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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 syndrome (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 III (HTLV-IIT), or AIDS-associated retrovirus (ARV). All of these isolates are
strains of the same virus, and were later collectively 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 co.ding 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-f3-
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 least four
different recombinant virus that each express a different HIV env variant; and U.S.
Patent No. 5,840,313 to Vahlne et al., issued November 24, 1998, describing peptides
which 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 ammo 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 generating 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 invention 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 NO: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 (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 (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_2.0opt.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.opt.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 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 example,

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 present
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 encoding an HIV Gag polypeptide, polynucleotide
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 correspondihg 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.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.-myr18.0pt.SF162 (SEQ ID NO:26), nef.opt.D125G.SF162 (SEQ ID
NO:27), nef.opt.SF162 (SEQ ID NO:28), p15RnaseH.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 NC:36), protIna.opt.SF2 (SEQ ID NO:37), protlnaRT.YM.opt.SF2 (SEQ
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ID NO:38), protlnaRT.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 ID 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_2.0pt.C22-37.SF2 (SEQ ID NO:49), tat.exonl_2.opt.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 .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), 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 synthétic 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 polynucleotides 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:



10

15

20

25

30

WO 03/020876 PCT/US02/21342

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
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 S9), 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-derived 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, pCMVKm2,
pCMV6a, pCMV-link, and pCMVPLEdhfr. Compositions useful for generating an
immunological response 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 gene 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



10

15

20

25

30

WO 03/020876 PCT/US02/21342

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 polynpcleotides of the present invention, 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 (SEQID 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 be deleted and/or
truncated. The “*” denotes N-linked glycosylation sites (of TV1 and TV2 clones), one
or more of which can be modified (e.g., deleted and/or mutated).

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 GagComplPolmutIna.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
GagProtlnaRTmutTatRevNef.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.CwtLmod (SEQ ID
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).

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.opt.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 pl5RnaseH.opt.SF2 (SEQ ID NO:29).

Figure 27, presents the sequence of p2Pol.opt. YMWM.SF2 (SEQ ID NO:30).

Figure 28, presents the sequence of p2Pollnaopt. YM.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).
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Figure 37, presents the sequence of ProtInaRTmut.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).

Figure 40, presents the sequence of ProtRTTatRevNef.opt_B (SEQ ID
NO:43).

Figure 41, presents the sequence of rev.exonl_2.M5-10.0pt.SF162 (SEQ ID
NO:44).

Figure 42, presents the sequence of rev.exonl_2.opt.SF162 (SEQ ID NO:45).

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).

Figure 47, presents the sequence of tat.exonl_2.opt.C37.SF2 (SEQ ID
NO:50).

Figure 48, presents the sequence of TatRevNef.opt.native.SF162 (SEQ ID
NO:51). '

Figure 49, presents the sequence of TatRevNef.opt.SF162 (SEQ ID NO:52).

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).

Figure 53, presents the sequence of TatRevNefp2Pol.opt_B (SEQ ID NO:56).

Figure 54, presents the sequence of TatRevNefprotRTopt B (SEQ ID NO:57).

Figure 55, presents the sequence of vif.opt.SF2 (SEQ ID NO:58).

Figure 56, presents the sequence of vpr.opt.SF2 (SEQ ID NO:59).

Figure 57, presents the sequence of vpu.opt.SF162 (SEQID NO:60).

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.m0dSF162.GMiS4-186-195 (SEQ ID NO:67); and
gp140.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 single
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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literature. See, 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 polypeptide-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 alignment 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 microscopy, X-ray crystallography, and the like. See, e.g., Baker et al.,
Biophys. J. (1991) 60:1445-1456; Hagensee 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 generate 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

16



10

15

20

25

30

WO 03/020876 PCT/US02/21342

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 present invention, an “antigen” 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 invention, a “humoral irnmuné
response” refers to an immune response mediated by antibody 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
(lymphocyte activation) assays, CTL cytotoxic cell assays, or by assaying for T-
lymphocytes 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, Iimmunol. 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

-6 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 interest. 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 polynucleotides 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 mRNA) 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 sequences 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 (native wild-type leader))
or a termination sequence (e.g., TAA or, preferably, TAAA placed after (3') the
coding sequence.

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 polypeptide-coding 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 sequence operably linked to the promoter is induced by an analyte,
cofactor, regulatory protein, etc.), and constitutive promoters.

A “nucleic 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 so 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 herein to describe a nucleic acid molecule means 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 unicellnlar entities, are nsed 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 completély 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 “similarity” 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 amino
acid sequence identity also are well known in the art and include determining the
nucleotide sequence of the mRNA 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. Dayhoff ed., 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,
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W) in their BestFit utility application. The default 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 Urﬁversity 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
level 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 is a selected 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 ‘;selectively 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 selc;ctively 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 sequence 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 abé)ut 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 Hybridization: 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 ofa
virus (viral polypeptide) if it is (i) encoded by an open reading frame ofa
polynucleotide of that virus (viral polynucleotide), or (ii) displays sequence identity to
polypeptides of that virus as described above.

“Encoded by” refers to a nucleic acid sequence which codes for a 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 polynucleotide 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, affinity

chromatography and sedimentation according to density.
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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, into
cells which have been removed from the host. In the latter case, the transformed cells
are reintroduced into the subject where an immune 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 triggered 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 One Of TOTE EX0 genous 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;
laboratory 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, (ii) the reduction or elimination of symptoms,
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 embodiments, is capable of directing the
expression of a nucleic acid molecule of interest. The lentiviral vector include at least
one transcriptional promoter/enhancer or locus defining element(s), or other elements
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

“_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 ’ce]ls contain one or more expression
cassettes which are capable of expressing proteins which encode Gag, pol and env
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_TV1_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 HIVyy,, HIVg, HIV-1gg65,
HIV-1gp1700 HIVavs HIVp A, HIVyne HIV-10pp535,, 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-2;¢,), 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. Fields 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
5'LTR 1-636

U3 1-457

R 458-553
U5 554-636
NFkB II 340-348
NFkB I 354-362
Spl I 379-388
Spl 1l 390-398
Spl1 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 1 1950-1991
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Zn-motif 11

Pol:

p6Pol

Prot

p66RT
pl5RNaseH
p31Int

Vif:
Hydrophilic region

Vpr:
Oligomerization
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

Vpu:
Transmembrane domain
Cytoplasmic domain

2013-2054

2072-5086
2072-2245
2246-2542
2543-4210
3857-4210
4211-5086

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 (gp160):

Signal peptide

gpi20

V1

V2

V3

V4

V5

C1

C2

C3

C4

C5

CD4 binding

gp4l

Fusion peptide
Oligomerization domain
N-terminal heptad repeat
C-terminal heptad repeat
Immunodominant region

Nef:
Myristoylation
SH3 binding
Polypurine tract
SH3 binding

6244-8853
6244-6324
6325-7794
6628-6729
6727-6852
7150-7254
7411-7506
7663-7674
6325-6627
6853-7149
7255-7410
7507-7662
7675-7794
7540-7566
7795-8853
T789-7842
7924-7959
7921-8028
8173-8280
8023-8076

8855-9478
8858-8875
9062-9091
9128-9154
9296-9307

PCT/US02/21342

It will be readily apparent that one of skill in the art can readily align any

sequence to that shown in Table A to determine relative locations of any particular

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 locations 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 WO0/39303,

Env polypeptides (e.g., gp120, gp140 and gp160) include a “bridging sheet”
comprised of 4 anti-parallel b-strands (b-2, 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 (lIle), 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) Iocated 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 inactivated 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, GagComplIPolmutAtt.SF2,
GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B, GagPolmutAtt.SF2,
GagPolmutIna.SF2, GagProtInaRTmut.SF2, GagProtInaRTmutTatRevNef.opt_B,
GagRTmut.SF2, and GagTatRevNef.opt_B.

Similarly, the present invention also includes synthetic Env-encoding
polynucleotides 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 sequehce was comparable 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
teachings 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 include
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
Ile178 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 can 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, GagCompIPolmut.SF2,
GagComplPolmutAtt.SF2, GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B,
GagPolmutAtt.SF2, GagPolmutIna.SF2, GagProtInaRTmut.SF2,
GagProtIlnaRTmutTatRevNef.opt_B, GagRTmut.SF2, GagTatRevNef.opt_B,
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gp140.modSF162.CwtLmod, gp140.modSF162.CwtLnat,
gp160.modSF162.delV2.mut7, gp160.modSF162.delV2.mut$, int.opt.mut.SF2,
int.opt.SF2, nef.D125G.-myr.opt.SF162, nef.D107G.-myr18.0opt.SF162,

nef.opt. D125G.SF162, nef.opt.SF162, p15RnaseH.opt.SF2, p2Pol.opt. YMWM.SF2,
p2Pollnaopt. YM.SF2, pZPolopt.SFz, p2PolTatRevNef.opt.native_B,
p2PolTatRevNef.opt_B, pol.opt.SF2, prot.opt.SF2, protIna.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.M5-10.0pt.SF162, rev.exonl_2.opt.SF162, RT.opt.SF2 (mutant),
RT.opt.SF2 (native), RTmut.SF2, tat.exonl_2.opt.C22-37.SF2,
tat.exonl_2.0opt.C37.SF2, TatRevNef.opt.native.SF162, TatRevNef.opt.SF162,
TatRevNefGag B, TatRevNefgagCpollna B, TatRevNefGagProtInaRTmut 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, gagCpolInaTatRevNef.opt_B,
GagPolmutAtt.SF2, GagPolmutIna.SF2, GagProtInaRTmut.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, p15RnaseH.opt.SF2, p2Pol.opt. YMWM.SF2,
p2Pollnaopt. YM.SF2, p2Polopt.SF2, p2PolTatRevNef.opt.native_B,
p2PolTatRevNef.opt_B, pol.opt.SF2, prot.opt.SF2, protlna.opt.SF2,
protInaRT.YM.opt.SF2, protInaRT. YMWM.opt.SF2, ProtInaRTmut.SF2,
protRT.opt.SF2, ProtRT.TatRevNef.opt_B, ProtRTTatRevNef.opt_B,
rev.exon!_2.MS-10.0pt.SF162, rev.exonl_2.0pt.SF162, RT.opt.SF2 (mutant),
RT.opt.SF2 (native), RTmut.SF2, tat.exonl_Z.opt.C22—37.SF2,
tat.exonl_2.opt.C37.SF2, TatRevNef.opt.native.SF162, TatRevINef.opt.SF162,
TatRevNefGag B, TatRevNefgagCpollna B, TatRevNefGagProtInaRTmut 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 pol,
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

AciD 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),
interleukin 12 (IL-12), G-CSF, granulocyte macrophage-colony stimulating factor
(GM-CSF), interleukin-1 alpha (IL-11), interleukin-11 (IL-11), MIP-11, tumor necrosis
factor (TNF), leukemia inhibitory factor (LIF), c-kit ligand, thrombopoietin (TPO) and
flt3 ligand, commercially available from several vendors such as, for example,
Genzyme (Framingham, MA), Genentech (South San Francisco, 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 HIV polypeptides can be cloned into eucaryotic
expression yvectors, 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 Iysates 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 A.T.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; usmg 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-Lir, 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/polyadenylation 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). J

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 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 (1985) 41:521, such as elements included in the
CMV intron A sequence (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986).

The desired synthetic polypeptide encoding sequences can be cloned into any
number 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 EXPRESSION

VECTORS: A LABORATORY MANUAL (1992); Beames, 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, F.M., 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, NY;
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); An, 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 (Hohn, T., et al., eds.) Springer-Verlag,

Wien, Austria, (1987); Plant Molecular Biology: Essential Techniques, P.G. Jones
and J.M. Sutton, New York, J. Wiley, 1997; Miglani, Gurbachan Dictionary of Plant
Genetics and Molecular Biology, New York, Food Products Press, 1998; Henry, R.
1., 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
recombinant 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 casseites 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
interest.

Once coding sequences for the desired particle-forming polypeptides have been
isolated or synthesized, they can be cloned into any suitable vector or replicon 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,
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
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
invention, e.g., Pol, Gag, Env, Tat, Rev, Nef, Vif, Vpr, and/or Vpu, may be cloned
into the following eucaryotic expression vectors: pCMVKm2, for transient expression
assays and DNA immunization studies, the pPCMVKm2 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
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
pCMVKm2 vector differs from the pCMV-link vector only in that a polylinker site is
inserted into pPCMVKm?2 to generate pCMV-link; pESN2dhfr and pCMVPLEdhfr, for
expression in Chinese Hamster Ovary (CHO) cells; and, pAcC13, a shuttle vector for
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 ribosome entry site)
Jeader 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 BamH]1 site of pET-E-DHFR to give pET-E-DHFR/Neo ).
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/Neo(mz)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 HindII-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, HeL.a 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
Tomei 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 invention. 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 DNA of interest, driven by 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 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) 189:1 13-130). 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
(CsC)) 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. One 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 ug 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) 10:362-368; McGee JP, 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 agents (“adjuvants”). Furthermore, the antigen may be conjugated
to a bacterial toxoid, such as toxoid from diphtheria, tetanus, cholera, etc., 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, aluminum phosphate, aluminum sulfate, etc.; (2) oil-in-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) MEF59 (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 1121, 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 colony stimulating factor (M-CSE),
tumor necrosis factor (TNF), etc.; (6) oligonucleotides or polymeric molecules
encoding immunostimulatory CpG motifs (Davis, H.L., 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, methylphosphonate
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 72), CT-S109 (where serine 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 W092/19265); 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., et 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 linkages (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-iso gluatminyl-L-alanine-2-(I'-2'-dipalmitoyl-
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
vaccination 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 in 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 systems have been
described, including, for example, the following: (U.S. Patent No. 5,219,740; Miller et
al. (1989) BioTechniques 7:980; 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) Human 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,
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
following: IL-1 and IL-2 (Karupiah et al. (1990) J. Immunology 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
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
et al. (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.
Immunol. 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

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 variety of sources, including, for example,
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 (which contains 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), AT.C.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 AT.C.C., or
from commercial sources. Plasmids containing the nucleotide sequences of interest

can be digested with appropriate restriction enzymes, and DNA fragments containing

56



10

15

20

25

30

WO 03/020876 PCT/US02/21342

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,
mRNA from a cell which expresses the gene of interest can be reverse transcribed with
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, or “MLV™, has been widely
utilized for gene therapy applications (see generally Mann et al. (Cell 33:153, 1993),
Cane 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 is a tissue specific promoter, or, alternatively, a promoter
such as CMV. Within other embodiments, the lentiviral vector further comprises an
internal ribosome entry site.

A wide variety of lentiviruses may be utilized within 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, J., 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
lentiviruses included HIV, HIV-1, HIV-2, FIV and SIV. 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 recombinant 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 origin of second strand DNA synthesis and a 3' LTR, wherein said lentiviral vector
contains a nuclear transport element that is not RRE.

Briefly, Long Terminal Repeats (“LTRs”) are subdivided into three elements,
designated U5, 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 located 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
mtegration 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 for DNA synthesis by reverse
transcriptase. The tRNA binding site may be readily identified based upon its location
just downstream from the S'LTR. Similarly, the origin of second strand DNA synthesis
is, as its name implies, important for the 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 3'LTR.

In addition to a 5' 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 a-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 (“IRES”).

Packaging cell lines suitable for use with the above described recombinant
retroviral vector constructs may be readily prepared given the disclosure provided
herein. Briefly, the parent 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, HT'1080, 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 containing 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 antigens or
in vaccine compositions. 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 practice of 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 g, HIVgp,, HIV-1160,
HIV-1gp170, BTV av, HIVy g, HIVyy, HIV-1eypss., 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-2yc, and HIV-2ye,). 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.

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
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
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 (1981) 292:756; Nambair et al., Science (1984)
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 into a
vector containing a synthetic expression cassette of the present invention. In one
embodiment, polynucleotides encoding selected antigens are separately cloned into
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 further 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
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 (5', amino terminus of the expressed Gag polgrpeptide; 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).

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 a signal for
addition of a myristic moiety to the Gag-containing polypeptide (e.g., sequences that
encode Met-Gly).

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, a CMV promoter such as the CMV immediate early

" promoter, the mouse mammary 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 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 (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 interesf, 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 genes (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

66



10

15

20

25

30

WO 03/020876 PCT/US02/21342

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 compositioﬂ may
comprise, for example, an expression cassette comprising coding sequences for a
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 constructs, 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 (i.e., 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
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) 3:102-1009.

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. 5,173,414 and 5,139,941,
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.

Alternatively, 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
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
in Michael et al., J. Biol. Chem. (1993) 268:6866-6869 and Wagner et al., Proc. Natl.
Acad. Sci. USA (1992) 89:6099-6103, 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
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.
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
1029068A2, WO 9918226A2/A3, EP 00907746A2, WO 9738087A2).

A vaccinia based infection/transfection system can be conveniently used to
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
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
system can be used that will lead to high level expression following introduction into
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
PCMVPLEdhir, 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
(positively charged), anionic (negatively charged) and neutral preparations, with
cationic liposomes particularly preferred. Cationic liposomes 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 (MLV's), small unilamellar
vesicles (SUVs), or large unilamellar vesicles (LUVs). The various liposome-nucleic

acid complexes are prepared using methods known in the art. See, e.g., 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.
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 protein antigen(s) can also be delivered in cochleate lipid
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
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 JP,
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
(CTAB), i.e. CTAB-PLG microparticles, adsorb negatively charged macromolecules,
such as DNA. (see, e.g., Int’1 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
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, magnesium 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 systems 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 comprise 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
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, lipofectamine 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 viral 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 epic}ernﬁs 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 EXVIvo 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 peripheral blood lymphocytes (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
CDS. 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 a 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 IL-8. Eosinophil progenitors differentiate into eosinophils. This process is
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. Erythroid 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 108, 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 particular cell 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
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.

More particularly, positive selection of the transduced cells can be performed
using a FACS cell sorter (e.g. a FACSVantage™ Cell Sorter, Becton Dickinson
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
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.

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.,
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
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 compositiong 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 presented 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 HIV 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.

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., RS subtype B (HIV-1gg¢,) and subtype C (HIV-14y,) 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 HIV antigen-specific CD4 + and CD8+ T-cell
responses 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
not 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, a 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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CMYV 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, €.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 0-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 0-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, gp120AV1V2, 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, temperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.

Example 1

Generation of Synthetic Expression Cassettes

A, Generating Svnthetic 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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human codons prefer the nucleotides G or C. The wild-type sequences were modified
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., J 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,
Glul152Ala (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,
J 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)

85



WO 03/020876 PCT/US02/21342

Gene “Region” 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 = TatC22/37

Rev Mutations in Rev domains (e.g., Thomas et al., 1998, J

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
Affrica 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

Vpr 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
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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
potentially deleterious functional enzymes reverse transcriptase (RT) and integrase
(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., et al., (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

88



10

15

20

25

30

WO 03/020876 PCT/US02/21342

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
field, the cleavage site can be mutated in a variety of ways. (See, also, WO 00/39302).
Wild-type HIV coding sequences (e.g., Gag, Env, Pol, 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 following 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 coding 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, (ii)

subjected to DNA sequencing in order to confirm that the desired sequence has been

89



10

15

20

25

WO 03/020876 PCT/US02/21342

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, NV), with the following exemplary parameters: weight matrix =

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 Gag complete, RT mutated,
(SEQ ID NO:9) Protease functional; all in
frame
GagComplPolmutAtt.SF2 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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Number

GagPolmutIna.SF2 11 Gag, RT mutated, Protease

(SEQ ID NO:14) non-functional; all in frame

GagProtInaRTmut.SF2 12 Gag, Protease non-functional,

(SEQ ID NO:15) RT mutated; all in frame

GagProtInaRTmutTatRevNef.opt_B | 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 in frame

(SEQ ID NO:17)

GagTatRevNef.opt_B 15 Gag, tat mutated, rev mutated,

(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

gp160.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,

(SEQ ID NO:22) deletion of V2 loop, mutated
cleavage site

int.opt.mut.SF2 20 integrase mutated

(SEQ ID NO:23)

int.opt.SF2 21 integrase

(SEQ ID NO:24)

nef.D125G.-myr.opt.SF162 22 nef mutated, myristoyilation

(SEQ ID NO:25) defective

nef.D107G.-myr18.opt.SF162 23 nef mutated, myristoyilation

(SEQ ID NO: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)

pI5RnaseH.opt.SF2 26 p15 RNase H; in-frame

(SEQ ID NO:29)

p2Pol.opt. YMWM.SF2 27 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 41 rev exon 1 and 2 in-frame, rev

(SEQ ID NO:44) mutated

rev.exonl_2.0pt.SF162 42 rev exon 1 and 2 in-frame

(SEQ ID NO:45)

RT.opt.SF2 (mutant) 43 RT mutant

(SEQ ID NO:46)

RT.opt.SF2 (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 native, 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

TatRevNefGagProtInaRTmut B 52 tat mutated, rev mutated, nef

(SEQ ID NO:55) mutated, gag, protease non-
functional, RT mutant; 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)

vpr.opt.SF2 - 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 pPCMV-link; pESN2dhfr and pPCMVPLEdhfr (also known as
pCMVIII), for expression in Chinese Hamster Ovary (CHO) cells; and, pAcCl13, 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, construction 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 pESN2dhft to give a product with a
Gly-Gly-Gly-Ser spacer in place of the translation stop codon and inserted as an Nco-
BamH1 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/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/Neoy,,,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

is 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% glutamine (Opti-MEM, Gibco-BRL,
Gaithersburg, MD). The cells are incubated for either 48 or 60 hours. Supernatants
are harvested and filtered through 0.45 um 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 monoclonal antibody
directed against an HIV antigen (e.g, a 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
pCMVIII 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
100mm culture dishes. Plates are screened for colony formation and all positive closed
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 variety 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 pPCMV6a-
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-HC], 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
out and the proteins are transferred using a BioRad Transfer Chamber (BioRad
Laboratories, Hercules, CA) to Immobilon P membranes (Millipore Corp., Bedford,
MA) using 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 serurﬁ and immunostained using o-phenylenediamine
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.

Example 4

In Vivo Immunogenicity of Synthetic HIV Expression Cassettes

A Immunization

To evaluate the immunogenicity of the synthetic HIV expression cassettes, a
mouse study may be performed. The plasmid DNA, e.g., pPCMVKM?2 carrying an
expression cassette comprising a synthetic sequence of the present invention, is diluted
to the following final concentrations in a total injection volume of 100 pl: 20 pg, 2 pg,
0.2 pg, 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
vector (pCMVKM?2) alone. As a control, plasmid DNA comprising an expression
cassette encoding the native, corresponding polypeptide is handled in the same manner.
Twelve groups of four Balb/c mice (Charles River, Boston, MA) are intramuscularly
immunized (50 ul per leg, intramuscular injection into the tibialis anterior) using

varying dosages.
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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 against an
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 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 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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varijous 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 not
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 Immunogenicity of Synthetic HIV Expression Cassettes

A. General Immunization Methods

To evaluate the immunogenicity 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, intradermally or mucosally)
of the HIV protein encoded by the sequence(s) of the plasmid boost and/or other HIV
proteins. Antibody titers (geometric 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
syringe) with plasmid DNAs encoding the HIV proteins 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 despribed
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 per well. The optical density of each well is
measured after 15 minutes. Titers are typically reported 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 HIV DNA is

immunogenic 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 214:660-663, 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, e.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 antigens

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 ekpression 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 tat, 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 tat, 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.
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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
using antigen specific mouse serum generated by DNA vaccination of mice with Tat,
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 construct (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

mutations 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 zas and rev DNA
immunogens that may form part of a multi-component HIV-1 subtype C vaccine. 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 14 1,2 - pCMYV 160 TVIDNA] 1.0mg | 0.5ml 2 IM/Quad
(Electro)
3 - pCMV 160 TVIDNA} 1.0mg | 0.5ml 2 IM/Quad
(Electro)
MF59C {Protein TBD 0.05mg | 0.5ml 2 IM/Glut
2 5-8 i,2 - pCMYV 160 dV2 TV1] 1.0mg | 0.5mi 2 IM/Quad
DNA (Electro)
3 - pCMYV 160 dV2 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
MPF59C }Protein TBD
3 9-12 1,2 - pCMV 160 dV1/V2} 1.0mg } 0.5ml 2 IM/Quad
TV1 DNA (Electro)
3 - pCMV 160 dV1/V2] 1.0mg | 0.5ml 2 IM/Quad
TV1DNA (Electro)
0.05mg { 0.5ml 2 IM/Glut
MF59C {Protein TBD
4 13-16 1,2 - pCMV 140 TVIDNA| 1.0mg | 0.5ml 2 IM/Quad
(Electro)
3 - pCMV 140 TV1DNA] 1.0mg } 0.5ml 2 IM/Quad
(Electro)
MF59C [Protein TBD 0.05mg | 0.5ml 2 IM/Glut
5 17-20 1,2 - pCMV140dV2TV1 1.0mg | 0.5ml 2 IM/Quad
DNA (Electro)
3 - pCMV140d4V2TV1 1.0mg | 0.5mi 2 IM/Quad
DNA (Electro)
MF59C JProtein TBD 0.05mg | 0.5ml 2 IM/Glut
6 21-24 1,2 - pCMV 140 dV1/v2} 1.0mg | 0.5mil 2 IM/Quad
TV1 DNA (Electro)
3 - pCMV 140 dv1/v2] 1.0mg | 0.5mi 2 IM/Quad
TV1DNA (Electro)
0.05mg } 0.5ml 2 IM/Glut
MF59C |Protein TBD
7 25-28 1,2 - pSIN140dV2SF162] 1.0mg | 0.5mil 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 | 29-32 1,2 - pCMV 140 dV2] 1.0mg | 0.5ml 2 IM/Quad
SKF162 DNA (Electro)
3 - pCMV 140 dV2} 1.0mg | 0.5ml 2 IM/Quad
SKF162 DNA (Electro)
MF59C |Protein TBD 0.05mg | 0.5ml 2 IM/Glut
9 1 33-36 1,2 - pCMV 140 Q1541 1.0mg | 0.5ml 2 TM/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 | 3740 1,2 - pCMV 140 dV2] 1.0mg ‘
SF162 DNA 1.0mg ] 0.5ml 2 IM/Quad
pCMV 140 dV2 TV1 (Electro)
DNA
3 - pCMV 140 dV2] 1.0mg
SF162 DNA 1.0mg | 0.5ml 2 IM/Quad
pCMV 140 dV2 TV1 (Electro)
" JIDNA
MF59C |Protein TBD 0.05mg ] 0.5ml 2 IM/Glut
pCMV 140 dV2
- SF162 DNA 1.0mg
pCMV 140 dv2 TV1 | 1.0mg | 0-5ml 2 |mM/Quad
DNA (Electro)
11 | 4144 1,2 - pCMYV 140 dV2 1.0mg
SF162 DNA 1.0mg | 0.5ml 2 ]IM/Quad
pCMV 140 dV2 TV1 (Electro)
DNA
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MF59C IM/Glut

I 3

Protein TBD |0.05mg| 0.5ml | 2

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: pCMYV 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 immunization, under sedation of 1x dose
IP (by animal weight) of Ketamine-Xylazine (80mg/ml - 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.

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 (1mg/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/ml - 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:
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Example 10
Mice Immunization 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 Figure 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 (0 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 0 and 4 weeks. DNA doses used
were as follows: 20 pug, 2 ug, 0.2 ug, 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 0 and 4 weeks.
DNA doses used were as follows: 2 ug, 0.2 ng, 0.02 pg, and 0.002 pg.

Cellular immune responses against Gag were comparable for all tested variants,
for example, Gag, GagProtease, gagFSpol and GagPolIna 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 p55Gag 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 Neutralizing Antibodies Using
Type C Derived Envelope Polypeptides

Envelope (Env) vaccines derived from the subtype C pﬁmary 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¢c12.1 expressed the correct proteins in vitro, with
gp140TV001c8.2 exhibiting 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 supernatant. 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 (0-gp140) of these proteins for vaccine studies.

B. Neutralization properties of TV001 and TV00?2 viral isolates

The transient expression experiment showed that the envelope genes derived
from the TVO001 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 TV?2 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 TVO002 isolate at all dilutions
tested. In contrast, the TV002 showed neutralization of TV0O01 only at the 1:10 serum
dilution. These results suggest that TV001 isolate is capable of inducing a broader and
more potent neutralizing antibody response in its infected host than TV002.

113



WO 03/020876 PCT/US02/21342

C. Immunogenicity of the modified TV1 Env DNA and protein antigens in
rabbit studies

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

10

15
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25

30

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 0-gp140dV2.TV1

3 pCMVgp160dV1V2.TV1 0-gp140dV1V2.TV1
4 pCMVgp140.TV1 o-gp140.TV1

5 pCMVgp140dV2.TV1 o0-gp140dV2.TV1

6 pCMVgp140dV1V2.TV1 o-gp140dV1V2.TV1

7 pCMVgp140dV2.5F162 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, 1mg 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, gp160dV1V2, gp140, gp140dV2 and gp140dV1V2 -- 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 MES9 adjuvant) was given at 20 weeks by
mtramuscular injection at a separate site. Antibody 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 lug/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 as 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 immunized 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
Figures 66, 67, and 68. The Chiron assay was conducted essentially as follows.
Neutralizing antibody responses against the PBMC-grown subtype C TV001 and
TV002 strains were measured using an in-house reporter cell line assay that uses the
5.25 cell line. This cell has CD4, CCRS5, 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 line 721.174, creating CEMx174. LTR-GFP was transfected into the cells after
the CCRS5 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 '
(FACScan). 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 inhibition 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
least 80%; these samples are highlighted in dark gray. Sample with lighter gray
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
immunization. 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 highest titers of antibodies
(>10% at this time point and all others.. The binding 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 0-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 C TV1
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
gp140dV2.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 were generated by the
subtype CTV1-based DNA and protein immunogens.

The results indicate that the subtype C TV 1-derived Env DNA and protein
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
induce high titer antibody responses reactive with both subtype C and subtype B HIV-
1 Env antigens. Neutralizing antibody responses against the neutralization sensitive
subtype B R5 HIV-1g6py, 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

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

Example 12
Immunological Responses in Rhesus Macagues

Cellular and humoral immune responses were evaluated in three groups of

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.
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Group

Formulation of
Immunizing
Composition *

Animal #

Titer

pCMVgag (3.5
mg) + pCMVenv
(2.0 mg)

A

3325

B

4000

C (previously
immunized with
HCV core
ISCOMS, rVVC
core E1)

1838

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

1850

pCMVgag (3.5
mg) + pCMVpol
(4.2 mg)

A (previously
immunized with
HCYV core
ISCOMS, rVVC
core E1,

p55gagia(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,
pCMVgagSF2,
pUCgp120 SF2)

1063

C

513
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Group Formulation of Animal # Titer

Immunizing

Composition *
D (previously 713
immunized with
rVVCI/EL,
HIV/HCV-VLP)

* pCMVgag = pPCMVKm2.GagMod Type C Botswana
pCMVenv = pCMVLink.gp140env.dV2.TV1 (Type C)
pCMVpol = pCMVKm2.p2Pol.mut.Ina Type C Botswana
pCMVgag-pol = pPCMVKm2.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

(if) recombinant vaccinia virus (rVV), for example, rVVgag965, rVVp2Pol975

(contains p2p7gag975), and VV,, parent.

Gag-specific IENy + 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. Tt 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
5 p/Ani | izing
mal | Compo- LPA(ST) Flow |CTL Flow

Sition p55 |Pooll |Pool2 |IFNg+ |Pooll [Pool2 |IFNg+

1A pCMVgag 133 |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 24 361 plus plus 715
pCMVeny

10 1D pCMVgag 165 |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 1 6.8 3.3 1288 | plus minus | 2644
pCMVpol

2C pCMVgag | 6 3.8 2.1 776 minus | minus | O
pPCMVpol

2D pCMVgag | 18.9 | 13.5 5.4 1351 | minus |minus | 145
pCMVpol

15 3A pCMV 122 }7 1.5 560 plus plus 3595

gagpol

3B pCMV 27 156 1.3 508 plus ? 3256
gagpol

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

3D pCMV 1.5 (1.2 1.4 120 minus | minus | 277
gagpol

? = might be positive on rVVp2Pol.
20
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Table K
Pol Assay Results
Pol Specific CD4+ Response | Pol Specific CD8+
Group | Immun- Responses
5 / izing
Anima | Compo- LPA(SI) Flow CTL Flow
1 sition
Pool3 |Pool4 |IFNg+ |[Pool3 |[Pool4 |IFNg+
1A pCMVgag |1 1.2 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 1.3 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 | 1.2 1.1 52 plus minus | 580
pCMVpol
15 2D pCMVgag | 2.5 2.7 113 plus plus 5084
pCMVpol
3A pCMV 2.7 2.4 498 minus minus | 3631
gagpol
3B pCMV 1.1 1 299 minus minus 1346
gagpol
3C pCMV 2.1 1.4 369 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 NO:16.

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 polynucleotide 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 polynucleotide 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:509.

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.

2

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.

16. The cell of claim 15, wherein the cell is selected from the group consisting of

BHK, VERO, HT1080, 293, RD, COS-7, and CHO cells.

17. The cell of claim 16, wherein said cell is a CHO cell.

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 (Tn5) or Sf9 insect

cells.

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.

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 a 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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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 said subject using a gene gun.

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

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

127



10

15

20

25

30

WO 03/020876 PCT/US02/21342

particle and said coated particle is delivered to said vertebrate 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 retroviral 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 is a lentiviral vector.

50. The method of claim 41, wherein said subject is a mammal.

51. The method of claim 50, wherein said mammal is a human.

52. The method of claim 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 iz vivo in said subject.

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

response.

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, intravaginally, 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.
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1 TGGAARGGGTT AATTTACTCC AAGAAAAGGC AAGAAATCCT TGATTTGTGG GTCTATCACA
61 CACAAGGCTT CTTCCCTGAT TGGCARAMACT ACACACCGGG GCCAGGGGTC AGATATCCAC

121
181
241
301
361
421
481
541
601
661
721
781
841
S01
961

1021

TGACCTTTGG
ACGGAGGAGA
ATAGAGAAGT
AGCTACATCC
TCCACTGGGG
ATGCTGCATA
GAGCCTGGGA
CTTGAGTGCT
TCAGACCCTT
AGTGABAGTG
GGCAAGAGGC
GAAGGAGAGA
ARRGAATTAG
CAAGCAGGGA
GTAAACAARAT

ATGGTGCTAC
AGACAACTGT
ATTAAAGTGG
GGAGTATTAC
CGTTCCGGGA
TAAGCAGCTG
GCCCTCTGGC
TTAAGTAGTG
TGTGGTAGTG
AGACCAGAGG
GAGAGGGGCG
GATGGGTGCG
GTTARGGCCA
GCTGGARAGA
AATAARACAG

1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

CATTATTCAA CACAGTAGCA
CCARGGBRAGC CTTAGACAAG
AGGCAARAGC AGCTGACGAA
GGCARATGGT ACACCAAGCT
AGGARARGGC TTTCAATCCA
CCCCACAAGA TTTAAACACA
TGTTARDBAGA TACCATCAAT
CAGGGCCIGT TGCACCAGGC
CTAGTACCCT TCAGGAACAA
ACATCTATAA AAGATGGATA
TTAGCATTTT GGACATAAAA
TCTTTAAAAC CTTABRGAGCT
CCTTGTTGGT CCAAAATGCG
GGGCCTCATT AGAAGAAATG
CAAGAGTGTT GGCTGAGGCA
ATTTTAAAGG CTCTAACAGA
CCAGARATTG CAGGGCCCCT
AAATGAAAGA CTGTACTGAG
AGGGGAGGCC AGGGAATTTC
CAACAGCCCC ACCAGCAGAG
AGAAAGAGAG GGAACCTTTA
AATAAMAGTA GAGGGCCAGA
ATTAGAAGAR ATAGATTIGC
TTTTATCARA GTAAGACAGT
AGGTACAGTA TTAGTAGGGC
GCTTGGATGC ACACTAARATT
ACCAGGAATG GATGGCCCAA
ATTAACAGCA ATTTGTGAGG
TAATCCATAT AACACTCCAG
ATTAGTAGAT TTCAGGGAAC

ARGCTAGTGC
TTGCTACACC
AAGTTTGACA
AARGACTGCT
GGTGTGGTCT
CTTTTCGCCT
TATCTAGGGA
TGTGCCCATC
TGGAARATCT
AGATCTCTCG
GCTGGTGAGT
AGAGCGTCAA
GGGGGAAAGA
TTTGCACTTA
CTACAACCAG
ACTCTCTATT
ATAGAGGAAG
AAGGTCAGTC
ATATCACCTA
GAGGAAATAC
ATGTTABATA
GAGGAGGCTG
CAGATGAGAG
ATAGCATGGA
ATTCTGGGGT
CAAGGGCCAA
GAACAAGCTA
AACCCAGATT
ATGACAGCAT

ATGAGCCARG

ATTATTAAAT
AGGAAAANGG
AGGCAGGCTA
CTCCAGAACA
AGCTTCAGGT
ACTTCCCTCA
TAAAGGAGGC
CAGGGARATG
ATGATCAAAT
CTACACCAGT
TTCCAATTAG
AGGTCAAACA

CAGTTGACCC
CTATGAGCCA
GCCTCCTAGC
GACACAGARG
GGGCGGGACT
GTACTGGGTC
ACCCACTGCT
TGTTGTGTGA
CTAGCAGTGG
ACGCAGGACT
ACGCCAATTT
TATTAAGCGG
AACATTATAT
ACCCTGGCCT
CTCTTCAGAC
GTGTACATAR
AARCARAACARL
AAAATTATCC
GAACATTGAA
CCATGTTTAC
CAGTGGGGGG
CAGAATGGGA
AACCAAGGGG

AGGGGAGGTG
ACATGGAGCA
ACGCAGACAC
GGACTTTCCG
TGGGAGTGGT
TCTCTCGGTA
TAAGCCTCAA
CTCTGGTAAC
CGCCCGAACA
CGGCTTGCTG
TACTTGACTA
CGGAABATTA
GTTAAAACAT
GTTAGARACA
AGGAACAGAG
AGGGATAGAG
ATGTCAGCAA
TATAGTACAG
TGCATGGATA
AGCATTATCA
ACATCARGCA
TAGGACACAT
AAGTGACATA

TGACAAGTAA TCCACCTATT

GAAGAGGCCA
GAGGATGALG
ATGGCCCGCG
CCTGEGACTT
CAACCCTCAG
GACCAGATCT
TAAAGCTYGC
TAGAGATCCC
GGGACCAGAA
AAGTGCACAC
GCGGAGGCTA
GATAAATGGG
CTAGTATGGG
TCAGAAGGCT
GAACTTAGAT
GTACGAGACA
ADAGCACAAC
AATGCCCAAG
ARAGTARTAG
GBAAGGAGCCA
GCCATGCAAR
CCAGTACATG
GCAGGAACTA

TAAATARAAT
AAGAACCCTT
CACAAGATGT
GTAAGACCAT
GTCAGGGAGT
CAAACAGTAA
GTTTCAACTG
GCIGTTGGAA
ATTTTITTAGG
GACCAGAGCC
TCGAGGAGAC
AATCACTICTT
TCTCTTAGAC
GAAACCARAAR
ACTTATAGAA
CAACATAATT
TCCTATTGAA
ATGGCCATTG

CCAGTAGAANG

AGTAAGAATG TATAGCCCTG

TAGAGACTAT GTAGACCGGT
AARGAATTGG ATGACAGACA
TTTAAGAGCA TTAGGACCAG
GGGAGGACCT AGCCATAAAG
CATACTAGTG CAGAGAARGCA
TGGCAAAGTA GGGCACATAG
ATGTGGACAG GAAGGACACC
GAAAATTTGG CCTTCCCACA
AACAGCCCCA CCAGCAGANC
AACCCCCGTG CCGAGGAAGG
TGGCAGCGAC CCCTTGTCIC
ACAGGAGCAG ATGATACAGT
ATGATAGGGCG GAATTGGAGG
ATTTGTGGAA AAAAGGCTAT
GGAAGAAATC TGTTARCTCA
ACTGTACCAG TAAAATTAAA
ACAGAAGAAA AAATARAAGC

ARATGGAGAA GGAAGGAAARA ATTACAAAAA TTGGGCCIGA

TATTTGCCAT
TCAATAARRG

ARAAAAGAAG
AACTCAAGAC

GACAGTACTA AGTGGAGARA
TTTTGGGARG TTCAATTAGG

ARTACCACAC CCAGCAGGAT TAAAAAAGAA AAAATCAGTG ACAGTGCTAG ATGTGGGGGA
TGCATATTIT TCAGTTCCTT TAGATGAAAG CTTCAGGAAAR TATACTGCAT TCACCATACC

FIGURE { A
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2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4601
4861
4921
4981
$041
5101
s5le1l
5221
5281
5341
$401
5461
5521
5581
5641
$701
5761
5821
$881

TAGTATAARC
GAAAGGATCAR
ARAAARTCCA
AGAAATAGGG
ATTTACAACA
ACTCCATCCT
TGTCAATGAT
GATTAAAGTA
ACCACTAACT
AGTACATGGA
GCATGAACAR
GTATGCAARA
AARARATAGCC
CCARBARGAA
GTGGGAGTTT
CATAGCAGGA
ARBDGCAGGG
AAATCAGARG
AAACATAGTA
TGACTCAGAG
GTCATGGGTA
TAAGGGARTT
AAGGTACCAC
ABARGARATA
AGTCGACTGT
CCTGGTAGCA
AGGACARGAR
ACATACAGAC
AGGTATCCAA

AATGAAACAC
CCAGCARTAT
GACATAGTTA
CAACATAGAG
CCAGACAAGA
GACAAATGGA
ATACAGAAGT
AGGCAACTCT
GAAGAAGCAG
GTATATTATG
TGGACATATC
ATGAGGACTA
ATGGAAAGCA
ACATGGGAGA
GTTAATACCC
GTAGAAACTT
TATGTTACTG
ACTGAGTTAC
ACAGACTCAC
ATATTTAACC
CCAGCACATA
AGGARAGTGT
AGCAATTGGA
GTAGCTAGCT
AGTCCAGGGA
GTCCATGTAG
ACAGCATATT
AATGGCAGTA
CAGGAATTTG

CAGGGATTAG
TCCAGAGTAG
TCTATCRATA
CAARDATAGA
AACATCAAAA
CAGTACAACC
TAGTGGGAAA
GTARACTCCT
AATTAGAATT
ATCCATCARRL
ABATTTATCA
CCCACACTAA
TAGTAATATG
CATGGTGGAC
CTCCCCTAGT
TCTATGTAGA
ACAGAGGARAG
ARGCAATTCA
AGTATGCATT
AAATAATAGA
AAGGAATTGG
TGTTTCTAGA
GAGCAATGGC
GTGATARATG
TATGGCAATT
CTAGTGGCTA
TTATATTIAAA
ATTTTACCAG
GAATTCCCTA

CATGAATAAL GAATTAAAGA AAATAATAGG

GACAGCAGTA
GTACAGTGCA

CAAATGGCAG
GGGGARAGAR

TATTCATTCA
TAATAGACAT

ACAARAACAA ATTATAAGAA TTCAAAATTT

TATTTGGARA
TAAAGGTGAC
ACAGATGGCA
GTTTAGTAAAL
ATTTTGAARG
GATTAGTAAT
ATGGAGTCTIC

GGACCAGCCG
ATAAAGGTAG
GGTGCTGATT
GCACCATATG
CAGACATCCA
AAAAACATAT
CATAGAATGG

CAGACCAGCT AATTCACATG

CCATATTAGG

ACACATAGTT

GATCTCTGCA ATACTTGGCA

TGCCTAGTGT TAGAARATTA

GCAGAGGGAA

CCATACRATG

TGTCAGACAC TTTCCTAGAC

TGGGGATACT

TGGACGGGAG

AACTACTCIG
TACCAAGGAG
GTGTGGCAGG
TATATATCAA
ARAGTAAGTT
TGGGGTTIGC
AGACTGAGAG
CATTATTTIG
TTTCCTAGGT
CTGACAGCAT
GTAGAGGATA
AATGGACACT

TCATTTCAGA ATTGGATCCC AACATAGCAG

ATATCAATAT
CATGACRARA
TATGGATGAC
AGAGTTAAGG
AGAACCCCCA
TATACTGCTG
ATTARACTGG
CAGGGGGGCC
GGCAGAGAAC
AGACTTGATA
AGAACCATTT
TGATGTAAAA
GGGAARGACT
AGACTATTGG
AADATTATGG
TGGAGCAACT
GCAGBAAATT
GCTAGCTCTG
AGGAATCATT
ACAGTTAATA
GGGAAATGAA
TGGAATAGAT
TAATGAGTTT
TCAGCTAARA
AGATTGTACC
CATGGAARGCA
ATTAGCAGGA
TACTGCAGTT
CAATCCCCRR
ACARGTARGA

AATGTGCTGC
ATCTTAGAGC
TTGTATGTAG
GAACATTTAT
TTTCTTTGGA
CCAGAAAAGG
GCAAGTCAGA
ABAGCACTAA
AGGGAAATTT
GCTGAAATAC
ARRAATCTGA
CAGTTAACAG
CCTAAATTTA
CAAGCCACCT
TACCAACTAG
BATAGGGAAG
GTTACTCTAA
CAGGATTCAG
CARGCACAAC
ARCAAGGAAA
CAAGTAGATA
ARRGCTCARG
ARTCTGCCAC
GGGGARGCCA
CATTTAGAGG
GAGGTTATCC
AGATGGCCAG
ARGGCAGCCT
AGTCAGGGAG
GATCAAGCTG

PCT/US02/21342

CACAGGGATG
CCTTCAGAGC
GATCTGACTT
TGARAATGGGG
TGGGGTATGA
ATAGTTGGAC
TTTACCCAGG
CAGACATAGT
TAAGAGAACC

.AGAARCAGGG

AMACAGGGAA
AGGCAGTGCA
GACTACCCAT
GGATCCCTGA
AAAARGATCC
CTAARATAGG
CTAACACAAC
GATCAGAAGT
CAGATARGAG
GAATCTACCT
AATTAGTAAG
AAGAGCATGA
CCATAGTAGC .
TACATGGACH
GABARATCAT
CAGCAGAANC
TCAAAGTAAT
GTTGGTGGGC
TGGTAGAATC
AGCACCTTARA

CAATTTTAAA AGAAAAGGGG GAATTGGGGG
ARTAGCAACA GACATACAAA CTAAAGAATT
TCGGGTTTAT TACAGAGACA GCAGAGACCC
GAAAGGTGAA GGGGTAGTAG TAATAGAAGA
GARAAGCAAAA ATCATTAGAG ATTATGGAAA
TGGACAGGAT GARGATTAGA GCATGGAATA
GGAGAGCTAG TGGATGGGTC TACAGACATC
CAGAAGTACA TATCCCATTA GGGGATGCTA
AGACAGGAGA AAGAGATTGG CATTTGGGTC
AATACAGCAC ACARGTAGAC CCTGACCTGG
ATTGTTTTAC AGAATCTGCC ATAAGACAAG
GTGACTATCA AGCAGGACAT AAGAAGGTAG
TGATAAAACC AAAAARGAGA ARGCCACCTC
GATGGAACGA CCCCCAGAAG ACCAGGGGCC
AGAGATTCTA GAAGAACTCA AGCAGGAAGC
CATGGCTCCA TAGCTTAGGA CAATATATCT ATGAAACCTA
TTGAAGCTAT AATAAGAGTA CTGCARCAAC TACTGTTCAT
AATAGGCATC TTGCGACAGA GAAGAGCAAG
ARATGGAGCC AGTAGATCCT AAACTAAAGC CCTGGAACCA TCCAGGAAGC CAACCTAAAA
CAGCTTGTAA TAATTGCTTIT TGCAAACACT GTAGCTATCA TTGTCTAGTT TGCTTTCAGA

FIGURE {§
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5941
6001
6061
6121
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6241
6301
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6421
6481
6541
6601
6661
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6841
6901
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7141
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8041
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8221
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CABAAGGTTIT
CAAGTGGTGA
TGGTAAGTTIT
TAGCACTAAT
TAAGACAAAA
GCAATGAGAG
GGCTTCTGGA
GTACCTGTGT
GAGACAGAAG
CAAGARATRG
GATCAGATGC
TTGACCCCAC
GTTACAGGTA
AAAAATTGCT
CTCTTTTATA
TTAATAAATT
ATTCCTATAC
TTCAATGGGA
CCAGTGGTAT
AGATCTGAAL
GAGATTAATT
CADRGCATTICT
AGTACAGATA
CCTAATARAR
AGCTTTAATT
TACTACCCTA
CAATGCARAR
CCTCCCATTG
GATGGGGGAT
GATATGAGGG
TTGGGAATAG
GGAATAGGAG
TCAATAACGC
AATTTGCTGA
AAGCAGCTCC
GGGATTTGGG
TGGAGTAATA
GAAATTAATA
GAAAAGAATG
GACATATCAR
GGTTTAAGAA
CCTTTGTICAT
GAAGARGAAG
TCGCTTGCCT
TTCATATTAA
CAGAGGGGGT
CTARARARAGA
GATAGGATTA

AGGCATTTCC
AGATCATCAR
AAGTTTATTT
CATAGCAATA
GAAAATAGAC
TGATGGGGAC
TGCTAATGAT
GGAGAGAAGC
TGCATAATGT
TTTTGGGARA
ATGAGGATAT
TCTGTGTCAC
ATACARATGA
CTTTCAATGC
AACTTGATAT
GCAATACCTC
ATTACTGTGC
CAGGACCATG
CAACTCAACT
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FIGURE 1(

3/84

AGAGAAARAA
GAAGCACTAT

PCT/US02/21342

AGCGCTCCTC
GTAGATGTAA
GCATTGATAG
AGGAAATTGG
GARGACAGTG
GGGCATCTTA
CTACTATGGG
TARAGCATAT
CCCCAACCCA
TAACATGGCA

+ ATGTGTARAG

TAATAGAACT
TGAAGAAATG
AGAGTATGCA
TACATATAGA
TTTTGACCCG
TAATAAGACA
TGGAATTANG
GATAATAATT
TGAATCTGTA
AGGACCAGGA
TTGTAACATT
AGAGCATTTC
TACAATGCAT
TAATAGTACA
CATCACACTC
AATGTATGCC
ATTGACACGT
TGGAGGAGGA
AATTAAGCCA
AAGAGCAGTG
GGGCGCAGCG

GTATAGTGCA ACAGCAAAGC
CATATGTTGC AACTCACAGT CTGGGGCATT
GAAAGATACC TAAAGGATCA ACAGCTCCTA
TGCACCACTG CTGTGCCTITG GAACTCCAGT
GATRACATGA CTTGGATGCA GTGGGATAGA
AGGTTGCTTG AAGACTCGCA ARRCCAGCAG
GACARGTGGA ATRATCTGTG GAATTGGTTT
ATATTCATAA TGATAGTAGG AGGCTTGATA
ATAGTGAATA GAGTTAGGCA GGGATACTCA
CCGAGGGGAC TCGACAGGCT CGGAGGAATC
AGATCCATAC GATTGGTGAG CGGATTICTIG
TGCCTCTTCA GCTACCACCG CTTGAGAGAC
TTGCAGTGAG GGCAGTGGAA CTTCTGGGAC ACAGCAGTCT CAGGGGACTA
GGAAGTCTTG TGCAGTATTG GGGTCTAGAG
ACCATAGCAA TAGCAGTAGC TGAAGGAACA
TAGAATTGGT ACAAAGAATT TGTAGAGCTA TCCTCARCAT ACCTAGGAGA
ATAAGACAGG GCTTTGAAGC AGCTTTGCTA TAARATGGGA GGCAAGTGGT CARAACGCAG
CATAGTTGGA TGGCCTGCAG TAAGAGAAAG AATGAGAAGA ACTGAGCCAG CAGCAGAGGG
AGTAGGAGCA GCGTCTCAAG ACTTAGATAG ACATGGGGCA CTTACAAGCA GCARCACACC



9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781

WO 03/020876

TGCTACTAAT

TCCAGTCAGA
CTTCTTTTTA

AATCCTTGAT

ATCGGGGCCA

TGACCCAAGG
GAGCCAACAT
TCTAGCACAC
CAGAAGGGAC
GGGACTTGGG
GGGTCTCTCT
CTGCTTAGGC
TGTGACTCTG
a

GARGCTTGTG
CCTCAGGTAC
AARGABRAAGG
TTGTGGGTCT
GGGGTCCGAT
GAGGTGAAMLG
GGAGCAGAGG
AGACACATGG
TTTCCGCCTG
AGTGGTCACC
CGGTAGACCA
CTCAATAAAG
GTAACTAGAG

CCTGGCTGCA
CTTTARGACC
GGGGACTGGA
ATAACACACA
TCCCACTGAC
AGGCCRATGA
ATGAAGATAG
CCCGCGAGCT
GGACTTTCCA
CTCAGATGCT
GATCTGAGCC
CTTGCCTTGA
ATCCCTCAGA

AGCACRRGAG
BATGACTTAT
AGGGTTAATT
AGGCTTCTTC
CTTTGGATGG
AGGAGAAGAC
AGARGTATTA
ACATCCGGAG
CTGGGGCGTT
GCATATAAGC
TGGGAGCTCT
GTGCTCTAAG
CCCTTTGTGG

FIGURE 1D

4/84

PCT/US02/21342

GAGGACGGAG ATGTAGGCTT
ARGAGTGCAG TAGATCTCAG
TACTCTAGGA AAAGGCAAGA
CCTGATTGGC AAAACTACAC
TGCTTCAAGC TAGTACCAGT
AACTGTTTGC TACACCCTAT
AAGTGGAAGT TTGACAGCCT
TATTACAAAG ACTGCTGACA
CCGGGAGGTG TGGTCTGGGC
AGCTGCTTTT . CGCTTGTACT
CTGGCTATCT AGGGAACCCA
TAGTGTGTGC CCATCTGTTG
TAGTGTGGAA AATCTCTAGC



WO 03/020876 PCT/US02/21342

¢ : is the regions for B-sheet deletions

*: is the N-linked glycosylation sites for subtype C TV1 and TV2. Possible mutation (N2> Q) or
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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
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCce
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC
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
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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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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Figure 7
(Sheet 2 of 2)

ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT
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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Figure 8
(Sheet 1 of 2)

GagComplPolmutIna.SF2 (Gag complete, RT mutated, Protease inactive; 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
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

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATC
CGCCTGCGCCCCGGCGGCAAGAAGAAGTACAAGCTGAAGCACATCGTCTGGGCCAGCCGCCAGCTGGAG
CGCTTCGCCEGTGAACCCCGEGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTGCAG
CCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAACACCGTGGCCACCCTGTACTGCGTG
CACCAGCGCATCGACGTCAAGGACACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCC
AAGAAGAAGGCCCAGCAGGCCGECCGCCGCCGCCGGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTAC
CCCATCGTGCAGAACCTGCAGGGCCAGATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGG
GTGAAGGTCGGTGCAGGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGC
GCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGCCACCAGGCCGCCATGCAGATGCTG
AAGGAGACCATCAACGAGGAGGCCGCCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCC
CCCGGCCAGATGCGCCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATC
GGCTGEGATGACCAACAACCCCCCCATCCCCGTGGGCGAGATCTACAAGCGGTGGATCATCCTGGGCCTG
AACAAGATCGTGCGGATGTACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTC
CGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGG
ATGACCGAGACCCTGCTGGTGCAGAACGCCAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCC
GCGGCCACCCTGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAAGGCCCGCETG
CTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAAC
CAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGLGCCCCC
CGCAAGAAGGGCTGCTGGCGCTCCGECCGCGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCC
AACTTCCTGEGGCAAGATCTGGCCCAGCTACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAG
CCCACCGECCCCCCCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAG
CCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAG
AAAGAATTCAAGGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATG
CAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACTC
GCCAGGAACTGCCGECGCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAA
GATTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAG
TTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAAL
AACAGCCTGAGCGAGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTG
TGGCAGCGCCCCCTEGTGACCATCAGGATCGGCEGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGLGLC
GACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGG
GGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACC
GTGCTGETGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTG
AACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTCGAAGCCGGGGATGGACGGCCCCAAGGTC
AAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGCTGGAGATCTGCACCGAGATGGAGAAGGAG
GGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGAC
AGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTG
CAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCETGCTGGACGTGGGCGAC
GCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAAC
AACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATC
« TTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAG
GCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAG
CACCTGCTGCGCTGGGGECTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATC
GAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAAC
GACATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAG
CTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGETGATCCCCCTGACCCGAGGAGGCCGAGCTG
GAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGAC
CTGGTGGCCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAG
AACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAG
GCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATC
CAGAAGGAGACCTGGGAGGCCTGGETGGATGCAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTC
GTGAACACCCCCCCCCTGETGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACC
TTCTACGTGGACGGCECCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGEC
CGGCAGAAGGTGETGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCC
CTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCC
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CAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTG
TACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGCTGGACAAGCTGETGAGCGCC
GGCATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCETGATCTACCAGTACATCGACGAC
CTGTACGTGGGCAGCGGCGGCCCTAGGGAGCCCGTGGACCCCCECCTGGAGCCCTGCAAGCACCCCGGT
AGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTECCAGGTGAGCTTC
ATCACCAAGGGCCTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCECCGECECCCCCCCCGAC
AGCGAGGTGCACCAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCEGLCeC
AAGGAGAGCAAGAAGAAGGTGGAGCGCGAGACCGAGACCGACCCCETGECACCCCEEGECCEGCCGCAGT
GGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTG
CCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGECCGCCGCTGECGCGAGCGCCAGCGCCAG
ATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCETGCCCCTGCAG
CTGCCCCCCGACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGECACCCAGGGCGETE
GGCAGCCCCCAGGTGCTGGGCGAGAGCCCCGCCETEGCTGGACAGCCGCACCAAGGAGCTCGAGGCCGGET
AAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCETGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAG

. CCCGCCGCCGACGGCGTGGGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAAL
ACCGCCGCCAACAACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCETE
CGCCCCCAGGTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAG
AAGGGCGGCCTGCAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTETGCATCCACCAC
ACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTC
GGCTGGTGCTTCAAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGECGAGAACAAC
AGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGETGTGECGCTTC
GACAGCCGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGATTAA
AAGCTTCCCGGGGCTAGCACCGGTTCTAGA
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GagPolmutAtt.SF2 (Gag, 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
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCeC
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGA
TTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCA
GGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCC
ACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCG
AGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATC
ACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAA
GGAGGCGCTGCTCGACTCCGGCGCCGACGACACCGTGCTGGAGGAGATGA
ACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTC
ATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAA
GGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCC
GCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCC
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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GagPolmutIna.SF2 (Gag, RT mutated, Protease inactive; 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
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCeee
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

GAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGTGAACC
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
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

GCCACCATGGGCGCCCGCGCCAGCETGCTGAGCGECGECGAGCTEGCACAAGTGGGAGAAGATCCGCCTG
CGCCCCGGCGGCAAGAAGAAGTACAAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGLTGGAGCGCTTC
GCCGTGAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTECAGCCCAGT
CTGCAGACCGGCAGCGAGGAGCTGCECAGCCTGTACAACACCGTGGCCACCCTETACTGCGTGCACCAG
CGCATCGACGTCAAGGACACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAG
AAGGCCCAGCAGGCCGECCGCCGCCGCCGGCACCEGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATC
GTGCAGAACCTGCAGGGCCAGATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGRTGAAG
GTGGTGGAGGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACT
CCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGCCACCAGGCCGCCATECAGATGCTGAAGGAG
ACCATCAACGAGGAGGCCGCCGAGTGGGACCGCGTGCACCCCETECACCCCEECCCCATCGCCCCCEGT
CAGATGCGCGAGCCCCGCGGCAGCEGACATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGE
ATGACCAACAACCCCCCCATCCCCGTGGGCGAGATCTACAAGCGGETGGATCATCCTGGGCCTGAACAAG
ATCGTGCGGATGTACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGAC
TACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACC
GAGACCCTGCTGGTGCAGAACGCCAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCRCERLC
ACCCTGGAGGAGATGATGACCGCCTGCCAGGGCETGEGCGECCCCEECCACAAGGCCCECETECTEGCC
GAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGE
AAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAG
AAGGGCTGCTGECGCTECGGECCECGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTC
CTGGGCAAGATCTGGCCCAGCTACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGECCCCCGAGCCCACT
GCCCCCCCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATC
GACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGAAAGAA
TTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCERCCAGCTCAAGGAGGECE
CTGCTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTCCCCCGCAAGTGGAAGCCCAAG
ATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGCGAGATCTGCEGT
CACAAGGCCATCGGCACCGTGCTGEGTGGGCCCCACCCCCETGAACATCATCEGGCCGCAACCTGCTGACT
CAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTCCCCETGAAGCTCGAAGCCGEGER
ATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGETGCGAGATCTEC
ACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCEGCCCCCGAGAACCCCTACAACACCCCCETETTC
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGETGCGACTTCCGCGAGCTGAACAAGCGCALCT
CAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTCGAAGAAGAAGAAGAGCGTGACC
GTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTC
ACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTCR
AAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCC
GACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAG
ATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGC TTCACCACCCCCGACAAGAAGCACCAGAAGGAG
CCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGCGACCGTGCAGCCCATCATGCTGCCCGAGAAG
GACAGCTGGACCGTGAACGACATCCAGAAGCTGGETGGGCAAGCTCAACTGEGCCAGCCAGATCTACGCC
GGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCOTG
ACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGCAGCCCGTGCACGAGGTGETAC
TACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCACGGCCAGGGCCAGTGGACCTACCAGATC
TACCAGGAGCCCTTCAAGAACCTGAAGACCEGCAAGTACGCCCGCATGCGCGECECCCACACCAACGAC
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGETGAGCACCCAGAGCATCGTGATCTGGGGCAAGATCCCC
AAGTTCAAGCTGCCCATCCAGAAGGAGACCTGEGAGGCCTGETCGATEGAGTACTGGCAGGCCACCTGE
ATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGETGAAGCTGTGGTACCAGCTGGAGAAGGAGCCC
ATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCECGAGACCAAGCTGGECAAGCGCCGGC
TACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTG
CAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTCGGAGGTGAACATCETGACCGACAGCCAGTACGCC
CTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTEETCAGCCAGATCATCCAGCAGCTG
ATCAAGAAGGAGAAGGTGETACCTGECCTGGGTGCCCGCCCACAACGEGCATCEGCEECAACGAGCAGETG
GACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCAAGCTTGAGCCCETEGACCCCCGCCTGGAGCCT
TGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGECACCAACTGCTACTGCAAGAAGTGCTGCTTCCAC
TGCCAGGTGAGCTTCATCACCAAGGGCCTGGECATCAGCTACGECCECAAGAAGCECCGCCAGCECCET
CGCGCCCCCCCCGACAGCGAGGTECACCAGETGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGRD
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GACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAGCGCGAGACCGAGACCGACCCCETGCACCCC
GGGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCETGCGCTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCECCECTEECET
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGEGATCATCAGCACCCACCTGGGCCACAGCACCGAG
CCCETGCCCCTGCAGCTGCCCCCCGACCTGCECCTGAACCTGGACTECAGCGAGGACTGCGRCACCAGT
GGCACCCAGGGCGTGGGCAGCCCCCAGCTGCTGGGCGAGAGCCCCGCCETECTGGACAGCGGCACCAAG
GAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGCTGGAGCCECCETCCGCGAGCECATGAAGCGC
GCCGAGCCCGCCGAGCCCGCCGCCGACGGCETEEGCGCCETGAGCCECGACCTGGAGAAGCACGRCEOC
ATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGCGCCTGECTECAGGCCCAGGAGGACCAGGAC
GTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCCATGACCTACAAGGCCGECCCTGEACCTGAGE
CACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGAC
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGECAGAACTACACCCCCEGCCCCCRCATCCGC
TACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGETCCCCGTGCACCCCGACTACGTGGAGGAGGCCAAC
GCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACCGGCATGGACGACCCCGAGAAGGAGGETC
CTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGRCCCGCGAGCTCCACCCCGAGTACTAC
AAGGACTGCTAA
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GagRTmut.SF2 (Gag, RT mutated; all in frame fusion protein)

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCccce
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
ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCA
GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG
CATCCGCAAGGTGCTCTAAATCTAGA
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GagTatRevNef.opt_ B

GCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTG
CGCCCCGGCGGCAAGAAGAAGTACAAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTC
GCCGTGAACCCCGGCCTGCTGCGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTEGCAGCCCAGC
CTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAG
CGCATCGACGTCAAGGACACCAAGGAGGCCCTGEAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAG
AAGGCCCAGCAGGCCGCCGECCGCCECCEGCACCEGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATC
GTGCAGAACCTGCAGGGCCAGATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAG
GTGGTGGAGGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGLCGCCACC
CCCCAGGACCTGAACACGATGTTGAACACCGTGEGCGGCCACCAGGCCGCCATGCAGATGCTGAAGGAG
ACCATCAACGAGGAGGCCGCCGAGTGGGACCGCGTGCACCCCGETGCACGCCGGCCCCATCGCCCCCGRL
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCTGCAGGAGCACGATCGGECTGEE
ATGACCAACAACCCCCCCATCCCCGTGGGCGAGATCTACAAGCGEGTGGATCATCCTGGGCCTGAACAAG
ATCGTGCGGATGTACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCECGAC
TACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACC
GAGACCCTGCTGGTGCAGAACGCCAACCCCGACTGCAAGACCATCCTGAAGGCTCTCEGCCCCRCGRLe
ACCCTGGAGGAGATGATGACCGCCTGCCAGGGCETEGGCGEGECCCCGGCCACAAGGCCCGCETECTEGCC
GAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGE
AAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCCCAAG
AAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTC
CTGGGCAAGATCTGGCCCAGCTACAAGGGCCGLCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCALCT
GCCCCCCCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATC
GACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGGAATTC
GAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAAC
TGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGCTAC
GGCCGCAAGAAGCGCCGCCAGCGCCGCCGECGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTGCCC
AAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAGCGC
GAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAG
ACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGLT
GACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATC
AGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTG
GACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGEGGCAGCCCCCAGGTGCTEGGGCGAGAGT
CCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGECTGEG
AGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTEEGCGCCETE
AGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTECGCC
TGGCTGGAGGCCCAGGAGGACGAGGACGTGGECTTCCCCETGCGCCCCCAGGTGCCCCTECGECCCCATE
ACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGEGAGGECCTGATCTAC
AGCCAGAAGCGCCAGGACATCCTGGACCTETGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAG
AACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCCETG
GACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCAC
GGCATGGACGACCCCGAGAAGGAGGTGCTGETGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATG
GCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCTAA
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gaagaactgc
cagecgecgtyg
caccaccacc
gtgggccacc
cgtgaccgag
catcagecctg
cctgcactge
ggaccgcegge
gcagaaggag
cagctacaag
cttecgagece
cgacaagaag
cggcatcege
cgtggtgatce
ggagagcgtg
cggcececgge
ctgcaacatc
ggcccagttc
cgtgatgeac
caacagcacc
ctgccgeatce
cccecateege
cggcggcaag
cgacaactgyg
ggcccccace
cgccatgttce
cctgacegtyg
gecgcegecate
gcaggccage
gggctgcagce
caagagcctg
caactacacc
cgagcaggag
caagtggctg

cagcagtggt
gagaagctgt
ctgttctgeg
cacgcctgeg
aacttcaaca
tgggaccaga
accaacctga
gagatcaaga
tacgccectgt
ctgatcaact
atccccatcee
ttcaacggca
ccegtggtga
cgcagcgaga
gagatcaact
cgcgecttet
agcggcgaga
ggcaacaaga
agcttcaact
tggaacaaca
aagcagatca
ggccagatcc
gagatcagca
cgcagcgage
aaggccaagce
ctgggcttee
caggcccgec
gaggcccage
gtgctggceg
ggcaagctga
gaccagatct
aacctgatct
ctgctggage
tggtacatct
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gggtgaccgt
ccagcgacgce
tgcccaccga
tgtggaagaa
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actactgcgc
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acttcaccga
gcacccgecec
acgccaccgg
agtggaacaa
ccatcgtgtt
gcggcggcga
ccatcggecce
tcaaccgctg
gctgcagcag
acaccaccga
tgtacaagta
gcegegtggt
tgggcgecge
agctgctgag
agcacctget
tggagecgcta
tctgcaccac
ggaacaacat
acaccctgat
tggacaagtg
aactcgag
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catcctggge
gtactacggce
caaggcctac
ccccaacecce
caacatggtg
ctgcgtgaag
caacaccaag
caaggtgacc
ggacgtggtg
cgtgatcacc
cccecgecgge
caccaacgtyg
gctgctgaac
caacgccaag
caacaacaac
cgacatcatc
caccctgaag
caagcagagc
gttcttctac
caacaacacc
gcaggaggtyg
caacatcacc
gatcttcege
caaggtggtyg
gcagcgcgayg
cggcagcacc
cggcatcgtyg
gcagctgacce
cctgaaggac
cgcecgtgece
gacctggaty
cgaggagagc
ggccagcectyg
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atgagagtga
ttctggatge
gtgcccgtgt
gacaccgagy
caggagatcg
gagcagatgc
ctgacccece
agcagcaact
accagcatcc
ccecatcgaca
caggcctgec
ttecgecatceco
agcaccgtge
ggcagcctgy
accatcatcg
acccgcaaga
ggcgacatcc
cagatcgtga
agcggcggcyg
tgcaacagca
aacggcacca
ggcaaggcca
ggcctgetge
cceggeggceyg
aagatcgagc
aagcgcgcecg
atgggcgcecc
cagcagcaga
gtgtggggca
cagcagctgce
tggaacgcca
gagtgggagc
cagaaccagc
tggaactggt

tggggacaca
taatgatttg
ggaaggaggc
tgcacaacgt
tgctggagaa
acgaggacat
tgtgcgtgac
ggaaggagat
gcaacaagat
acgacaacac
ccaaggtgag
tgaagtgcaa
agtgcaccca
ccgaggaggyg
tgcagctgaa
gcatcaccat
gccaggecca
ccaagctgca
accccgagat
cccagetgtt
tcaccctgece
tgtacgcece
tgacccgega
gcgacatgcg
ccectgggegt
tgaccctggg
gcagcctgac
acaacctgcet
tcaagcagcect
tagggcatctg
gctggagcaa
gcgagatcga
aggagaagaa
tcgacatcag

Figure 17
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gaagaattgt
tagcgccecgtg
caccaccacc
gtgggccacc
cgtgaccgag
catcagcecctyg
cctgcactge
ggaccgegge
gcagaaggayg
cagctacaag
cttcgagecc
cgacaagaag
cggcatcecge
cgtggtgatc
ggagagcgtyg
cggccccgge
ctgcaacatc
ggcccagttce
cgtgatgcac
caacagcacc
ctgeccecgeatce
ccccatcecge
cggcggcaag
cgacaactgg
ggcccccacce
cgccatgtte
cctgaccgtg
gcgcegecatce
gcaggcccge
gggctgcage
caagagcctyg
caactacacc
cgagcaggag
caagtggctg

caacaatggt
gagaagctgt
ctgttctgeg
cacgcctgeg
aacttcaaca
tgggaccaga
accaacctga
gagatcaaga
tacgeccetgt
ctgatcaact
atccccatec
ttcaacggca
cccecgtggtga
cgcagcgaga
gagatcaact
cgcgecttet
agcggcgaga
ggcaacaaga
agcttcaact
tggaacaaca
aagcagatca
ggccagatcce
gagatcagca
cgcagcgage
aaggccaagc
ctgggckttcec
caggcccgec
gaggcccagc
gtgctggceyg
ggcaagctga
gaccagatcet
aacctgatct
ctgctggage
tggtacatct
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ggatatgggy
gggtgaccgt
ccagcgacgc
tgcccaccga
tgtggaagaa
gcctgaagee
agaacgccac
actgcagcett
tctacaagct
gcaacaccag
actactgege
gcggeeccctg
gcacccaget
acttcaccga
gcacccgece
acgccaccgyg
agtggaacaa
ccategtgtt
gcggcggcga
ccatecggecec
tcaaccgetg
gctgcagecag
acaccaccga
tgtacaagta
gcegegtggt
tgggcgceege
agctgetgag
agcacctget
tggagcgcta
tctgcaccac
ggaacaacat
acaccctgat
tggacaagtg
aactcgag
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catcttagge
gtactacggc
caaggcctac
ccccaacece
caacatggtg
ctgcgtgaag
caacaccaag
caaggtgacc
ggacgtggtg
cgtgatcacc
ccecegecgge
caccaacgtg
gctgctgaac
caacgccaag
caacaacaac
cgacatcatc
caccctgaag
caagcagagc
gttecttctac
caacaacacc
gcaggaggtg
caacatcacc
gatcttecge
caaggtggtyg
gcagcgcegayg
cggcagcacc
cggcatcgtg
gcagctgacc
cctgaaggac
cgccgtgecce
gacctggatg
cgaggagagce
ggccagectg
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atggatgcaa
tcgceccageyg
gaggccacca
aacgtgtggg
gagaacgtga
gacatcatca
gtgaccctge
gagatggacc
aactgcaaca
atccactact
ggcagcggcc
gtgagcaccc
gagaacttca
aactgcaccc
ttctacgcca
gagaagtgga
aagaccatcg
aactgcggecg
aacaccatcg
atcatcaacc
atccgctgea
agcaacacca
gagctgtaca
atcagcagcg
ttcctgggeg
cgccagetge
cagcagcacc
gccgtggagce
ctgatctgca
atctggaaca
atctacaccc
gagctggaca
atcaagatct
ctgagcatcg
cceogececec
cgcgaccgea
agcctgtgec
gtggagctgce
tactggatcc
gtggccgagyg
cacatccccc

tgaagagagg
ccgtggagaa
ccaccctgtt
ccacccacgc
ccgagaactt
gcectgtggga
actgcaccaa
geggegagat
ccagcgtgat
gcgececcgce
cctgcaccaa
agctgctget
ccgacaacgc
gccccaacaa
ccggcgacat
acaacaccct
tgttcaagca
gcgagttett
gccccaacaa
gctggcagga
gcagcaacat
ccgagatctt
agtacaaggt
tggtgcagag
ccgcacggeag
tgagcggceat
tgctgcaget
gctacctgaa
ccaccgecegt
acatgacctg
tgatcgagga
agtgggccag
tcatcatgat
tgaaccgegt
gcggccccga
gcagcccect
tgttcagcta
tgggccgeceg
aggagctgaa
gcaccgaccy
gcegeateceg
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gctectgetgt
gctgtgagtyg
ctgecgccage
ctgegtgece
caacatgtgg
ccagagcctg
cctgaagaac
caagaactgc
cacccaggcc
cggcttegece
cgtgagcacc
gaacggcagc
caagaccatc
caacacccge
catcggcgac
gaagcagatc
gagcagcggc
ctactgcaac
caccaacggc
ggtgggcaag
caccggectyg
ccgecccgge
ggtgaagatc
cgagaagagc
caccatgggc
cgtgcagcag
gaccgtgtgg
ggaccagcag
gccetggaac
gatggagtgg
gagccagaac
cctgtggaac
cgtgggcggce
gcgccagggce
ccgceccgag
ggtgcacggc
ccaccgectg
cggctgggag
gaacagcgcec
catcatcgag
ccagggctte
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gtgctgetge
accgtgtact
gacgccaagd
accgacccca
aagaacaaca
aagccctgcg
gccaccaaca
agcttcaagg
tgcceccaagg
atcctgaagt
gtgcagtgca
ctggccgagg
atcgtgcage
aagagcatca
atccgeccadgg
gtgaccaagc
ggcgaccccyg
agcacccagc
accatcaccce
gccatgtacyg
ctgctgaccc
ggcggcgaca
gagcccetgg
gcecgtgacce
gcccgecagcec
cagaacaacc
ggcatcaagc
ctgctgggca
gccagctgga
gagcgcgaga
cagcaggaga
tggttcgaca
ctggtgggec
tacagcccce
ggcatcgagg
ctgctggecc
cgcgacctga
gccctgaagt
gtgagcctgt
gtggcccage
gagcgcgcecce

tgtgtggage
acggcgtgece
cctacgacac
acccccagga
tggtggagca
tgaagctgac
ccaagagcag
tgggcgecgg
tgagcttcga
gcaacgacaa
cccacggeat
agggcgtggt
tgaaggagag
ccatcggeec
cccactgcaa
tgcaggccca
agatcgtgat
tgttcaacag
tgcecctgeeg
ccceccececeat
gcgacggcgg
tgcgcgacaa
gcgtggecce
tgggcgcecat
tgaccctgac
tgctgcecgecge
agctgcaggc
tctggggctyg
gcaacaagag
tcgacaacta
agaacgagca
tcagcaagtyg
tgcgcatcegt
tgagcttcca
aggagggcgg
tgatctggga
tcctgatege
actggggcaa
tcgacgccat
gcatcggeeg
tgctgtaa

agtcttegtt
caogtgtggaag
cgaggtgcac
gatcgtgctg
gatgcacgag
cccectgtge
caactggaag
caagctgatce
gcccatceccee
gaagttcaac
ccgececegtg
gatccgcagce
cgtggagatc
cggccgegece
catcagcggc
gttcggcaac
gcacagcttc
cacctggaac
catcaagcag
ccgecggecag
caaggagatc
ctggcgcage
caccaaggcc
gttcectggge
cgtgcaggcec
catcgaggcc
ccgegtgetg
cagcggcaag
cctggaccag
caccaacctg
ggagctgectyg
gctgtggtac
gttcaccgtg
gacccgette
cgagcgcgac
cgacctgege
cgecccgeatc
cctgcectgeag
cgccategec
cgeccttectg
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atggatgcaa
tcgceccageg
gaggccacca
aacgtgtggg
gagaacgtga
gacatcatca
gtgaccctge
gagatggacc
aactgcaaca
atccactact
ggcagcggcec
gtgagcaccc
gagaacttca
aactgcaccc
ttectacgeca
gagaagtgga
aagaccatcg
aactgcggeg
aacaccatcg
atcatcaacc
atccgcetgea
agcaacacca
gagctgtaca
atcagcagceg
ttcectgggeg
cgccagetge
cagcagcacc
gcegtggage
ctgatctgca
atctggaaca
atctacaccc
gagctggaca
atcaagatct
ctgagcatcyg
ccecgecacee
cgcgaccgea
agcctgtgec
gtggagctge
tactggatcce
gtggccgagyg
cacatceccce

tgaagagagyg
ccgtggagaa
ccaccctgtt
ccacccacgce
ccgagaactt
gcectgtggga
actgecaccaa
gcggegagat
ccagcgtgat
gcgeccccge
cctgcaccaa
agctgctgct
ccgacaacgc
gccccaacaa
ccggegacat
acaacaccct
tgttcaagca
gcgagttett
gccccaacaa
gctggcagga
gcagcaacat
ccgagatctt
agtacaaggt
tggtgcagag
ccgecggeag
tgagcggcat
tgctgcagcet
gctacctgaa
ccaccgeegt
acatgacctg
tgatcgagga
agtgggccag
tcatcatgat
tgaaccgcgt
gcggecceccga
gcagcccect
tgttcagcta
tgggccgecyg
aggagctgaa
gcaccgaccg
gcecgeatecyg
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gctctgetgt
gctgtgggtyg
ctgcgccage
ctgcgtgecec
caacatgtgg
ccagagcctyg
cctgaagaac
caagaactgc
cacccaggcc
cggcttegece
cgtgagcacc
gaacggcagc
caagaccatc
caacacccgc
catcggcegac
gaagcagatc
gagcagcggc
ctactgcaac
caccaacggce
ggtgggcaag
caccggectyg
ccgaccecggce
ggtgaagatc
cgagaagagc
caccatgggce
cgtgcagecag
gaccgtgtgg
ggaccagcag
gccetggaac
gatggagtgg
gagccagaac
cctgtggaac
cgtgggcgge
gcgccagggc
ccgececgag
ggtgcacgge
ccaccgcectg
cggctgggag
gaacagcgcce
catcatcgag
ccagggcttce
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gtgctgctge
accgtgtact
gacgccaagg
accgacccca
aagaacaaca
aagccctgeg
gccaccaaca
agcttcaagg
tgcecceccaagy
atcctgaagt
gtgcagtgca
ctggcecgagy
atcgtgcage
aagagcatca
atccgeccagg
gtgaccaagc
ggcgaccccyg
agcacccagc
accatcaccc
gccatgtacg
ctgctgaccce
ggcggcgaca
gagcccctgg
gccegtgacce
gcccgecagec
cagaacaacc
ggcatcaagce
ctgctgggca
gccagetgga
gagcgcgaga
cagcaggaga
tggttcgaca
ctggtgggce
tacagccceccee
ggcatcgagyg
ctgctggece
cgcgacctga
gcecctgaagt
gtgagecctgt
gtggcccagc
gagcgcgecce

tgtgtggagc
acggcgtgcc
cctacgacac
acccccagga
tggtggagca
tgaagctgac
ccaagagcag
tgggcgecgyg
tgagcttcga
gcaacgacaa
cccacggcat
agggcgtggt
tgaaggagag
ccatcggecc
cccactgcaa
tgcaggccca
agatcgtgat
tgttcaacag
tgccctgeecg
cccecccecat
gcgacggcgyg
tgcgcgacaa
gcgtggecce
tgggcgccat
tgaccctgac
tgctgecgcge
agctgcagge
tctggggetyg
gcaacaagag
tcgacaacta
agaacgagca
tcagcaagtg
tgcgcatcgt
tgagcttcca
aggagggcgg
tgatctggga
tcectgatcege
actggggcaa
tcgacgecat
gcatcggccg
tgctgtaa

agtcttcgtt
cgtgtggaag
cgaggtgcac
gatcgtgctg
gatgcacgag
cceectgtge
caactggaag
caagctgatc
gceccatcecece
gaagttcaac
ccgececegtg
gatccgcagce
cgtggagatc
cggecgegec
catcagecgge
gttcggecaac
gcacagcttc

cacctggaac
catcaagcag
ccgecggecag
caaggagatc
ctggcgcage
caccatcgec
gttcctggge
cgtgcaggcce
catcgaggcc
ccgegtgetyg
cagcggcaag
cctggaccag
caccaacctg
ggagctgctyg
gctgtggtac
gttcacecgtg
gacccgette
cgagcgcgac
cgacctgcge
cgcccgeatce
cctgcectgecag
cgecatcgec
cgccttectg
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int.opt.mut.SF2

TTCCTGAACGGCATCGACAAGGCCCAGGAGGAGCACGAGAAGTACCACAGCAACTGGCGCGECCATGECT
AGCGACTTCAACCTGCCCCCCGTGRTGGCCAAGGAGATCGTEGCCAGCGCCGACAAGTGCCAGCTCAAG
GGCGAGGCCATGCACGGCCAGGTGGACTGCAGCCCCEECATCTGGCAGCTGGCCTGCACCCACCTGGAG
GGCAAGATCATCCTGGTGGCCGTGCACGTGGCCAGCGGCTACATCGAGGCCGAGGTGATCCCCGCCGAG
ACCGGCCAGGAGACCGCCTACTTCCTGCTGAAGCTCECCEGECCECTEGGCCCETGAAGACCATCCACACT
GCCAACGGCAGCAACTTCACCAGCACCACCGTGAAGGCCECCTECTCETGEGGCCEGCATCAAGCAGGAG
TTCGGCATCCCCTACAACCCCCAGAGCCAGGGCETGETEGCGAGCATCGAACAACGAGCTGAAGAAGATC
ATCGGCCAGEGTGCGCGACCAGGCCGAGCACCTGAAGACCECCETGCAGATEGCCGTGTTCATCCACAAC
TTCAAGCGCAAGGGCGGCATCGGCGGCTACAGCGCCGECGAGCGCATCGTGGACATCATCECCACCEAC
ATCCAGACCAAGGAGCTGCAGAAGCAGATCACCAAGATCCAGAACTTCCGCGTCTACTACCGCGACAAC
AAGGACCCCCTGAAGGGCCCCGCCAAGCTGCTETGCAAGGGCGAGGGCECCGTCGTGATCCAGGACAAC
AGCGACATCAAGGTGGTGCCCCGCCGCAAGGCCAAGATCATCCGCGACTACGGCAAGCAGATGECCRRC
GACGACTGCGTGGCCAGCCGCCAGGACGAGGAC
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Figure 21
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int.opt.SF2

TTCCTGAACGGCATCGACAAGGCCCAGGAGGAGCACGAGAAGTACCACAGCAACTGGCGCGCCATGGCC
AGCGACTTCAACCTGCCCCCCGTGETGGCCAAGGAGATCGTGGCCAGCTGCGACAAGTGCCAGCTGAAG
GGCGAGGCCATGCACGGCCAGGTGGACTGCAGCCCCGGCATCTGGCAGCTGGACTGCACCCACCTGGAG
GGCAAGATCATCCTGGTGGCCGTGCACGTGGCCAGCGGCTACATCGAGGCCGAGGTGATCCCCGCCGAG
ACCGGCCAGGAGACCGCCTACTTCCTGCTGAAGCTGGCCGGCCGCTGGCCCGTGAAGACCATCCACACC
GACAACGGCAGCAACTTCACCAGCACCACCGTGAAGGCCGCCTGCTGGTCGGGCCGGCATCAAGCAGGAG
TTCGGCATCCCCTACAACCCCCAGAGCCAGGGCGTGETGGAGAGCATGAACAACGAGCTGAAGAAGATC
ATCGGCCAGGTGCGCGACCAGGCCGAGCACCTGAAGACCGCCGTGCAGATGGCCGTGTTCATCCACAAC
TTCAAGCGCAAGGGCGGCATCGGCGGCTACAGCGCCGGCGAGCGCATCGTGGACATCATCGCCACCGAL
ATCCAGACCAAGGAGCTGCAGAAGCAGATCACCAAGATCCAGAACTTCCGCGTGTACTACCGCGACAAC
AAGGACCCCCTGTGGAAGGGCCCCGCCAAGCTGCTGTGGAAGEGCGAGGGCGCCETGGTGATCCAGGAC
AACAGCGACATCAAGGTGGTGCCCCGCCGCAAGGCCAAGATCATCCGCGACTACGGCAAGCAGATGGCC
GGCGACGACTGCGTGGCCAGCCGCCAGGACGAGGAC
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Figure 22
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nef.D125G.-myr.opt.SF162

ATGGCCGGCAAGTGGAGCAAGCGCATGAGCGEGCTGEGAGCGCCETGCECCGAGCGCATGAAGCGCGCCCAG
CCCGCCGAGCCCGCCGCCGACGGCGTGGGCGCCGTGAGCCGCGACCTEGAGAAGCACGGCECCATCACC
AGCAGCAACACCGCCGECCAACAACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGRGC
TTCCCCGTGCGCCCCCAGEGTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTC
CTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTCE
ATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGEGCCCCGECATCCGCTACCCC
CTGACCTTCGGCTGGTGCTTCAAGCTGETGCCCETGGACCCCGACTACGTEGAGGAGGCCAACGCCGREC
GAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGCAGGTCGCTGGETG
TGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGAC
TGC
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Figure 23
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nef.D107G.-myr18.0pt.SF162 (dbl.mutant)

ATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCEACGGCGETGGGCGCCETGAGCCRL
GACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGAC
TGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAG
GTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAG
GAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGAC
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGRL
CCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCCETGGAC
CCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATE
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCEGCTTCGACAGC
CGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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Figure 24
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nef.opt.D125G.SF162

ATGGGECGGCAAGTGGAGCAAGCGCATGAGCGGCTGEGAGCECCETGCGCGAGCGCATCGAAGCGCGCCGAR
CCCGCCGAGCCCGECCGCCEACGGCETGGGECGCCGTEAGCCGCEACCTEGAGAAGCACGGCECCATCACT
AGCAGCAACACCGCCGCCAACAACGCCGACTGCGECCTCECTCEAGGCCCAGGAGGACCAGRACATGGGC
TTCCCCGTGCGCCCCCAGETEGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGRACCTEAGCCACTTC
CTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTCGE
ATCCACCACACCCAGGGCTACTTCCCCGGCTGECAGAACTACACCCCCEEGCCCCGECATCCGCTACCCC
CTGACCTTCGGCTGGTGCTTCAAGCTGETGCCCGTEEACCCCGACTACGTEGAGGAGGCCAACGCCAGH
GAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGCGACGACCCCGAGAAGGACATCCTCETE
TGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATEGCCCECGAGCTGCACCCCEAGTACTACAAGGAC
TGC
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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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p15RnaseH.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
GCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGECCGCGAAGGACACCARATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAG
ACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGCGGCGGCGAGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTG
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTGLTG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGEGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGETGGGCCCC
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGCGAGAAGCGAGGGCAAGATCAGCAAG
ATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGL
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGG
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGAC
AAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTG
GTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTG
CGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAAC
CGCGAGATCCTGAAGGAGCCCETGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATC
CAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGC
AAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTG
AGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGG
GAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGCGATCCCCGAGTGGGAGTTCGTGAACACCCCCC L
CTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGT
GCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAGGTCGTG
AGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGEGCCCTGCAGGACAGCGGC
CTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGEGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGCTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTG
CCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGETGAGCGCCGEGCATCCGCAAGGTG
CTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGC
GGCGGCCCTAGGATCGATTAAAAGCTTCCCGGGGCTAGCACCGGT
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p2PolInaopt.YM.SF2

GCCACCATGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGECCGC
GCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAG
ACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGGGCGEGCGAGAACAACAGCCTGAGCCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTE
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTEGCTCGCCACCGGCGCCGACGACACCETGATG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGEGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCETGCTGGTEGRCCCC
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGETGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTGCGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAG
ATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGETGCTGGACGTGGGCGACGCCTACTTCAGCGTG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGL
ATCCGCTACCAGTACAACGTGCTGCCCCAGEECTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGG
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGGGCTACGAGCTGCAC
CCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAG
AAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGGCACCAAGGCCCTGACCCGAGGTGATCCCCCTCGACCGAGGAGGCCGAGCTGGAGCTGGCC
GAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGETGGCC
GAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAG
ACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCETGCAG
AAGGTGAGCACCGAGAGCATCGTGATCTGCGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAG
ACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACC
CCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTG
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAG
GTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGAC
AGCGGCCTGGAGGTGAACATCGTGACCEGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGAL
AAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTEGTACCTGGECC
TGGGTGCCCGCCCACAAGGGCATCGECGGCAACGAGCAGGTGGACAAGCTGEGTEGAGCGCCGEGCATCCGEC
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTGTACGTG
GGCAGCGGCGGCCCTAGGATCGATTAAAAGCTTCCCGGGGCTAGCACCGGT
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p2Polopt.SF2

GCCACCATGGCCGAGGCGATGAGCCAGGTGACGAACCCEGCGACCATCATGATGCAGCGCGGCAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGC
GCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGECCCGCGAGTTCAGCAGCGAGCAG
ACCCGCGCCAACAGCCCCACCCGCCGCGAGCTGCAGETGTGGGGCGGCGAGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTG
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGACACCGGCGCCGACGACACCGTGCTG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGRCCCC
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAG
ATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCEC
AAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGCTGCAGCTGEGCATCCCC
CACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGCGACGTGGGCGACGCCTACTTCAGCATG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGEGT
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGCAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGACGACCTG
TACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTG
CGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGGGCTACGAG
CTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGAC
ATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTG
TGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAG
CTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTG
GTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAAC
CTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCC
GTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAG
AAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCCGAGTGGGAGTTCETGE
AACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTC
TACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGEGGLCEa
CAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTEG
CAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAG
CCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTAC
CTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTEETGAGCGCCEGL
ATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTG
TACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGCTTCCCGGGGCTAGCACCGET
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p2PolTatRevNef.opt.native_B

ATGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAAC
CAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGLCGCCLCe
CGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGARAGATTGCACTGAGAGACAGGCT
AATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGL
GCCAACAGCCCCACCCGCCGCGAGCTGCAGGTGTGGGEGCGGCGAGAACAACAGCCTGAGCGAGGCCGGT
GCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTEGTGACC
ATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGACACCGGCGCCGACGACACCGTGCTGGAGGAG
ATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGCGATCGEGGGEGCTTCATCAAGGTGCGGCAG
TACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGECACCGTGCTGETGGEGECCCCALCCeCT
GTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATC
GAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAG
GAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGC
CCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGECGCAAGCTG
GTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCC
GCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGEC
TACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAG
ATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGACGACCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCECTEG
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTCGGATGGGCTACGAGCTGCAC
CCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAG
AAGCTGGETGGGCAAGCTCGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGEGLC
GAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGETGTACTACGACCCCAGCAAGGACCTGGTGGCC
GAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAG
ACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAG
AAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAG
ACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACC
' CCCCCCCTGGTGAAGCTGTGETACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTG
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGECAGAAG
GTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGECCCTGCAGGAC
AGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGAL
AAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCC
TGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTCGAGCGCCGECATCCGEL
AAGGTGCTGgaattcGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAG
ACCGCCTGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGTGCTTCATCACCAAGEGC
CTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGECGCCCCCCCCEGACAGCGAGGTGCAC
CAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGECCCCAAGGAGAGCAAG
AAGAAGGTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCECAGCGGECCGACAGCGAC
GAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAG
GGCACCCGCCAGGCCCGCCGCAACCGCCGCCGCCGCTGECGCGAGCGCCAGCGCCAGATCCAGAGCATC
AGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTRCCCCCCOTG
GAGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCETEGGCAGCCCCCAG
GTGCTGGECGAGAGCCCCGCCETECTCGGACAGCCGCACCAAGGAGCTCGAGGGCGECAAGTCCAGCAAG
CGCATGAGCGGCTGGAGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCECCGCCGAC
GGCGTGGGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCECCGCCAAC
AACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGECTTCCCCETGCGCCCCCAGGTG
CCCCTGCGCCCCATGACCTACAAGGCCGECCCTGGACCTGAGCCACTTCCTCAAGGAGAAGGGCGGECCTG
GAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTAC
TTCCCCGACTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTEETGCTTC
AAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCEAGAACAACAGCCTECTGCAC
CCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTETCGCGCTTCGACAGCCGCCTE
GCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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GCCACCATGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTC
CGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGC
GCCCCCCGCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGA
CAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGEGCAAGGCCCGCGAGTTCAGCAGCGAGCAG
ACCCGCGCCAACAGCCCCACCCGCCECGAGCTGCAGGTETGCGGCGEGCGAGAACAACAGCCTGAGCGAG
GCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTG
GTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTGCTG
GAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTG
CGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGBCCATCGGCACCGTGCTGGTGGGELCCCC
ACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGC
CCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTG
ACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGCAGAAGGAGGGCAAGATCAGCAAG
ATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGC
AAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCC
CACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGCACGTGGGCGACGCCTACTTCAGCETG
CCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGL
ATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATG
ACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTG
GGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGG
GGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGAC
AAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGCACAGCTGGACCGTGAACGACATCCAGAAGCTG
GTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTG
CGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCCGAGGAGGCCGAGCTGGAGCTGGCCGAGAAC
CGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATC
CAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGL
AAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGETG
AGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGG
GAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGEGGAGTTCGTGAACALCCCCCCCC
CTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGC
GCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAGGTGGTG
AGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGC
CTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGRETG
CCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTEGGTGAGCGCCGGCATCCGCAAGGTG
CTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGC
GGCGGCCCTAGGGAGCCCGTGGACCCCCGECCTEGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACT
GCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTG
GGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCECCCCCCCCGACAGCGAGGTGCACCAG
GTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGEGCGACCCCACCGGCCCCAAGGAGAGCAAGAAG
AAGGTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGECCGGCCGCAGCGGCGACAGCGACGAG
GAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGC
ACCCGCCAGGCCGACCTGAACCGCCGCCGCCGCTGECGCGAGCGCCAGCGCCAGATCCAGAGCATCAGC
GCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTG
CGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGECACCCAGGGCGTGGGCAGCCCCCAGGTG
CTGGGCGAGAGCCCCGCCETGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGC
ATGAGCGGCTGGAGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGT
GTGGGCGCCETGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAAC
GCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCC
CTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAG
GGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTC
CCCGGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAG
CTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCC
ATGAGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTERCC
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TTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGATTAAAAGCTTCCCEGGRCT
AGCACCGGT
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TTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGECCCGCGAGTTCAGCAGCGAGCAGACCCECRCT
AACAGCCCCACCCGCCGCGAGCTGCAGGTGTGCGECEGCCGAGAACAACAGCCTGAGCGAGGCCERCECe
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGECCCCCTEETCACCATC
AGGATCGGCEGCCAGCTCAAGGAGGCGCTECTCCGACACCGGCGCCCACCACACCGTECTGGAGGAGATE
AACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGEGCEGGATCCGEREGCTTCATCAAGGTGCGGCAGTAC
GACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGECCCCACCCCCATE
AACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAR
ACGGTGCCCGTGAAGCTGAAGCCGGGGATGCACGGCCCCAAGETCAAGCAGTGGCCCCTGACCCGAGGAG
AAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGCGAGAAGCGAGEGCAAGATCAGCAAGATCGGCCCT
GAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTCRTGE
GACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGEGAGGCTGCAGCTGEGCATCCCCCACCCCGLC
GGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACCTGGECCGACCCCTACTTCAGCGTECCCCTGRAC
AAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTAC
CAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCECCATCTTCCAGAGCAGCATGACCAAGATC
CTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGACGACCTGTACGTGEGGET
AGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCEGCTGERGC
TTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGTGGATGEGCTACGAGCTGCACCCC
GACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGCACCGETGAACGACATCCAGAAG
CTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTG
CTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTEECCGAR
AACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACCACCCCAGCAAGCGACCTGGTCGCCGAG
ATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCT TCAAGAACCTGAAGACC
GGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCETGCAGAAG
GTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACC
TGGGAGGCCTGGTGGATGCAGTACTGGCAGGCCACCTGGATCCCCGAGTGEGAGTTCETGAACACCCCC
CCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGECECCGAGACCTTCTACGTGGAC
GGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTCGACCGACCGGGGCCGRCAGAAGRTGE
GTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGT
GGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAG
AGCGAGAGCGAGCTGGETGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGECCTGG
GTGCCCGCCCACAAGGGCATCGGCEGCAACGAGCAGGTGGACAAGCTGGTGAGCCGCCEGCATCCECAAG
GTGCTG

46/84



WO 03/020876 PCT/US02/21342

Figure 33
(Sheet 1 of 1)

prot.opt.SF2 (native):

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCEGCCACGCTCAAGGAGGCRCTG
CTCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGECAAGTGGAAGCCCAAGATG
ATCGGCGGGATCGGGGECTTCATCAAGGTGCGGCAGTACGACCAGATCCCCETGCAGATCTGCGRCCAC
AAGGCCATCGGCACCGTGCTGGETGGGCCCCACCCCCETGAACATCATCCGCCGCAACCTGCTCGACCCAG
ATCGGCTGCACCCTGAACTTC
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protlna.opt.SF2 (mutant, Protease non-functional):

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCECTG
CTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGE
ATCGGCGGGATCGGEGGCTTCATCAAGCTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGTGCTGGETGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG
ATCGGCTGCACCCTGAACTTC
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protIinaRT.YM.opt.SF2

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGLTG
CTCGCCACCGGCGCCGACGACACCGETGCTEGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATG
ATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG
ATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATG
GACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACC
GAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCC
ATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGETGGACTTCCGCGAGCTGAACAAGCGCACCCAG
GACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGETG
CTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACC
ATCCCCAGCATCAACAACGAGACCCCCGECATCCGCTACCAGTACAACGTGCTCCCCCAGGGCTGGAAG
GGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGAC
ATCGTGATCTACCAGGCCCCCCTGETACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATC
GAGGAGCTGCGCCAGCACCTGCTGCGCTGEGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCC
CCCTTCCTGTGGATGGGCTACGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAG
-AAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGEGTGGGCAAGCTGAACTGGGCCAGCCAGATCTAC
GCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCC
CTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGETG
TACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAG
ATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAAC
GACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATC
CCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGCATGGAGTACTGGCAGGCCACC
TGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAG
CCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCC
GGCTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAG
CTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTAC
GCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAG
GTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTG
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protInaRT.YMWM.opt.SF2

CCCCAGATCACCCTGTGGCAGCECCCCCTGGTGACCATCAGGATCEGCGGCCAGCTCAAGGAGGCGLTG
CTCGCCACCGGECGCCGACCGACACCETGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATG
ATCGCCGECATCCCEGGCTTCATCAAGGTGCGECAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC
AAGGCCATCGGCACCGTGCTEETGEECCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG
ATCGGCTGCACCCTGAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTGEGTGACCATCAGGATCGGC
GGCCAGCTCAAGGACGGCGCTGCTCGACACCGGCECCGACGACACCGTGCTGGAGGAGATGAACCTGCCC
GECAAGTGGAAGCCCAAGATGATCGCECGGEGATCCEEGGCTTCATCAAGGTGCGGCAGTACGACCAGATC
CCCGTGCGAGATCTGCGECCACAAGGCCATCEGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATC
GGCCGCAACCTCECTGACCCAGATCGGCTEGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCC
GTGAAGCTCAAGCCCGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAG
GCCCTCETGCAGATCTGCACCGAGATCGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCC
TACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGETGGACTTCCGC
GAGCTGAACAAGCGCACCCAGGACTTCTGGEAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAG
AAGAAGAAGAGCGTGACCETGCTGGACGTGGGCGACGCCTACTTCAGCEGTGCCCCTGGACAAGGACTTC
CGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAAC
GTGCTECCCCACGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC
TTCCGCAAGCAGAACCCCGACATCETGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATC
GGCCAGCACCGCACCAAGATCGAGGAGCTGCECCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGAC
AAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCETGAACGACATCCAGAAGCTGGTGCGGCAAGCTGAACTGGE
GCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTG
ACCGAGGTGATCCCCCTCGACCGAGGAGGCCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAG
CCCGETGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGT
CAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGC
GGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTG
ATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGCGATGGAG
TACTGGCAGGCCACCTGGATCCCCGAGTCGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTAC
CAGCTCGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACT
AAGCTGGGCAAGGCCGECTACGTGACCEACCGEGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACC
AACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGECCTGGAGGTGAACATCGTG
ACCGACAGCCAGTACGCCCTGEGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGC
CAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATC
GGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTG
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ProtInaRTmut.SKF2 (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

51/84



WO 03/020876 PCT/US02/21342

Figure 38
(Sheet 1 of 1)

protRT.opt.SF2

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGETGACCATCAGGATCGGCGECCAGCTCAAGGAGGCGCTG
CTCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCEGCAAGTGGAAGCCCAAGATG
ATCGGCGGGATCEGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTECEGCCAC
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCEGCCGCAACCTGCTCGACCCAG
ATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCCGEGGATE
GACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGETGGAGATCTECACC
GAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCETETTCGCC
ATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCEGCGAGCTCGAACARAGCGCACCCAG
GACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCECCGGCCTGAAGAAGAAGAAGAGCCGTCACCGTE
CTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACC
ATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTEGAAG
GGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGAC
ATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGCGACCTGCGAGATCGGCCAGCACCGCACT
AAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTEGGECTTCACCACCCCCGACAAGAAGCACCAGAAG
GAGCCCCCCTTCCTGTGGATGGGCTACGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTE
CCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTEGCTGGGCAAGCTGAACTGGGCCAGCCAG
ATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCEGCACCAAGCGCCCTGACCGAGGETG
ATCCCCCTGACCGAGGAGGCCGAGCTGCGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCETGCAC
GAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCEGAGATCCAGAAGCAGGEGCCAGGGCCAGTEGACC
TACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACCCCCGCATGCGCGECEGCCCAC
ACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGREC
AAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGETCGATGGAGTACTGGCAG
GCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGETCAAGCTGTGETACCAGCTGRAG
ARGGAGCCCATCGETGGGCGCCGAGACCTTCTACGTGGACEGCECCECCAACCGCGAGACCAAGCTGEREC
ARGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAGETGETGAGCATCGCCGACACCACCAACCAGAAG
ACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGETGAACATCGTGACCGACAGC
CAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATC
GAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGECATCGGCGRCAAC
GAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCECAAGGTECTG
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ProtRT.TatRevNef.opt_B

ATGCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCE
CTGCTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAG
ATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCACGTACGACCAGATCCCCETGEAGATCTECGEC
CACAAGGCCATCGGCACCGTGCTGGTGGECCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACC
CAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGEE
ATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGC
ACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCETGTTC
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACC
CAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACC
GTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTC
ACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGCGCTGEGE
AAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCC
GACATCGTGATCTACCAGGCCCCCCTGTACGTGEGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAG
ATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGECTTCACCACCCCCGACAAGAAGCACCAGAAGGAG
CCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAG
GACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCC
GGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTG
ACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGCGAGCCCGTGCACGAGGTGETAC
TACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATC
TACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCETGATCTGGGGCAAGATCCCC
AAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGCCAGGCCACCTGE
ATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGEGAGAAGGAGCCC
ATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGECAAGGCCGREC
TACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTEG
CAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTEGGAGGTGAACATCGTGACCGACAGCCAGTACGCC
CTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTG
ATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTG
GACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCGAATTCGAGCCCGTGGACCCCCGCCTGGAGCCC
TGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCAC
TGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGLCaET
CGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGL
GACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAGCGCGAGACCGAGACCGACCCCGETGECACC e
GGGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCGCCGCTRELae
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAG
CCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGC
GGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGGGCGAGAGCCCCGCCETGCTGGACAGCGGCACCAAG
GAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCETGCGCCAGCGCATGAAGCGET
GCCGAGCCCGCCGAGCCCECCGCCGACGGCETGGECGCCETGAGCCGCCACCTGGAGAAGCACGGCECTC
ATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGAC
GTGGGCTTCCCCGTGCGCCCCCAGGTGECCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGC
CACTTCCTGAAGGAGAAGGGCGGCCTGEAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGAL
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGECAGAACTACACCCCCGGCCCCGGCATCCGC
TACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAALC
GCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACCGCATGGACGACCCCGAGAAGGAGGTEG
CTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATEGCCCCECGAGCTGCACCCCGAGTACTAC
AAGGACTGC
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ProtRTTatRevNef.opt_B

GCCACCATGCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCEECCAGCTCAAG
GAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTGCTCGAGGAGATGAACCTGCCCGGCAAGTGGAAG
CCCAAGATGATCGGCGGGATCGCCGGCTTCATCAAGETGCGCECAGTACGACCAGATCCCCGTGGAGATC
TGCGGCCACAAGGCCATCGGCACCGTGECTGGTGGGCCCCACCCCCGTEGAACATCATCGGCCGCAACCTG
CTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCCAGACGGTGCCCETCGAAGCTCGAAG
CCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTCGACCCAGCAGAAGATCAAGGCCCTERTCGAG
ATCTGCACCGAGATGEAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCCGAGAACCCCTACAACACCCCC
GTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTEGTCGACTTCCGCCAGCTGAACAAG
CGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGEGCCTCAAGAAGAAGAACAGT
GTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCETGCCCCTCGACAAGGACTTCCCCAAGTACACC
GCCTTCACCATCCCCAGCATCAACAACGAGACCCCCEECATCCGCTACCAGTACAACGTECTGCCCCAG
GGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAG
AACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGRCAGCGACCTGGAGATCEGCCAGCACCEL
ACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTEGGGCTTCACCACCCCCGACAAGAAGCACCAG
AAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGCGACCETGCAGCCCATCATECTECCC
GAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGEGCAAGCTGAACTCGGCCAGCCAGATC
TACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCCAGATCCTGAAGGAGCCCETGCACGAG
GTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTAC
CAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGEECECCCACACT
AACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAG
ATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTCETGGATGGAGTACTEGGCAGECT
ACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTCAAGCTETGGTACCAGCTGCGAGAAG
GAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGECGCCECCAACCGCCAGACCAAGCTCGGECAAG
GCCGGCTACGTGACCGACCGGGGCCEGCAGAAGGTGGTGAGCATCCCCGACACCACCAACCAGAAGACC
GAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGCAGGTCGAACATCGTCACCGACAGCCAG
TACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCCAGCTGGTGAGCCAGATCATCGAG
CAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGEETGCCCGCCCACAAGGGCATCGECCGCAACGAG
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCECAAGGTCCTCCGAATTCGAGCCCETGGACCCCCECCTS
GAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGC
TTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGCTACCGCCGCAAGAAGCGCCGCCAG
CGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTECCCAAGCAGCCCGCCAGCCAGTCC
CAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGCGAGCGCGAGACCGEAGACCGACCCCATE
CACCCCGGGGCCEGECCGCAGCGECGACAGCGACGAGGAGCTECTGCAGACCGTGCGCTTCATCAAGTTC
CTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGECCAGGCCGACCTGAACCGCCGCCGECCGT
TGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGEGATCATCAGCACCCACCTGGGCCGCAGT
ACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCECCTGAACCTEGACTGCAGCGAGGACTECCRC
ACCAGCGGCACCCAGGGCGTGEECAGCCCCCAGGTGCTGEECEAGAGCCCCGCCETECTGGACAGCEGC
ACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGECTGGAGCGCCATECGCCGAGCGCATG
AAGCGCGCCGAGCCCGCCGAGCCCECCGCCGACGGCETEGRCGCCETEAGCCECGACCTEGGAGAAGCAL
GGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGCGCCTCECTGRAGECCCAGGAGGAC
GAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGAL
CTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAGEGCCTGATCTACAGCCAGAAGCGCCAGGACATC
CTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCEGCTERCAGAACTACACCCCCGRCCCCERR
ATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTEETECCCEGTGGACCCCCGACTACGTGGAGCAG
GCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATCGACGACCCCGAGAAG
GAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGECCCECEAGCTGCACCCCGAG
TACTACAAGGACTGCGATTAA
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rev.exonl_2.M5/10.0pt.SF162

ATGGCCGGCCGCAGCGGCGACAGCCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCGECCECTGGECGT
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGECCECAGCACCGAG
CCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGEGCACCAGC
GGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGEGCCGAGAGCCCCGCCETEGCTGCACAGCGEGCACCAAG
GAG
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rev.exonl_2.0pt.SF162

ATGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGETAC
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCCGCCGCAACCECCGECCECCGCTGGRLGT
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAG
CCCGTGCCCCTGCAGCTGCCCCCCCTEGGAGCGCCTGAACCTEGGACTGCAGCGAGGACTGCGGCACCAGT
GGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGGGCCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAG
GAG
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RT.opt.SF2 (mutant)

GCCACCATGCCCCAGATCACCCTGTCGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAG
GAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAG
CCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGETGCGGCAGTACGACCAGATCCCCGTGGAGATC
TGCGGCCACAAGGCCATCGGCACCETGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTG
CTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAG
CCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTCGACCGAGGAGAAGATCAAGGCCCTGGTGGAG
ATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCC
GTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAG
CGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGT
GTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACC
GCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAG
GGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCARAGCAG
AACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCALCCEC
ACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAG
AAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATCECTGCCC
GAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTEGGECCAGCCAGATC
TACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCCGAGGTGATC
CCCCTGACCGAGGAGGCCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAG
GTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTAC
CAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATECGCGGCGCCCACACT
AACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTCATCTGECGCAAG
ATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGEGAGGCCTGGTGGATGGACGTACTGGCAGGLC
ACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTEGTGETACCAGCTGGAGAAG
GAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAG
GCCGGCTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACC
GAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCCGACAGCCAG
TACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGCTGAGCCAGATCATCGAG
CAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGCGGCATCEGCEGCAACGAG
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCTAA
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RT.opt.SF2 (native)

GCCACCATGCCCCAGATCACCCTGETGGCAGCGCCCCCTGGTGACCATCAGGATCGGCEGCCAGCTCAAG
GAGGCGCTGCTCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAG
CCCAAGATGATCGGCGGGATCGEGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGETECGAGATC
TGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTG
CTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAG
CCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGCGAGAAGATCAAGGCCCTGGTGCGAG
ATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCC
GTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAG
CGCACCCAGGACTTCTGGGAGGTGCAGCTGEGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGC
GTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACTC
GCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAG
GGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAG
AACCCCGACATCGTGATCTACCAGTACATGGACGACCTGTACGTGGGCAGCGACCTGCGAGATCGGCCAG
CACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAG
CACCAGAAGGAGCCCCCCTTCCTGTGGATGEGCTACGAGCTGCACCCCGACAAGTGGACCETGCAGCCC
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAACTGG
GCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTG
ACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAG
CCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGC
CAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATECEC
GGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTG
ATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTCGGAGGCCTGETGCATCCAG
TACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGETGAAGCTETGETAC
CAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAACCGCGAGACC
AAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGECAGAAGGTGETGAGCATCGCCGACACCACC
AACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGEGCCTGGAGGTGAACATCETG
ACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTEETGAGC
CAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGECATC
GGCGGCAACGAGCAGGTGGACAAGCTGGTCGAGCGCCGGCATCCGCAAGGTGCTGTAA )
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RTmut.SF2 (RT mutated)

GTCGACGCCACCATGCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCT
GAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAG
GAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGG
GCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGITC
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCC
GCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATC
CCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGT
GGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACA
CCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTAC
CAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCA
GAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACA
TCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGC
CAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGG
CTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCA
TCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAG
AAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGA
ACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGA
GGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTG
CACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAA
GCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGA
ACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCG
TGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACC
TGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTG
GGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGA
AGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAAC
CGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGC
AGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCA
GGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGA
CCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGA
AGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG

CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCTAAAGAAT
TC
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tat.exonl_2.opt.C22/37.SF2

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGECACT
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGECCTGGGCATCAGC
TACGGCCGCAAGAAGCGCCGCCAGCGECLGCCECGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTCGAG
CGCGAGACCGAGACCGACCCCGTGCAC
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tat.exdnl_Z.opt.C37.SF2

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCTGCACCT
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGCTGAGCTTCATCACCAAGGGCCTGEGCATCAGC
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGLGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG
CGCGAGACCGAGACCGACCCCGTGCAC
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TatRevNef.opt.native.SF162

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCTECACT
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGTGCTTCATCACCAAGGGCCTGGGCATCAGT
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCEGACAGCGAGETGCACCAGGTGAGCCTA
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGETGGAG
CGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCEGCCGCAGCGGCGACAGCCACGAGGAGCTGCTG
CAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAG
GCCCGCCGCAACCGCCGCCGCCECTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTCGATC
ATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGETGCCCCTGCAGCTGCCCCCCCTEGAGCGCCTGAAC
CTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGECETGGGCAGCCCCCAGGTCCTEEGCCAG
AGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGGCCGECAAGTGCGAGCAAGCGCATGAGCGGC
TGGAGCGCCGTGCGCGAGCGCATGAAGCGCECCGAGCCCGCCGAGCCCECCECCEACGGCETEEECECC
GTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGECCGCCAACAACGCCGACTGC
GCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCETGCGCCCCCAGGTGCCCCTECGCCCT
ATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCEGECCTEGCAGGGCCTGATC
TACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCGACTCG
CAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTEETGCTTCAAGCTEGGTGCCC
GTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTECTGCACCCCATGAGCCAG
CACGGCATGGACGACCCCGAGAAGGAGGTGCTGETGTGGCGCTTCEGACAGCCECCTEECCTTCCACCAC
ATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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TatRevNef.opt.SF162

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACC
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGC
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG
CGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTG
CAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAG
GCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATC
ATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAAC
CTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGGGCGAG
AGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCGAGGCCGGCAAGTGGAGCAAGCGCATGAGCGGC
TGGAGCGCCGTGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTGGGCGCC
GTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCGCCAACAACGCCGACTGC
GCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGCCCC
ATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTGGAGGGCCTGATC
TACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGG
CAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCC
GTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAG
CACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCAC
ATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC
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TatRevNefGag B

GCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGECC
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGEEGC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGECGCCCCCCCCGACAGCGAGETGCACCAGGTG
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAG
GTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGACCEGCCGCAGCGGCGACAGCGACGAGGAG
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGRGCACC
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTEGCGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGECC
TGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGETGCCCCTEGCAGCTGCCCCCCGACCTGCGC
CTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCGTGGGCAGCCCCCAGETGCTG
GGCGAGAGCCCCGCCETGCTGGACAGCGGCACCAAGGAGCTCGAGCGCCGECAAGTGGAGCAAGCGCATG
AGCGGCTGGAGCGCCETGCGCGAGCGCATGAAGCGCGCCGAGCCCGCCEAGCCCACCGCCGACGGCETS
GGCGCCGTGAGCCGCGACCTGGAGAAGCACGECGCCATCACCAGCAGCAACACCGCCGCCAACAACGCC
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGECTTCCCCETECECCCCCAGETGCCCCTE
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGCAGAAGGGCEGCCTGGAGGGC
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGECTEETGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGECGAGAACAACAGCCTGCTGCACCCCATE
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCEACAGCCGCCTEGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGAATTCGGCGCCCGCGCCAGCETG
CTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTCCGCCCCEGCGECAAGAAGAAGTACAAG
CTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCECTTCGCCETGAACCCCEEGCCTGCTEGGAGACT
AGCGAGGGCTGCCGCCAGATCCTEGGGCCAGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTECGC
AGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGACACCAAGGAG
GCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAAGGCCCAGCAGGCCGCCGLCEecece
GGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTCGAAGGTGETCGAGGAGAAGGCCTTCAGCCCC
GAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACCCCCCAGGACCTCAACACCATGTTGAAC
ACCGTGGGCGECCACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCGCCGAGTGE
GACCGCGTGCACCCCETGCACGCCGGCCCCATCGCCCCCEGCCAGATGCGCEAGCCCCGCGECAGCGAT
ATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTG
GGCGAGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGCATGTACAGCCCCACCAGT
ATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGACTACGTGGACCGCTTCTACAAGACCCTG
CGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGETGCAGAACGCCAAC
CCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCEECCACCCTGCAGCAGATGATGACCGCCTGEC
CAGGGCGTGGGECGECCCCGGCCACAAGGCCCGCATGCTGGCCCGAGECEGATCGAGCCAGGTGACGAACCCE
GCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGGC
AAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGCTGCTGECGCTGCGGCCECCAR
GGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTCCTGEGCAAGATCTGGCCCAGCTACAAG
GGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCECCCCCCCCGAGGAGAGCTTCCGCTTC
GGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGT
CTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGTAA
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TatRevNefgagCpolIna_ B

GTCGACGCCACCATGGAGCCCGTGGACCCCCGECCTGGAGCCCTGGAAGCACCCCEECAGCCAGCCCARG
ACCGCCGGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGRGC
CTGGGCATCAGCTACGGCCGCAAGAAGCGCCGCCAGCECCECCECGCCCCCCCCGACAGCCAGETGCAC
CAGGTGAGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCEGCCCCAACGAGAGCAAG
AAGAAGGTGGAGCGCGAGACCGAGACCGACCCCETGCACCCCGGEECCGECCECAGCERCEACAGCEAC
GAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTRCCCAGCCCCAAG
GGCACCCGCCAGGCCGACCTCGAACCGCCGCCGCCECTGGCECGAGCGCCACGCECCAGATCCAGAGCATC
AGCGCCTGGATCATCAGCACCCACCTGGACCGCAGCACCGAGCCCETGCCCCTECAGCTGCCCCCCGAC
CTGCGCCTGAACCTGGACTGCAGCGAGGACTGCEGCACCAGCGECACCCAGGECETEGGGCAGCCCCCAR
GTGCTGGGCGAGAGCCCCGCCETGCTGGACAGCEGCACCAAGGAGCTCGAGGCCEECAAGTGGAGCAAG
CGCATGAGCGGCTGGAGCGCCGTGCGCGAGCGECATCAAGCGCGCCEAGCCCECCEAGCCCECCGCCRAL
GGCGTGGGCGECCEGTGAGCCGCEGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCECCGCCAAC
AACGCCGACTGCGCCTGEGCTCGGAGGCCCAGGAGEACGAGGACGTGGGCTTCCCCETECGCCCCCAGETE
CCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAACGGCGGCCTG
GAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTCGGATCCACCACACCCAGGGCTAC
TTCCCCGGCTGECAGAACTACACCCCCGGCCCCEECATCCECTACCCCCTGACCTTCGGCTGGTEOTTC
AAGCTGGTGCCCETGEGACCCCGACTACGTGGAGEGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCAC
CCCATGAGCCAGCACGGCATGGACGACCCCGAGAAGCAGETCCTEETETEGCECTTCGACAGCCGOCTE
GCCTTCCACCACATGGCCCGCGAGCTGCACCCCEAGTACTACAAGGACTGCCTCCGAGEECECCCECGCC
AGCGTGCTGAGCGGCEGCCAGCTGGACAAGTGGGAGAAGATCCGCCTECECCCCEECEGCAAGAAGAAG
TACAAGCTGAAGCACATCGTGTGGGCCAGCCGECGAGCTEGGAGCECTTCGCCETCGAACCCCEGCOTRCTG
GAGACCAGCGAGGGCTGCCGCCAGATCCTEGGGCCAGCTECAGCCCAGCCTGCACGACCGGCAGCGAGGAG
CTGCGCAGCCTGTACAACACCGTGGCCACCCTGTACTGCETGCACCAGCGCATCCACGTCAAGGACACT
AAGGAGGCCCTGGAGAAGATCGAGCGAGGAGCAGAACAAGTCCAAGAAGAAGGCCCAGCAGGCCECCRCT
GCCGCCGGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATCGTGCAGAACCTCCAGGGCCAG
ATGGTGCACCAGGCCATCAGCCCCCGCACCCTGAACGCCTEEGTGAAGGTGETGEAGGAGAAGGCCTTC
AGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACCCCCCAGGACCTGAACACGATG
TTGAACACCGTGGGCEGCCACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCGCC
GAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGCCAGATGCGCGAGCCCCGCRET
AGCGACATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGGATCACCAACAACCCCCCCATC
CCCGTGGGCGAGATCTACAAGCGGTGGATCATCCTGEGCCTGAACAAGATCGTGCGGATGTACAGCCCC
ACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCCACTACGTGGACCGCTTCTACAAG
ACCCTGCGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACCGAGACCCTRCTGGTGCAGAAC
GCCAACCCCGACTGCAAGACCATCCTGAAGGCTCTCEGCCCCACEECCACCCTGEACCGACGATGATCGACC
GCCTGCCAGGGCGTGEGCGGCCCCGECCACAAGGCCCECETECTCECCGAGCCGATGAGCCAGGTGACE
ARCCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAAC
TGCGGCAAGGAGGGCCACACCGCCAGGAACTGECCECECCCCCCGCAAGAAGGGCTGCTEECGCTECREE
CGCGAGGGCCACCAGATGAAGGACTGCACCGAGCEGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGE
TACAAGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCCCCCGACGAGAGCTTC
CGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGCAGCCCATCCACAACGAGCTGTACCCCCTE
ACCAGCCTGCGCAGCCTGTTCGECAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCECATECTERCC
GAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCER
AAGACCGTCAAGTGCTTCAACTGCGGCAAGGAGGGCCACACCGCCAGCGAACTGCCECECCCCCCGCAAG
AAGGGCTGCTGGCGCTGCGGCCECCAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTC
TTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAAC
AGCCCCACCCGCCGCGAGCTGCAGGTETGGGECEECGAGAACAACAGCCTGAGCGAGGECCGRCRCCCAL
CGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTEGTGACCATCAGE
ATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGECGCCEACCACACCETGCTCGGAGGAGATGAAC
CTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGEEGECTTCATCAAGGTGCCGCAGTACGAC
CAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGETGGECCCCACCCCCGTGAAC
ATCATCGGCCGCAACCTGCTGACCCAGATCGGECTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACE
GTGCCCGTGAAGCTGAAGCCGGGGATGGACGECCCCAAGGTCAACGCAGTGGCCCCTGACCCACGAGAAG
ATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGECCCCGAG
ARACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCCCAAGCTEETGGAC
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TTCCGCGAGCTGAACAAGCGCACCCAGCGACTTCTGGGAGGTCGCAGCTGGGCATCCCCCACCCCGCCGRT
CTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTEGGCGACGCCTACTTCAGCETGCCCCTGGACAAG
GACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACCAG
TACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTG
GAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTE
GAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTECGCTEGGGCTTCACCACT
CCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTEGACCETE
CAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGETGGGCAAGCTE
AACTGGGECCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTECAAGCTEGCTGCGCGGECACCAAG
GCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGECCGAGCTGGAGCTEGCCCGAGAACCGCGAGATCCTG
AAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTCGCCGAGATCCAGAAGCAGGEEC
CAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGECAAGTACGCCCGC
ATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCETEGCACGAAGGTGAGCACCGAGAGT
ATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTERTEE
ATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCECCGCCAACCGC
GAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCCGCAGAAGETCGTGAGCATCGCCGAC
ACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCEGCCTCGGAGGTGAAC
ATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTG
GTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTEGCCTGGETGCCCGCCCACAAG
GGCATCGGCGGCAACGAGCAGGTGCACAAGCTGGTGAGCGCCGGCATCCECAACGGTGC TG T TCCTGAAC
GGCATCGATGGCGGCATCETGATCTACCAGTACATGGACGACCTGTACGTGEGCAGCGGCGECCCTAGG
ATCGATTAAAAGCTTCCCGGGGCTAGCACCGGTTCTAGA
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TatRevNefGagProtInaRTmut B

GCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCEECAGCCAGCCCAAGACCELC
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGETE
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCEGCCCCAAGGAGAGCAAGAAGAAG
GTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGEGECCEGCCGCAGCEECGACAGCGACGAGCAR
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACT
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGCGAGCGECCAGCGCCAGATCCAGAGCATCAGCGCC
TGGATCATCAGCACCCACCTGGGCCGECAGCACCGAGCCCETECCCCTECAGCTECCCCCCGACCTRCET
CTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCETECECAGCCCCCAGETRCTE
GGCGAGAGCCCCGCCGTGCTEGGACAGCGGCACCAAGGAGCTCGAGGCCEECAAGTGGAGCAAGCGCATE
AGCGGCTGGAGCGCCGTGCECCAGCGCATGAAGCGECGCCGAGCCCGCCGAGCCCGCCGCCCGACGELETR
GGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGECCATCACCAGCAGCAACACCGCCECCAACAACGCC
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGECTTCCCCETECGCCCCCAGGTGCCCCTG
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACT TCCTGAAGGAGAAGGGCEGCCTGGAGGET
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTETGGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTGETGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCEGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGECGCTTCGACAGCCGCCTEGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCAAGCTTGGCGCCCGCECCAGCETE
CTGAGCGGCGGCGAGCTGGACAAGTGGGAGAAGATCCGCCTECGCCCCGECGECAAGAAGAAGTACAAG
CTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCACCATGAACCCCGGCCTECTEGAGACT
AGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTGCAGCCCAGCCTGCAGACCCGCAGCGAGGAGCTGCGET
AGCCTGTACAACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACCTCAAGGACACCAAGGAG
GCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAAGGCCCAGCAGGCCGCCGCCECCELC
GGCACCGGCAACAGCAGCCAGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGETG
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGETGAAGGTCETEGGACGAGAAGCCCTTCAGCCCC
GAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAAC
ACCGETGGGCGEGCCACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACCAGGAGGCCECCCAGTGE
GACCGCGETGCACCCCGTGCACGCCGGCCCCATCECCCCCGEECCAGATGCECGAGCCCCECEECAGCRAC
ATCGCCGGCACCACCAGCACCCTGCAGGAGCAGATCGGCTGCGATCGACCAACAACCCCCCCATCCCCRTE
GGCGAGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATGTACAGCCCCACCAGC
ATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCGACTACGTGGACCGCTTCTACAAGACCCTG
CGCGCTGAGCAGGCCAGCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGEGTGCAGAACGCCAAC
CCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGECCACCCTEGACGAGATGATGACCGCCTGEC
CAGGGCGTGGGCGGCCCCGGCCACAAGGCCCGCGTGCTGGCCCGAGGCGATGAGCCAGETGACGAACCCE
GCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGECGGC
AAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGCTCCTGGCGCTECEECCGECGAG
GGCCACCAGATGAAGGACTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACAAG
GGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCCCCCEGAGGAGAGCT TCCROTTC
GGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGT
CTGCGCAGCCTGTTCGGCAACGACCCCAGCAGCCAGARAGAATTCCCCCAGATCACCCTETGGCAGCGC
CCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCECTGCTCGCCACCGGCGCCGACGACACT
GTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCEEGATCEEGGECTTCATC
AAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTCCTEATE
GGCCCCACCCCCGTGAACATCATCGECCEGCAACCTEGCTGACCCAGATCGECTGCACCCTGAACTTCCCC
ATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATEGACGECCCCAAGGTCAAGCAGTES
CCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATCGGAGAAGCGAGGGCAAGATC
AGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAG
TGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTCGGAGCTGCAGCTGREC
ATCCCCCACCCCGCCGGCCTGAAGAAGAAGARGAGCGTGACCGTECTGGACGTGGECGACGCCTACTTC
AGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACC
'CCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGC
AGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTE
TACGTGGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGEAGCTGCGCCAGCACCTGCTG
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CGCTGGEGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCAC
CCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTCGACCETGAACGACATCCAG
AAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCARG
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGELCC
GAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGETGGLCC
GAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAG
ACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTCGACCGAGGCCETGCAG
AAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAG
ACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCCGAGTEGGAGTTCGTGAACACC
CCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCATGGGCGCCGAGACCTTCTACGTG
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAG
GTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGECCATCCACCTGECCCTGCAGGAC
AGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGECATCATCCAGGCCCAGCCCGAC
AAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGECC
TGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTEETGAGCECCGGCATCCGC
AAGGTGCTCTAA
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TatRevNefp2Pol.opt_B

GCCACCATGGAGCCCGTGGACCCCCECCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGLT
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGECCTGGEC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGETG
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGCGAGAGCAAGAAGAAG
GTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCGECCGCAGCGECGACAGCGACGAGGAG
CTGCTGCAGACCGETGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACT
CGCCAGGCCGACCTGAACCGCCGCCECCGCTGGCEGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGCC
TGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGETGCCCCTGCAGCTGCCCCCCGACCTGCGC
CTGAACCTGGACTGCAGCGAGGACTGCEGCACCAGCGGCACCCAGGGCETGEGCAGCCCCCAGETGCTG
GGCGAGAGCCCCGCCGETGCTGGACAGCGGCACCAAGGAGCTCGAGGCCEGCAAGTEGAGCAAGCGCATG
AGCGGCTGGAGCGCCETGCGCGAGCCCATGAAGCGCGCCGAGCCCGECCEGAGCCCECCECCGACGECETE
GGCGCCGTGAGCCGCGACCTGGAGAAGCACGGCGCCATCACCAGCAGCAACACCGCCECCAACAACGCC
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGETECCCCTE
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGCAGAAGGGCGGCCTGCAGGGC
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACCCAGGGECTACTTCCCC
GGCTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTGACCTTCGGCTEGTGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGECGCTTCGACAGCCGCCTEGCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGAATTCGCCGAGGCGATGAGCCAG
GTGACGAACCCGGCGACCATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGC
TTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGCGOTECTGGECGEC
TGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTG
GCCTTCCTGCAGGGCAAGGCCCGCCAGTTCAGCAGCGAGCAGACCCGCGECCAACAGCCCCACCCGECCGT
GAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCCGACCGCCAGGECACCATE
AGCTTCAACTTCCCCCAGATCACCCTGTGGCAGCGCCCCCTEGGTCGACCATCAGGATCGGCEGCCAGCTC
AAGGAGGCGCTGCTCGCCACCGGCGCCGACGACACCETGCTGGAGGAGATCAACCTGCCCGGCAAGTGG
AAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCATGGAG
ATCTGCGGCCACAAGGCCATCGGCACCGTGCTGETGGGCCCCACCCCCETGAACATCATCGGCCGCAAC
CTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGETGCCCETGAAGCTG
AAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGETG
GAGATCTGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACALCC
CCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGETGGACTTCCGCGAGCTGAAC
AAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCCEECCTCGAAGAAGAAGAAG
AGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGCACAAGGACTTCCGCAAGTAC
ACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCEGCATCCGCTACCAGTACAACGTGCTGCCC
CAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAG
CAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCCACCTGGAGATCGGCCAGCAC
CGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGEGCTTCACCACCCCCGACAAGAAGCAC
CAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCCGACAAGTGGACCGTGCAGCCCATCATGCTG
CCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTCGAACTGCGCCAGCCAG
ATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCCGCACCAAGGCCCTGACCGAGGETG
ATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCCGAGATCCTGAAGGAGCCCGTGCAC
GAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACC
TACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATCCECEECGCCCAL
ACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCGTCATCTGGGGET
AAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACCTGEGCAGCGCCTEETCEATGGAGTACTCGCAG
GCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAG
AAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGECECCGCCAACCECGAGACCAAGCTEREC
AAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAGGTCETGAGCATCGCCGACACCACCAACCAGAAG
ACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGECCTGGAGETGAACATCGTGACCGACAGT
CAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGETGAGCCAGATCATC
GAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTCGEETEGCCCECCCACAAGGGCATCEGCGGCAAC
GAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTGTAA

69/84



WO 03/020876 PCT/US02/21342

Figure 54
(Sheet 1 of 1)

TatRevNef.ProtRT.opt_B

GCCACCATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGEGAAGCACCCCERCAGCCAGCCCAAGACCELC
GGCACCAACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGECCTGEGEC
ATCAGCTACGGCCGCAAGAAGCGCCGCCAGCGCCECCGCGCCCCCCCCGACAGCCGAGGTGCACCAGETE
AGCCTGCCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAG
GTGGAGCGCGAGACCGAGACCGACCCCGTGCACCCCGGGGCCEECCGCAGCGECCGACAGCCGACCAGGAG
CTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTACCAGAGCAACCCCCTGCCCAGCCCCAAGGGCACT
CGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGECGCGAGCGCCAGCGCCAGATCCAGAGCATCAGCGECC
TGGATCATCAGCACCCACCTGGGCCGCAGCACCGAGCCCGETECCCCTGCAGCTGCCCCCCGACCTGCET
CTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGCGGCACCCAGGGCETEGGCAGCCCCCAGETGCTE
GGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAGGAGCTCCGAGGCCGECAAGTCGAGCAAGCGCATG
AGCGGCTGGAGCGCCGTGCGCEGAGCGCATGAAGCGCGCCGAGCCCECCGAGCCCECCECCGACGECATE
GGCGCCGTGAGCCGCGACCTGCGAGAAGCACGGCGCCATCACCAGCAGCAACACCECCGECCAACAACGCT
GACTGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGEGEECTTCCCCGTGCGCCCCCAGGTECCCCTE
CGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTCAAGGAGAAGCEGCGGCCTEGAGGGC
CTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGCGATCCACCACACCCAGGGCTACTTCCCC
GGCTGGCAGAACTACACCCCCGEGCCCCGGCATCCGCTACCCCCTGACCTTCEECTCGTGCTTCAAGCTG
GTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAACGCCGGCGAGAACAACAGCCTGCTGCACCCCATG
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTEGCGCGCTTCCGACAGCCGCCTGRCCTTC
CACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGAATTCCCCCAGATCACCCTETGER
CAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGECTGCTCGCCACCGECGECCEAC
GACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATGATCCGCEEEGATCEEGGGET
TTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGETE
CTGGTGGGCCCCACCCCCGTCGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTGCACCCTGAAC
TTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGAAGCCCGGGEATGCACGGCCCCAAGGTCAAG
CAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGETGGAGATCTGCACCCAGATCGAGAAGGAGGEGT
AAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGC
ACCAAGTGGCGCAAGCTGGTGGACTTCCGCCAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAG
CTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGARGAGCGETGACCGTECTGGACGTCEEGCGACECT
TACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAAC
GAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTEGAAGGGCAGCCCCGCCATCTTC
CAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACATCETGATCTACCAGGCC
CCCCTGTACGTGGGCAGCGACCTGGAGATCGGCCAGCACCECACCAAGATCCAGGAGCTGCGCCAGCAC
CTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAG
CTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCCAGAAGGACAGCTGGACCGTGAACGAC
ATCCAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCEGCATCAAGGTGAAGCAGCTE
TGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCCAGGAGGCCGAGCTGGAG
CTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGCACCAGGTGTACTACGACCCCAGCAAGGACCTG
GTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGCACCTACCAGATCTACCAGGAGCCCTTCAAGAAC
CTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACCTGAAGCAGCTGACCGAGGECT
GTGCAGAAGGTGAGCACCGAGAGCATCGTGATCTGGGECAAGATCCCCAAGTTCAAGCTGCCCATCCAG
AAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTEGGACTTCGETG
AACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTC
TACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACCTGACCGACCGGRRCCER
CAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGECCATCCACCTGRCCCTG
CAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGECCCAG
CCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTAC
CTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGC
ATCCGCAAGGTGCTCTAA
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vif.opt.SF2

ATGGAGAACCGCTGGCAGGTGATGATCGTGTGGCAGGTGGACCGCATGCGCATCCGCACCTGGAAGAGT
CTGGTGAAGCACCACATGTACATCAGCAAGAAGGCCAAGGGCTEGTTCTACCGCCACCACTACGAGAGE
ACCCACCCCCGCGTGAGCAGCGAGGTGCACATCCCCCTGGGCCACGCCAAGCTGETGATCACCACCTAC
TGGGGCCTGCACACCGECGAGCGCGAGTGGCACCTGGGCCAGGECETGGCCATCGAGTGECGCAAGAAG
AAGTACAGCACCCAGGTGGACCCCGGCCTEGGCCGACCAGCTGATCCACCTGCACTACTTCGACTGCTTC
AGCGAGAGCGCCATCAAGAACGCCATCCTGGGCTACCGCGTGAGCCCCCECTGCGAGTACCAGGCCGGT
CACAACAAGGTGGGCAGCCTGCAGTACCTGGCCCTGGCCGCCCTGATCACCCCCAAGAAGACCAAGCCC
CCCCTGCCCAGCGTGAAGAAGCTGACCGAGGACCGCTGGAACAAGCCCCAGAAGACCAAGGRCCACCGC
GGCAGCCACACCATGAACGGCCAC
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vpr.opt.SEF2

ATGGAGCAGGCCCCCGAGGACCAGGGCCCCCAGCGCGAGCCCTACAACGAGTGGACCCTGGAGCTGCTG
GAGGAGCTGAAGCGCGAGGCCGTGCECCACTTCCCCCGCCCCTEECTGCACAGCCTGCECCAGTACATC
TACGAGACCTACGGCGACACCTGGGCCGGCETGGAGGCCATCATCCGCATCCTGCAGCAGCTGCTGTTC
ATCCACTTCCGCATCGGCTGCCAGCACAGCCGCATCGGCATCATCCAGCAGCGCCECGCCCGCCGECAAL
GGCGCCAGCCGCAGC
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vpu.opt.SF162

ATGCAGCCCCTGCAGATCCTGGCCATCGTEGECCCTGETGETGGCCECCATCATCGCCATCGTGGTGTGG
ACCATCGTATACATCGAGTACCGCAAGATCCTGCGCCAGCGCAAGATCGACCGCCTGATCGACCGCATC
ACCGAGCCCCECCGAGGACAGCGGCAACCAGAGCGAGGGCGACCAGGAGGAGCTGAGCGCCCTGETGGAG
CGCGGCCACCTGGCCCCCTGGGACGTGGACGACCTG
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FIGURE 58 (SEQ ID NO:61)
£p140modSF162.GM135-154-186-195

1 atggatgcaa tgaagagagg getctgetgt gtgetgetge tgtgtggage agtettegtt

61 tcgcccageg cegtggagaa getgtgggte accgtgtact acggegtgee cgtgtggaag
121 gaggccacca ccaccetgtt ctgegecage gacgecaagg cetacgacac cgaggtgeac
181 aacgtgtggg ccacccacge ctgegtgece accgacceca acceccagga gategtgetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagcea gatgcacgag
301 gacatcatca gcctgtggga ccagagectg aageectgeg tgaagetgac ceceetgtge
361 gtgaccctge actgeaccaa cetgaageag gecaccaaca ccaagageag caactggaag
421 gagatggacc gcggegagat caageagtge agettcaagg tgaccaccag catccgeaac
481 aagatgcaga aggagtacgc cctgttctac aagetggacg tggtgeecat cgacaacgac
541 cagaccagct acaagctgat caactgecag accagegtga tcaccecagge ctgececaag
601 gtgagcttcg agcecatecc catceactac tgegeeceecg ceggettege catectgaag
661 tgcaacgaca agaagttcaa cggecagegge ccetgeacca acgtgageac cgtgeagtge
721 acccacggea tcecgeecegt ggtgageace cagetgetge tgaacggeag cetggeegag
781 gagggcgigg tgatccgeag cgagaactic accgacaacg ccaagaccat catcgtgeag
841 ctgaaggaga gegtggagat caactgeace cgecccaaca acaacacccg caagageate
901 accatcggcee ccggeegegce ctictacgee accggegaca tecatcggega catcegeeag
961 gcccactgea acatcagegg cgagaagtgg aacaacacce tgaagcagat cgtgaccaag
1021 ctgcaggcecec agttcggeaa caagaccate gtgticaage agagecagegg cggegacceee
1081 gagatcgtga tgcacagctt caactgegge ggegagtict tetactgeaa cageacecag
1141 ctgttcaaca gecacctggaa caacaccatc ggececaaca acaccaacgg caccatcace
1201 ctgeectgee geatcaagea gatcatcaac cgetggeagg aggtgggcaa ggecatgtac
1261 geeeeececa tecgeggeca gatcegetge ageageaaca tcaccggect getgetgace
1321 cgecgacggeg geaaggagat cagcaacace accgagatcet tccgeceegg cggeggegac
1381 atgcgcgaca actggecgeag cgagetgtac aagtacaagg tggtgaagat cgagecectg
1441 ggegtggeee ccaccaagge caagegeege gtggtgecage gegagaageg cgeegtgace
1501 ctgggegeca tgttcetggg cttcetggge gecgeeggea geaccatggg cgeecgeage
1561 ctgaccctga cegtgeagge cecgecagetg ctgageggca tegtgeagea geagaacaac
1621 ctgetgegeg cecatcgagge ccageageac ctgetgeage tgacegtgte gggeatcaag
1681 cagctgecagg ccecgegtget ggeegtggag cgetacctga aggaccagea getgetggge
1741 atctggggct gecageggeaa getgatetge accaccgeeg tgecetggaa cgecagetgg
1801 agcaacaaga gcetggacca gatctggaac aacatgaccet ggatggagtg ggagegegag
1861 atcgacaact acaccaacct gatctacacce ctgatcgagg agagccagaa ccageaggag
1921 aagaacgagc aggagctget ggagetggac aagtgggeca geetgtggaa ctggticgac
1981 atcagcaagt ggctgtggta catctaa
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FIGURE 59 (SEQ ID NO:62)

¢p140modSF162.GM154

1 atggatgcaa tgaagagagg gctctgetgt gtgetgetge tgtgtggage agtettcgtt

61 tcgeccageg cegtggagaa getgtgggty accgtgtact acggegtgee cgtgiggaag
121 gaggccacca ccaccetgtt ctgegecage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtggg ccacccacge ctgegtgeee accgacceca acccecagga gategtgetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagea gatgeacgag
301 gacatcatca gectgtggga ccagagectg aageectgeg tgaagetgac ccecctgige
361 gtgaccctge actgecaccaa cctgaagaac gecaccaaca ccaagageag caactggaag
421 gagatggacc gcggegagat caageagtge ageticaagg tgaccaccag catccgeaac
481 aagatgcaga aggagtacgc cctgttctac aagetggacg tggtgeccat cgacaacgac
541 aacaccagct acaagctgat caactgcaac accagegtga tcaccecagge ctgececcaag
601 gtgagcttcg ageccatecc catccactac tgegeeeeeg ceggettege catectgaag
661 tgcaacgaca agaagticaa cggeagegge ccctgeacca acgtgageac cgtgeagige
721 acccacggea tccgeecegt ggtgageace cagetgetge tgaacggeag cetggeegag
781 gagggcgtgg tgatccgeag cgagaacttc accgacaacg ccaagaccat catcgigeag
841 ctgaaggaga gcgtggagat caactgeace cgecceaaca acaacacceg caagageate
901 accatcggcee cecggeegege cttctacgee accggegaca tcatcggega catccgecag
961 gcccactgea acatcagegg cgagaagtgg aacaacacce tgaagcagat cgtgaccaag
1021 ctgcaggeec agttcggeaa caagaccate gtgttcaage agageagegg cggegaccee
1081 gagatcgtga tgcacagctt caactgegge ggegagtict tctactgcaa cageacccag
1141 ctgttcaaca gcacctggaa caacaccatc ggeeccaaca acaccaacgg caccatcace
1201 ctgecectgee geatcaagea gatcatcaac cgetggeagg aggtgggcaa ggecatgtac
1261 gecceceeca tecgeggeca gatcegetge ageageaaca tcaccggect getgetgace
1321 cgecgacggeg geaaggagat cagcaacace accgagatcet tccgeecegg cggeggegac
1381 atgcgcgaca actggegeag cgagcetgtac aagtacaagg tggtgaagat cgagecectg
1441 ggegtggece ccaccaagge caagegeege gtggtgeage gegagaageg cgeegigace
1501 ctgggegeca tgttectggg cticetggge gecgeeggea geaccatggg cgeeegeage
1561 ctgaccctga ccgtgeagge ccgecagetg ctgageggea tegtgeagea geagaacaac
1621 ctgcetgegeg ccatcgagge ccageageac ctgetgeage tgacegtgtg gggeatcaag
1681 cagctgecagg ccecgegtget ggeegtggag cgetacctga aggaccagea getgetggge
1741 atctggggct geageggeaa getgatetge accaccgeeg tgeectggaa cgeeagetgg
1801 agcaacaaga gectggacca gatctggaac aacatgacct ggatggagtg ggagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaa ccagcaggag
1921 aagaacgagc aggagctgcet ggagetggac aagtgggeea gectgtggaa 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 agicttegtt

61 tcgeccageg cegtggagaa getgtgggtg acegtgtact acggegtgee cgtgtggaag
121 gaggccacca ccaccctgtt ctgegecage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtggg ccacccacge ctgegtgeee accgaceeca acceccagga gategigetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagea gatgcacgag
301 gacatcatca gcctgtggga ccagagectg aagecctgeg tgaagetgac cecectgtge
361 gtgaccctge actgeaccaa cctgaagaac gecaccaaca ccaagageag caactggaag
421 gagatggacc gecggegagat caageagtge agettcaagg tgaccaccag catcecgeaac
481 aagatgcaga aggagtacgc cctgtictac aagctggacg tggtgcccat cgacaacgac
541 cagaccagct acaagctgat caactgccag accagegtga tcaccecagge ctgecccaag
601 gtgagcttcg ageccatcee catecactac tgegeeeecg ceggettege catectgaag
661 tgcaacgaca agaagttcaa cggeagegge ccetgeacca acgtgageac cgtgeagtge
721 acccacggea tccgeceegt ggtgageace cagetgetge tgaacggeag cetggeegag
781 gagggcgtgg tgatccgeag cgagaacttc accgacaacg ccaagaccat categtgeag
841 ctgaaggaga gcgtggagat caactgcacce cgeeccaaca acaacacceg caagageate
901 accatcggee ccggeegege ctictacgee accggegaca tcatcggega cateecgecag
961 gcccactgea acatcagegg cgagaagtgg aacaacacce tgaagcagat cgtgaccaag
1021 ctgcaggeece agttcggeaa caagaccate gtgttcaage agageagegg cggegaccee
1081 gagatcgtga tgcacagett caactgegge ggegagtict tetactgeaa cageacccag
1141 ctgttcaaca gcacctggaa caacaccatc ggecccaaca acaccaacgg caccatcace
1201 ctgcectgee geatcaagea gatcatcaac cgetggeagg aggtgggcaa ggecatgtac
1261 gcceccecca teecgeggeea gatecgetge ageageaaca tcaccggect getgetgace
1321 cgcgacggeg gecaaggagat cagcaacace accgagatct tccgeeccgg cggeggegac
1381 atgcgegaca actggegeag cgagetgtac aagtacaagg tggtgaagat cgageecctg
1441 ggcgtggeee ccaccaagge caagegeege gtggtgecage gegagaageg cgeegtgace
1501 ctgggcgceca tgtteetggg cttcetggge geegeecggea geaccatggg cgeeccgeage
1561 ctgaccctga ccgtgcagge ccgecagetg ctgageggea tegtgeagea geagaacaac
1621 ctgetgegeg ccatcgagge ccageageac ctgetgeage tgacegtgtg gggeatcaag
1681 cagctgcagg ccegegtget ggeegtggag cgetacetga aggaccagea getgetggge
1741 atctggggct gcageggeaa getgatetge accaccgecg tgecctggaa cgecagetgg
1801 agcaacaaga gcetggacca gatctggaac aacatgacct ggatggagte goagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaa ccageaggag
1921 aagaacgagc aggagetget ggagetggac aagtgggeca gectgtggaa ctggticgac
1981 atcagcaagt ggctgtggta catctaa
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FIGURE 61 (SEQ ID NO:64)
gp140mut7.modSF162.GM154

1 atggatgcaa tgaagagagg getetgetgt gtgetgetge tgtgtggage agtettegtt

61 tcgcccageg cegtggagaa getgtgggtg accgtgtact acggegtgee cgtgtggaag
121 gaggccacca ccaccctgtt ctgegecage gacgecaagg cctacgacac cgaggtgeac
181 aacgtgtggg ccaccecacge ctgegtgeee accgacceca acceccagga gategtgetg
241 gagaacgtga ccgagaactt caacatgtgg aagaacaaca tggtggagcea gatgcacgag
301 gacatcatca geetgtggga ccagagectg aageectgeg tgaagetgac ceeeetgtge
361 gtgaccctge actgcaccaa cctgaagaac gecaccaaca ccaagageag caactggaag
421 gagatggacc gcggegagat caageagtge agettcaagg tgaccaccag catccgeaac
481 aagatgcaga aggagtacgc cctgttctac aagetggacg tggtgeccat cgacaacgac
541 aacaccagct acaagctgat caactgcaac accagegtga tcacccagge ctgeccecaag
601 gtgagcttcg ageccateee catceactac tgegeeceeeg cecggettege catectgaag
661 tgcaacgaca agaagttcaa cggeagegge cectgeacca acgtgageac cgtgeagtge
721 acccacggea tcegeeeegt ggtgageace cagetgetge tgaacggeag cetggeecgag
781 gagggcgtgg tgatcegeag cgagaactte accgacaacg ccaagaccat catcgtgeag
841 ctgaaggaga gcgtggagat caactgcace cgeeccaaca acaacacccg caagageate
901 accatcggece ccggeegege cttetacgee accggegaca tcatcggega catcegecag
961 gcccactgea acatcagegg cgagaagigg aacaacacce tgaagcagat cgtgaccaag
1021 ctgcaggeec agttcggeaa caagaccate gtgttcaage agagcagegg cggegaceee
1081 gagatcgtga tgcacagett caactgegge ggegagttct tetactgeaa cageacccag
1141 ctgttcaaca gcacctggaa caacaccatc ggeccccaaca acaccaacgg caccatcace
1201 ctgccectgee geatcaagea gatcatcaac cgetggeagg aggtgggeaa ggecatgtac
1261 gcecccceca tccgeggeca gatecgetge ageageaaca tcaccggect getgetgace
1321 cgcgacggeg gecaaggagat cagecaacace accgagatet tccgeeeegg cggeggegac
1381 atgcgegaca actggegeag cgagetgtac aagtacaagg tggtgaagat cgageecctg
1441 ggcgtggece ccaccaagge catcageage gtggtgecaga gegagaagag cgeegtgace
1501 ctgggcgeca tgttcetggg cttectggge geegeeggea geaccatggg cgeeegeage
1561 ctgaccctga ccgtgeagge ccgecagetg ctgageggea tegtgeagea gecagaacaac
1621 ctgctgegeg ccatcgagge ccageageac ctgetgeage tgacegtgtg gggcatcaag
1681 cagctgcagg ccegegtgcet ggecgtggag cgetacetga aggaccagea getgetggge
1741 atctggggct gcageggeaa getgatetge accaccgecg tgeectggaa cgecagetgg
1801 agcaacaaga gcctggacca gatctggaac aacatgacct ggatggagte ggagegegag
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaa ccageaggag
1921 aagaacgagc aggagctgct ggagetggac aagtgggeca gectgtggaa ctggttegac
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
TVA TV2 ELISA Titer
1 1 0 38 19716
2 25 67 37994
3 0 0 7529
4 0 79 41963
2 5 30 51% 112768
6 0 0 57677
7 23 9 26247
8 a7 78 i 90376
3 9 0 42 62004
10 13 0 5741
11 0 36* 53599
12 21 12 37597
4 13 0 29# 45543
14 0 0 24885
15 0 17* 87556
16 28" B9 19838
5 17 R .80 i 124618
18 0 77 143905
19 NA NA NA
20 19 56% 91808
6 21 NA NA NA
22 34 a4 31413
23 51 pof 62925
24 22 31# 28620
29 0 9 62604
30 0 {1 L 15932
31 0 .58 22418
32 41 0 21119
Sub B positive pool 46 BB NA
Sub C positive pool 36 g5 NA
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Figure 68
Group Animal % Virus Inhibition
TV1 Du174 SF162 ELISA titer
1 1 28 20 12 19716
2 33 19 9 37994
3 0 0 0 7529
4 52 . 61 79, 41963
2 5 33 0 95 112768
\ 6 3 0 14 57677
7 0 0 0 26247
8 54 0 86 90376
3 9 0 52 73 62004
10 0 ./ 58 15 5741
11 0 0 S & 53599
12 0 0 0 37597
4 13 15 0 L 69 45543
14 0 0 0 24885
15 0 13 0 87556
16 14 0 0 19838
5 17 0 0 0 124618
18 0 0 30 143905
19 NA NA NA NA
20 63 - 0 56" 91808
6 21 NA NA NA NA
22 24 NV 38 31413
23 7 65 . 76, 62925
24 0 NV NV 28620
7 29 32 0 82 62604
30 6 NV 0 15932
31 0 0 98 4 22418
32 34 0 0 21119
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