MF59C adjuvant to thawed protein and mix well by
inverting the tube. Immunize each rabbit with 0.5ml adjuvanted protein per side,
IM/Glut for a total of 1.0ml per animal. Use material within 1 hour of the
addition of adjuvant.

The immunization (Table F) and bleeding (Table G) schedules are as follows:

109



PCT/US02/21342

WO 03/020876

® o

011

do ATWVY  AHW/VY AFIW/VY AHIN/VY ATSIWVVY AFIN/VY  AHW/VY  AHIW/VVY  AHIN/VVY  AHIN/VY

IPOYRIA
Yoea 30()7, OB 007 YOoea 33()7 Udea d3(7 YYoeoa d0(Qr oed OUON [oea 00()7 OB 30()7 [oea 32()7 YoB3a 09()7 or2 2007 nvgmo >
wnIag 10§ wnRG I} | WIAg o) - WNIAg 10 INISS J0¥ wnrag J0§ wnIsg 10§ wnjag 10§ wmniag 10} wng 1o0J wnIag 10y
PGP0 CPIEPNOID  PIEPANOD)  PIGPANOL)  CPIEPANOID  CPIEPANOID  PIEPANOL  PIEPANOD  PIEPANOD  PIEPANCDd  PIE PAROID sodureg
ad.L 8¢C ¥ 0¢ 81 91 1 8 9 b £ I
134 6 8 L 9 g [ 4 £ 4 I 0 :padg
D 9qe]
I
..M VYNQ JAL ZTA/TAP 0%1 ana VNA TALTAJIAP 0¥1 AWDd VNQ TAL ZA/IAP 0v1 AWD
+VYNQ T913S TAP 0¥T AWDA ]+ VNG 79145 TAP O¥1 AWDA + VNA 7914S TAP O¥1 AWDd 11
L T VNG TAL TAP 0T AID4! VNA TALTAP 0¥ ANDd VNQ IAL ZAP O¥1 AND
w%&m + asem +VNA ZO1IS TAP Ov] AWDY = + VNA Z914S TAP OV AWDA |+ VN Z9T:38 ZAP O¥1 AWDA 01
_ D6SIN+ swﬂ# " VNaots %&r%;mlgt%_ VNQ 7913S #STO 0vT AWDE | VNG 29745 %510 0vT AWDd 6
T T oesaw+mmon | T YNazotaszApost AW | NG Z91as zAP 0v1 AWDA VNO 7914S ZAP 0¥1 AWDd 8
ST w%"mm +umoids | @za 29148 N% orl Nisd : VN 2918 TAP 0v1 NIsd VN 29148 TAP 0v1T NISd L
A omm&f Tumiong, | VNG TAL ZATAP 0T AWDS-"| VNG IALZAIAPOVIAWDY | NG IALzAZAPOMIAWOE | 9
_ ossam+uwiony | VNG 1/ TALZAP OPT AWDA.,” VNG TAL TAP 0T AWOd VNQ TAL TAP 0vT ANDd S
T 7 oespameiia | TTVNGTALOY AWDd A VNG 1AL 071 AWDA VNG TAL 051 AWDd 14
T TesaiN + werorg < | <zq TALZA/IAP 09T ARDE | VNG TALZA/IAP 09T AWDA VNQ TAL ZTA/IAP 091 ANDd €
T T Toesan+ e~ VNGTAL ZAP 09T AWDA - VNG TAL ZAP 091 AWDd VNA AL ZAP 091 AWDd z
T Togdawrumeid ) «zm. ~de&ﬂ.>.wmm ¥NQ IAL 09T AWDA VNG TAL 09T AWDE I
- - . dnois)
i ) o N
£ £ r4 I | tw, oy
do[qe],

0T

Sl

0t



10

15

20

25

30

WO 03/020876 PCT/US02/21342

Example 10
Mice Jmmunization Studies with Gag and Pol Constructs

Cellular and Humoral immune responses were evaluated in mice (essentially as
described in Example 4) for the following constructs: Gag, GagProtease(+FS) (GP1,

protease codon optimized and inactivation of INS; GP2, protease only inactivation of

INS), GagPolAintegrase with frameshift (gagFSpol), and GagPolAintegrase in-frame

(GagPol) (see Figuré 63). Versions of GagPolAintegrase in-frame were also designed
with attenuated (GagPolAtt) or non-functional Protease (GagPollna).

In vitro expression data showed comparable expression of p55Gag and p66RT
using Gag alone, GagProtease(+FS), GagFSpol and GagPollna. Constructs with fully
functional or attenuated protease (GagPol or GagPolAtt) were less efficient in |
expression of p55Gag and p66RT, possibly due to cytotoxic effects of protease.

DNA immunization of mice using Gag vs. GP1 and GP2 in pCMV vectors was
performed intramuscularly in the tibialis anterior. Mice were immunized at the start of
the study (O week) and 4 weeks later. Bleeds were performed at 0, 4, and 6 weeks.
DNA doses used were as follows: 20 pg, 2 ug, 0.2 pg, and 0.02 pg.

DNA immunization of mice using Gag vs. gagFSpol in pPCMV vectors was
performed intramuscularly in the tibialis anterior. Mice were immunized at the start of
the study (0 week) and challenged 4 weeks later with recombinant vaccinia virus
encoding Gag (rVVgag). Bleeds were performed at O and 4 weeks. DNA doses used
were as follows: 20 pug, 2 pug, 0.2 pg, and 0.02 pg.

DNA immunization of mice using Gag vs. gagFSpol and gagpol in pCMV
vectors was performed intramuscularly in the tibialis anterior. Mice were immunized
at the start of the study (0 week) and challenged 4 weeks later with recombinant
vaccinia virus encoding Gag (rVVgag). Bleeds were performed at O and 4 weeks.
DNA doses used were as follows: 2 ug, 0.2 pg, 0.02 pg, and 0.002 pg.

Cellular immune responses against Gag were comparable for all tested variants,
for example, Gag, GagProtease, gagFSpol and GagPollna all had comparable
potencies.

Humoral immune responses to Gag were also comparable with the exception of

GP2 and especially GP1. Humoral immune responses were weaker in constructs
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comprising functional or attenuated proteases which may be due to less efficient
secretion of p5S5Gag caused by overactive protease.

In vitro and in vivo experiments, performed in support of the present invention,
suggest that the expression and immunogenicity of Gag was comparable with all
constructs. Exceptions were GagPol in-frame with fully functional or attenuated

protease. This may be the result of cytotoxic effects of protease. The immune

response in mice correlated with relative levels of expression in vitro.

Example 11
Protein Expression. Immunogenicity, and Generation of N eutralizing Antibodies Using

Type C Derived Envelope Polypeptides
Envelope (Env) vaccines derived from the subtype C primary isolate, TV1,

recovered from a South African individual, were tested in rabbits as follows. Gene
cassettes were designed to express the gp120 (surface antigen), gp140 (surface antigen
plus ectodomain of transmembrane protein, gp41), and full-length (gp120 plus gp41)
gp160 forms of the HIV-1 envelope polyprotein with and without deletions of the
variable loop regions, V2 and V1V2. All of the genes were sequence-modified to
enhance expression of the encoded Env glycoproteins in a Rev-independent fashion
and they were subsequently cloned into pCMV-based plasmid vectors for DNA
vaccine and protein production applications as described above. The sequences were
codon optimized as described herein. Briefly, all the modified envelope genes were

cloned into the Chiron pCMVlink plasmid vector, preferably into EcoRI/Xhol sites.

A. Protein Expression
Full-length (gp160), truncated gp140 (Env ectodomain only) and gp120 native

versions of the TV1 Env antigen were produced from the expression cassettes
described herein. The gp140 encoding sequences were transiently transfected into
293T cells. The expression levels of the gene products were evaluated by an in-house
antigen capture ELISA. Envelope genes constructed from the native sequences of
TV001c8.2, TV001c8.5 and TV002¢12.1 expressed the correct proteins in vitro, with
gp140TV001c8.2 ekhibiting the highest level of expression. In addition, the Env |
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protein expressed from the TV1-derived clone 8.2 was found to bind the CD4 receptor
protein indicating that this feature of the expressed protein is maintained in a functional
conformation. The receptor binding properties/functionality of the expressed TV1
gp160 protein result was also confirmed by a cell-fusion assay.

Total expression increased approximately 10-fold for synthetic gp140
constructs compared with the native gp140 gene cassettes. Both the modified gp120

and gp140 variants secreted high amounts of protein in the supernz&ént. In addition,
the V2 and V1V2 deleted forms of gp140 expressed approximately 2-fold more
protein than the intact gp140. Overall, the expression levels of synthetic gp140 gene
variants increased 10 to 26-fold compared with the gp140 gene with native sequences.

In sum, each synthetic construct tested showed more than 10-fold increased
levels of expression relative to those using the native coding sequences. Moreover, all
expressed proteins were of the expected molecular weights and were shown to bind
CD4. Stable CHO cell lines were derived and small-scale protein purification methods
were used to produce small quantities of each of the undeleted and V-deleted

oligomeric forms (o-gp140) of these proteins for vaccine studies.

B. Neutralization properties of TV001 and TV002 viral isolates

The transient expression experiment showed that the envelope genes derived
from the TV0O01 and TVO002 virus isolates expressed the desired protein products.
Relative neutralization sensitivities of these two viral strains using sera from 18
infected South African individuals (subtypes B and C) were as follows. Ata 1:10
serum dilution, the TV2 strain was neutralized by 18 of 18 sera; at 1:50, 16 of 18; at
1:250, 15/18. In comparison, the TV1 isolate was neutralized by 15 of 18 at 1:10;
only 6 of 18 at 1:50; and none of the specimens at 1:250. In addition, the TV001
patient serum showed neutralization activity against the TV002 isolate at all djlutions
tested. In contrast, the TV002 showed neutralization of TV001 only at the 1:10 serum
dilution. These resnlts suggest that TVO001 isolate is capable of inducing a broader and
more potent neutralizing antibody response in its infected host than TVO002.
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C. Immunogenicity of the modified TV1 Env DNA and protein antigens in
rabbit studies ‘

TV1 Env DNA (comprising the synthetic expression cassettes) and protein

vaccines were administrated as shown in the following Table H.

Table H
Groups Plasmid DNA (0, 4, and 20 wks) Protein boost (20 wks)

1 pCMVgp160.TV1 o-gpi140.TV1

2 pCMVgp160dV2.TV1 o-gp140dV2.TV1

3 pCMVgp160dV1V2.TV1 o-gp140dV1V2.TV1

4 pCMVgp140.TV1 o0-gp140.TV1

5 pCMVgp140dvV2.TV1 0-gp140dV2.TV1

6 pCMVgp140dViV2.TV1 0-gp140dV1iV2.TV1

7 pCMVgp140dV2.SF162 0-gp140dV2.SF162

Seven groups of 4 rabbits per group were immunized with the designated
plasmid DNA and oligomeric Env protein antigens. Three doses of DNA, lmg of
DNA per animal per immunization, were administrated intramuscularly by needle
injection followed by electroporation on weeks 0, 4, and 20 weeks. A single dose of
100 ug of Env protein in MF59 adjuvant also was given intramuscularly in a separate
site at 20 weeks.

The DNA immunization used subtype C sequence-modified genes (TV1) --
gpl60, gp160dV2, gpl60dV1V2, gpl40, gp140dV2 and gpl40dV1V2 -- as well as a
subtype B SF162 sequence modified gp140dV2. DNA immunizations were
performed at 0, 4, and 20 weeks by needle injection by the intramuscular route using
electroporation to facilitate transfection of the muscle cells and of resident antigen
presenting cells.

A single Env protein booster (in MF59 adjuvant) was given at 20 weeks by
intramuscular injection at a separate site. Anﬁbody titers were evaluated by ELISA
following each successive immunization. Serum specimens were collected at 0, 4, 6, 8,
12, 22, and 24 weeks. Serum antibody titers were measured on ELISA. 96-well plates
were coated with a protein in a concentration of 1ug/ml. Serum samples were diluted

serially 3-fold. Goat anti-rabbit peroxidase conjugate (1:20,000) was used for
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detection. TMB was used aé the substrate, and the antibody titers were read at 0.6 OD
at 450nm.

Neutralizing antibody responses against PBMC-grown R5 HIV-1 strains were
monitored in the sera collected from the imomunized rabbits using two different assays
in two different léboratories, the 5.25 reporter cell-line based assay at Chiron and the )

PBMC-based assay of David Montefiori at Duke University. Results are shown in
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Figures 66, 67, and 68. The Chiron assay was conducted essentially as follows.
Neutralizing antibody responses against the PBMC-grown subtype C TVOOI and
TV002 strains were measured using an in-house reporter cell line assay that uses the
5.25 cell line. This cell has CD4, CCRS, CXCR4 and BONZO receptor/co-receptors
on its cell membrane. The parental CEM cell line was derived from a 4-year-old
Caucasian female with acute lymphoblastic leukemia, which was fused with the human
B cell ine 721.174, creating CEMx174. LTR-GFP was transfected into the cells after
the CCR5 gene (about 1.1 kb) was cloned into the BamH-I (5') and Sal-I (3') of the
PBABE puro retroviral vector, and subsequently introduced into the CEMx174. The

green fluorescence protein (GFP) of the cells was detected by flow cytometer

* (RACScan). For the virus neutralization assay, 50-ul of titrated virus and 50 ul of

diluted immune or pre-immune serum were incubated at room temperature for one
hour. This mixture was added into wells with 10*ml cells plated in a 24 well plate, and
incubated at 37°C for 5 to 7 days. The cells were then fixed with 2% of formaldehyde
after washing with PBS. Fifteen thousand events (cells) were collected for each sample
on a Becton Dickinson FACScan using Cellquest software. The data presented were
the mean of the triplicate wells. The percent neutralization was calculated compared to
the virus control using the following equation: % virus Inhibition = (virus control-
experimental)/(virus control -cell control) x 100. Any virus inhibition observed in the
pre-bleed has been subtracted for each individual animal. Values >50% are considered
positive and are highlighted in gray.

" In Figure 67, the “#” indicates that animals had high levels of virus inhijbition in
pre-bleed serum (>20% virus inhibition) that impacted the magnitude of the observed
inhibition and in some cases, our ability to score the serum as a positive or negative for

the presence of significant neutralizing antibody activity (< 50% inhibition).
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For the data presented in Figure 68, serum samples were collected after a
single protein boost (post-third) were screened in triplicate at a 1:8 dilution with virus
(1:24 after addition of cells). Values shown are the % reduction in p24 synthesis
relative to that in the corresponding pre-bleed control samples. Zero values indicate
no or negative values were measured. NV, not valid due to virus inhibition in pre-

immune serum. Neutralization was considered positive when p24 was reduced by at
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least 80%; these samples are highlightedrin dark gray. Sé.m;r)leiwitkililiéhiter gray 7
shading showed at least a 50% reduction in p24 synthesis.

Figure 64 shows the ELISA data when plates were coated with the monomeric
gp120.TV1 protein. This protein is homologous to the subtype C genes used for the
ifnmunization. All immunization groups produced high antibody titers after the second
DNA immunization. The groups immunized with gp140 forms of DNA have relatively
higher geometric mean antibody titers as compared to the groups using gp160 forms
after both first and second DNA immunizations. Both the gp140.TV1 and
gp140dV1V2.TV1 genes produced high antibody titers at about 10* at two weeks post
second DNA; the gp140dV2.TV1 plasmid yielded the highesi titers of antibodies
(>10* at this time point and all others.. The bihding antibody titers to the gp120.TV1
protein were higher for the group immunized with the homologous gp140dV2.TV1 |
genes than that with the heterologous gp140dV2.SF162 gene which showed titers of
about 10°. All the groups, showed some decline in antibody titers by 8 weeks post the
second DNA immunization. Following the DNA plus protein booster at 20 weeks, all
groups reached titers above that previously observed after the second DNA
immunization (0. 5 —1.0 log increases were observed). After the protein boost, all
animals receiving the 0-gp140dV2.TV1 protein whether primed by the gp140dV2.TV1
or gp160dV2.TV1 DNA, showed the highest Ab titers.

Binding antibody titers were also measured using ELISA plates coated with
either oligomeric subtype C o-gp140dV2.TV1 or subtype B 0-gp140dV2.SF162
proteins (Figure 65). For all the TV1 Env immunized groups, the antibody titers
measured using the oligomeric protein, 0-gp140dV2.TV1 were higher than those
measured using the monomeric (non-V2-deleted) protein, gp120.TV1. In fact, for

these groups, the titers observed with the heterologous subtype B 0-gp140dV2.SF162
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protein were comparable to or greater than those measured with the subtype CTV1
gp120. Nevertheless, all groups immunized with subtype C immunogens showed
~ higher titers binding to the subtype C 0-gp140dV2.TV1 protein than to the subtype B
protein gp140dV2.SF162. Conversely, the group immunized with the
5  gpl40dV2.SF162 immunogen showed higher antibody titers with the oligomeric
subtype B protein relative its subtype C counterpart. Overall, all three assays

demonstrated that high antibody cross-reactive antibodies weré generaited by the

subtype CTV1-based DNA and protein immunogens.
The results indicate that the subtype C TV 1-derived Env DNA and protein

10 antigens are immunogenic inducing high titers of antibodies in immunized rabbits and
substantial evidence of neutralizing antibodies against both subtype B and subtype C
RS virus strains. In particular, the gp140dV2.TV1 antigens have induced consistent
neutralizing responses against the subtype B SF162EnvDV2 and subtype C TV2
strains. Thus, TV1-based Env DNA and protein-based antigens are immunogenic and

15  induce high titer antibody responses reactive with both subtype C and subtype B HIV-

~ 1Ewv antigens. Neutralizing antibody responses against the neutralization sensitive

subtype B RS HIV-1gmepve strain. were observed in some groups after only two DNA
immunizations. Following a single booster immunization with Env protein, the
majority of rabbits in groups that received V2-deleted forms of the TV1 Env showed

20  neutralization activity against the closely related subtype C TV2 primary strain.

Example 12

Immunological Responses in Rhesus Macaques
Cellular and humoral immune responses were evaluated in three groups of

25  rhesus macaques (each group was made up of four animals) in an immunization study
structured as shown in Table I. The route of administration for the immunizing |
composition was electroporation in each case. Antibody titers are shown in Table I for

two weeks post-second immunization.

30
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Groﬁp

Formulation of
Immunizing
Composition *

Animal #

Titer

pCMVgag (3.5
mg) + pCMVenv

(2.0 mg)

A

B

[ C (previously

immunized with
HCV core
ISCOMS, rVVC
core El)

D (previously
immunized with
HCYV core
ISCOMS, rVVC
core E1)

1850

pCMVgag (3.5
mg) + pCMVpol
(4.2 mg)

A (previously
immunized with
HCYV core
ISCOMS, rVVC
core E1,
p55gaga(VLP))

525

B

5313

c

| 6450

D

5713

pCMVgag-pol
(5.0 mg)

A (previously
immunized with
HCV core
ISCOMS, rVVC
core E1,
pCMVgagSF2)

B (previously
immunized with
rVVC/EL, pCMV
Epo-Epi,
HIV/HCV-VLP,
pCMVgagSE2,
pUCgp120 SF2)

1063

C

513
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Group Formulation of Animal # Titer

Immunizing

Composition *
D (previously 713
immunized with
rVVC/E],
HIV/HCV-VLP)

* pCMVgag =pCMVEKm2.:GagMod Type C Botswana -
pCMVenv = pCMVLink.gp140env.dV2.TV1 (Type C)
pCMVpol = pCMVKm?2.p2Pol.mut.Ina Type C Botswana
pCMVgag-pol = pCMVKm?2.gagCpol.mut.Ina Type C Botswana

Pre-immune sera were obtained at week O before the first immunization. The
first immunization was given at week 0. The second immunization was given at week
4. The first bleed was performed at 2 weeks post-second immunization (i.e., at week
6). A third immunization will be given at week 8 and a fourth at week 16. Animals
2A, 3A, 3B and 3D had been vaccinated previously (approximately 4 years or more)
with gag plasmid DNA or gag VLP (subtype B).

Bulk CTL, *'Cr-release assays, and flow cell cytometry methods were used to
obtain the data in Tables J and K. Reagents used for detecting gag- and pol-specific
T-cells were (i) synthetic, overlapping peptides spanning “gagCpol” antigen (n=377),
typically the peptides were pools of 15-mers with overlap by 11, the pools were as
follows, pool 1, n=1-82, pool 2, n=83-164, pool 3, n=165-271, pool 4, n=272-377,
accordingly pools 1 and 2 are “gag”-specific, and pools 3 and 4 are “pol”-specific, and
(i) recombinant vaccinia virus (rVV), for example, rVVgag965, rVVp2Pol975
(contains p2p7gag975), and VV  parent.

Gag-specific IFNy + CD8 + T-cells, Gag-specific IFNy + CD4 + T-cells, Pol-
specific IFNy + CD8 + T-cells, and Pol-specific IFNy + CD4 + T-cells in blood were

determined for each animal described in Table I above, post second immunization.

. The results are presented in Tables J and K. It is possible that some of the pol-specific

activity shown in Table K was directed against p2p7gag.
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Table J
Gag Assay Results
Gag Specific CD4+ Responses Gag Specific CD8+

Grou | Immun- Responses

p/Ani | izing

mal Compo- LPA(ST) Flow | CTL Flow
sition p55 |Pooll |Pool2 [IENg+ |Pooll |Pool2 | IFNg+

1A |pCMVgag [33 [59 [3.8 [496 |minus |minus | 225
pCMVenv

1B pCMVgag | 11.8 | 4.4 1.5 786 minus | minus | 160
pCMVenv

1C pCMVgag |57 1.1 2.4 361 plus plus 715
pCMVenv

1D pCMVgag | 6.5 |3.1 1.6 . 500 plus ? 596
pCMVenv

2A pCMVgag (4.8 [4.8 1.6 405 plus minus | 1136
pCMVpol

2B pCMVgag | 12.5 } 6.8 3.3. 1288 | plus minus | 2644
pCMVpol

2C pCMVgag | 6 3.8 2.1 776 minus | minus |0
pCMVpol '

2D pCMVgag | 189 | 13.5 54 1351 minus | minus | 145
pCMVpol

3A pCMV 122 }7 1.5 560 plus plus 3595
gagpol

3B pCMV 27 5.6 1.3 508 plus ? 3256
gagpol

3C pCMV 116 |5 1.2 289 minus | ? 617
gagpol

3D pCMV 15 (1.2 1.4 120 minus | minus | 277
gagpol

? = might be positive on rVVp2Pol.
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Table K
Pol Assay Results
Pol Specific CD4+ Response | Pol Specific CD8+
Group | Immun- Responses
5 / izing CTL
Anima | Compo- LPA(SI) Flow T Flow
! sition Pool3 |Pool4 |IFNg+ |[Pool3 |Pool4 |IFNg+
11a V;TCI'\;I:\},’gag'Vl {12 {0 |minus |minus |0
pCMVenv '
1B pCMVgag |1 1 0 minus | minus |0
pCMVenv
10 1C pCMVgag |1 1.1 0 minus |minus (0
pCMVenv
1D pCMVgag | 1.2 13 0 minus | minus | 262
pCMVenv
2A pCMVgag |[1.1 0.9 92 minus minus | 459
pCMVpol
2B pCMVgag 2.5 1.8 107 minus | minus | 838
pCMVpol
2C pCMVgag |12 1.1 52 plus minus {580
pCMVpol
15 2D pCMVgag |2.5 2.7 113 plus plus 5084
pCMVpol
3A pCMV 2.7 24 498 minus | minus | 3631
gagpol
3B pCMV 1.1 I\ 299 minus | minus 1346
gagpol
3C pCMV 2.1 14 369 minus | minus | 399
gagpol
3D pCMV 1.3 1.8 75 minus | minus | 510
gagpol -
20 These results support that the constructs of the present invention are capable of

generating specific cellular and humoral responses against the selected HIV-

polypeptide antigens.'
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Although preferred embodiments of the subject invention have been described
in some detail, it is understood that obvious variations can be made without departing

from the spirit and the scope of the invention as defined by the appended claims.
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What is claimed is:
1. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Gag polypeptide, wherein the polynucleotide sequence
encoding said Gag polypeptide comprises a sequence having at least 90% sequence
identity to a sequence selected from the group consisting of SEQ ID NO:9; SEQ ID
NO:10; SEQ ID'NO:11; SEQ ID NO:12; and SEQ ID N&lﬁ

2. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Gag polypeptide, wherein the polynucleotide sequence
encoding said Gag polypeptide comprises a sequence having at least 98% sequence
identity to a sequence selected from the group consisting of SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; and SEQ ID NO:55.

3. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Gag polypeptide, wherein the polynucleotide sequence
encoding said Gag polypeptide comprises a sequence having at least 95% sequence

identity to SEQ ID NO:17.

4. An expression cassette, comprising a polynucleotidé sequence encoding a
polypeptide including an HIV Nef polypeptide, wherein the polynucleotide sequence
encoding said Nef polypeptide comprises a sequence having at least 90% sequence
identity to a sequence selected from the group consisting of SEQ ID NO:25; SEQ ID
NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:33 and SEQ ID NO:34.

5. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Prot polypeptide, wherein the polynucleotide sequence
encoding said Prot polypeptide comprises a sequence having at least 98% sequence

identity to SEQ ID NO:39.

6. An expression cassette, comprising a polynucleotide sequence encoding a

polypeptide including an HIV Tat polypeptide, wherein the polynuéleotide sequence
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encoding said Tat polypeptide comprises a sequence having at least 90% sequence
identity to a sequence selected from the group consisting of SEQ ID NO:42; SEQ ID
NO:43; SEQ ID NO:51; SEQ ID NO:52; SEQ ID NO:53; SEQ ID NO:54; SEQ ID
NO:56; and SEQ ID NO:57.

7. An expression cassette, comprising a polynucleotide sequence encoding a

polypeptide including an HIV Rev polypeptide, wherein the polynucleotide sequence
encoding said Rev polypeptide comprises a sequence having at least 90% sequence

identity to SEQ ID NO:45 or SEQ ID NO:45.

8. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Vif polypeptide, wherein the polynucleotide sequence
encoding said Vif polypeptide comprises a sequence having at least 90% sequence

identity to at least 30 contiguous base pairs of SEQ ID NO:58.

9. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Vpr polypeptide, wherein the polynucleotide sequence
encoding said Vpr polypeptide comprises a sequence having at least 90% sequence

identity to at least 20 contiguous base pairs of SEQ ID NO:59.

10. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Vpu polypeptide, wherein the polynucleotide sequence
encoding said Vpu polypeptide comprises a sequence having at least 90% sequence

identity to at least 20 contiguous base pairs of SEQ ID NO:60.

11. A recombinant expression system for use in a selected host cell, comprising, an
expression cassette of any of claims 1 to 10 or 57, and wherein said polynucleotide
sequence is operably linked to control elements compatible with expression in the

selected host cell.

12. The recombinant expression system of claim 11, wherein said control elements are
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selected from the group consisting of a transcription promoter, a transcription
enhancer element, a transcription termination signal, polyadenylation sequences,
sequences for optimization of initiation of translation, and translation termination

sequences.

13. The recombinant expression system of claim 11, wherein said transcription

promoter is selected from the group consisting of CMV, CMV-+intron A, SV40, RSV,
HIV-Ltr, MMLV-Itr, and metallothionein.

10 14. A cell comprising an expression cassette of any of claims 1 to 10 or 57, and
wherein said polynucleotide sequence is operably linked to control elements

compatible with expression in the selected cell.

15. The cell of claim 14, wherein the cell is a mammalian cell.

15

16. The cell of claim 15, wherein the cell is selected from the group consisting of
BHK, VERQO, HT'1080, 293, RD, COS-7, and CHO cells.
17. The cell of claim 16, wherein said cell is a CHO cell.

20
18. The cell of claim 14, wherein the cell is an insect cell.
19. The cell of claim 18, wherein the cell is either Trichoplusia ni (TnS) or Sf9 insect -
cells.

25

20. The cell of claim 14, wherein the cell is a bacterial cell.
21. The cell of claim 14, wherein the cell is a yeast cell.

30  22. The cell of claim 14, wherein the cell is a plant cell.
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23. The cell of claim 14, wherein the cell is an antigen presenting cell.

24. The cell of claim 23, wherein the antigen presenting cell is a lymphoid cell selected
from the group consisting of macrophages, monocytes, dendritic cells, B-cells, T-cells,
stem cells, and progenitor cells thereof.

25. The cell of claim 14, wherein the cell is a primary cell.
26. The cell of claim 14, wherein the cell is an immortalized cell.
27. The cell of claim 14, wherein the cell is a tumor-derived cell.

28. A method for producing a polypeptide including HIV Gag polypeptide
sequences, said method comprising,
incubating the cells of claim 14, under conditions for producing said

polypeptide.

29. A gene delivery vector for use in 2 mammalian subject, comprising

a suitable gene delivery vector for use in said subject, wherein the vector
comprises an expression cassette of any of claims 1 to 10 or 57, and wherein said
polynucleotide sequence is operably linked to control elements compatible with

expression in the subject.
30. A method of DNA immunization of a subject, comprising,

introducing a gene delivery vector of claim 29 into said subject under
conditions that are compatible with expression of said expression cassette in said
subject. '
31. The method of claim 30, wherein said gene delivery vector is a nonviral vector.

32. The method of claim 30, wherein said vector is delivered using a particulate
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'34. The method of claim 30, wherein said vector is encapsulated in a liposome

carrier.

33. The method of claim 32, wherein said vector is coated on a gold or tungsten

particle and said coated particle is delivered to gaid subject using a gene gun.

preparation.

35. The method of claim 30, wherein said vector is a viral vector.

36. The method of claim 35, wherein said viral vector is a retroviral vector.

37. The method of claim 35, wherein said viral vector is an alphaviral vector.

38. The method of claim 35, wherein said viral vector is a lentiviral vector.

39. The method of claim 30, wherein said subject is a mammal.

40. The method of claim 39, wherein said mammal is a human.

41. A method of generating an immune response in a subject, comprising
transfecting cells of said subject a gene delivery vector of claim 29, under

conditions that permit the expression of said polynucleotide and production of said

polypeptide, thereby eliciting an immunological response to said polypeptide.

42. The method of claim 41, wherein said vector is a nonviral vector.

| 43. The method of claim 41, wherein said vector is delivered using a particulate

carrier.

44. The method of claim 43, wherein said vector is coated on a gold or tungsten
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particle and said coated particle is delivered to said cell using a gene gun.

- 45. The method of claim 41, wherein said vector is encapsulated in a liposome

" preparation.

46. The method of claim 41, wherein said vector is a viral vector.

47. The method of claim 46, wherein said viral vector is a rctrolviral vector.
48. The method of claim 46, wherein said viral vector is.an alphaviral vector.
49. The method of claim 46, wherein said viral vector 1s a lentiviral véctor.
50. The method of claim 41, wherein said subject is a2 mammal.

51. The method of claim 50, wherein said marmal is a humag,

52. The method of clair 41, wherein said transfecting is done ex vivo and said

transfected cells are reintroduced into said subject.
53. The method of claim 41, wherein said transfecting is done in vivo in said subject.

54. The method of claim 41, where said immune Tesponse is a humoral immune

Tesponse.

55. The method of claim 41, where said immune response is a cellular immune

response.

56. The method of claim 41, wherein the gene delivery vector is administered
intramuscularly, intramucosally, intranasally, subcutaneously, intradermally,
transdermally, intravagially, intrarectally, orally or intravenously.
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57. An expression cassette, comprising a polynucleotide sequence encoding a polypeptide
including an HIV Env polypeptide, wherein the polynucleotide sequence encoding said Env
polypeptide comprises a sequence having at least 90% sequence identity to a sequence
selected from the group consisting of SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO: 63, and
SEQ ID NO:64.

58. Use of a gene delivery vector of claim 29 in the manufacture of a preparation for the
DNA immunization of a subject, wherein said preparation is effective when introduced into
said subject under conditions that are compatible with expression of said expression cassette

in said subject.
59. Use of claim 58, wherein said gene delivery vector is a nonviral vector.

60. Use of claim 58, wherein said preparation is effective when delivered using a

particulate carrier.

61.  Use of claim 60, wherein said vector is coated on a gold or tungsten particle and said

preparation containing said coated particle is effective when delivered to said subject using

d gene gun.

62. Use of claim 58, wherein said vector is encapsulated in a liposome preparation.
63. Use of claim 58, wherein said vector is a viral vector.
64. Use of claim 63, wherein said viral vector is a retroviral vector.
065. Use of claim 63, wherein said viral vector is an alphaviral vector.
66. Use of claim 63, wherein said viral vector 1s a lentiviral vector.
129
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67. Use of claim 58, wherein said subject is a manunal.
068. Use of claim 67, wherein said mammal is a human.
69. A substance or composition for use in a method of generating an immune response

in a subject, said substance or composition comprising a gene delivery vector of claim 29,
and said method comprising transfecting cells of said subject with said substance or
composition under conditions that permit the expression of said polynucleotide and production

of said polypeptide,- thereby eliciting an immunological response to said polypeptide.

70. A substance or composition for use in a method of treatment .or prevention of claim

09, wherein said vector is a nonviral vector.

71. A substance or composition for use in a method of treatment or prevention of claim

69, wherein said substance or composition is delivered using a particulate carrier.

72. A substance or composition for use in a method of treatment or prevention of claim
69, wherein said vector is coated on a gold or tungsten particle and said substance or

composition containing said coated particle is delivered to said cell using a gene gun.

73. A substaice or composition for use in a method of treatment or prevention of claim

69, wherein said vector is encapsulated in a liposome preparation.

74. A substance or composition for use in a method of treatment or prevention of claim

69, wherein said vector is a viral vector.

75. A substance or composition for use in a method of treatment or prevention of claim

74, wherein said viral vector is a retroviral vector.
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76. A substance or composition for use in a method of treatment or prevention of claim

74, wherein said viral vector is an alphaviral vector.

7. A substance or composition for use in a method of treatment or prevention of claim

74, wherein said viral vector is a lentiviral vector.

78. A substance or composition for use in a method of treatment or prevention of claim

69, wherein said subject is a mammal.

79. A substance or composition for use in a method of treatment or prevention of claim

78, wherein said mammal is a human.

80. A substance or composition for use in a method of treatment or prevention of claim

69, wherein said transfecting is done ex vivo and said transfected cells are reintroduced into

said subject.

81. A substance or composition for use in a method of treatment or prevention of claim

69, wherein said transfecting is done in vivo in said subject.

82. A substance or composition for use in a method of treatment or prevention or claim

69, where said immune response is a humoral immune response.

83. A substance or composition for use in a method of treatment or prevention of claim

69, wherein said immune response is a cellular immune response.

84. A substance or composition for use in a method of treatment or prevention of claim
69, wherein said substance or composition is administered intramuscularly, intramucosally,
intranasally, subcutaneously, intradermally, transdermally, intravaginally, intrarectally, orally

or intravenously.
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85. An expression cassette according to any one of claims 1 to 10 or 57, substantially as

herein described and illustrated.

86.  An expression system according (o any one of claims 11 to 13, substantially as herein

described and illustrated.

87. A cell according to any one of claims 14 to 27, substantially as herein described and
illustrated.

88. A method according to claim 28, substantially as herein described and illustrated.
89. A vector according to claim 29, substantially as herein described and illustrated.

90. A method according to any one of claims 30 to 56, substantially as herein described

and illustrated.

91. Use according to any one of claims 58 to 68, substantially as herein described and
illustrated.
92. A substance or composition for use in a method of treatment or prevention according

to any one of claims 69 to 84, substantially as herein described and illustrated.

93. A new expression casselte, a new expression system, a new cell, a new method for
producing a polypeptide, a new vector, a new non-therapeutic method of treatment, a new
use of a vector as claimed in claim 29, or a substance or composition for a new use in a

method of treatment or prevention, substantially as herein described.
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1 TGGAAGGGTT AATTTACTCC AAGAAAAGGC AAGARATCCT TGATTTGTGG GTCTATCACH
61 CACAAGGCTT CTTCCCTGAT TGGCARAACT ACACACCGGG GCCAGGGGTC AGATATCCAC

121
i81
241
301

TGACCTTTGG ATGGTGCTAC
ACGGAGGAGA AGACAACTGT
ATAGAGAAGT ATTAARAGTGG
AGCTACATCC GGAGTATTAC

361 TCCACTGGGG CGTTCCGGGA

421
481
541
601
661
721
781
841
S01
S61
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

ATGCTGCATA
GAGCCTGGGA
CTTGAGTGCT
TCAGACCCTT
AGTGARAGTG
GGCAAGAGGC
GAAGGAGAGA
AARGAATTAG
CARAGCAGGGA
GTRAAACARAT

TARAGCAGCTG
GCCCTCTGGC
TTARGTAGTG
TGCTGGTAGTG
AGACCAGAGG
GAGAGGGGCG
GATGGGTGCG
GTTAAGGCCA
GCTGGARAAGA
AATARRACAG

AAGCTAGTGC
TTGCTACACC
AAGTTTGACA
ARAGACTGCT

CAGTTGACCC
CTATGAGCCA
GCCTCCTAGC
GACACAGARG

GGTGTGGTCT GGGCGGGACT

CTTTTCGCCT
TATCTAGGGA
TGTGCCCATC
TGGARAARTCT
AGATCTCTCG
GCTGGTGAGT
AGAGCGTCAA
GGGGGAAAGA
TTTGCACTTA
CTACAACCAG

GTACTGGGTC
ACCCACTGCT
TGTTGTGTGA
CTAGCAGTGG
ACGCAGGACT
ACGCCAATTT
TATTAAGCGG
AACATTATAT
ACCCTGGCCT
CTCTTCAGAC

CATTATTCAA CACAGTAGCA
CCARGGAAGC CTTAGACAAG
AGGCARAAGC AGCTGACGAA
GGCARATGGT ACACCAAGCT
AGGAAABRGGC TTTCAATCCA
CCCCACAAGA TTTARACACA
TGTTABRAAGA TACCATCAAT
CAGGGCCTGT TGCACCAGGC
CTAGTACCCT TCAGGAACAA
ACATCTATAA AAGATGGATA
TTAGCATTTT GGACATARAA
TCTTTAAAAC CTTAAGAGCT
CCTTGTTGGT CCAAAATGCG
GGGCCTCATT AGAAGAAATG
CAAGAGTGTT GGCTGAGGCA
ATTTTARAGG CTCTAACAGA
CCAGAAATTG CAGGGCCCCT
AAATGAAAGA CTGTACTGAG
AGGGGAGGCC AGGGAATTTC
CAACAGCCCC ACCAGCAGAG
AGARAGAGAG GGAACCTTITA
AATARRAGTA GAGGGCCAGA
ATTAGAAGAA ATAGATTTGC
TTTTATCARA GTAAGACAGT
AGGTACAGTA TTAGTAGGGC
GCTTGGATGC ACACTAARTT
ACCAGGAATG GATGGCCCAA
ATTARCAGCA ATTTGTGAGG
TAATCCATAT AACACTCCAG
ATTAGTAGAT TTCAGGGAAC
AATACCACAC CCAGCAGGAT
TGCATATITT TCASTTCOCTT

ACTCTCTATT
ATAGAGGAAG
AAGGTCAGTC
ATATCACCTA
GAGGAAATAC
ATGTTABATA
GAGGAGGCTG
CAGATGAGAG
ATAGCATGGA
ATTCTGGGGT
CARGGGCCAA
GAACAAGCTA
AACCCAGATT
ATGACAGCAT

ATGAGCCARG
ATTATTAART
AGGAAAAAGG
AGGCAGGCTA
CTCCAGAACA.
AGCTTCAGGT
ACTTCCCTCA
TARAGGAGGC
CAGGGRRATG
ATGATCAAAT
CTACACCAGT
TTCCAATTAG
AGGTCAARCA

GTGTACATAR
ARCARAACAR
AAAATTATCC
GAACATTGAA
CCATGTTTAC
CAGTGGGGGG
CAGAATGGGA
AACCAAGGGG
TGACARGTAR
TARATARAAT
AAGRACCCTT
CACAAGATGT
GTAAGACCAT
GTCAGGGAGT

AGGGGAGGTG
ACATGGAGCA
ACGCAGACAC
GGACTTTCCG

GAAGAGGCCA
GAGGATGAAG
ATGGCCCGCG
CCTGGGACTT

TGGGAGTGGT CARCCCTCAG

TCTCTCGGTA
TAAGCCTCAR
CTCTGGTAAC
CGCCCGAACA
CGGCTTGCTG
TACTTGACTA
CGGARARTTA
GTTARAACAT
GTTAGARACA
AGGAACAGAG
AGGGATAGAG
ATGTCAGCAA
TATAGTACAG
TGCATGGATA
AGCATTATCA
ACATCARGCA
TAGGACACAT
AAGTGACATA
TCCACCTATT
AGTARGAATG
TAGAGACTAT
AAAGAATTGG
TTTAAGAGCA
GGGAGGACCT

CAAACAGTAR CATACTAGTG

GACCAGATCT
TARAGCTYGC
TAGAGATCCC
GGGACCAGAA
AAGTGCACAC
GCGGAGGCTA
GATAAATGGG
CTAGTATGGG
TCAGAAGGCT
GAACTTAGAT
GTACGAGACA
AAAGCACAAC
ARTGCCCBRAG
ARAGTARTAG
GARGGAGCCA
GCCATGCAAR
CCAGTACATG
GCAGGARCTA
CCAGTAGANG
TATAGCCCTG
GTAGACCGGT
ATGACAGACA
TTAGGACCAG
AGCCATAARG
CAGAGAAGCA

GTTTCAACTG
GCTGTTGGAA
ATTTTTTAGG
GACCAGAGCC
TCGAGGAGAC
ARTCACTCTT
TCTCTTAGAC
GRARCCRARR
ACTTATAGAA
CAACATAATT
TCCTATTGARA
ATGGCCATTIC

TGGCAAAGTA GGGCACATAG
ATGTGGACAG GAAGGACACC
GARAATTTGG CCTTCCCACA
AACAGCCCCA CCAGCAGAAC
AACCCCCGTG CCGAGGARGG
TGGCAGCGAC CCCTTCTCTC
ACRGGAGCAG ATGATACAGT
ATGATAGGGG GAATTGGAGG
ATTTGTGGAA AARAGGCTAT
GGARGAAATC TGTTARCTCA
ACTGTACCAG TAARATTALA
ACAGARGAAA AARTARARRGC

AAATGGAGAA GGAAGGARAR ATTACRAARA TTGGGCCIGA

TATTTGCCAT
TCAATARARG
TARAARAGAR
TAGATGAARG

ARRARAGAAG
AACTCAAGAC
ARRATCAGTG
CTTCARGGARA

FIGURE 1A
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GACAGTACTA AGTGGAGARR
TTTTGGGAAG TTCAATTAGG
ACAGTGCTAG ATGCTGGGGGA
TATACTGCAT TCACCATACC
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2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3501
3861
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
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TAGTATAAAC
GAAAGGATCA
ARAMARTCCA
AGAAATAGGG
ATTTACAACA
ACTCCATCCT
TGTCAATGAT
GATTARAGTA
ACCACTARCT
AGTACATGGA
GCATGAACAA
GTATGCAAAA
AARRATAGCC
CCARRRAGAA
GTGGGAGTTT
CATAGCAGGA
AARRGCAGGG
RAATCAGAAG
AAACATAGTA
TGACTCAGAG
GTCATGGGTA
TAAGGGAATT
ARGGTACCAC
ARAAGARATA
AGTCGACTGT
CCTGGTAGCA
AGGACAAGAA
ACATACAGAC
AGGTATCCAR
CATGAATARA
GACAGCAGTA
GTACAGTGCA
ACARAAACAA
TATTTGGARA
TAAAGGTGAC
ACAGATGGCA
GTTTAGTARA
ATTTTGAAAG
GATTAGTAAT
ATGGAGTCTC

AATGAAACAC CAGGGATTAG
CCAGCARTAT TCCAGAGTAG
GACATAGTTA TCTATCAATA
CAACATAGAG CAARAATAGA
CCAGACAAGA RACATCARAA
GACAAATGGA CAGTACAACC
ATACAGAAGT TAGTGGGAAA

ATATCAATAT AATGTGCTGC
CATGACAARAA ATCTTAGAGC
TATGGATGAC TTGTATGTAG
AGAGTTARGG GAACATTTAT
AGAACCCCCA TTTCTTTGGA
TATACTGCTG CCAGAAARAGG
ATTAARACTGG GCAAGTCAGA

AGGCRACTCT. GTAAACTCCT

GRAGRAGCAG
GTATATTATG
TGGACATATC
ATGAGGACTA
ATGGAAAGCA
ACATGGGAGA
GTTAATACCC
GTAGARACTT
TATGTTACTG
ACTGAGTTAC
ACAGARCTCAC
ATATTTAACC
CCAGCACATA
AGGAARRGTGT
AGCAATTGGA
GTAGCTAGCT
AGTCCAGGGAR
GTCCATGTAG
ACAGCATATT

AATTAGAATT
ATCCATCARAR
ARATTTATCA
CCCACACTAA
TAGTRATATG
CATGGTGGAC
CTCCCCTAGT
TCTATGTAGA
ACAGAGGARAG
ARGCAATTCA
AGTATGCATT
AAATAATAGA
AAGGAATTGG
TGTTTCTAGA
GAGCAATGGC
GTGATAAATG
TATGGCARTT
CTAGTGGCTA
TTATATTAAR
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CACAGGGATG
CCTTCAGAGC
GATCTGACTT
TGARATGGGG
TGGGGTATGA
ATAGTTGGAC
TTTACCCAGG

CAGGGGGGCC ARAGCACTAA CAGACATAGT

GGCAGAGAAC
AGACTTGATA
AGAACCATTT
TGATGTARRA
GGGARAGACT
AGACTATTGG
AAAATTATGG
TGGAGCAACT
GCAGARAATT
GCTAGCTCTG
AGGAATCATT
ACAGTTARTA
GGGAAATGAA
TGGAATAGAT
TARTGAGTTT
TCAGCTAAAR
AGATTIGTACC
CATGGARGCA
ATTAGCAGGA

AGGGAAATTT

GCTGAARATAC .

AARMATCTGA
CAGTTAACAG
CCTRAAATTTA
CARGCCACCT
TACCAARCTAG
ARTAGGGAAG
GTTACTCTAA
CAGGATTCAG
CARGCACARC
AACAAGGANL
CAAGTAGATA
ARAGCTCARAG
AATCTGCCAC
GGGGAAGCCA
CATTTAGAGG
GAGGTTATCC
AGATGGCCAG

AATGGCAGTA ATTTTACCAG
CAGGAATTTG GRATTCCCTA
GAATTAAAGA AARTAATAGG
CARATGGCAG TATTCATTCA
GGGGAARAGAR TAATAGACAT
ATTATAAGAR TTCARAATTT
GGACCAGCCG AACTACTCIG
ATAAAGGTAG TACCAAGGAG
GGTGCTGATT GTGTGGCAGS
GCACCATATG TATATATCAA
CAGACATCCA ARAGTARGTT
AAAAACATAT TGGGGTTTGC
CATAGAATGG AGACIGAGAG

CAGACCAGCT AATTCACATG CATTATTTIG

CCATATTAGG

ACACATAGTIT TTTCCTAGGT

GATCTCTGCA ATACTTGGCA CTGACAGCAT
TGCCTAGTGT TAGAAAATTA GTAGAGGATA GATGGAACGA CCCCCAGAAG ACCAGGGGCC
CCATACAATG AATGGACACT AGAGATTCTA GAAGAACTCA AGCAGGAAGC
TGTCAGACAC TTTCCTAGAC CATGGCTCCA TAGCTTAGGA CAATATATCT ATGAAACCTA
TGGGGATACT TGGACGGGAG TTGAAGCTAT AATAAGAGTA CTGCARCAAC TACTGTTCAT
TCATTTCAGA ATTGGATGCC AACATAGCAG
ARATGGAGCC AGTAGATCCT AAACTAAAGC CCTGGAACCA TCCAGGAAGC CAACCTAAAA
CAGCTTGTAAR TAATTGCTIT TGCAAACACT GQTAGCTATCA TTGTCTAGTT TGCTTTCAGA

GCAGAGGGAA

TACTGCAGTT AAGGCAGCCT
CAATCCCCAR AGTCAGGGAG
ACARGTAAGA GATCAAGCTG
CAATTTTAARA AGAAAAGGGG
ARTAGCAACA GACATACAAR
TCGGGTTTAT TACAGAGACA
GARAGCTGAN GGGGTAGTAG
GARAGCARAA ATCATTAGAG
TGGACAGGAT GAARGATTAGA
GGAGAGCTAG TGGATGEGTC
CBGAAGTACA TATCCCATTA
AGACAGGAGA AAGAGATTGG
AATACAGCAC ACAAGTAGAC
ATTGTTTTAC AGAATCTGCC
GTGACTATCA AGCAGGACAT
TGATAAAACC AARAARGAGA

ARTAGGCATC TTGCGACAGA
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CAARRAGGTTT
CARGTGGTGA
TGGTAAGTTT
TAGCACTAAT
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GGCTTCTGGA
GTACCTGTGT

CAAGAAARTAG
GATCAGATGC
TTGACCCCAC
GTTACAGGTA
AAAAATTGCT
CTCTTTTATA
TTAATAAATT
ATTCCTATAC
TTCAATGGGA
CCAGTGGTAT
AGATCTGAAA
GAGATTAATT
CAAGCATTCT
AGTACAGATA
CCTAATARAR
AGCTTTAATT
TACTACCCTA
CAATGCARAR
CCTCCCATTG
GATGGGGGAT
GATATGAGGG
TTGGGAATAG
GGAATAGGAG
TCARTAACGC
AATTTGCTGA
AAGCAGCTCC
GGGATTTIGGG
TGGAGTAATA
GAAATTAATA
GAAAAGAATG
GACATATCAR
GGTTTARGAR
CCTTTGTCAT
GAAGAAGAAG
TCGCTTGCCT
TTCATATTAA
CAGAGGGGGT
CTAAAARAGA
GATAGGATTA
ATAAGACAGG
CATAGTTGGA
AGTAGGAGCA
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AGATCATCRA
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TGCTAATGAT
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TATGGCAGGA
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ATAGTGTGGA
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ACAGAAGAAT
TTGTAACACG
AAAAACTACT

PGCATAATCT CTGGGCTACA

TTTTGGGARA
ATGAGGATAT
TCTGTGTCAC
ATACAALATGA
CTTTCAATGC
AACTTGATAT
GCAATACCTC
ATTACTGTGC
CAGGACCATG
CAACTCAACT
ATTTGACAGA
GTACAAGGCC
ATGCAACARA
GATGGAATAA
CAATADAATT
GTAGAGGAGA
AGAATGGTAC
TARAACARAT
CAGGARRACAT
TTAACARACAC
ATARCTGGAG
CACCCACTRAR

TGTAACAGAA
AATCAGTTTA
TTTARACTGT
TACCAATATT
AACCACAGAR
AGTACCACTT
ARCCATARCA
TCCAGCTGAT
TTATRATGTC
ACTGTTAAAT
GRATACCAAA
CAACAATAAT
TGACGTAATA
ARCTTTACAA
TGAACCACAT
ATTTTTCTAT
ATACARATAC
TGTACGCATG
AACATGTAGA
AARCARCGAC
ARGTGAATTA
GGCARRAAGA

AGARGCGGAG
CARARGCAGTA
ATTATAGATT
CCATAGCATA
ARAGAATTAG
TGTCAACAAT
GAGGACTTGT
CTATTCTGTG

ACAGCGACGA
AGTACACATA
AGGAGTAGGA
TATAGRATAT
GGAAAGAGCA
GGTGGATATG
GGGTCACAGT
CATCAGATGC

CATGCTTGTG TACCCACAGA

AATTTTAATA
TGGGATCARA
ACAGATACAR
GCAARTGCTA
TTAAGAGATA
ARTGAARATA
CAAGCCTGTC
TATGCGATTC
AGCACAGTAC
GGTAGTCTAG
ACAATAATAG
ACBAGGARAR
GGRARCATAA
CAGGTAATGA
GCAGGAGGGG
TGCAATACAT
AATGGTAATT
TGGCARGGGG
TCARACATCR
ACAGAGGAGA
TATARATATA
AGACGTGGTGC

TGTGGARARA
GCCTARAGCC
ATGTTACAGG
CATATARGTA
AGARACATAR
GTAACAACTT
CAAAGGTCTC
TARRGTGTAA
AATGTACACA
CAGAAGAAGG
TACATCTTAR
GTGTAAGGAT
GACAAGCACA
ARRARTTAGG
ATCTAGARAT
CARACCTGTT
CAAGCTTACC
TAGGACARGC
CAGGAATACT
CATTCAGACC
AAGTGGTAGA
AGAGAAARAR

CTGTGTTCCT TGGGTTCTTG
TGACGGTACA GGCCAGACAA
AGGCTATAGA GGCGCAACAG
AGGCGAGAGT CCTGGCTATA
GCTGCTCTGG AAGACTCATC
AATCTGAAGC AGATATTIGG
ATTACACAGA AACARTATTC
AARRAGATTT ATTAGAATTG
ACTGGCTGTG GTATATARAA
TAATTTTTGC TGTGCTCTCT
TTCAGACCCT TACCCCAAGC
GTGGAGAGCA AGACAGAGAC
GGGACGATCT GCGGAGCCTG
TTGCAGTGAG GGCAGTGGAA
GGGAGATCCT TAAGTATCTG
GTGCTATTAG TCCGCTTGAT
TAGAATTGGT ACAARGAATT
GCTTTGAAGC AGCTTTGCTA
TGGCCTGCAG TAAGAGAAAG
GOGTCTCAAG ACTTAGATAG

GGAGCAGCAG GAAGCACTAT
CTGTTGTCTG GTATAGTGCA
CATATGTTGC AACTCACAGT
GARAGATACC TAARGGATCA
TGCACCACTG CTGTGCCTTG
GATAACATGA CTTGGATGCA
AGGTTGCTTG AAGACTCGCA
GACAAGTGGA ATAATCTGTG
ATATTCATAR TGATAGTAGG
ATAGTGAATA GAGTTAGGCA
CCOGAGGGGAC TCGACAGGCT
AGATCCATAC GATTGGTGAG
TGCCTCTTCA GCTACCACCG
CTTCTGGGAC ACAGCAGTCT
GGAAGTCTTG TGCAGTATTG
ACCATAGCAA TAGCAGTAGC
TGTAGAGCTA TCCTCARCAT
TAAAATGGGA GGCAAGTGGT
AATGAGARGA ACTGAGCCAG
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GAATTGGTTT
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CAGGGGACTA
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ACCTAGGAGA
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ACATGGGGCA CTTACRAGCR GCRACACACC
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GAGGACGGAG ATGTAGGCTT
AAGAGTGCAG TAGATCTCAG
TACTCTAGGA ARAGGCAAGA
CCTGATTGGC AAAACTACAC
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CCGGGAGGTG TGGTCTGGGC
AGCTGCTTTT . CGCTTGTACT
CTGGCTATCT AGGGAACCCA |
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¥:is the regions for B-sheet deletions

*: {s the N-linked glycosylation sites for subtype C TV1 and TV2. Possible mutation (N-> Q) or
deletions can be performed.
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Figure 4
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Figure 6
(Sheet 1 of 2)

GagComplPolmut.SF2 (Gag complete, RT mutated, Protease functional; all in
frame)

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGLCCCCC
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCT
GGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAG
CGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGG
CAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGC
TGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGA
GACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCC
CGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGA
GCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCC
‘GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCA
GCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGC
TCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGC
AAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGC
GGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGC
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Figure 6
(Sheet 2 of 2)

ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT
GACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGG
TGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTG
GCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAG

ATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACA

ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAA
GCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGG
TGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTG
ACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGA
CTTCCGCAAGTACACCGCCTITCACCATCCCCAGCATCAACAACGAGACCC
CCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGC
CCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAA
GCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCG
ACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCA
CCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGC
CCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCT
GGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGA
AGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCT
GAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTG
GCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACC
AGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGC
GCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGA
GCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCC
ATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCA
CCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGT
GGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTG
ACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACC
AGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTG
GAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGC
CCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGG
CATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTA
CATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGC
TTCCCGGGGCTAGCACCGGTTCTAGA

11/84



. . WO 03/020876 PCT/US02/21342

Figure 7
(Sheet 1 of 2)

GagComplPolmutAtt.SF2 (Gag complete, RT mutated, Protease attenuated; all in
frame)

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCT
GGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAG
CGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGG
CAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGC
TGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGA
GACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCC
CGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGA
GCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCC
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCA
GCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGC
TCGACTCCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGC
AAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGC
GGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGC
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ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT
GACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGG
TGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTG
GCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAG
ATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACA
7 'ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAA
GCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGG
TGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTG
ACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGA
CTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCC
CCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGC
CCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAA
GCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCG
ACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCA
CCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGC
CCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCT
GGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGA
AGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCT
GAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTG
GCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACC
AGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGC
GCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGA
GCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCC
ATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCA
CCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGT
GGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTG
ACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACC
AGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTG
GAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGC
CCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGG
CATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTA
CATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGC
TTCCCGGGGCTAGCACCGGTTCTAGA
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GagComplPolmutIna.SF2 (Gag complete, RT mutated, Protease inactive; all in
frame) :

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC.
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGT
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCeccee
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCccC
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCT
GGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAG
CGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGG
CAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGC
TGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGA
GACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCC
CGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGA
GCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCC
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCA
GCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGC
TCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGC
AAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGC
GGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGC
ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT
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GACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGG
TGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTG
GCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAG
ATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACA
ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAA

GCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGG
TGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTG
ACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGA
CTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCC
CCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGC
CCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAA
GCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCG
ACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCA
CCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGC
CCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCT
GGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGA
AGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCT
GAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTG
GCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACC
AGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGC
GCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGA
GCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCC
ATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCA
CCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGT
GGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTG
ACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACC
AGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTG
GAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGC
CCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGG
CATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTA
CATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGC
TTCCCGGGGCTAGCACCGGTTCTAGA
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gagCpolInaTatRevNef.opt_ B

GTCGACGCCACCATEGECGCCCGCGCCAGCETGCTGAGCGGCGGCGAGCTGGACAAGTCGGGAGAAGATC
CGCCTGCGCCCCGGCGGCAAGAAGARGTACAAGCTGARAGCACATCETGTGGGCCAGCCGCGAGCTGGAG
CGCTTCGCCGTGAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTGCAG
CCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAARCACCGTGGCCACCCTEGTACTGCETG

T CACCAGCGCATCGACGTCARGGACACCARGGAGGCCCTGGAGAAGATCCACCAGCGAGCAGAACAACTCEE- -

AAGAAGAAGGCCCAGCAGECCGECCGCCGCCGCCEGGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTAL
CCCATCGTGCAGAACCTGCAGGGCCAGATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGG
GTGAAGGTEGTGGAGGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGC
GCCACCCCCCAGGACCTGAACACGATGTTGAACACCETGGGCGGCCACCAGGCCGCCATGCAGATGCTG
AAGGAGACCATCAACGAGGAGGCCGCCEAGTGGGACCGCETGCACCCCGTGCACGCCGGCCCCATCGCC
CCCBGCCAGATGCGCGAGCCCCGCGECAGCGACATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATC
GGCTGGATCACCAACAACCCCCCCATCCCCETCGGCGAGATCTACAAGCGGTGEATCATCCTGGGCCTE
AACAAGATCGTGCGEATGETACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTC
CGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGG
ATGACCGAGACCCTGCTGGTGCAGARCGCCAACCCCGACTGCARGACCATCCTGARGGCTCTCGGCCCC
GCGGCCACCCTGGAGGAGATGATGACCGCCTGCCAGGGCGTGEGGCGGCCCCGGCCACARGGCCCGCETG
CTGGCCGAGGCCATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAAC
CAGCGGAAGACCGTCAAGTGCTTCAACTGCCGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCT
CGCAAGRAGGGCTGCTGGCGCTGCGECCGCGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCC
AACTTCCTGGGCAAGATCTGGCCCAGCTACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAG
CCCACCGCCCCCCCCGAGGAGAGCTTCCGCTTCGGCGAGGAGARAGACCACCCCCAGCCAGAAGCAGEAG
CCCATCGACAAGCAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAG
AAAGAATTCAAGGCCCGCGTGCTGGCCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATG
CAGCGCGGCAACTTCCGCAACCAGCGGARGACCGTCAAGTGCTTCAACTGCGGCARGGAGGGCCACACC
GCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAARTGAAR
GATTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAG
TPCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGCTGTGGGGCGGCGAGAAC
AACAGCCTGAGCGAGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTG
TGGCAGCGCCCCCTGETGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGLGCC
GACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCEGGATCGGE
GGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACC
GTGCTCETGEGCCCCACCCCCGETGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTG
AACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTC
AAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAG
GGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACARCACCCCCGTGTTCGCCATCAAGAAGAAGGAC
AGCACCAAGTCGCGCAAGCTGETCGACTTCCGCGAGCTGARCAAGCGCACCCAGGACTTCTGGGAGGTG
CAGCTGGECATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTGGGCGAC
GCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAAC
AACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGEGAAGGGCAGCCCCGCCATC

. TPCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAG

GCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAG
CACCTGCTGCGCTEGEGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATC
GAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAAC
GACATCCAGAAGCTGGTGEGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGCGCATCAAGGTGAAGCAG
CTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTG
GAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACL
CTGGTGGCCCAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAG
AACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCARCGACGTGAAGCAGCTGACCGAG
GCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCARGTTCAAGCTGCCCATC
CAGAAGGAGACCTGGGAGGCCTGCTGCATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTC
GTGAACACCCCCCCCCTGETGAAGCTGTGEGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCEAGALCC
PTCTACGTGGACGECECCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGL
CGGCAGAAGGTGETGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCC
CTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCC
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CAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTG
TACCTGGCCTEGGTGCCCGCCCACARAGGGCATCGGCGGCAACGAGCAGGTGEGACAAGCTGGTGAGCGCC
GGCATCCGCAAGGTGCTCTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGAC
CTGTACGTGGGCAGCGGCGECCCTAGGGAGCCCGTGGACCCCCGCCTGEGAGCCCTGGAAGCACCCCGGC
AGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTC
ATCACCAAGGGCCTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCECCGCCGCGCCCCCCCCGAC
AGCGAGGTECACCAGETGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCTCACCGGCTCT
AAGGAGAGCAAGAAGAAGGCTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCGECAGT
GGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTG
CCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCGCCECTGGCGCGAGCGCCAGCGCCAG
ATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAG
CTGCCCCCCGACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTG
GGCAGCCCCCAGGTGCTGGECGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGT
AAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCGTGCGCGAGCGCATGARGCGCGCCGAGCCCGCCGAG
. CCCGCCGCCEACGGCGTEGECECCETGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAAC
ACCGCCGCCAACAACGCCGACTGCGCCTGGCTGGAGECCCAGGAGGACCGAGGACGTGGGCTTCCCCGTG
CGCCCCCAGGTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAG
AAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCAC
ACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGGECCCCGGCATCCGCTACCCCCTGACCTTC
GGCTGGTGCTTCAAGCTGETGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAAC
AGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCCGAGAAGGAGGTGCTGGETGTGGCGCTTC
GACAGCCGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGATTAA
AAGCTTCCCGGGGCTAGCACCGGTTCTAGA
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GagPolmutAtt.SEF2 (Gag, RT mutated, Protease attenuated; all in frame)

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGECGCCAGATCCTGGGELE
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGL
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTIT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGA
TTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCA
GGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCC
ACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCG
AGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTITCAACTTCCCCCAGATC
ACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAA
GGAGGCGCTGCTCGACTCCGGCGCCGACGACACCGTGCTGGAGGAGATGA
ACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTC
ATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAA
GGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCC
GCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCC
ATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGG
TCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATC
TGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGA
ACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAG -
TGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTT
CTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGA
AGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAA
CGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGA
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AGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGT
GGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTG
CGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCA
GAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCG

TGCAGCCCATCATGCTGCCCGAGAAGGACAGCTIGGACCGTGAACGACATC -
CAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCAT
CAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCG
AGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCG
CGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGG
ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCA
GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG
CATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCT
ACCAGTACATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGAT
TAAAAGCTTCCCGGGGCTAGCACCGGTGAATTC
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GagPolmutIna.SF2 (Gag, RT mutated, Protease inactive; all in frame)

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
-GAACCCCGGCCTGCTGGAGACCAGCGAGGGETGCCGCECAGATCETGGGCC —
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGA
TTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCA
GGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCC
ACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCG
AGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATC
ACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAA
GGAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATG
AACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTT
CATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACA
AGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGC
CGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCC
ATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGG
TCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATC
TGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGA
ACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAG
TGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTT
CTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGA
AGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAA
CGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGA
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AGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGT
GGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTG
CGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCA
GAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCG
-TGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATC —
CAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCAT
CAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCG
AGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCG
CGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGG
ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCA
GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG
CATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCT
ACCAGTACATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGAT
TAAAAGCTTCCCGGGGCTAGCACCGGTGAATTC '
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GagProtInaRTmut.SF2 (Gag, Protease inactive, RT mutated; all in frame fusion
protein)

GCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCTGGACA
AGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTACAAGCT
——— GAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGTGAACE
CCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTG
CAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAACAC
CGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGACACCA
AGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAA
GGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCCAGGTG
AGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTGCACCA
GGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGAGGAGA
AGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGC
GCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGCCACCA
GGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCGCCGAG
TGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGCCAGAT
GCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCTGCAGG
AGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCGAGATC
TACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATGTACAG
CCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCG
ACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAG
GACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGCCAACCC
CGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCCTGGAGG
AGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAAGGCCCGC
GTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGAT
GCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACT
GCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAA
GGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGACTGCACC
GAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACAAGGGCCG
CCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCCCCCGAGG
AGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGA
. GCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCG
GCAACGACCCCAGCAGCCAGAAAGAATTCCCCCAGATCACCCTGTGGCAG
CGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCT
CGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCA
AGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCG
GCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCA
CCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTG
ACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGT
‘GCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGG
CCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGAT
GGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAAC
ACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCT
GGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGC
AGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGAC
CGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACT
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TCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCC
GGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCC
CGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGC
AGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGAC
CTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCT
B GCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCC
CCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATC
ATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGT
GGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAG
CAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCC
CCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTG
AAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGC
CGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAG
GAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGC
CCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGC
ACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCAT
CCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACC
TGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTG
GTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGG
ACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGAC
CGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAG
AAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGA
GGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCC
AGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCT
GATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGC
ATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCA
- AGGTGCTCTAAATCTAGA
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GagProtInaRTmutTatRevNef.opt_ B

GCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTG
CGCCCCGGCGGCAAGAAGAAGTACAAGCTGAAGCACATCCTGTGGGCCAGCCGCGAGCTGGAGCGCTTC
GCCGTGAACCCCGGCCTCCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTGCAGCCCAGT
CTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAG
CGCATCGACGTCAAGGACACCAAGGAGGCCCTGCAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAG
AAGGCCCAGCAGGCCGCCGCCGCCGCCGECACCGGCARCAGCAGCCAGGTGAGCCAGAACTACCCCATC
GTGCAGAACCTGCAGGGCCAGATGETGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAG
GTGCTGGAGGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACT
CCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGCCACCAGGCCGCCATGCAGATGCTGAAGGAG
ACCATCAACGAGGAGGCCGCCGAGTGEGACCGCGTGCACCCCETGCACGCCEGCCCCATCGCCCCCEGL
CAGATGCGCGAGCCCCGCEGECAGCEGACATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCEGCTGG
ATGACCAACAACCCCCCCATCCCCGTGGGCGAGATCTACAAGCGGTGGATCATCCTGGGCCTGAACRAG
ATCGTGCGGATGTACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGAC
TACGTGGACCGCTTCTACAAGACCCTGCGCGCTCGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACC
GAGACCCTGCTGGTGCAGAACGCCAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGLT
ACCCTGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCEGCCCCGGCCACAAGGCCCGCGTGCTGGELT
GAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGE
AAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAG
AAGGGCTGCTGGCGCTGCGECCCCGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTC
CTGGGCAAGATCTGGCCCAGCTACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACT
GCCCCCCCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATC
GACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGARRAGAA
TTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCG
CTGCTCGCCACCGGCGCCGACGACACCGTGCTGCAGGAGATGAACCTGCCCGECAAGTGGAAGCCCAAG
ATGATCGGCGGGATCGGGEGCTTCATCAAGETGCCGGCAGTACGACCAGATCCCCGTGGAGATCTEGCEGT
CACAAGGCCATCGGCACCETGCTGECTGGECCCCACCCCCETGAACATCATCGGCCGCAACCTGCTGACT
CAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGEGE
ATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGC
ACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTC
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACC
CAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACC
GTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTC
ACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGRGCTEG
AAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCC
GACATCGTGATCTACCAGGCCCCCCTGTACCTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAG
ATCGAGGAGCTGCGCCAGCACCTGCTGCCCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAG
CCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAG
GACAGCTGGACCGTGAACGACATCCAGAAGCTGETGGGCAAGCTGAACTGEGCCAGCCAGATCTACGCC
GGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGETGATCCCCCTG
ACCGAGGAGGCCGAGCTGGAGCTGGCCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTAC
TACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATC
TACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAL
GTCAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCC
AAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGCTGGATGGAGTACTGGCAGGCCACCTGE
ATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGETGAAGCTEGTGEGTACCAGCTGGAGAAGGAGCCC
ATCGTGGGCGCCGAGACCTTCTACGTGGACGECGCCGCCAACCECGAGACCAAGCTGGGCAAGGCCGEC
TACGTGACCGACCGGGGCCGECAGAAGGTCCTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTG
CAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTCCAGETGAARCATCEGTCGACCGACAGCCAGTACGCC
CTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTG
ATCAAGAAGGAGAAGGTGTACCTGECCTGGETGCCCGCCCACAAGGGCATCEGCGGCAACGAGCAGETG
GACRAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCAAGCTTGAGCCCGTGGACCCCCGCCTGRAGCCT
TGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCAC
TGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGT
CGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGC
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GACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAGCGCGAGACCGAGACCGACCCCETGCACCCC
GGGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCGCCECTGRCGEC
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTEGGCCECAGCACCGAG
CCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGT
GGCACCCAGGGCGETGGGCAGCCCCCAGGTGCTGGGCGAGAGCCCCGCCETGCTGGACAGCGGCACCARG
GAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCETEGCGCGAGCRCATGAAGCGEC
GCCGAGCCCGCCGAGCCCGCCGCCGACGGCETGGECGCCGTGAGCCGCGACCTGGAGAAGCACGGCECC
ATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGCGCCTGGCTEGAGGCCCAGGAGGACGAGGAC
GTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCCATGACCTACARGGCCGCCCTGGACCTGAGC
CACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATC TACAGCCAGAAGCGCCAGGACATCCTGGAC
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGGCCCCGECATCCGT
TACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGETGCCCGTGGACCCCGACTACGTGGAGGAGGCCAAL
GCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGETG
CTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTAL
AAGGACTGCTAA
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GagRTmut.SF2 (Gag, RT mutated; all in frame fusion protein)

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
- GAACCCCGGCCTGCTGCGAGACCAGCGAGGGCTGCECGECAGATCCTGGGEE
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCcC
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCCCCATCAGCCCCAT
CGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTC
AAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCT
GCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAA
CCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGT
GGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTC
TGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGA
AGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAA
CGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGA
AGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGT
GGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTG
CGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCA
GAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCG
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TGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATC
CAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCAT
CAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCG
AGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCG
CGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGG
- ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACETACCA — —

GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG
CATCCGCAAGGTGCTCTAAATCTAGA
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GagTatRevNef.opt B

GCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCTGGACARGTGGCAGARGATCCGCCTG
CGCCCCGGCGGBCAAGAAGAAGTACAAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTC
GCCGTGAACCCCGGCCTGCTCGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTEGCAGCCCAGT
CTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAG
CGCATCGACGTCAAGGACACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGALG
AAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATC
GTGCAGAACCTGCAGGGCCAGATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAG
GTGGTGGAGGAGAAGGCCTTCAGCCCCGAGETGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACT
CCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGCCACCAGGCCGCCATGCAGATGCTGAAGGAG
ACCATCAACGAGGAGGCCGCCGAGTGGGACCGCGTGCACCCCETGCACGCCGGCCCCATCGCCCCCGGT
CAGATGCGCGAGCCCCGCGGBCAGCGACATCGCCEGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGG
ATGACCAACAACCCCCCCATCCCCGTGGGCGAGATCTACAAGCGGTGGATCATCCTGGECCTGAACAAG
ATCGTGCGGATGTACAGCCCCACCAGCATCCTCGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGAC
TACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTCGAAGAACTGGATGACC
GAGACCCTGCTGGTGCAGAACGCCAACCCCGACTGCARGACCATCCTGAAGGCTCTCGECCCCGCGGCT
ACCCTGGAGGAGATGATGACCGCCTGCCAGGGCETEGGCGGCCCCGGCCACAAGGCCCECETGCTGGCC
GAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGE
AAGACCGTCAAGTGCTTCAACTGCGCGCAAGEGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAG
AAGGGCTGCTGGCGCTGCGGECCGCGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTC
CTGGGCAAGATCTGGCCCAGCTACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACT
GCCCCCCCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATC
GACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCGGCAARCGACCCCAGCAGCCAGGAATTC
GAGCCCGTGGACCCCCGCCTGGAGCCCTGGARGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAAC
TGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGETGAGCTTCATCACCAAGGGCCTGGGCATCAGCTAC
GGCCGCAAGAAGCGCCGCCAGCGCCGECCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTGCCC
AAGCAGCCCGCCAGCCAGCCCCAGGGLGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAGCGT
GAGACCGAGACCGACCCCGETGCACCCCGGGGCCGGCCGCAGCEGGCGACAGCGACGAGGAGCTGCTGCAG
ACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCRAAGGGCACCCGCCAGGCC
-GACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATC
AGCACCCACCTGGGCCGCAGCACCGAGCCCETGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTG
GACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCETGGGCAGCCCCCAGGTGCTGGGCGAGAGC
CCCGCCETGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGCTGG
AGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTGGGCEGCCETG
AGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGCGCC
TGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCCATG
ACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATCTAC
AGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAG
AACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTEGGTGCTTCAAGCTGGTGCCCGTG
GACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCAC
GGCATGGACGACCCCGAGAAGGAGGTECTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATG
GCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCTAA
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atgecgecgtga
ttctggatgce
gtgccegtet
_gacaccgagg
caggagatcg
gagcagatgce
ctgacceccce
agcagcaact
accagcatcc
cccatcgaca
caggectgcee
ttcgeccatece
agcaccgtge
ggcagcectgg
accatcatcg
acccgcaaga
ggcgacatcc
cagatcgtga
agcggcggeg
tgcaacagca
aacggcacca
ggcaaggecca
ggcctgetge
ccecggcggeg
aagatcgagc
aagcgcgceceg
atgggcgccce
cagcagcaga
gtgtggggca
cagcagcetgce
tggaacgcca
gagtgggage
cagaaccagc
tggaactggt

tgggcaccca gaagaactge
tgatgatctg cagcgcegtg
ggaaggaggc caccaccace
tgcacaacgt gtgggcecacc

tgctggagaa
acgaggacat
tgtgecgtgac
ggaaggagat
gcaacaagat
acgacaacac
ccaaggtgag
tgaagtgcaa
agtgcaccca
ccgaggaggyg
tgcagctgaa
gcatcaccat
gccaggecca
ccaagctgeca
accccgagat
cccagctgtt
tcaccctgce
tgtacgcecce
tgacccgega
gcgacatgcyg
ccctgggegt
tgaccctggg
gcagcctgac
acaacctgcect
tcaagcagcect
tgggcatctg
gctggagcaa
gcgagatcga
aggagaagaa
tcgacatcag

cgtgaccgag
catcageectyg
cctgcactge
ggaccgceggce
gcagaaggag
cagctacaag
cttecgagecce
cgacaagaag
cggcateccge

cgtggtgatc’

ggagagcgtg
cggcecegge
ctgcaacatc
ggcccagtte
cgtgatgcac
caacagcacc
ctgccgeatce
cccecatceege
cggcggcaag
cgacaactgg
ggceccccacce
cgcecatgttce
cctgaccagtg
gcgegecate
gcaggcccge

gggctgcagce’

caagagccetg
caactacacc
cgagcaggag
caagtggcetyg

cagcagtggt
gagaagctgt
ctgttctgeg
cacgectgeg
aacttcaaca
tgggaccaga
accaacctga
gagatcaaga
tacgcecetgt
ctgatcaact
atcecccatce
ttcaacggca
cececgtggtga
cgcagcgaga
gagatcaact
cgcgecttet
agcggcegaga
ggcaacaaga
agcttcaact
tggaacaaca
aagcagatca

ggccagatcc_

gagatcagca
cgcagegagce
aaggccaage
ctgggcttece
caggecegcee
gaggcccage
gtgctggeecy
ggcaagctga
gaccagatct
aacctgatet
ctgctggage
tggtacatct
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ggatctgggg catcctgggc
gggtgaccgt gtactacgge
ccagcgacge caaggcctac
tgcccaccga ccccaaccee
tgtggaagaa caacatggtg
gcctgaagee ctgegtgaag
agaacgccac caacaccaag
actgcagctt caaggtgacc
tctacaagct ggacgtggtg
gcaacaccag cgtgatcacc
actactgecge cccegeecgge
gcggeccectyg caccaacgtg
gcacccagct gctgctgaac
acttcaccga caacgccaag
gcacccgecoce caacaacaac
acgccaccgg cgacatcatc
agtggaacaa caccctgaag
ccatcgtgtt caagcagagc
gcggeggecga gttcecttcectac
ccatcggecce caacaacacc
tcaaccgectg gcaggaggtg
gctgcagcag caacatcacc
acaccaccga gatcttccge
tgtacaagta caaggtggtg
gccgegtggt gecagegegag

tgggcgecege
agctgctgag
agcacctgct
tggagcgcta
tctgcaccac
ggaacaacat
acaccctgat
tggacaagtg

cggcagcacc
cggcatcgtg
gcagctgacc
cctgaaggac
cgcegtgece
gacctggatg
cgaggagagc
ggccageetg

aactcgag
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atgagagtga
ttctggatgce
gtgccegtgt
gacaccgagg
caggagatcg
gagcagatgce
ctgaccecceccee
agcagcaact
accagcatcc
ccecatecgaca
caggcctgcc
ttegecatcee
agcaccgtge
ggcagcctgg
accatcatcg
acccgcaaga
ggcgacatcec
cagatcgtga
agcggcggcyg
tgcaacagca
aacggcacca
ggcaaggcca
ggcctgectgce
ccecggeggeyg
aagatcgagc
aagcgcgceceyg
atgggegecc
cagcagcaga
gtgtggggca
cagcagctgc
tggaacgcca
gagtgggage
cagaaccagc
tggaactggt

tggggacaca
taatgatttg
ggaaggaggc
tgcacaacgt

tgetggagaa cgtgaccgag

acgaggacat
tgtgcgtgac
ggaaggagat
gcaacaagat
acgacaacac
ccaaggtgag
tgaagtgcaa
agtgcaccca
ccgaggaggg
tgcagctgaa
gcatcaccat
gccaggccca
ccaagctgeca
accccgagat
cccagcetatt
tcaccctgece
tgtacgccecce
tgacccgega
gcgacatgcg
ccctgggegt
tgaccetgog
gcagcctgac
acaacctgcet
tcaagcagcect
tgggcatctg
gctggagcaa
gcgagatcga
aggagaagaa
tcgacatcag
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gaagaattgt
tagcgcecegtyg
caccaccacc
gtgggccacc

catcagcctg
cctgcactgce
ggaccgegge
gcagaaggag
cagctacaag
cttegagece
cgacaagaag
cggcatcecge
cgtggtgatc
ggagagcgtg
cggececcecgge
ctgecaacatc
ggcccagttce
cgtgatgcac
caacagcacc
ctgecgeatc
ccecateege
cggcggcaag
cgacaactgg
ggcecccacce
cgccatgttc
cctgaccgtg
gecgegecatce
gcaggceccgce
gggctgecagce
caagagcctyg
caactacacc
cgagcaggag
caagtggctg

caacaatggt
gagaagctgt
ctgttectgeg
cacgcctgeg
aacttcaaca
tgggaccaga
accaacctga
gagatcaaga
tacgecctgt -
ctgatcaact
atccccatee
ttcaacggca
ccegtggtga
cgcagcgaga
gagatcaact
cgecgecttet
agcggcgaga
ggcaacaaga
agcttcaact
tggaacaaca
aagcagatca
ggccagatce
gagatcagca
cgcagcgage
aaggccaagc
ctgggcttece
caggcccgece
gaggcccagce
gtgectggecyg
ggcaagctga
gaccagatct
aacctgatct
ctgctggagce
tggtacatct
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ggatatgggg
gggtgacecgt
ccagcgacgc
tgcccaccga
tgtggaagaa
gcctgaagee
agaacgccac
actgcagcett
tctacaagct
gcaacaccag
actactgcgce
geggeccctyg
gcacccagct
acttcaccga
gcacccgece
acgccaccgg
agtggaacaa
ccategtgtt
gcggcggcga
ccatcggecece
tcaaccgctyg
gctgcagcag
acaccaccga
tgtacaagta
gececgegtggt
tgggcgeege
agctgctgag
agcacctget
tggagcgcta
tctgcaccac
ggaacaacat
acaccctgat
tggacaagtg
aactcgag

PCT/US02/21342

catcttagge
gtactacggc
caaggcctac
cceccaacccce
caacatggtg

ctgcgtgaag
caacaccaag
caaggtgacc
ggacgtggtg
cgtgatcacc
ccecegecgge
caccaacgtg
gctgctgaac
caacgccaag
caacaacaac
cgacatcatce
caccctgaag
caagcagage
gttcttectac
caacaacacce
gcaggaggtyg
caacatcacce
gatcttecege
caaggtggtyg
gcagcgcegag
cggcagcacce
cggcatcgtyg
gecagctgacc
cctgaaggac
cgeccgtgeec
gacctggatg
cgaggagagc
ggccagecctg
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atggatgcaa
tcgceccagceg
gaggccacca
aacgtgtggg
gagaacgtga
gacatcatca
gtgacecctgce
gagatggacc
aactgcaaca
atccactact
ggcagcggcce
gtgagcaccc
gagaacttca
aactgecaccce
ttctacgcca
gagaagtgga
aagaccatcg
aactgecggeg
aacaccatcg
atcatcaacc
atccgctgea
agcaacacca
gagctgtaca
atcagcagcg
ttcctgggeyg
cgccagetge
cagcagcacc
gccgtggage
ctgatctgca
atctggaaca
atctacaccc
gagctggaca
atcaagatct
ctgagcatcg
ccecgececcece
cgcgaccgcea
agcctgtgcee
gtggagctgc
tactggatcc
gtggeccgagyg
cacatccecce

tgaagagagg
ccgtggagaa
ccaccctgtt
ccacccacgc
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gctctgetgt
gctgtgggtg
ctgcgcecage
ctgcgtgccecce

gtgctgetge
accgtgtact
gacgccaagg
accgacccca

ccgagaactt—Ccaacatgtgg—aagaacaaca

gcectgtggga
actgcaccaa
gcggcgagat
ccagcegtgat
gcgeecceege
cctgcaccaa
agctgctget
ccgacaacgc
gccccaacaa
ccggcgacat
acaacaccct
tgttcaagca
gcgagttctt
gccccaacaa
gctggcagga
gcagcaacat
ccgagatctt
agtacaaggt
tggtgcagag
ccgeceggeag
tgagcggcat
tgctgcagcet
gctacctgaa
ccaccgccegt
acatgacct§
tgatcgagga
agtgggccag
tcatcatgat
tgaaccgegt
gcggcecccga
gcagceccect
tgttcagcta
tgggccgeceg
aggagctgaa
gcaccgaccyg
gceccgecatecg

ccagagectg
cctgaagaac
caagaactgc
cacccaggcc
cggcttegece
cagtgagcacc
gaacggcagc
caagaccatc
caacacccge
catcggcgac
gaagcagatc
gagcagcggce
ctactgcaac
caccaacggce
ggtgggcaag
caccggcctg
ccgeceecggce
ggtgaagatc
cgagaagagc
caccatgggc
cgtgcagcag
gaccgtgtag
ggaccagcag
gcecctggaac
gatggagtgg
gagccagaac
cctgtggaac
cgtgggeggce
gcgecaggge
ccgcccegayg
ggtgcacggce
ccaccgecetg
cggctgggag
gaacagcgcce
catcatcgag
ccagggctte

31/84

aagccctgcg
gccaccaaca
agcttcaagg
tgeccccaagg
atcctgaagt
gtgcagtgca
ctggccgagg
atcgtgcagce
aagagcatca
atccgeccagyg
gtgaccaagc
ggcgaccccg
agcacccagc
accatcaccc
gccatgtacg
ctgctgacec
ggcggcgaca
gagccccectgg
gccgtgaccce
gceocgeagece
cagaacaacc
ggcatcaagc
ctgctgggca
gccagctgga
gagcgcgaga
cagcaggaga
tggttcgaca
ctggtgggcc
tacagccece
ggcatcgagg
ctgctggccce
cgcgacctga
gccctgaagt
gtgagcctgt
gtggcccage
gagcgegecc

tgtgtggagc
acggcgtgec
cctacgacac
acccccagga
tggtggagca
tgaagctgac
ccaagagcag
tgggcgeegg
tgagcttcga
gcaacgacaa
cccacggceat
agggcgtggt
tgaaggagag
ccatcggccce
cccactgcaa
tgcaggcecca
agatcgtgat
tgttcaacag
tgcecectgecg
cccecccececat
gcgacggcgyg
tgcgcgacaa
gcgtggcccce
tgggcgccat
tgaccctgac
tgetgegege
agctgcagge
tctggggctg
gcaacaagad
tcgacaacta
agaacgagca
tcagcaagtyg
tgcgecatcgt
tgagcttcca
aggagggcgg
tgatctggga
tcectgatcge
actggggcaa
tcgacgccat
gcatcggeecg
tgctgtaa

agtcttcgtt
cgtgtggaag
cgaggtgcac
gatcgtgctg
_gatgcacgad
cccectgtge
caactggaag
caagctgatc
gcececatcecee
gaagttcaac
ccgeececgtyg
gatccgcagc
cgtggagatc
cggccgcegec
catcagcggce
gttcggcecaac
gcacagcttc
cacctggaac
catcaagcag
ccgeggecag
caaggagatc
ctggcgecagce
caccaaggcc
gttcctggge
cgtgcaggec
catcgaggcce
ccgegtgetg
cagcggcaag
cctggaccag
caccaacctg
ggagctgetg
gctgtggtac
gttcaccgtg
gacccgcecttc
cgagcgcgac
cgacctgcgce
cgcccgeatce
cctgectgcag
cgccatecgee
cgccttectg
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atggatgcaa
tcgeccageg
gaggccacca
aacgtgtggg

tgaagagagg
ccgtggagaa
ccaccctgtt
ccacccacgce

gagaacgtga ccgagaactt

gacatcatca
gtgaccctge
gagatggacc
aactgcaaca
atccactact
ggcagcggceco
gtgagcaccce
gagaacttca
aactgcacce
ttctacgeca
gagaagtgga
aagaccatcg
aactgcggcg
aacaccatcg
atcatcaacc
atccgctgcea
agcaacacca
gagctgtaca
atcagcagceg
ttecctgggeg
cgccagcectge
cagcagcacc
gccgtggage
ctgatctgca
atctggaaca
atctacaccce
gagctggaca
atcaagatct
ctgagcatcg
cccgeceocce
cgcgaccgcea
agcctgtgec
gtggagctge
tactggatcc
gtggccgagg
cacatcccce

gcetgtggga
actgcaccaa
gcggegagat
ccagcgtgat
gcgccecccge
cctgecaccaa
agctgctget
ccgacaacgce
gccccaacaa
ccggcgacat
acaacaccct
tgttcaagca
gcgagttctt
gccccaacaa
gctggcagga
gcagcaacat
ccgagatctt
agtacaaggt
tggtgcagag
ccgecggcag
tgagcggeat
tgctgcaget
gctacctgaa
ccaccgcecegt
acatgacctg
tgatcgagga
agtgggccag
tcatcatgat
tgaaccgecgt
gcggccecga
gcagccccect
tgttcagcta
tgggccgccg
aggagctgaa
gcaccgaccg
gccgecatecceg

Figure 19
(Sheet 1 of 1)

gctctgetgt
gctgtgggtyg
ctgcgccagce
ctgegtgecce

gtgctgetge
accgtgtact
gacgccaagg
accgacccca

tgtgtggagc
acggcgtgcec
cctacgacac
acccccagga

caacatgtgg—aagaacaaca-tggtggagca

ccagagcctyg
cctgaagaac
caagaactgce
cacccaggcce
cggcttegec
cgtgagcacc
gaacggcagc
caagaccatc
caacacccgce
catcggegac
gaagcagatc
gagcagcggc
ctactgcaac
caccaacggc
ggtgggcaag
caccggecectyg
ccgccceggce
ggtgaagatc
cgagaagagc
caccatgggce
cgtgcagecag
gaccgtgtgg
ggaccagcag
gcecctggaac
gatggagtgg
gagccagaac
cctgtggaac
cgtgggcggce
gcgccagggce
ccgececgag
ggtgcacggce
ccaccgectg
cggctgggag
gaacagecgcec
catcatcgag
ccagggcttc
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aagccectgeg
gccaccaaca
agcttcaagg
tgccecaagg
atcctgaagt

gtgcagtgca-

ctggcegagg
atcgtgcagc
aagagcatca
atccgccagg
gtgaccaagc
ggcgaceccg
agcacccagc
accatcaccc
gcecatgtacg
ctgctgaccc
ggcggcegaca
gagcccecctgg
gccgtgaccce
gceccgeoagec
cagaacaacc
ggcatcaagce
ctgctgggca
gccagcetgga
gagcgcgaga
cagcaggaga
tggttcgaca
ctggtgggcc
tacagcecccc
ggcatcgagg
ctgctggecce
cgcgacctga
gccctgaagt
gtgagcctgt
gtggcecagc
gagcgcgece

tgaagctgac
ccaagagcag
tgggcgceegg
tgagcttega
gcaacgacaa
cccacggcecat
agggcgtggt
tgaaggagag
ccatecggecce
cccactgcaa
tgcaggeccecca
agatcgtgat
tgttcaacag
tgecctgeeg
ccccccccat
gcgacggcgg
tgcgcgacaa
gcgtggcccece
tgggcgccat
tgaccctgac
tgctgegecge
agctgcaggce
tctggggetyg
gcaacaagag
tcgacaacta
agaacgagca
tcagcaagtyg
tgcgcategt
tgagcttcca
aggagggcgg
tgatctggga
tcctgatcge
actggggcaa
tcgacgecat
gcatcggcecg
tgctgtaa
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agtcttegtt
cgtgtggaag
cgaggtgcac
gatcgtgctg

gatgcacgag o

ccececectgtge
caactggaag
caagctgatc
gcccatceecce
gaagttcaac
ccgeceegtyg
gatccgecage
cgtggagatc
cggecgcgec
catcagcggce
gttcggecaac
gcacagctte .
cacctggaac
catcaagcag
ccgeggecag
caaggagatc
ctggcgcage
caccatcgcce
gttectggge
cgtgcaggee
catcgaggcc
ccgegtgetyg
cagcggcaag
cctggaccag
caccaacctg
ggagctgctg
gctgtggtac
gttcaccgtyg
gaccecgette
cgagcgcgac
cgacctgcge
cgeccgcatce
cctgctgeag
cgccatcgece
cgccttectg
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int.opt.mut.SF2

TTCCTGAACGGCATCGACAAGGCCCAGGAGGAGCACGAGAAGTACCACAGCAACTGGCGCGCCATGGCC
AGCGACTTCAACCTGCCCCCCETGETGGCCAAGGAGATCGTGGCCAGCGCCGACAAGTGCCAGCTGAAG
GGCGAGGCCATGCACGGCCAGGTGGACTGCAGCCCCGGCATCTGGCAGCTGGCCTGCACCCACCTGGAG
GGCAAGATCATCCTGETGGECCETGCACGTGECCAGCGEGCTACATCGAGGCCGAGETGATCCCCGCCGAR
ACCGGCCAGGAGACCECETACTICCTCCTGAAGCTGCGCCEECCECTEGCCCETCGAAGACCATCCACACE—
GCCAACGGCAGCAACTTCACCAGCACCACCGTGAAGGCCGCCTGCTGCTGGGCCGGCATCAAGCAGGAG
TTCGGCATCCCCTACAACCCCCAGAGCCAGGGCGTGGTGGCGAGCATGAACAACGAGCTGAAGRAAGATC
ATCGGCCAGGTGCGCGACCAGGCCGAGCACCTGAAGACCGCCGTGCAGATGGCCGTGTTCATCCACAAC
TTCAAGCGCAAGGGCGGCATCGGCGGCTACAGCGCCGGCGAGCGCATCGTGGACATCATCGCCACCGAC
ATCCAGACCAAGGAGCTGCAGAAGCAGATCACCAAGATCCAGAACTTCCGCGTGTACTACCGCGACAAL
AAGGACCCCCTGAAGGGCCCCGCCAAGCTGCTGTGGARGGGCGAGBGCGCCGTGETGATCCAGGACAAC
AGCGACATCAAGGTGGTGCCCCGCCGCAAGGCCAAGATCATCCGCGACTACGGCAAGCAGATGGCCGGT
GACGACTGCGTGGCCAGCCGCCAGGACGAGGAC
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Figure 21
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int.opt.SF2

TTCCTGAACGGCATCGACAAGGCCCAGGAGGAGCACGAGAAGTACCACAGCAACTGGCGCGCCATGGLCC
AGCGACTTCAACCTGCCCCCCGTGGTGGCCARGGAGATCGTGGCCAGCTGCGACAAGTGCCAGCTGARG
GGCGAGGCCATGCACGGCCAGGTGGACTGCAGCCCCGGCATCTGGCAGCTGGACTGCACCCACCTGGAG
GGCAAGATCATCCTGGTGGCCGTGCACGTGGCCAGCGGCTACATCGAGGCCGAGGTGATCCCCGCCGAG

ACCGGCCAGGAGACCGCCTACTTCCTGCTGAAGCTGGCCGGCCGCTGGCCCGTGAAGACCATCCACACC
GACAACGGCAGCAACTTCACCAGCACCACCGTGAAGGCCGCCTGCTGETEGGCCGGCATCAAGCAGGAG
TTCGGCATCCCCTACAACCCCCAGAGCCAGGGCCTGGTCGAGAGCATGAACAACGAGCTGAAGAAGATC
ATCGGCCAGETGCECGACCAGGCCGAGCACCTGAAGACCGCCGTGCAGATGGCCGTGTTCATCCACAAC
TTCAAGCGCAAGGGCGGCATCGGCGGCTACAGCGCCEGCGAGCGCATCGTGGACATCATCGCCACCGAC
ATCCAGACCAAGGAGCTGCAGAAGCAGATCACCAAGATCCAGAACTTCCGCGTGTACTACCGCGACAAC
AAGGACCCCCTGTGGAAGGGCCCCGCCAAGCTGCTCTGGAAGGGCGAGGGCGCCETGGTGATCCAGGAC
AACAGCGACATCAAGGTGGTGCCCCGCCGCAAGGCCAAGATCATCCGCGACTACGGCAAGCAGATGGCC
GGCGACGACTGCGTGGCCAGCCGCCAGGACGAGGAC
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nef.D125G.-myr.opt.SF162

ATGGCCGGCAAGTGGAGCAAGCECATCAGCCGCTCGAGCGCCGTGCECGAGCGCATGAAGCGCGCCGAG
CCCGCCGAGCCCGCCGCCEACGGCGTERECECCETGAGCCGCGACCTEGAGAAGCACGGCGCCATCACC
AGCAGCAACACCGCCGCCAACAACGCCGACTGCECCTGGCTEGAGGCCCAGGAGGACGAGGACGTEGGC
TTCCCCETGCECCCCCAGGTECCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTC

T  CTGAAGGAGAAGGGCGGCCTGGAGGGCCTCATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGG
ATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCEGCCCCEGCATCCGCTACCCC
CTGACCTTCGGCTGETGCTTCAAGCTGCTGCCCETGGACCCCGACTACGTEGACGAGGCCAACGCCGGC
GAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGCGAGGTGCTGGTG
TGGCGCTTCGACAGCCGCCTEGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGAC
TGC
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Figure 23
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nef.D107G.-myr18.0pt.SF162 (dbl.mutant)

ATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCETGGGCGCCGETGAGCCGL
GACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGAC
TGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGECTTCCCCGTGCGCCCCCAG
- ——GTGCCECTECEECCCATCACCTACRAGGCCGLCCTEGACCTGAGCCACTTCCTGAAG—
GAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGAC
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGGL
CCCGGCATCCGCTACCCCCTGACCTTCGGCTGETGCTTCAAGCTGGTGCCCGTGGAC
CCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCGACAGC
CGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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Figure 24
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nef.opt.D125G.SF162

ATGGGCGGCAAGTGGAGCARGCGCATGAGCGGCTGGAGCGCCETGCGCGAGCGCATGAAGCGCGCCGAG
CCCGCCGAGCCCGCCGCCGACGGCETGGGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACC
AGCAGCAACACCGCCGCCAACAACGCCGACTGCGCCTGGCTGEGAGGCCCAGGAGGACGAGGACGTGGGEC
TTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTC
CTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGG
ATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCC
CTGACCTTCGGCTGGTGCTTCAAGCTGEGTGCCCGTEGEACCCCGACTACGTGGAGGAGGCCAACGCCGEGT
GAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGETG
TGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGAC
TGC
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Figure 25
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nef.opt.SF162

ATGGGCGGCAAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCGTGCGCGAGCGCATGAA
GCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTGGGCGCCGTGAGCCGCGACCTGG
AGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGCGCCTGG
CTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGC

'CCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTG

GAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACC
CAGGGCTACTTCCCCGACTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTG
ACCTTCGGCTGGTGCTTCAAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAAC
GCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGA
GAAGGAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGGCCCGCGA
GCTGCACCCCGAGTACTACAAGGACTGC
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Figure 26
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pl5RnaseH.opt.SF2

TACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGA
CCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGC
AGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCC
AGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGC

CAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCAC
AAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGT
GCTG
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Figure 27
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p2Pol.opt. YMWM.SF2

GCCACCATGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGC
GCCCCCCGCAAGRAAGGGCTGCTGGCGCTGCGGCCGCGARGGACACCARATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAG

ACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTG
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCGACGACACCGETGCTG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGCCGCGATCGGGGGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGETGEECCCC
ACCCCCGTGAACATCATCGECCGCARCCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGETGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGECCCCTG
ACCGAGGAG2AAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGCGAGGGCAAGATCAGCARG
ATCGGCCCCGAGAACCCCTACAACACCCCCGTEGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGARGAAGARAGRAGAGCGTGACCGTGCTGGACGTGCGGCGACGCCTACTTCAGCGTG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGC
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGG
GGCTTCACCACCCCCGACAARGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGAC
AAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTG
GTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTG
CGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGCAGGCCGAGCTGGAGCTGGCCGAGAAC
CGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGETGGCCGAGATC
CAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGC
ARGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTG

AGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGG

GAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCC
CTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGTC
GCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCCGCAGAAGGTGGTG
AGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGC
CTGGAGGTGAARCATCGTGACCGACAGCCAGTACGCCCTCGGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTCGTACCTGGCCTGGECTG
CCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGECATCCGCAAGGTG
CTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGT
GGCGGCCCTAGGATCGATTAARAGCTTCCCGGGGCTAGCACCGGT
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p2Pollnaopt.YM.SF2

GCCACCATGGCCGAGGCGATGAGCCAGETGACGAACCCEGCGACCATCATGATGCAGCGCEECAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGECAAGGAGGGCCACACCGCCAGGAACTGCCGC
GCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTEGCCTTCCTGCAGEGCAAGGCCCECGAGTTCAGCAGCGAGCAG
ACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACT TCCCCCAGATCACCCTGTGECAGCGCCCCCTS
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGEGCGCCGACGACACCETGCTS
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGEGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATC TEGCGGCCACAAGGCCATCGGTACCETGCTGGTGGECCCT
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGTGCCCETGAAGCTGAAGCCEEGEATEGACGGCCCCAAGGTCAAGCAGTEGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTEGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAG |
ATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCARAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGEACTTCTGGEAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGAAGAAGARGAAGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGRT
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGEGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTER
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGGGCTACGAGCTGCAC
CCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAG
AAGCTGGTGGGCAAGCTGAACTEGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGECACCAAGGCCCTGACCGAGETGATCCCCCTEACCCAGGAGGCCGAGCTGGAGCTGGCC
GAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCARGGACCTGGTGGCC
GAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAG
ACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACCTGAAGCAGCTGACCGAGGCCGTGCAG
AAGGTGAGCACCGAGAGCATCGTGATCTEGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAG
ACCTGGGAGGCCTGETGGATGGAGTACTGGECAGGCCACCTGEATCCCCGACTGGCAGTTCGTGAACACT
CCCCCCCTGGTGAAGCTGTGETACCAGCTGGAGAAGGAGCCCATCGTEEGCGCCGAGACCTTCTACGTE
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGECTACGTGACCGACCGEGGGCCCECAGAAG
GTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGAC
AGCGGCCTGCGAGETGAACATCGTGACCGACAGCCAGTACGCCCTEGECATCATCCAGGCCCAGCCCGAC
ARGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCC
TGEGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGT
AAGGTGCTGTTCCTCAACGGCATCGATGGCGGCATCETGATCTACCAGTACATGGACGACCTGTACGTG
GGCAGCGGCGGCCCTAGGATCGATTAAAAGCTTCCCGGGGCTAGCACCGET
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p2Polopt.SF2

GCCACCATGGCCGAGGCGATGAGCCAGGTGACCAACCCGGCGACCATCATGATGCAGCGCGGCAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGC
GCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAARGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAG

ACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGGGCGGCCAGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTG
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGACACCGGCGCCGACGACACCGETGCTG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCC
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCCGACATGGAGAAGGAGGGCAAGATCAGCAAG
ATCGGCCCCGAGAACCCCTACAACACCCCCEGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGETGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGAAGAAGAAGARAGAGCGTGACCGTGCTGGACGTGGGCCGACGCCTACTTCAGCETG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGL
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGACGACCTG
TACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTG
CGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGGGCTACGAG
CTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGAC
ATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTG
TGCAAGCTGCTGCGCGCCACCAAGGCCCTGACCGAGCTGATCCCCCTGACCGAGGAGCCCGAGCTGCGAG
CTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTG
GTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTCGACCTACCAGATCTACCAGGAGCCCTTCAAGAAC
CTGRAGACCGGCAAGTACGCCCGCATGCGCEGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCC
GTGCAGAAGGTGAGCACCGAGAGCATCCGTGATCTGGEGCCAAGATCCCCAAGTTCAAGCTGCCCATCCAG
AAGGAGACCTGCCGAGGCCTGCETCGATCGACGTACTGCGCAGGCCACCTGGATCCCCCAGTGGGAGTTCGTG
AACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCEGTGGGCGCCGAGACCTTC
TACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGEGCARCGCCGGCTACGTGACCGACCGGGGLCGG
CAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTG
CAGGACAGCGGCCTGGAGGTGAACATCGETGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAG
CCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTAC
CTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCEGL
ATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTG
TACGTGGECAGCEGCGGCCCTAGGATCGATTARAAGCTTCCCGGGGCTAGCACCGGT
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p2PolTatRevNef.opt.native_B

ATGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCCACCATCATGATGCAGCGCGGCAACTTCCGCAAC
CAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGLCGCCCCC
CGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGARAAGATTGCACTGAGAGACAGGCT
AATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGC
GCCAACAGCCCCACCCGCEECGAGCTGCAGGTGTGGGGCGGCGAGARACAACAGCCTGAGCGAGGCCGGC
GCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACC
ATCAGGATCGCCGGCCAGCTCAAGGAGGCGCTGCTCGACACCGGCGCCGACGACACCGTGCTGGAGGAG
ATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGEGGGCTTCATCAAGGTGCGGCAG
TACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCC
GTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATC
GAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAG
GAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGCGAGGGCAAGATCAGCAAGATCGGC
CCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTG
GTGGACTTCCGCGAGCTGAACAAGCGCACCCAGEGACTTCTCGGAGGTGCAGCTGGGCATCCCCCACCCC
GCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGCGACGTGGGCCGACGCCTACTTCAGCGTGCCCCTG
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGC
TACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAG
ATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGACGACCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCARGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGG
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGGGCTACGAGCTGCAC
CCCGACAAGTGGACCGTGCAGCCCATCATGCTCGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAG
AAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTCGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCC
GAGAACCGCGAGATCCTGAAGGAGCCCGTGCACCAGGTEGTACTACGACCCCAGCAAGGACCTGGTGGCC
GAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGARCCTGAAG
ACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAG
ARGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAG
ACCTGGGAGGCCTGGTGGATGGAGTACTGEGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACC
' CCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCATGGECGCCGAGACCTTCTACGTG
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGARG
GTGGTGAGCATCGCCGACACCACCAACCAGARGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGAC
AGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGAC
AAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCC
TGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTEGACAAGCTGGTCGAGCGCCGGCATCCGL
AAGGTGCTCgaat tcGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCARG
ACCGCCTGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGTGCTTCATCACCAAGGGC
CTGGGCATCAGCTACGGCCGCAAGARAGCGCCGCCAGCGCCGCCGCECCCCCCCCGACAGCGAGGTGCAC
CAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAG
AAGAAGGTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCGCAGCGGCGACAGCGAL
GAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGT TCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAG
GGCACCCGCCAGGCCCGCCEGCAACCGCCGCCGCCGCTCGCGCGAGCGCCAGCGCCAGATCCAGAGCATC
AGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCCTGCCCCTGCAGCTGCCCCCCCTG
GAGCGCCTGAACCTGGACTGCAGCGAGGACTCCGGCACCAGCGGCACCCAGGGCGTGGGCAGCCCCCAG
GTGCTGGGCGAGAGCCCCGCCGTCCTGGACAGCGGCACCAAGGAGCTCGAGGGCGGCAAGTGGAGCAAG
CGCATGAGCGGCTGGAGCGCCETGCGCGAGCCCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGAC
GGCGTGGGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAAC
AACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTEGGCTTCCCCGTGCGCCCCCAGGTG
CCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGEGCCTG
GAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTAC
TTCCCCGACTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTC
AAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGRAGGCCAACGCCGEGCEGAGAACAACAGCCTGCTGCAC
CCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGETETGGCGCTTCGACAGCCGCCTG
GCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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p2PolTatRevNef.opt B

GCCACCATGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGC
GCCCCCCGCAAGAAGGECTGCTEGCEGCTGCGGCCGCGAAGGACACCARATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCARGGCCCGCGAGTTCAGCAGCGAGCAG
- ACCCGCGCCAACACCECCACCEGCCEGCGAGCTGCAGCTEGTCCEGCECCEACGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCETGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTG
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTECTCGCCACCGGCGCCGACGACACCGTGCTG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGEGATCGGGGGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCC
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAG
ATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGETGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTCGACGTGGGCGACGCCTACTTCAGCGTG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGT
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGARGGECAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGG
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGAC
AAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGRAACGACATCCAGAAGCTG
GTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGARAGCAGCTGTGCAAGCTGCTG
CGCGGCACCARGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAAL
CGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATC
CAGAAGCAGGGCCAGEGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGC
AAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGETG
AGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGSE
GAGGCCTGGTGGATGCGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCC
CTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGEGCGCCGAGACCTTCTACGTGGACGGC
GCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCCGGCAGAAGGTGGTG
AGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGC
CTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGETG
CCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGEGTGAGCGCCGGCATCCGCAAGGTG
CTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGC
GGCGGCCCTAGGGAGCCCGTGGACCCCCGCCTCGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGALC
GCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTG
GGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAG
GTGAGCCTGCCCARGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCARAGGAGAGCAAGAAG
AAGGTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCGCAGCGGCGACAGCGACGAG
GAGCTGCTGCAGACCGTGCGCTTCATCAARGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGT
ACCCGCCAGGCCGACCTGAACCGCCGCCGCCGCTGECGCGAGCGCCAGCGCCAGATCCAGAGCATCAGC
GCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTG
CGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGGGCAGCCCCCAGGTG
' CTGGGCGAGAGCCCCGCCETGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCARAGCGC
ATGAGCGGCTGGAGCGCCGETECECGAGCGECATGAAGCGCECCGAGCCCGCCGAGCCCGCCGCCGACGGT
GTGGGCGCCGTGAGCCGCGACCTGGAGARGCACGECGCCATCACCAGCAGCAACACCGCCGCCAACAAC
GCCGACTGCGCCTEGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCETGCGCCCCCAGGTGCCT
CTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGARGGGCGGCCTGGAG
GGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTC
CCCGGCTGGCAGAACTACACCCCCGECCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAG
CTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCC
ATGAGCCAGCACGGCATGCGACGACCCCGAGAAGGAGGETGCTGGTEGTGGCGCTTCGACAGCCGCCTGGCC
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TTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGATTAAAAGCTTCCCGGGGCT
AGCACCGGT
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pol.opt.SF2 (native, start at p6Pol until 6aa Integrase)

TTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGLT
AACAGCCCCACCCGCCGCGAGCTGCAGGTGTGCGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGLCECC
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATC
AGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCCACACCGECGCCGACGACACCGTGCTGGAGGAGATG

ARCCTGCCCGGCAAGTGGAAGCCCAAGATCATCGGCGGCGATCEGGEGCTTCATCAAGGTGCGGCAGTALC
GACCAGATCCCCGTGGAGATCTGCEGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCLGETG
AACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAG
ACGGTGCCCGTGAACGCTGAAGCCGGEGGATGGACGGCCCCRAAGCTCAAGCAGTGGCCCCTGACCGAGGAG
AAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCC
GAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTG
GACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGLT
GGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGAL
AAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTAC
CAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATC
CTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGC
AGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCECTGGGGC
TTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGGGCTACGAGCTGCACCCC
GACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAG
CTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTG
CTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAG
AACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAG
ATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCARGAACCTGAAGACC
GGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAG
GTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCARAGTTCAAGCTGCCCATCCAGAAGGAGACT
TGGGAGGCCTGGTGGATGGAGTACTGECAGGCCACCTGGATCCCCGAGTGGGAGTTCEGTGAACACCLCCC
CCCCTGGTGAAGCTGTGCTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGAC
GGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAGETG
GTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGT
GGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACARG
AGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGCGAGAAGGTGTACCTGGCCTGG
GTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGCTGAGCGCCGGCATCCGCAAG
GTGCTG
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- prot.opt.SF2 (native):

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTG
CTCGACACCGGCGCCGACCACACCETGCTGGAGGAGATGAACCTGCCCGCCAAGTGGAAGCCCAAGATG
ATCGGCGGEATCGGGGGCTTCATCARGCTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG
ATCGGCTGCACCCTGAACTTC T ’ B
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protIna.opt.SF2 (mutant, Protease non-functional):

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTG
CTCGCCACCGGCGCCGACGACACCCTGCTGCAGGAGATGAACCTGCCCGGCAAGTGCAAGCCCAAGATG
ATCGGCGGGATCGGGGGCTTCATCAAGCTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC

AAGGCCATCGGCACCGTGCTGGETGGGCCCCACCCCCGTGARCATCATCGGCCGCAACCTGCTGACCCAG
ATCGGCTGCACCCTGAACTTC A . AL
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protInaRT.YM.opt.SF2

CCCCAGATCACCCTGETGEGCAGCGCCCCCTGETGACCATCAGGATCEGCEGGCCAGCTCAAGGAGGCGCTG
CTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATG
ATCGGCGGGATCGEGGGECTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG

ATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCETGAAGCTGAAGCCGGGGATG
GACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACT
GAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGARCCCCTACAACACCCCCGTETTCGCC
ATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGCTGGACTTCCGCGAGCTGAACAAGCGCACCCAG
GACTTCTGEGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGARGAAGAAGAAGAGCGTGACCGTG
CTGGACGTGEGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACC
ATCCCCAGCATCAACAACGAGACCCCCGECATCCGCTACCAGTACAACCGTGCTEGCCCCAGGGCTGGAAG
GGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGAC
ATCGTGATCTACCAGGCCCCCCTGTACGTEGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATC
GAGGAGCTGCGCCAGCACCTGCTGCGCTGEGECCTTCACCACCCCCGACAAGARGCACCAGAAGGAGCCC
CCCTTCCTGTGGATGGGCTACGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAG
- AAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTCGGGCAAGCTGAACTGGGCCAGCCAGATCTAC
GCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCARGGCCCTGACCGAGGTGATCCCC
CTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTG
TACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAG
ATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAAC
GACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATC
CCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGEGGAGGCCTGGTGCGATGGAGTACTGGCAGGCCACC
TGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAG
CCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCT
GGCTACGTGACCGACCGGGECCGGCAGAAGGTEGETGAGCATCGCCGACACCACCAACCAGARGACCGAG
CTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTAC
GCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAG
GTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTG
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protInaRT.YMWM.opt.SF2

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTG
c TCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCC CAAGATG
ATCGGCGEEATCGGEEGCTTCATCAAGGTGCGECAGTACGACCAGATCCCCETGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGEC CGCAACCTGCTGACCCAG

ATCGGCTGCACCCTGAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGC
GGCCAGCTCAAGGAGECCCTGCTCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCC
GGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGEGGCTTCATCAAGGTGCGGCAGTACGACCAGATC
CCCGTGGAGATCTECGECCACARGGCCATCEGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATC
GECCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCC
GTGAAGCTGAAGCCGGGCATEGACGGCCCCAAGGTCARGCAGTGGCCCCTGACCGAGGAGARGATCAAG
GCCCTGETGEAGATCTGCACCGAGATGGAGAAGGAGGGCARGATCAGCARGATCGGCCCCGAGARCCCC
TACAACACCCCCGTETTCECCATCAAGAAGAAGGACAGCACCARGTGGCGCAAGCTGGTGGACTTCCGC
GAGCTGAACAAGCGCACCCAGGACTTCTEGEGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAG
AAGAAGAAGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTC
CGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAAC
GTGCTGCCCCAGGGCTEGAAGGECAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATC
GGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGALC
AAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTGG
GCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTG
ACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAG
CCCGTECACGAGGTETACTACGACCCCAGCAAGGACCTGETGGCCGAGATCCAGAAGCAGGGCCAGGGC
CAGTGOACCTACCAGATCTACCAGGAGCCCTTCAAGARCCTGARGACCGGCARGTACGCCCGCATGCGC
GGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCETGCAGAAGGTGAGCACCGAGAGCATCGTG
ATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGARGGAGACCTGGGAGGCCTGGTGGATGGAG
TACTGGCAGGCCACCTEGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTAC
CAGCTGGAGAAGGAGCCCATCGTGGGECGCCGAGACCTTCTACGTGGACGGCGCCGCCARCCEGCGAGALCC
AAGCTGEGCAAGGCCEGCTACGTGACCGACCGGGGCCGGCAGAAGGTGCTGAGCATCGCCGACACCACT
AACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGARCATCGTG
ACCGACAGCCAGTACGCCCTCGEGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGC
CAGATCATCGAGCAGCTGATCAAGAAGGAGAAGCETGTACCTGECCTGGEGTGCCCGCCCACRAGGGCATC
GGCGGRCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTG
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ProtInaRTmut.SF2 (Protease inactive, RT mutated)

GTCGACGCCACCATGCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGAC
CATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCG
ACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAA
GATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGA
TCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGC
CCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTG
CACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGA
AGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGA
GAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGC
AAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGC
CATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGC
GAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCC
CCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTG
GGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACAC
CGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACC
AGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAG
AGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACAT
CGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCC
AGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGC
TTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCAT
CGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGA
AGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAA
CTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGC
TGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAG
GCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGC
ACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAA
GCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGA
ACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCG
TGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACC
TGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTG
GGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGA
AGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAAC
CGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGC
AGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCA
GGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGA
CCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGA
AGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCTAAATCTA
GA
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protRT.opt.SF2

CCCCAGATCACCCTGTGGCAGCGCCCCCTGETGACCATCAGGATCEGCGGCCAGCTCARAGGAGECGCTE
CTCGACACCGGCGCCGACGACACCETGCTGGAGCAGATGAACCTEGCCCGGCAAGTGGAAGCCCAAGATG
ATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGETECTGETGEGECCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG
77 ATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGETGCCCGTGAAGCTGAAGCCGGGGATG
GACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGCTGGAGATCTGCACC
GAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTETTCGCC
ATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTCETGGACTTCCGCGAGCTGAACAAGCGCACCCAG
GACTTCTGGGAGGTGCAGCTEEGCATCCCCCACCCCGCCGGCCTGARAGAAGAAGARGAGCGTGACCETG
CTGGACGTGGGCGACGCCTACTTCAGCETGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACT
ATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAG
GGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAARGCAGAACCCCGAL
ATCGTGATCTACCAGTACATGGACGACCTGTACGTCGGCAGCGACCTGGAGATCCGGCCAGCACCGCACT
AAGATCGAGGAGCTGCGCCAGCACCTGCTECGCTGGEGCTTCACCACCCCCGACAAGAAGCACCAGAAG
GAGCCCCCCTTCCTGTGCATGCEGCTACGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTG
CCCGAGAAGGACAGCTGGACCGETGAACCACATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAG
ATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGC TGCTGCGCGECACCAAGGCCCTGACCGAGETG
ATCCCCCTGACCGAGGAGGCCGAGCTGRAGCTGECCGAGAACCGCGAGATCCTGAAGGAGCCCETGCAC
GAGGTGTACTACGACCCCAGCAAGGACCTCETGECCEGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACC
TACCAGATCTACCAGGAGCCCTTCAAGAACCTGAARGACCCGCAAGTACGCCCGCATCCGCGGCGCCCAC
ACCAACGACGTGAAGCAGCTGACCEAGCCCGTGCACAAGGTGAGCACCGAGAGCATCGTGATCTGGGEEC
AAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGECTGGATGGAGTACTGGCAG
GCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTCGTGAAGCTGTGETACCAGCTGGAG
AAGGAGCCCATCGETGGGCGCCGAGACCTTCTACGTECACGGCECCGCCAACCGCGAGACCAAGCTGGRGEC
ARAGGCCGGCTACGTGACCGACCGGEECCEGCAGRAAGGTEGGTGAGCATCGCCGACACCACCAACCAGAAG
ACCGAGCTGCAGGCCATCCACCTEECCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGC
CAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGACAGCGAGCTGETGAGCCAGATCATC
GAGCAGCTGATCAAGAAGGAGAAGETGTACCTEGCCTCEGTGCCCEGCCCACAAGGGCATCGGCGECAAC
GAGCAGGTGGACAAGCTGCTGAGCGCCGGCATCCGCAAGGTGCTE
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ProtRT.TatRevNef.opt_B

ATGCCCCAGATCACCCTGTGGCAGCGCCCCCTEGTGACCATCAGGATCGCCGGCCAGCTCARGGAGGCG
CTGCTCGCCACCGGCGCCGACGACACCATECTCGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCARG
ATGATCGGCEGGATCGEGEECTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCEGT
CACAAGGCCATCGGCACCETECTEGTEEECCCCACCCCCETGAACATCATCGGCCGCAACCTGCTGACC
CAGATCGGCTGCACCCTGARC T TCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGG
ATGGACGGCCCCAAGGTCARGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGC
ACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGECCCCGAGAACCCCTACAACACCCCCEGTETTC
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACC
CAGGACTTCTGGGAGETECAGCTGGGCATCCCCCACCCCECCGGCCTGAAGAAGAAGAAGAGCGTGACC
GTGCTGEGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTC
ACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGE
AAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCARGATCCTGGAGCCCTTCCGCAAGCAGAACCCC
GACATCGTGATCTACCAGGCCCCCCTGTACCTGEGCAGCGACCTCGAGATCGGCCAGCACCGCACCARG
ATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAG
CCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCETGCAGCCCATCATGCTGCCCGAGARG
GACAGCTGGACCGTGAACGACATCCAGAAGCTGETGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCC
GGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTEGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTG
ACCGAGGAGGCCGAGCTGEAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTAC
TACGACCCCAGCAAGGACCTGGTEGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATC
TACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCETGATCTGGGGCAAGATCCCC
AAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGE
ATCCCCCAGTGEGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTETGGTACCAGCTGGAGAAGGAGCCC
ATCGTCEGCGCCGAGACCTTCTACGTGEACGGCGCCGCCAACCGCCGAGACCARGCTGGGCARGGCCGGT
TACGTGACCGACCGGGGCCGGCAGAAGETGGTGAGCATCGCCGACACCACCAACCAGARGACCGAGCTE
CAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGETGAACATCGTGACCGACAGCCAGTACGCC
CTGGGCATCATCCAGECCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTG
ATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGETG
GACAAGCTGGTGAGCGCCEGCATCCGCAAGGTGCTCGARTTCGAGCCCGTGGACCCCCGCCTGGAGCCC
TGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCAC
TGCCAGGTGAGCTTCATCACCAAGEGCCTEGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCEL
CGCRCCCCCCCCGACAGCCAGGTGCACCAGETGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGT
GACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAGCGCGAGACCGAGACCGACCCCETGCACCCT
GGGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCETGCECTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGECCAGGCCGACCTGAACCGCCGCCEGCCGCTEGCEC
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTEGGGCCGCAGCACCGAG
CCCETGCCCCTGCAGCTECCCCCCRACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGC
GGCACCCAGEGCGTEEGCAGCCCCCAGETGCTCGEECGAGAGCCCCECCETGCTGGACAGCGGCACCAAG
GAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCETGCGCGAGCGCATGAAGCGT
GCCGAGCCCGCCGAGCCCECCGCCGACGGCGTEEECECCETCAGCCGCCACCTGGAGAAGCACGGCGCC
ATCACCAGCAGCAACACCGCCGCCARCAACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGAC
GTGGGCTTCCCCGETECECCCCCAGGTECCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGC
CACTTCCTGAAGGAGAAGGGCGECCTGEAGEGCCTCATCTACAGCCAGARGCGCCAGGACATCCTGGAC
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGECAGAACTACACCCCCGGCCCCGGCATCCGL
TACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAAC
GCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGECATCGGACGACCCCGAGAAGGAGGTG
CTGETETEGGCGCTTCGACAGCCGCCTGECCTTCCACCACATGGCCCCGCGAGCTGCACCCCGAGTACTAC
AAGGACTGC
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ProtRTTatRevNef.opt_B

GCCACCATGCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAG
GAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTECCTGGAGGAGATGAACCTGCCCGEGCAAGTGGAAG
CCCAAGATGATCGGCGGGATCGGGGGECTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATC
TGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTG
CTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCEAGACGGTGECLCTGAAGCTGAAG —
CCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAG
ATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCT
GTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAG
CGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGC
GTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACC
GCCTTCACCATCCCCAGCATCAACARCGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAG
GGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAG
AACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGT
ACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAG
AAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACRAAGTGCGACCGTGCAGCCCATCATGCTGCCC
GAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATC
TACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAG
GTGTACTACGACCCCAGCAAGGACCTGETGGCCGAGATCCAGAAGCAGGGCCAGCGCCAGTGGACCTAC
CAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACT
AACGACGTGAAGCAGCTGACCGAGGCCGTGCAGRAAGCGTGAGCACCGAGAGCATCGTGATCTGGGGCARAG
ATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGETGGATGGAGTACTGGCAGGECT
ACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAG
GAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCECCAACCGCGAGACCAAGCTGGGCAAG
GCCGGCTACGTGACCGACCGGGECCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACT
GAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTCGACCGACAGCCAG
TACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAG
CAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGCGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCGAATTCGAGCCCGTGGACCCCCGCCTG
GAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGC
TTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAG
CGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTGCCCARGCAGCCCGCCAGCCAGTCT
CAGGGCGACCCCACCGGCCCCARGGAGAGCAAGAAGAAGGTGGAGCGCGAGACCGAGACCGACCCCETG
CACCCCGGEGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTC
CTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCGLCCGT
TGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGC
ACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTEGGACTGCAGCGAGGACTGCEGT
ACCAGCGGCACCCAGGGCGTGGECAGCCCCCAGGTGCTGGECCGAGAGCCCCGCCETGCTGGACAGCGEGT
ACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGCTGCGAGCGCCGTGCGCGAGCGCATG
AAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGECETCGGCGCCGTGAGCCGCGACCTGGAGAAGCAC
GGCGCCATCACCAGCAGCARCACCGCCGCCAACAACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGAC
GAGGACGTGGGCTTCCCCGTGCECCCCCAGETGCCCCTGCGCCCCATCGACCTACAAGGCCGCCCTGGAL
CTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATC
CTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGARCTACACCCCCGGCCCCGGT
ATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAG
GCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGAGARAG
GAGGTGCTGEGETGTGGCGCTTCEGACAGCCGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAG
TACTACAAGGACTGCGATTAA
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rev.exonl_2.M5/10.0pt.SE162

ATGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCARAGGGCACCCGCCAGGCCGACCTGARCCGCCGCCGCCGCTGGCGT
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAG
CCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTCGACTGCAGCGAGGACTGCGGCACCAGC

GGCACCCAGGGCETGGGCAGCCCCCAGRTGCTCEGGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAG

GAG
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rev.exonl_2.opt.SF162

ATGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGRACCGTGCGCTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCCGCCGCARCCGCCGCCGCCGCTGGCGT
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAG
CCCGTGCCCCTGCAGCTGCCCCCCCTGGAGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGC

GGCACCCAGGGCGTGGGCAGCCCCCAGETGCTGEGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAG
GAG
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RT.opt.SF2 (mutant)

GCCACCATECCCCAGATCACCCTGTGGCAGCGCCCCCTEGGTGACCATCAGGATCGGCGGCCAGCTCAAG
GAGGCGCTECTCGCCACCGGECGCCGACGACACCATGCTCGAGGAGATGAACCTGCCCEGGCAACTGGAAG
CCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATC
TGCEGCCACAAGGCCATCGGCACCETGCTEGGTGGGCCCCACCCCCETGAACATCATCGGCCGCAACCTG
CTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAG
CCGGREATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGETGGAG
ATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCC
GTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAG
CGCACCCAGGACTTCTGGEAGGTGCAGCTGEGCATCCCCCACCCCGCCGGCCTGAAGAAGARGAAGAGC
GTGACCGTGCTGCACGTCGECEACGCCTACTTCAGCGTGCCCCTCGGACAAGGACTTCCGCAAGTACACC
GCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAG
GGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAG
AACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTEEGCAGCGACCTGGAGATCGGCCAGCACCEL
ACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGEGGCTTCACCACCCCCGACAAGAAGCACCAG
AAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCETGCAGCCCATCATGCTGCCC
GAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGEGCAAGCTGAACTGGGCCAGCCAGATC
TACGCCGGCATCAAGGTGAAGCAGCTETGCAAGCTGCTGCGCEGCACCAAGGCCCTGACCGAGGTGATC
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAG
GTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTAC
CAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACC
AACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAG
ATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGETGGATGGAGTACTGGCAGGCC
ACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTEGTGAAGCTGTGETACCAGCTGGAGAAG
GAGCCCATCGTGEGCGCCGAGACCTTCTACGTGGACGGCGCCECCAACCGCGAGACCARAGCTGGGCAAG
GCCGGCTACGTGACCGACCEGEGECCEGCAGAAGGTGETGAGCATCGCCGACACCACCAACCAGARGACC
GAGCTGCAGGCCATCCACCTGECCCTGCAGGACAGCGGCCTGGAGGTCAACATCGTGACCGACAGCCAG
TACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAG
CAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCARGETGCTCTAR
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RT.opt.SF2 (native)

GCCACCATGCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCRAAG
GAGGCGCTGCTCGACACCGGCGCCGACGACACCETGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAG
CCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTCGCGGCAGTACGACCAGATCCCCGTGGAGATC
TGCGGCCACAAGGCCATCGGCACCGTGCTGGETGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTG

CTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGETGCCCGTGAAGCTGAAG
CCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGCAGAAGATCAAGGCCCTCGTGGAG
ATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCC
GTGTTCGCCATCAAGAAGAAGGACAGCACCARGTGECGCARAGCTGETGGACTTCCGCGAGCTGAACAAG
CGCACCCAGGACTTCTGGEAGGTECAGCTGEGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGC
GTGACCGTGECTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCARAGTACACC
GCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAG
GGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCARGCAG
AACCCCGACATCGTGATCTACCAGTACATEGGACGACCTGTACGTGGGCAGCGACCTGGAGATCGGCCAG
CACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGEGCTTCACCACCCCCGACARGARG
CACCAGAAGGAGCCCCCCTTCCTGTGGATGEGCTACGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCCTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTGE
GCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGC TG TGCAAGCTGCTGCGCCGCACCAAGGCCCTG
ACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTCGAAGGAG
CCCGTGCACGAGETGTACTACGACCCCAGCAAGGACCTGETGGCCGAGATCCAGAAGCAGGGCCAGGGT
CAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGC
GGCGCCCACACCARCGACGTGAAGCAGCTGACCGAGGCCETGCAGAAGETGAGCACCGAGAGCATCGTG
ATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAG
TACTGGCAGGCCACCTEGGATCCCCGAGTGGEGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGETAC
CAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACCTGGACGGCGCCGCCAACCGCGAGACT
AAGCTGGGCAAGGCCGGCTACGTGACCGACCGEGECCEGCAGAAGGTGGTGAGCATCGCCGACACCACT
AACCAGARGACCGAGCTGCAGGCCATCCACCTGGCCCTECAGGACAGCEGCCTGGAGGTGARCATCCTG
ACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGETGAGE
CAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGECATC
GGCGECAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTGTAA
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RTmut.SF2 (RT mutated)
GTCGACGCCACCATGCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCT

GAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAG
GAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGG

GCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTC
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCC
GCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATC
CCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGT
GGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACA
CCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTAC
. CAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCA
GAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACA
TCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGC
CAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGG
CTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCA
TCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAG
AAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGA
ACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGA"
GGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTG
CACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAA
GCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGA
ACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCG
TGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACC
TGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTG
GGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGA
AGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAAC
CGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGL
AGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCA
GGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGA
CCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGA
AGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCTAAAGAAT
TC
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tat.exonl_2.0pt.C22/37.8F2

ATGGAGCCCETGGACCCCCGCCTGGAGCCCTGGARGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACC
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGCTGAGCTTCATCACCAAGGGCCTGGGCATCAGC
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGCTGCACCAGGTGAGCCTG

CGCGAGACCGAGACCGACCCCGTGCAC
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. tat.exdnl_Z.opt.C37 SF2

ATGGAGCCCGTEGACCCCCECCTGGAGCCCTGGAAGCACCCCEGCAGCCAGCCCARGACCGCCTGCACC
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGC
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG
CCCAAGCAGCCCGCCAGCCAGCCCCAGEGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG
CGCGAGACCGAGACCGACCCCGTGCAC '
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TatRevNef.opt.native.SF162

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCTGCACT
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGTGCTTCATCACCAAGGGCCTGGGCATCAGL
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG

CGCGAGACCGAGACCGACCCCGTGCACCCCGGEGCCEGCCGCAGCGGCGACAGCGACGAGGAGCTGCTG
CAGACCGTGCGCTTCATCARGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAG
GCCCGCCGCAACCGCCECCECCGCTGECECEAGCECCAGCGCCAGATCCAGAGCATCAGCGCCTEGATC
ATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGETECCCCTEGCAGCTGCCCCCCCTEGGAGCGCCTGAAC
CTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGECETCEGCAGCCCCCAGETECTGGGCGAG
AGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGGCGGCAAGTGGAGCAAGCGCATGAGCGGT
TGGAGCGCCGTGCECGAGCECATGAAGCECECCGAGCCCECCGAGCCCGCCEGCCGACGGCETEEECEET
GTGAGCCGCGEACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGC
GCCTGGCTGGAGGCCCAGGAGGACGAGGACGTEGECTTCCCCGTECGCCCCCAGGTGCCCCTECECCCT
ATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGARGGAGAACGGCGGCCTEGGAGEGCCTGATC
TACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCGACTCGE
CAGAACTACACCCCCGGECCCCGGCATCCGCTACCCCCTGACCTTCGECTCETGCTTCAAGCTGETGCCC
GTGGACCCCGACTACGTGGAGGAGGCCAACGCCBGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAG
CACGGCATGGACGACCCCGAGAAGGAGGTGCTGETGTGGCGECTTCGACAGCCGCCTGGCCTTCCACCAL
ATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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TatRevNef.opt.SF162

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACC
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGC
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCG@QCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG
CGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCE@é@@é@é@CACAGCGACGAGGAGCTGCTG
CAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAG
GCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATC
ATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAAC
CTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGGGCGAG
AGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGC
TGGAGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTGGGCGCC
GTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGC
GCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCC
ATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATC
TACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGG
CAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCC
GTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAG
CACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCAC
ATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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TatRevNefGag B

GCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCC
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGEGC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCECGCCCCCCCCGACAGCGAGGTGCACCAGGTG
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCARGGAGAGCAAGAAGAAG
GPEEAGCCECCAGACCCAGACCGACCCCGTECACCCCEAEECCBECCECAGCEECEACAGCGACGAGGAG -
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACT
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCLC
TGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGC
CTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGGGCAGCCCCCAGGTGLCTG
GGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATG
AGCGGCTGGAGCGCCCTGCGCGAGCGCATGARGCGCGCCGAGCCCGCCGABCCCGCCGCCGACGGCETE
GGCGCCGTGAGCCGCGACCTGGAGAAGCACGECGCCATCACCAGCAGCAACACCGCCGCCAACAACGLC
GACTGCGCCTGGCTGCAGGCCCAGGAGGACGAGGACGTGGEECTTCCCCETGCGCCCCCAGGTGCCCCTG
CGCCCCATGACCTACAAGGCCGCCCTGGACCTCAGCCACTTCCTGAAGGAGAAGGGCEGECCTGGAGGGC
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGC TG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTCTGGCGCTTCGACAGCCGCCTGGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGAATTCGGCGCCCGCGCCAGCGETG
CTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGEGCAAGAAGAAGTACAAG
CTGAAGCACATCGTGTGGGCCAGCCGCGAGCTEGAGCGCTTCGCCGTGAACCCCGGCCTECTGGAGACT
AGCGAGGGCTGCCGCCAGATCCTCGGCCAGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGC
AGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGACACCAAGGAG
GCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAAGGCCCAGCAGGCCGLCCGCCGLCGECe
GGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATCGTGCAGARACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGCTGGTGGAGGAGAAGGCCTTCAGCCCC
GAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAAC
ACCGTGGEGCGGCCACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCGCCGAGTGG
GACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGCCAGATGCGCGAGCCCCGCGGCAGCGAL
ATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTG
GCCGAGATCTACAAGCGGTGGATCATCCTGEGCCTGAACAAGATCGTCGCGGATGTACAGCCCCACCAGT
ATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGACTACGTGGACCGCTTCTACAAGACCCTG
CGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGCCAAC
CCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGEGCCACCCTGGAGGAGATGATGACCACCTGC
CAGGGCGTGGECGGCCCCGGCCACAAGGCCCGCETGCTEGECCCGAGGCEGATGAGCCAGGTGACGAACCCG
GCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGC
AAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAG
GGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACAAG
GGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCCCCCGAGGAGAGCTTCCGCTTC
GGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGC
CTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGTAA
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GTCGACGCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGARGCACCCCGGCAGCCAGCCCAAG
ACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGC
CTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGECCGCGCCCCCCCCGACAGCGAGGTGCAC
CAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAG
AAGAAGGTEGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCGCAGCGGCGACAGTCGAC
GAGGAGCTGCTGCAGACCEGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAG
GGCACCCGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATC
AGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGAC
CTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGGBCAGCCCCCAG
GTGCTGGGCGAGAGCCCCGCCCTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAG
CGCATGAGCGGCTGGAGCGCCETGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGAL
GGCGTGGGECGCCETGAGCCGCCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAAC
AACGCCGACTGCGCCTGGCTCGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTG
CCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTG
GAGGGCCTGATCTACAGCCAGAAGCCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTAC
TTCCCCGGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGECTGGTGCTTC
AAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCAC
CCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGEGTGTGGCGCTTCGACAGCCGCCTG
GCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCCTCGAGGGCGCCCGLGCC
AGCGTGCTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTGCGCCCCGEGCGGCAAGAAGAAG
TACAAGCTGAAGCACATCGTCTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGTGAACCCCGGCCTECTG
GAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAG
CTGCGCAGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGACACC
AAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAAGGCCCAGCAGGCCGCCGCC
GCCGCCGGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAG
ATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTCGAAGGTGGTGGAGGAGAAGGCCTTC
AGCCCCGAGGTGATCCCCATGTTCAGCGCCCTEAGCGAGGGCGCCACCCCCCAGEACCTGAACACGATG
TTGAACACCGTGGGCGGCCACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCGLCC
GAGTGGGACCGCGTGCACCCCGETGCACGCCGEGCCCCATCGCCCCCGEGCCAGATGCGCGAGCCCCGCGEGT
AGCGACATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCCGGCTGGATGACCAACAACCCCCCCATC
CCCGTGGGCGAGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATGTACAGCCCC
ACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGACTACGTGGACCGCTTCTACAAG
ACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTGAAGARACTGGATGACCGAGACCCTGCTGGTGCAGAAC
GCCAACCCCGACTGCAAGACCATCCTGAAGGCTCTCEGCCCCGCGGCCACCCTGGAGGAGATGATGACC
GCCTGCCAGGGCETGGGCGGCCCCGGCCACARGGCCCGCETGCTGGCCGAGGCGATGAGCCAGGTGACG
AACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAAC
TGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGC
CGCGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGC
TACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCECCCCCCCCGAGGAGAGCTTC
- CGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTG
ACCAGCCTGCGCAGCCTGTTCGGCARCGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCTGGECC
GAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGE
AAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAG
AAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTC
TTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCCGAGTTCAGCAGCGAGCAGACCCGCGCCAAC
AGCCCCACCCGCCGCGAGCTGCAGGTECTGCGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCCGAL
CGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGE
ATCGGCGGCCAGCTCAAGGAGGCECTGCTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAAC
CTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGEGGGCTTCATCAAGGTGCGGCAGTACGAL
CAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCETGAAC
ATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACG
GTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAG
ATCAAGGCCCTGGTCGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAG
AACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGETGGAC

65/84



. ‘ WO 03/020876 PCT/US02/21342

Figure 51
(Sheet 2 of 2)

TTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGC
CTGAAGAAGAAGAAGAGCGTGACCCTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAG
GACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAG
TACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTG
GAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTG
GAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGEGCTTCACCACC

CCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTRCCCATCEAGCCTCCACCCCEGACAACTGCACCETS-
CAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTG
AACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTCGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCARG
GCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTG
AAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGETGGCCGAGATCCAGAAGCAGGGC
CAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGC
ATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTCGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGC
ATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGG
ATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTEGGTGAAGCTG
TGGTACCAGCTGCGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGL
GAGACCAAGCTGGGCAAGGCCCGCTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGAC
ACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAAC
ATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTG
GTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAG
GGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCCCAAGETGCTGTTCCTGAAC
GGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGG
ATCGATTAAAAGCTTCCCGGGGCTAGCACCGGTTCTAGA
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GCCACCATGGAGCCCGTGGACCCCCGCCTGEGAGCCCTGGARGCACCCCGGCAGCCAGCCCAAGACCGLC
GGCACCAACTGCTACTGCARGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCECCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTG
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCARGAAGAAG
GTGCAGCGCCAGACCGAGACCGCACCCCETGCACCCCEEEEECEGECECAGCGECGACAGCGACGAGGAG
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACC
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCC
TGGATCATCAGCACCCACCTGGGECCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTRCGT
CTGAACCTGGACTGCAGCGAGGACTGCGCGCACCAGCGGCACCCAGGGCGTGEGCAGCCCCCAGETECTG
GGCGAGAGCCCCGCCGTEGCTECACAGCGGCACCAAGGAGCTCGAGGCCGECAAGTGGAGCAAGCGCATG
AGCGGCTGGAGCGCCETGCECGAGCGCATGARGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGLETG
GGCGCCGTGAGCCGCGACCTGCGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCARCAACGLC
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTEGGGCTTCCCCGTGCGCCCCCAGETGCCCCTG
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGCGAGAAGGGCGGCCTGGAGGGC
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTCTGGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGETGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGRAGGAGGTGCTGCTGTGEGCGCTTCGACAGCCEGCCTGGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCAAGCTTGGCGCCCGCGCCAGCGTG
CTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTACAAG

CTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCCTGAACCCCGGECCTGCTGGAGACC
AGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGT
AGCCTGTACAARCACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGACACCAAGGAG
GCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAAGGCCCAGCAGGCCGCCGLCECCGCC
GGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGETE
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGCTGGAGGAGAAGGCCTTCAGCCCC
GAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAAC
ACCGTGGGCGGCCACCAGGCCGCCATGCAGATGCTGARAGGAGACCATCAACGAGGAGGCCGCCGAGTGE
GACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGCCAGATGCGCGAGCCCCGCGGCAGCGAL
ATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGETG
GGCGAGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATGTACAGCCCCACCAGL
ATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGACTACGTGGACCGCTTCTACAAGACCCTG
CGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGCCARL
CCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCCTGGAGGAGATGATGACCGCCTGC
CAGGGCGTCGGCEGCCCCGGCCACAAGGCCCGCGTGCTEGCCGAGGCGATGAGCCAGETGACGAACCCG
GCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGC
AAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAG
GGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACAAG
GGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCCCCCGAGGAGAGCTTCCGCTTC
GGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGC
CTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCCCCCAGATCACCCTGTGGCAGCGC
CCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCGACGACACT
GTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCEGCGGGATCGGGGGCTTCATC
AAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCETGCTGETG
GGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCC
ATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGEGATGGACGGCCCCAAGGTCARGCAGTGG
CCCCTGACCGAGGAGAAGRTCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATC
AGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAG
TGGCGCAAGCTGGTGCACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGC
ATCCCCCACCCCGCCGGCCTGAAGARGAAGAAGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTC
AGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACT
CCCGGCATCCGCTACCAGTACAACGTGCTECCCCAGGGCTEGAAGGGCAGCCCCGCCATCTTCCAGAGT
AGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTG
TACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCCCCAGCACCTGCTG
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CGCTGGGGCTTCACCACCCCCGACAAGARGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCAC
CCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGARGGRACAGCTGGACCGTGAACGACATCCAG
AAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGLCC
GAGAACCGCGAGATCCTGAAGCGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCC
GAGATCCAGAAGCAGGGCCAGGGECCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAG
- ACCGGCAAGTACGCCCCOCATGCGCGECECCCACACCAACGACGTCGAAGCAGCTCGACCCAGECLGTECAG —
AAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAG
ACCTGGGAGGCCTGCTGCATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGARCACTC
CCCCCCCTGGTGRAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTG
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAG
GTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGAL
AGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCLCGAC
AAGAGCGAGAGCGAGCTGETGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGEGCC
TGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC
AAGGTGCTCTAA
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GCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGLC
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGEC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGECACCAGRTG
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGARGAAG
_ . GTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCEGGECCEECCGCAGCEGCGACAGCGACCAGGAG—
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACT
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGLC
TGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGC
CTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGBGCETGGGCAGCCCCCAGGTGCTG
GGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATG
AGCGECTGGAGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCETG
GGCGCCGTGAGCCGCGACCTGGAGARGCACGGCGCCATCACCAGCAGCAACACCGCCGCCARCAACGCC
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTG
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGL
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGCGACCTGTGGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGAATTCGCCGAGGCGATGAGCCAG
GTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGC
TTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCEGCCCCCCGCAAGAAGGGCTGCTGGECGC
TGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTG
GCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGLCCGT
GAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGECCGGECGCCGACCGCCAGGGCACCGTG
AGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTC
AAGGAGGCGCTGCTCGCCACCGGCGCCGACGACACCETGCTGGAGGAGATGAACCTGCCCGGCAAGTGG
AAGCCCAAGATGATCGGCGGGATCGGEGEGCTTCATCAAGCTCCGGCAGTACGACCAGATCCCCGTGGAG
ATCTGCGGCCACAAGGCCATCGGCACCETGCTGEGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAAC
CTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTG
AAGCCGGGGATGGACGGCCCCARGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGETG
GAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACC
CCCETGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGARLC
AAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAG
AGCGTGACCGTGCTGGACGTCGGCGACGCCTACTTCAGCEGTGCCCCTGGACAAGGACTTCCGCAAGTAC
ACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCC
CAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAG
CAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCAC
CGCACCAAGATCGAGGAGCTCCGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCAC
CAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTG
CCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAG
ATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTG
ATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCAC
GAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACC
TACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCAL
ACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTCGATCTGEGGC
AAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGEGAGGCCTGEGTGGATGGAGTACTGGCAG
GCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAG
AAGGAGCCCATCGTEGGCECCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGEGGC
AAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAGGTGETCGAGCATCGCCGACACCACCARCCAGAAG
ACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGETGAACATCGTGACCGACAGT
CAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGETGAGCCAGATCATC
GAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGETGCCCGCCCACAAGGGCATCGGCGGCAAC
GAGCAGGTGGACAAGCTGCETGAGCGCCGGCATCCGCAAGGTGCTGTAA
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GCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCC
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGT
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGETG
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAG
GTGGAGCGCGAGACCCAGACCECACCCLCTECACCCCEEEELEEECCCCABCGGCEACAGCGACGAGGAG
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACT
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCC
TGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCETGCCCCTGCAGCTGCCCCCCGACCTGCGC
CTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGEGCETGGGCAGCCCCCAGGTGCTG
GGCGAGAGCCCCGCCETGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATG
AGCGGCTGGAGCGCCGETGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCETG
GGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCC
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGEGCTTCCCCGTGCGCCCCCAGGTGCCCCTG
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGCCCTCGGAGGGEC
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGCGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGRTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGAATTCCCCCAGATCACCCTGTGG
CAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCBAC
GACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGEGET
TTCATCAAGGTGCGGCAGTACCGACCAGATCCCCCTGCGAGATCTGCGGCCACAAGGCCATCGGCACCGTG
CTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAAC
TTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGEGACGGCCCCAAGGTCAAG
CAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCCGAGATGGAGAAGGAGGGC
BAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGC
ACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGARCAAGCGCACCCAGGACTTCTGGGAGGTGCAG
CTGGGCATCCCCCACCCCGCCGGCCTGAAGARGAAGARGAGCGTGACCGTECTGGACGTGGGCGACGCC
TACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCARCAAC
GAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGCGCTGGAAGGGCAGCCCCGCCATCTTC
CAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCC
CCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCAC
CTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAG
CTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGAC
ATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTG
TGCAAGCTGCTGCGCGGCACCARGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAG
CTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTG
GTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAAC
CTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCT
GTGCAGAAGGTGAGCACCGAGAGCATCCTGATCTGCGGCAAGATCCCCAAGTTCARGCTGCCCATCCAG
AAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTG
AACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTC
TACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGE
CAGAAGGTGGTCAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTG
CAGGACAGCGGCCTGCGAGGTGAACATCCTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAG
CCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGCGAGAAGGTGTAC
CTGGCCTGEGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGT
ATCCGCAAGGTGCTCTAA
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Figure 35
(Sheet 1 of 1)

vif.opt.SF2

ATGGAGAACCGCTGGCAGGTGATGATCGTGTGGCAGGTGGACCGCATGCGCATCCGCACCTGGAAGAGT
CTGGTGAAGCACCACATGTACATCAGCAAGRAGGCCAAGGGCTGGTTCTACCGCCACCACTACGAGAGC
ACCCACCCCCGCGTGAGCAGCGAGGTGCACATCCCCCTGGGCGACGCCAAGCTGGTCATCACCACCTAC
TGGGGCCTGCACACCGGCGAGCGCGAGTGGCACCTGGGCCAGGGCETGGCCATCGAGTGGCGCAAGAAG

AAGTACAGCACCCAEGGTGGACCCCEECCTEGCCGACCAGCTGATCCACCTGCACTACTTCGACTGCTTC
AGCGAGAGCGCCATCAAGAACGCCATCCTGGGCTACCGCGTGAGCCCCCGCTGCGAGTACCAGGCLGGT
CACAACAAGGTGGGCAGCCTGCAGTACCTGGCCCTGGCCGCCCTGATCACCCCCAAGAAGACCAAGCCC
CCCCTGCCCAGCGTGAAGAAGCTGACCGAGGACCGCTGGAACAAGCCCCAGAARGACCAAGGGCCACCGC
GGCAGCCACACCATGAACGGCCAC
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Figure 56
(Sheet 1 0of 1) .

vpr.opt.SF2

ATGGAGCAGGCCCCCGAGGACCAGGGCCCCCAGCGCGAGCCCTACAACGAGTGGACCCTGGAGCTGCTG
GAGGAGCTGAAGCGCGAGGCCGTGCGCCACTTCCCCCGCCCCTGGCTGCACAGCCTGGGCCAGTACATC
TACGAGACCTACGGCGACACCTGGGCCGGCECTGGAGGCCATCATCCGCATCCTGCAGCAGCTGCTGTTC
ATCCACTTCCGCATCGGCTGCCAGCACAGCCGCATCGGCATCATCCAGCAGCGCCGCGCCCGCCGCAAL
GGCGCCAGCCGCAGC o ’ o
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Figure 57
(Sheet 1 of 1)

vpu.opt.SF162

ATGCAGCCCCTGCAGATCCTGGCCATCGTGGCCCTGGTGGTGGCCGCCATCATCGCCATCGTGGTGTGG
ACC‘ATCG’I‘GTACATCGAGTACCGCAAGATCCTGCGCCAGCGCAAGATCGACCGCCTGATCGACCGCATC
ACCGAGCGCGCCGAGGACAGCGGCAACGAGAGCGAGGGCGACCAGGAGGAGCTGAGCGCCCTGG’I‘GGAG
‘CGCGGCCACCTGGCCCCCTGGGACGTGGACGACCTG .
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FIGURE 58 (SEQ ID NO:61)
gp140modSF162.GM135-154-186-195

1 atggatgcaa tgaagagagg getetgetgt gigetgetge tgtgtggage agtettegtt
61 tcgececageg cocgtggagaa getgtgggte acegtgtact acggegtgee cgtgtggaag
121 gaggccacca ccaccetgtt ctgegeeage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtgge ccacccacge ctgegtgeee accgacceca acceccagga gategtgetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagea gatgeacgag

3071 gacatcatca geetgtggga ceagageetg aageectgeg tgaagetgac ceeeetgtge
361 gtgaccctge actgecaccaa cctgaageag gecaccaaca ccaagageag caactggaag
421 gagatggacc gcggegagat caageagtge agettcaagg tgaccaccag catecgeaac
4381 aagatgcaga aggagtacge cctgttctac aagetggacg tggtgeccat cgacaacgac
541 cagaccagct acaagctgat caactgcecag accagegtga tcacccagge ctgeecccaag
601 gtgagcttcg ageecatece catccactac tgegeeeceg ceggettege catectgaag
661 tgcaacgaca agaagttcaa cggeagegge cectgeacca acgtgageac cgtgeagtge
721 acccacggcea tecgececgt ggtgageace cagetgetge tgaacggeag cctggeegag
781 gagggegtgg tgatcegeag cgagaactic accgacaacg ccaagaccat categtgeag
841 ctgaaggaga gcgtggagat caactgeace cgecccaaca acaacacceg caagagealce
901 accatcggee ccggeegege cttetacgee accggegaca teatcggega catecgeeag
961 gcecactgea acatcagegg cgagaagtgg aacaacacce tgaagceagat cgtgaccaag
1021 ctgecaggeec agttcggeaa caagaccatc gtgttcaage agageagegg cggegacece
1081 gagatcgtga tgcacagctt caactgegge ggegagtict tetactgeaa cageacceag
1141 ctgttcaaca gcacctggaa caacaccate ggecccaaca acaccaacgg caccatcace
1201 ctgecctgee geatcaagcea gatcatcaac cgetggeagg aggtgggeaa ggecatgtac
1261 geececcceca tecgeggeca gateegetge ageageaaca tcaccggeet getgetgace
1321 cgegacggeg gecaaggagat cagcaacacc accgagatct tccgeecegg cggeggegac
1381 atgcgcgaca actggegeag cgagetgtac aagtacaagg tggtgaagat cgageeeetg
1441 ggcgtggece ccaccaagge caagegecge gtggtgeage gegagaageg cgeegtgace
1501 ctgggcgeca tgttectggg cttectggge gecgeeggcea geaccatggg cgeecgeage
1561 ctgaccetga cegtgeagge cegecagetg ctgageggea tegtgeagea geagaacaac
1621 ctgetgegeg ceatcgagge ccageageac ctgetgeage tgacegigts gggeatcaag
1681 cagctgecagg ccegegtget ggecgtggag cgetacctga aggaccagea getgetggse
1741 atctggggct gcageggcaa getgatctge accaccgeeg tgecetggaa cgecagetgg
1801 agcaacaaga gcctggacca gatctggaac aacatgacct ggatggagtg ggagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagecagaa ccagcaggag
1921 aagaacgagc aggagctget ggagetggac aagtgggcca gectgtggaa ctggticgac
1981 atcagcaagt ggcetgtggta catctaa
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FIGURE 59 (SEQ ID NO:62)
gp140modSF162.GM154
1 atggatgcaa tgaagagagg getctgetgt gtgetgetge tgtgtggage agtcttegtt
61 tcgeeccageg cegtggagaa gctgtgggte accgtgtact acggegtgee cgtgtggaag

121 gaggccacca ccaccetgtt ctgegecage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtggg ccacccacge ctgegtgece accgacceca acceecagga gatcgigetg

241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagea gatgeaegag————

301 gacatcatca geetgtggga ccagagectg aagecetgeg tgaagetgac ceecctgtge
361 gtgaccetge actgcaccaa cctgaagaac geccaccaaca ccaagageag caactggaag
421 gagatggacc geggegagat caageagtge agettcaagg tgaccaccag catccgcaac
481 aagatgcaga aggagtacgc cctgttctac aagetggacg tggtgeeeat cgacaacgac
541 aacaccagct acaagctgat caactgedac accagegtga tcaccecagge ctgececaag
601 gtgagcttcg ageccatece catccactac tgegeeeecg ccggettege catcctgaag
661 tgcaacgaca agaagticaa cggeageggce ccetgeacca acgtgageac cgtgcagtge
721 acccacggca tecgececgt ggtgageace cagetgetge tgaacggeag cctggeegag
781 gagggcgtgg tgatccgeag cgagaacttc accgacaacg ccaagaccat catcgtgcag
841 ctgaaggaga gcgtggagat caactgeacc cgeeccaaca acaacacceg caagagcatc
901 accatcggece ccggeegege cttetacgee accggegaca teatcggega catccgecag
961 gcccactgea acatcagegg cgagaagtgg aacaacacce tgaagcagat cgtgaccaag
1021 ctgcaggeece agttcggeaa caagaccatc gtgttcaage agageagegg cggegaccee
1081 gagatcgtga tgcacagcett caactgegge ggegagtict tctactgeaa cageacceag
1141 ctgttcaaca gcacctggaa caacaccatc ggecccaaca acaccaacgg caccatcacc
1201 ctgeectgee geatcaagcea gatcatcaac cgetggeagg aggtggpcaa ggccatgtac
1261 geccecceca tecgeggeea gatcegetge ageageaaca tecaccggect getgetgace
1321 cgecgacggeg geaaggagat cageaacace accgagatcet tccgeceegg cggeggegac
1381 atgcgcgaca actggegeag cgagetgtac aagtacaagg tggtgaagat cgageecctg
1441 ggcgtggece ccaccaagge caagegeege gtggtgeage gegagaageg cgeegtgace
1501 ctgggegecea tgttectggg cttcctggge geegeeggea geaccatggg cgeeegeage
1561 ctgaccctga ccgtgeagge cegecagetg ctgageggea tegtgeagea geagaacaac
1621 ctgctgegeg cecatcgagge ccageageac ctgetgeage tgacegtgtg gggeatcaag
1681 cagctgeagg ccegegtget ggeegtggag cgetacctga aggaccagea getgetggge
1741 atctggggct geageggeaa getgatetge accaccgeeg tgecetggaa cgecagetgg
1801 agcaacaaga gectggacca gatctggaac aacatgacct ggatggagtg ggagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaa ccagcaggag
1921 aagaacgagc aggagctget ggagetggac aagtgggeea geetgtggaa ctggticgac
1981 atcagcaagt ggctgtggta catctaa
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FIGURE 60 (SEQ ID NO:63)
gp140modSF162.Gm154-186-195

1 atggatgcaa tgaagagagg getetgetgt gtgetgetge tgtgtggage agtettcgtt
61 tcgeecageg cegtggagaa getgtgggts accgtgtact acggegtgee cgtgtggaag
121 gaggccacca ccaccetgtt ctgegecage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtggg ccacccacge ctgegtgeee accgacceea acceccagga gategigetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagea gatgcacgag

301 gacatcatca-gectgtggga ccagagectg aagecetgeg tgaagetgac-cecectgtge
361 gtgaccctge actgcaccaa cctgaagaac gecaccaaca ccaagagceag caactggaag
421 gagatggacc gcggegagat caagcagtge agettcaagg tgaccaccag catccgeaac
481 aagatgcaga aggagtacgc cctgttctac aagetggacg tggtgeecat cgacaacgac
541 cagaccagct acaagctgat caactgccag accagegtga tcacccagge ctgecceaag
601 gtgagcttcg ageccatcee catccactac tgegeceeeg ceggettege catectgaag
661 tgcaacgaca agaagttcaa cggecagegge ccetgeacca acgtgageac cgtgeagtge
721 acccacggcea tccgeeeegt ggtgageace cagetgetge tgaacggeag cetggeegag
781 gagggegtgg tgatccgeag cgagaacttc accgacaacg ccaagaccat catcgtgeag
841 ctgaaggaga gcgtggagat caactgcace cgeeecaaca acaacacccg caagageate
901 accatcggee ceggeecgege cttctacgee accggegaca tcatcggega catecgecag
961 gcccactgea acatcagegg cgagaagtgg aacaacacce tgaagcagat cgtgaccaag
1021 ctgcaggeece agttcggeaa caagaccate gtgttcaage agageagegg cggegaccee
1081 gagatcgtga tgcacagctt caactgegge ggegagttct tetactgeaa cageacceag
1141 ctgttcaaca gcacctggaa caacaccatc ggeeecaaca acaccaacgg caccatcace
1201 ctgceetgee geatcaagea gatcatcaac cgetggeagg aggtgggeaa ggecatgtac
1261 geccececca teegeggecea gateegetge ageageaaca tcaceggect getgetgace
1321 cgegacggeg gcaaggagat cagcaacace accgagatcet tcegeeecgg cggeggegac
1381 atgcgegaca actggegeag cgagetgtac aagtacaagg tggtgaagat cgageecctg
1441 ggegtggeee ccaccaagge caagegecge gtggtgeage gegagaageg cgeegtgace
1501 ctgggcgecea tgttectggg cttectggge gecgeeggea geaccatggg cgeeegeage
1561 ctgaccctga cecgtgecagge ccgecagetg ctgageggea tegtgeagea gecagaacaac
1621 ctgetgegeg ceatcgagge ccageageac ctgetgeage tgacegtgty gggeatcaag
1681 cagctgeagg ccegegtget ggecgtggag cgetacetga aggaccagea getgetggge
1741 atctggggct geageggeaa getgatetge accaccgeeg tgeectggaa cgecagetgg
1801 agcaacaaga gecctggacca gatctggaac aacatgacct ggatggagtg ggagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaa ccageaggag
1921 aagaacgagc aggagctget ggagetggac aagtgggecea geetgtggaa ctggticgac
1981 atcagcaagt ggctgtggta catctaa
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FIGURE 61 (SEQ ID NO:64)
gp140mut7.modSF162.GM154

1 atggatgcaa tgaagagagg getetgetgt gtoctgetge tgtgtggage agtettegtt
61 tcgcccageg cegtggagaa getgtgggtg acegtgtact acggegtgec cgtgtggaag
121 gaggccacca ccaccetgtt ctgegecage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtggg ccacceacge ctgegtgeee accgaceeca acccecagga gategtgetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagea gatgcacgag
3071 gacatcatca geetgtggga cecagagectg aagecetgeg tgaagetgac ceeeetgtge
361 gtgaccetge actgeaccaa cctgaagaac gecaccaaca ccaagageag caactggaag
421 gagatggacc gcggegagat caagcagtge ageticaagg tgaccaccag catccgeaac
481 aagatgcaga aggagtacgce cctgttctac aagetggacg tggtgeccat cgacaacgac
541 aacaccagct acaagctgat caactgcaac accagcegtga tcacccagge ctgeceeaag
601 gtgagcttcg agcccateee catccactac tgegeceeeg cecggettecge catcctgaag
661 tgcaacgaca agaagttcaa cggeagegge cectgeacea acgtgageac cgtgeagtge
721 acccacggcea tccgeecegt ggtgageacce cagetgetge tgaacggeag cetggeegag
781 gagggcgtgg tgatccgeag cgagaactte accgacaacg ccaagaccat catcgtgeag
841 ctgaaggaga gcgtggagat caactgcace cgececaaca acaacacceg caagageate
901 accatcggee ccggeegege cttctacgee accggegaca tcatcggega catccgecag
961 gcccactgea acatcagegg cgagaagtgg aacaacacce tgaageagat cgtgaccaag
1021 ctgcaggeec agttcggeaa caagaccatc gtgttcaage agageagegg cggegaccee
1081 gagatcgtga tgcacagcett caactgegge ggcgagttct tctactgeaa cageacccag
1141 ctgttcaaca gcacctggaa caacaccatc ggeecccaaca acaccaacgg caccatcace
1201 ctgcectgee geatcaagea gatcatcaac cgetggeagg aggtgggeaa ggecatgtac
1261 gcceceecca tecgeggeea gatcecgetge ageageaaca tcaccggect getgetgace
1321 cgcgacggeg gcaaggagat cagcaacacce accgagatct tecgececegg cggeggegac
1381 atgcgcgaca actggegeag cgagetgtac aagtacaagg tggtgaagat cgageecctg
1441 ggcgtggece ccaccaagge catcageage gtggtgcaga gegagaagag cgeegtgace
1501 ctgggegecea tgtteetggg cttectggse gecgeeggea geaccatggg cgeccgeage
1561 ctgaccctga ccgtgecagge cegecagetg ctgageggea tegtgeagea gcagaacaac
1621 ctgctgegeg cecatcgagge ccageageac ctgetgeage tgacegigtg gggcatcaag
1681 cagctgeagg ccegegtget ggecgtggag cgetacctga aggaccagea getgetggee
1741 atctggggcet gecageggeaa getgatetge accaccgeceg tgecctggaa cgecagetgg
1801 agcaacaaga gcctggacca gatctggaac aacatgacct ggatggagtg ggagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaa ccagcaggag
1921 aagaacgagc aggagctget ggagetggac aagtgggeea geetgtggaa ctggticgac
1981 atcagcaagt ggctgtggta catctaa
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Figure 65
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Figure 66
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Figure 67
Group Animal % Virus Inhibition
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Figure 68
Group Animal % Virus Inhibition
TV1 Du174 SF162 ELISA titer
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