WD 2005/ 113059 PCT/ US2005/ 018331 INHI BITION OF H V- 1

REPLI CATI ON BY DI SRUPTI ON OF THE PROCESSI NG OF THE
wO/RM@AL1388PS|I D- SPACER PEPTI DE 1 PROTEI N St at enBrit/US2005/018331

Regar di ng Federal | y- Sponsored Research and

Develo nent &EQHK&,The U.S. Governnent has pai d- up

| i BNRd ehBBRLEGATIN BBaYé)lS&UPTdﬁ}N iOF

:!n1ﬂEHEbP?ﬁHﬂBSSEBEﬁCHbT}H?NHF@&LKEAP@HEDSP§W?E$ tob
i cense others on as provided for by
the ternms of G?antpﬁgaﬁggggjﬁ$§§?g§$-02 awar ded by

NI H/ NI Al D. Background of the Invention Field of the

I nvention [0002] The invention includes nethods of

i nhi biting, inhibitors and nethods of discovery of
inhibitors of HV infection. Background [0003] Human
| munStasement RegawdingsF¢dare)lytSpenserath Reseairathand -
l'entiviruses, a subfarmkyel@pnicitr ovi ruses. The vira
genomne contains many regulatory el enents which allow

the virus to control its rate of replication in both
[0001]; g5t i nihedda- Goverameyt bas a Baldmsltcenwgoﬁhlanﬂeptlowand may

[ [
e AR n iR GronRlahesth rkqlite AP HARRCYEAGTD dlebing
pebérendn seasamble drenst as @p@Eadddu fiors by Cthe nerad iodNGraab No.
I .-The i n appears to be
ﬁ@r@é@%@ﬁﬂ@%&#ﬂﬁ%ﬁ’wm a high rnortality
rate that approaches 100% over several years. [0004]
HV-1 is trophic_and cytopathlc for T4 | ynphocytes,
cel s of the i nRecketopada theilonentipness the cel |

surface differentiation antigen CD4, also known as
OKT4, T4 and leu3. The viral tropismis due to the

qngg&ggk”@oéuwgetmeen the viral envel ope glycoprotein,
gpl 20, and the cell-surface CD4 nol ecul es (DaI gl ei sh

[ooozjet al. TheNﬁ%Hti%n%&uZé%gtﬁst.( &Pﬁhﬂ%&mtgh&ﬁ 3% Cgl? 1’1

not only nediate the infection of susceptl
Hif\dischbvrry af mbitiwos MOTROBSCLi2B059 PCT/ U82005/ 018331 2
responsi ble for the virus-induced fusion of infected

dipnipiected T cells.

[0003] Human Immunodeficiency Virus (HIV) is a member of the
lentiviruses, a subfamily of retroviruses. The viral genome contains many
regulatory elements which allow the virus to control its rate of replic.ation in
both resting and dividing cells. Most importantly, HIV infects and invades
cells of the immune system; it breaks down the body's immune system and
renders the patient susceptible to opportunistic infections and neoplasms. The
immune defect appears to be progressive and irreversible, with a high
mortality rate that approaches 100% over several years.

[0004] HIV-1 is trophic and cytopathic for T4 lymphocytes, cells of the
immune system which express the cell surface differentiation antigen CD4,
also known as OKT4, T4 and leu3. The viral tropism is due to the interactions
between the viral envelope glycoprotein, gpl20, and the cell-surface CD4
molecules (Dalgleish et al., Nature 312:763-767 (1984)). These interactions

not only mediate the infection of susceptible cells by HIV, but are also
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[0007] Despite these advances, there are still problems with the currently |
available drug regimens. Many of the drugs exhibit severe toxicities, have
other side-effects (e.g., fat redistribution) or require complicafed dosing
schedules that reduce compliance and thereby limit efficacy. Resistant strains
of HIV often appear over extended periods of time even on combination
therapy. The high cost of these drugs is also a limitation to their widespread

use, especially outside of developed countries.
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intermediates appearing transiently before the final products.  Such

intermediates may be important for virion morphogenesis or maturation but do
not contribute to the structure of the mature viral particle (Weigers et al. and
Pettit, et al., supra). The initial Gag cleavage event occurs at the C terminus
of SP1 and separates an N-terminal MA-CA-SP1 intermediate from a C-
terminal NC-SP2-p6 intermediate. Subsequent cleavages separating MA from
CA-SP1 and NC-SP2 from p6 occur at an approximately 10-fold-lower rate.
Cleavage of SP1 from the C terminus of CA is a late event and occurs at a

400-fold-lower rate than cleavage at the SP1-NC site (Weigers et al. and Pettit,
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Esterification of betulinic acid with certain substituted acyl groups, such as
3',3'-dimethylglutaryl and 3',3'-dimethylsuccinyl groups produced derivatives
having enhanced activity (Kashiwada, Y., ef al., J. Med. Chem. 39:1016-1017
(1996)). Acylated betulinic acid and dihydrobetulinic acid derivatives that are
potent anti-HIV agents are also described in U.S. Patent No. 5,679,828. Anti-
HIV assays indicated that 3-O-(3',3'-dimethylsuccinyl)-betulinic acid (DSB)

and the dihydrobetulinic acid analog both demonstrated extremely potent anti-
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[0015] Japanese Patent Application No. JP 01 143,832 discloses that betulin
and 3,28-diesters thereof are useful in the anti-cancer field.
[0016] U.S. Patent No. 6,172,110 discloses betulinic acid and dihydrobetulin

derivatives which have the following formulae or pharmaceutically acceptable

salts thereof,

Betulin and Dihydrobetulin Derivatives

wherein R; is a C,-Cy substituted or unsubstituted carboxyacyl, R; is a C,-Cy
substituted or unsubstituted carboxyacyl; and R; is hydrogen, halogen, amino,
optionally substituted mono- or di-alkylamino, or --OR4, where Ry is

hydrogen, C,4 alkanoyl, benzoyl, or C,-C, substituted or unsubstituted
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[0021] Generally, the invention provides methods of inhibiting, inhibitory
compounds and methods of | identifying inhibitory compounds that target
proteolytic processing of the HIV-1 Gag protein. In one embodiment, such
compounds may directly or indirectly inhibit the interaction of a protease
enzyme with HIV-1 Gag protein. In another embodiment, such inhibition of
interaction occurs via the binding of a compound to Gag. The inhibition of
protease cleavage of the CA-SP1 protein of HIV-1 Gag by 3-O-(3'3'-
dimethylsuccinyl) betulinic acid (DSB) is one example, but other proteolytic

cleavage sites can be targeted by a similar approach using inhibitory
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selectively binds an amino acid sequence containing a mutation in the Gag p25
protein, said mutation resulting in a decrease in the inhibition of processing of
p2$ to p24 by 3-0-(3',3'-dimethylsuccinyl) betulinic acid. Also included in
this aspect of the invention are a method of making said antibody, a
hybridoma producirig said antibody and a method of making said hybridoma.
[0028] In a further embodiment, the invention is directed to a kit comprising a
polynucleotide, polypeptide or antibody disclosed herein.
[0029] The invention further relates to a method of inhibiting HIV-1 infection
in cells of an animal by contacting said cells with a compound that blocks the

maturation of virus particles released from treated infected cells. In one
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is drawn to a method of treating HIV-1 infection in a patient by administering

a compound that inhibits processing of the viral Gag p25 protein (CA-SP1) to

p24 (CA), but does not significantly affect other Gag processing steps. In
related embodiments, such inhibition may be accompanied by a different
observable phenotypes. For example, inhibition may not necessarily
significantly reduce the quantity of virions released from treated infected cells;

and/or said inhibition may have little or no significant effect on the amount of

RNA incorporation into the released virions; and/or said inhibition disrupts the

maturation of virions released from infected cells treated with said compound.



af orenenti oned screeni ng net hods. In additional
enbodi nents, the invention is drawn to a nethod of

wo ematiizog H V-1 infection in a patient by adm PCBUSI0051018331
a conpound that inhibits processing of the viral Gag
p25 protein (CA-SP 1) to p24 (CA), but does not _
Sind8lafddGaidoldineétd, @t viabh Studane niiyWeQFecRd, fldeNfajokty of
rel at ed enbodi nments, such inhibition may be
aBBeRp Eased BRpmy treated @?féﬁﬁd colbss exhibib [sphqsicah sigefren-demsr
e 1.0 il [ ficantly
FARED i P leBh D TEoEt (D IRE AR et AR BR B
inémh@&aﬁai h&ctrorﬁdld'{s@ Nayedd tlyihg nidpiihdidd thenyirdlaviémbrane;
little or no si gnlflcant effect on the amobunt of RNA
|H’é‘6}r5‘835‘?ﬁ’%‘ﬁ dypqrd ot pRantEivitysed virions; and/or said

[0033] Nhi bi &;hrn%ﬁi WS dinits, TRE Yhwhtion é’fdrat(r'r]r[ iggir%method of

rel eased ominfected célls treate
ctmqung taV- l/\ﬁféliﬁ@ﬁﬁria ﬁﬁﬁﬁt E’ﬁdmlﬁmaﬁighl«ﬁﬁ@bune that inhibits

e BufBaTor Y rhefeard v S-SEL Pt el in B imhihaian of
t the PrREsdinY SCthe dlrﬁﬂ}ﬁgsgﬂ%k'o%ﬁ (GRIN) %%24 gCA) but has no

el ectron-dense cores are acentric'w espe ect
t Bgnifieany effedt opather flag progesying stppss Stish inhibition eray bedapetd

nse..l ayer i de the.viral
e ARG RRL ARt A o R il s ] i e
[ Ge3 3Gag Ipradlﬂl §uchnﬂh|at eitoractiote of HIV peotbdde eRith QAISP1 is
drawm to_a ne of treating H V-1 infection in a

panibgad. Epe alerﬁmrﬂnslﬁ alsp A tecnipethind of Weating AHVopagatiente
| Rk 5%8 aﬂ'ﬂl?\{di’:{t Qk ﬁ@ﬁg‘;&"éﬂ{b%ﬁf elof, tﬂ‘@bﬁ{l (%aﬁ EPZS

results n t eiln t1on roc SSin
vimotgin CE4- $El5 for p2Aei(GA], Cﬂheﬁlsz) 1nhxb1tp%4tl(e(i%)cradlmﬁ1 bRV

S i fi ca ot her pr ocessi.ng, st.e Such

il &Sgl’dl flegyase oﬁ“e S} teSHHRE VB e BB
é@,gmggy y_g%q;me said conmpound binding to the vi raI
ein such that interaction of HV protease with

[0034]CA SP11n| asher| ephddiments, th$)invientiemisi dsawn 4o almethelt afitredtinga

Hl V. h
TRE G REabL R 4 Wthe bl BBl o Sipuie SR ks
Vproedssita @ f RESvirgl(Gdgeps HrofirSRIA-SPQ) R A24 @A)), wikesig R¥id

i nhi b|t| ng the interaction of H'V protease with the
cRngouN bf@a%@@wneaﬁ%ﬁnwth @8 gMmingysid sequence hexingist lepgin

Oiboupﬁ@‘? 364G 7020 09, %%, %5‘3 %%]99W1&%BH§:;]8 r, which is

nbowrens *the’i'nvéntidn i g to a ne
tidewtidahty a detjverte sclécﬂed from theyg@mup abnsisting lof:

the vihr GSWBSEERPEYONAYECka Rl Bp AL S EAL

wherein said
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(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTAC
QGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO: 22);

(© TACQGVGGPSHKARILAEAMSQVINSATIM (SEQ ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID

NO: 24);
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(d) about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
® about nucleotides 1857-1899 of SEQ ID NO: 19
(2) about nucleotides 1372-1419 of SEQ ID NO: 18;
(h) about nucleotides 1858-1905 of SEQ ID NO: 19;
) about nucleotides 1372-1434 of SEQ ID NO: 18; and
()] about nucleotides 1858-1920 of SEQ ID NO: 19.

[0036] In another aspect, the invention is drawn to a method of inhibiting
processing of the viral Gag p25 protein (CA-SP1) by administration of a
compound. In related embodiments, such a compound binds to a polypeptide
with an amino acid sequence having at least about 40%, 50%, 60%, 70%,
80%, 90%, 95% or 99% identity, or which is identical to a sequence selected

from the group consisting of:
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[0037] In related embodiments; the invention is drawns to a method of
inhibiting processing of the viral Gag 'p25 protein (CA-SP1) by administration
of a compound wherein said compound binds to a polypeptide encoded by a
polynucleqtide sequence having at least about 40%, 50%, 60%, 70%, 80%,
90%, 95% or 99% identity, or which is identical to a polynucleotide selected
from the group consisting of:
(a) about nucleotides 1243-1435 of SEQ ID NO: 18;

b) about nucleotides 1729-1920 of SEQ ID NO: 19;
(c)  about nucleotides 1344-1435 of SEQ ID NO: 18;
(d)  about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
® about nucleotides 1857-1899 of SEQ ID NO: 19

(g)  about nucleotides 1372-1419 of SEQ ID NO: 18;
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[0039] Compounds of the invention are also useful as part of combination of
therapies. Accordingly, in one aspect the invention is drawn to a method of
treating HIV in a patient, wherein said patient is administered said compound
in combination with at least one anti-viral agent. Anti-viral agents suitable
include, but are not limited to: zidovudine, lamivudine, didanosine,
zalcitabine, stavudine, abacavir, nevirapine, delavirdine, emtricitabine,
efavirenz, saquinavir, ritonavir, indinavir, nelfinavir, amprenavir; tenofovir,

adefovir, atazanavir, fosamprenavir, hydroxyurea, AL-721, ampligen,
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B T Y

hithibition 6the Procdssigg of ahe Wial Gag ip2Bprole e@gcsmo QNp24
treat ed infected cells to exhibit spherical
haschendgnifienns stfeqi on otlhes Gagawegessingpteps. r Bipeey beo
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el ectron-dense layers lying just insi e vira
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(CA-SP1) to p24 (CA), thereby inhibiting the interaction of HIV protease with
the CA-SP1 cleavage site and resulting in the inhibition of processing of p25

to p24.

[0043] In a further embodiment, the invention is drawn to a method of treating
human blood products comprising contacting said blood products with a
compound that inhibits processing of the viral Gag p25 protein (CA-SP1) to
p24 (CA), wherein said compound binds to a polypeptide with an amino acid

sequence having at least about 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99%



i nhibition of the processing of the viral Gag p25

protein (CA-SPlI) to p24 (CA) but has no significant
webdosat3oon ot her Gag processing steps. Thi s nmeapCbhES2005/@18331

direct, or indirect inhibitdon of the interaction of

H V protease with CA- SPl; and/or may invol ve said

CRBRAYNS il iléhtichito b seqlenEB 810 M tBdIERdup thistin
interaction of H'V protease with CA-SP | is inhi blteé;
afd/or said conmpound binds at or near the site of
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In a further enbodi nent, the invention is drawn to a
met hodbbf KEMNMEETLRYRAANPBEK TR ALSPGATRBEMM hyC

contacting said blood products with a conpound that

| QEMOIGRGIKAFESSA BAMSQVTENPATI (SEQJDPNO: p2)ot ei n
(CA-SP 1) to p24 (CA), wherein said conmpound binds to
a pol y@ppt i HECYCGVGEPSBRIARILAGAMSOVINSACEMIAYERO 2D

| east about 40% 50% 60% 70% 80% 90% 95% or 99%
WeH2995/ 113059 PCT/ US2005/ 018331 15 identity, or
which”l's identical to a sequence selected fromthe

rou nsi.sf ) .
R Y R RBNGP SHRABW AEAMRQKTNPATIM _ (SEQ ID
WHKARI LAEAMSQVTNSATI M (SEQ I D NO 21) ; (b)
LLVONANPDCKTI LKALGPGATLEEMMTAC

QGVGGPGHKARVLAEAVSQVTNPATI M (SEQ I D NO: 22); (c)
TACQG\(@DPSW&&EXE/@M&QM&%W@SE@ZSI NO 23); (d)
TACQGVGGPGHKARVLAEAVBQVTNPATI M (SEQ ID NO 24); (e)

SHKARI (BEAVBGNK AT APANS QR $$EQ IDINOGHARVLAEAVBQV
(SEQ ID NO 26); (g) SHKARI LAEAMSQVTN (SEQ I D NO

116); (gfh MARYLAEAW O 16hl7); (i
SHK)ARI(EF’-\E)AI\/BQ\/TNSATI M (S QW?%%Q&@M) (j(l))

GHRARNEANSANRATA A MERSV TR (S HN0: 117);
()  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and
() GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119).

[0044] In a related embodiment, the invention is drawn to a method of treating
human blood products comprising contacting said blood products with a
compound that mbhibits processing of the viral Gag p25 protein (CA-SP1) to
p24 (CA), wheréin said compound binds to a polypeptide lencoded by a
polynucleotide sequence having at least about 40%, 50%, 60%, 70%, 80%,
90%, 95% or 99% identity, or which is identical a polynucleotide selected
from the group consisting of:

(a) about nucleotides 1243-1435 of SEQ ID NO: 18;
(b)  about nucleotides 1729-1920 of SEQ ID NO: 19;
(c) about nucleotides 1344-1435 of SEQ ID NO: 18;

(d) about nucleotides 1828-1920 of SEQ ID NO: 19;



[00441 In a rel ated enbodi nent, the invention is drawn
to a nethod of treating human bl ood products

weowpni®sng contacting said bl ood products w tPCEUS2005/018331

conpound that inhibits prodgessing of the viral Gag p25
protein (CA-SPl) to p24 (CA), wherein said conpound

bi nds ¢p a MLyRRROAS ET00ded JPXES IDPRDY pgic! eot i de
sequence having at |east about 40% 50% 60% 70%
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), about ti EQ I D NO 18;
(b) ag‘(% rfg’é’f‘g :'ed’g ¢ 133?3]1%3%%@}%?@%@15 ?’No (c)
about nucl eoti des 1344-1435 of SEQ I D NO 18; (d)
about (Rlicl ebopticlepides HH8c199p oSBEQID NO: 129; WO
2005/ 113059 PCT/ US2005/018331 16 (e) about
nucl edi) desabogducledtidenf373H@34# bf BEQ IDENO: (8;)andbout
nucl eoti des 1857-1899 of SEQ ID NO 19 (g) about

nucl eofj) desabb8ircledli@eT858EQ20 Bf NED IHBNO: (&) about
nucl eoti des 1858-1905 of SEQ ID NO 19; (i) about

I t
ossFe) sonasseigiznddaoe BB 1Rt pRipmpolg o

i inkabitt HBA 1 abplizatiorh o dicear: dmgtyh tisinfentionchdsat intpidega method
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in cells of an _anim nprising: contacting a
p% trsbrompongs Rdding aalabyif:@mbséanéa\t@g sclsFtelnbirids gat thst

n tiv
romae e AP e (RASFE SHREHANF Geriall R Bikh HE
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apd. t he | abel ed bst anc o the CA-SP I cleavage,
oftber SmPodTpAthe H’%B@Pﬁséh? gorapowiﬁ inhikitsi el nterpetion of

’ CHWQQ prstSade R fa?ge& he B%lﬁ&lﬁg% Ohd o Tgct hy- 1 protease

a target site by binding to sald target site.
[0046][ 0046]Tlﬂéhesmeﬂned$1<ﬁi® dahdudd rembedénentd ohereint sheM@A-SP

STt e P8 e OB elc SOHEA ninPo BBHIdHe ragHEMoror
Vﬂéeérﬁlblﬁaﬁthpeﬂtﬁéebﬁd/oﬁ UbBdréiiChel fabdlell aidk@fce 3Nt RdMed

specific for CA-SP1l, and neasuri n%the change in the
Anbihedy specific for CA-SP1, and measuring the change in the amount of

labeled antibody bound to the protein in the presence of test compound
éompared with a control. Labels include, but are not limited to, an enzyme,
fluorescent substance, chemiluminescent substance, horseradish peroXidase,
alkaline phosphatase, biotin, avidin, electron dense substance, radioisotope
and a combination thereof. '

[0047] The method of identifying compounds that inhibit HIV-1 replication in
cells of an animal also comprises, in one embodiment, measuring the change
in the amount of labeled 3-O-(3',3"-dimethylsuccinyl) betulinic acid bound to
the protein in the presence of test compound, compared with a control, and
wherein the labeled substance is 3-0-(3',3'-dimethylsuccinyl) betulinic acid.

[0048] In an alternative embodiment, the invention comprises a method for

identifying compounds that inhibit HIV-1 replication in the cells of an animal



| abel ed anti body bound to the protein in the presence
of test conpound conpared with a control. Labels
WO zobutses9 but are not limted to, an enzynme, PCT/US2005/018331
fl uorescent substance, chenfl um nescent substance,
hor ser adi sh peroxi dase, al kaline phosphatase, biotin,
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proteln conprrsing an alternative protease cleavage
s¢mleodithanta theepalypaptids pe tabelefl with $wo fimbtescent tniaeties, each
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antibody that binds SP1 is labeled with a molecule selected from the group
consisting of enzyme, fluorescent substance, chemiluminescent substance,
horseradish peroxidase, alkaline phosphatase, biotin, avidin, electron dense
substance, radioisotope, and combinations thereof.

[0049] ‘The invention is also directed to a method for identifying compounds
that inhibit HIV-1 replication in cells of an animal. In one embodiment, the
method comprises: contacting a test compound with cells infected with wild-
type virus isolates and with cells infected with virus isolates having

significantly reduced sensitivity to 3-O-(3',3'-dimethylsuccinyl) betulinic acid;



bound to opposite sides of the CA-SP1 cl eavage site,
and wherein said detecting conprises neasuring the

wa emngfieso of fl uorescent energy fromone noi eRgr/USR0D3IE@S331
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further enbodinent, the effect of the test conpound
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[0051] The invention is also directed to a method for identifying compounds

that inhibit HIV-1 replication in the cells of an animal comprising: contacting
HIV-1 infected cells with a test compound and thereafier analyzing the virus
particles using transmission electron microscopy. Such analysis includes for
example, looking for the presence of spherical cores that are acentric with
respect to the viral particle; and/or having crescent-shaped, electron-dense
layers lying just inside the viral membrane.

[0052] In additional aspects, the invention is drawn to an isolated

polynucleotide comprising a sequence which encodes an amino acid sequence



usi ng an anti body that selectively binds p25. The

i nvention also includes such nodifications of the
w@abmseimssay as woul d be obvious to one of ordP@EUS2005/018331

skill in the art. [00501 hfh a further enbodi nent, the

met hod of identifying a conmpound according to the

| cotgihinga gRMEoh S8 2t HE/ G U5 GoteaP (CAMSP 1) Athid SMHATITE
inserted into SP 1 and the selective detection of p25

i| SSHEPE 3R fedectreshién appibition .oﬁwessang REPEDI(EApEPDAS. p24
[ 9%y ILer @veﬁmet R/kulSingh Bekulhic SIS, APhfTd0le

entlfyln conpou replic
i procé¢vsingalflp?S aofiayare duel towd de{cmmpas irsinhibitionooit the ﬁntélgctlon of

-1 infected cell th a test conpound.a
ﬂ#ﬁ! JapIoUESE A1, Sk SR 9 desinse g (B Pings phd-0-3.3-
| ngibﬂgllﬁféb@?l) Vet OkidhE G&éc SRYor 24EdeABGh YR ﬁmd*ng of

exanpl e, looking for the presence o
sPRBritcainean th@sCA’rSEHl @lﬁayagc eit¢ of Gagi tSultabbsmémucteotlddsse
vi,ral r d/ or V|n cres p
PS8 e B e Bt F o g? pEEE R AT edypppite or
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suBinencad wequeAce i SHKAR AYSQY SEEqar¥e: Wp and/or
s eralig B My dda'sSbrcds R ARUVMIRARY, (gm0
nNOat Rpror r&iﬂ(JARIIn«gEVMSQ‘decsmsﬁ)l NO nbp blahtLQﬂ Bblated
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[0053] The invention is also drawn to vectors comprising such
polynucleotides as described above; to a host cell comprising such a vector;
and to a method of producing a polypeptide comprising fncubating the host
cell containing such a vector in a medium and recovering the polypeptide from
said medium. .

[0054] In one embodiment, the invention is directed to an antibody. Such an
antibody may bind to a polypeptide with an amino acid sequence having at ,
least about 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% identity, or which

is identical to a sequence selected from the group consisting of:



about 95% identity to a polynucleotide selected from

the group consisting of SEQID NGO 4, and SEQ I D NG
w®200antbosr havi ng at | east about 80% i dentity PEDUS2005/018331

pol ynucl eoti de sel ected fra@im the group consisting of

SEQID NGO 8 and SEQ ID NO 9; and/or having at | east

about @p% IKIeWMTETFDVON2AUBDORTEOK AUEPAETEEEIMTACM
the group consisting of SEQ NO 5 and SEQ ID NGO 7;
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vectors conprising such polynucl eotides as descri bed
above; (€} o al'heCVeGPSHRARILAEAMSQYANS A/IEM or(SEQandD
to a method of producing a polypeptide conprising

iNOuB#ti ng the host cell containing such a vector in
a nedi um and recovering the pol ypeptide from said

nedi unid) [ 00PACQGV GORGEKROE PREAMSGOTINPAENM O(REG 1D
directed to an antibody. Such an antibody may bind to
aneobypeptide with an anmino acid sequence having at
|'east “about 40% 50% 60% 70% 80% 90% 95% or 99%

identity, i S rd j _Aa..sequence

sel ect‘%ﬁ_ fWﬁPé@@@g%F@ﬁmﬁaﬁ) VO 2005/ 113059
PCT/ US2005/ 018331 20 (a

KNV EHEL Vv MQ@MS’E@M(A@Q;

QGVGGPSHKARI LAEAVSQVTNSATI M (SEQ | D NO: 21); (b)
KNWWVTEE). L VORKABOAEAMS QP TENTSEQWATNO: 116);
QGVGGPGHKARVLAEAVSQVTNPATI M (SEQ I D NO: 22); (c)
TACQGUBEPSHBBRARAAANEAVISGATNNS EQED NO: 1Ng; 23); (d)
TACQGVGGPGHKARVLAEAMBQVTNPATI M (SEQ ID NGO 24); (e)

SHKARI (HAEANSE ARTERE MRV
(SEQ ID NO 26); (gﬂmﬁgﬁ)&é%% (SEQL}%’ANQ

116); Y h) GHARAANRRIVAPERISHS 4o 119).

[0055] In a further related embodiment, the invention is drawn to an antibody
which binds to a polypeptide encoded by a polynucleotide sequence having at
least about 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% identity, or which
is identical to a polynucleotide with a sequence selected from the group
consisting of:

(a) ‘about nucleotides 1243-1435 of SEQ ID NO: 18;
(b) about nucleotides 1729-1920 of SEQ ID NO: 19;

(c) about nucleotides 1344-1435 of SEQ ID NO: 18;

(d)  about nucleotides 1828-1920 of SEQ ID NO: 19;

) about nucleotides 1370-1413 of SEQ ID NO: 18;.

(2 about nucleotides 1857-1899 of SEQ ID NO: 19

(h) about nucleotides 1372-1419 of SEQ ID NO: 18;



(i) SHKARI LAEAVBQVTNSATIM (SEQ ID NO. 118); and (j)
GHK. ARVLAEAMSQVTNPATIM (SEQ ID NO 119). [00551 In a

wo oshenss el at ed enbodi nent, the invention i s PCERUSIDDIS33T
an anti body which binds téla pol ypepti de encoded by a
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of ID NO 19; (j) about nucl eotides 1372- 1434 of
§§@ ? NGO 18; and (k) about nucleotides 1858-1920 of
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Conpr | SHKAR| LAEAVBQV (SEQ I D NO. 25) or
%\ﬂ?ﬁ& Tyrep EAD NO 26). [0057] In one
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bermbediment, g MvertiamE anisglated n@ganbmewfn neat EHY-1 virus,
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3-0-(3',3'-d1methy1succmy1) betulinic acid. In further embodiments the

invention is drawn to viruses wherein the amino acids of the CA-SP1 region
are replaced with alternative amino acids, or amino acids are added to the CA-
SP1 region, or where amino acids are deleted. In one embodiment, ; one or
more amino acids are deleted from the AEAMSQV (amino acid no. 8-14 of
SEQ ID NO:26) amino acid sequence in the CA-SP1 region.

[0059] A mutant viruses may be used in the methods of the invention
described elsewhere herein. For example, such viruses are useful in a method
of identifying a compound which inhibits processing of the viral Gag p25
protein (CA-SP1) to p24 (CA), the method comprising comparing the ability
of said compound to inhibit HIV-1 replication compared with the replication
of a the mutant virus outlined above. Such inhibition may be examined in a

cell, or in an animal, or in vitro.
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PR BE R Tt A PR o B el ARG peagetstios
I\SEQ IBGNOam SEQHANG:13; FEPD ING! BRERIETFNCE 97! & SEQ

anot her enbodi ment , the retrovirus encodes a CA- SP1
Npa8Pi deangthes catpodimens Heiretrexirng @ﬂmerlse@éh@nuos},m geid

t ) near
S O AERE SR 20
cafr§EQ IBDNOB0;a8EQ ADaNOd 92;5 SRR B N(ra94; IFEQ@D ING@:SI6; or
6%?/&95 O% 90% identity or which is identical to

e enocoded by the pol ynucl eotide of. SEQ ID
[0061]NOQ26 Recﬁ%er{ngs NPthis %bomnlt Qf Iﬁg 1|n2%1tg)ﬁ§%}h@ I\ﬂgt a1%4not
dirpet] e rfITV- a;’a Hia;tw,v Hlilél-&b nsiiw’,sasaaa berkests narac{ALY),
e%%&éﬁ%ﬁs \%Xn Provirus (EAV), mouse mammary tumor virus (MMTV),
feline immunodeficiency virus (FIV), Bovine immunodeficiency virus (BIV),
caprine arthritis encephalitis virus (CAEV), Visna-maedi virus, or feline
leukemia virus (FeLV).

[0062] In a related embodiment, the invention is drawn to a method of making
a recombinant non-HIV-1 lentivirus sensitive to DSB. This method
comprises: deleting from the genome of said lentivirus the nucleotides which
correspond to nucleotides 1370-1413 from SEQ ID NO: 18, in HIV-1; and
inserting nucleotides 1370-1413 from SEQ ID NO: 18 or nucleotides 1857-

1899 of SEQ ID NO: 19 into said region of said non-HIV-1 lentivirus.



at least 60% 70% 80% 90% identity or which is
identical to the sequence of SEQID NO 91; SEQ ID

WONER0SAB0SBEQ | D NO 95; SEQ ID NGO 97; or SEQ PATXUSKO0S5/018331

99. In another enbodi nent, 28he retrovirus conpri ses
the nucleic acid sequence having at |east 70% 80%
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t Bhe d@ﬁ,}o& gngl Bf‘hﬁ% in Figure 10. [0064] Such

VI ruses nhy use e nmethods of the invention
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p24 (CA), the met hod consi sting o onpari ng
aiphibitign Qﬁprg@,ﬂssing oﬁp% by 3t@-(3' ﬁhdbmetthylsplcmgb)tbemhnuf acad.

oSl R oliEhl b Fheshioe s dichod W o pBC Ry

Odtiing Amatagiohllocatdd Aldr ABArTEé CAOSPI Bleé(\l'eigé Qite 59916&]3 sphe
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aNO 4, SEQ ID NO: 6, SEQ ID NO: 8 and SEQ ID NO: 9; and/or comprises a
sequence that is selected from the group consisting of GHKARVLVEAMSQV
(SEQ ID NO: 2) or SHKARILAEVMSQV (SEQ ID NO: 3); and/or is encoded
by an isolated polynucleotide which hybridizes under stringent conditions to a
polynucleotide selected from the group consisting of SEQ ID NO: 5, SEQ ID
NO: 7, and 10; and/or is part of a chimeric or fusion protein.

[0067] The invention is also drawn to antibodies which selectiilely bind to an
amino acid sequence containing a mutation in an HIV CA-SP1 protein which
results in a decrease in the inhibition of processing of p25 (CA-SP1) to p24
(CA) by 3-0-(3’3’-dimethylsuccinyl) betulinic acid. In one such embodiment,

the antibody selectively binds to a mutation located at or near the CA-SP1



enbodi nent, the lentivirus may include, but is not
limted to SN, FN, ElIAV;, BIV, CAEV, and Vi sna- Maedi

W 20088130§0066] The invention is also drawn to PEDUS®es018331

pol ypepti des. In one enbod#énent, the invention is
drawn to a pol ypeptide containing a nutation in an
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[00681 In anot her enbodi nent, the invention is drawn

t simethydncriBpdbetulinie acidpe dimeiylgucsinylibetaln; inuanatier, the

ol A e STV VBB i

acwhstifiglr tdfer3 O (3 3' dlmethylsuccinyl) betulinic acid, 3-0-(3',3-
dimethylsuccinyl) betulin, 3-O-(3',3'-dimethylglutaryl) betulin, 3-O-(3',3"-
dimethylsuccinyl) dihydrobetulinic acid, 3-O-(3',3"-dimethylglutaryl) betulinic
acid, (3',3'-dimethylglutaryl) dihydrobetulinic acid, 3-O-diglycolyl-betulinic
acid, 3-O-diglycolyl-dihydrobetulinic acid, and combinations thereof. In
another embodiment, the pharmaceutical composition comprises one or more
compounds identified according to the methods of the invention which are not
otherwise listed; or any pharmaceutically acceptable salt, ester or prodrug
thereof, and a pharmaceutically acceptable .carrier. In another embodiment,
the pharmaceutical composition further comprising an anti-viral agent which

may include any one of zidovudine, lamivudine, didanosine, zalcitabine,



anti body that selectively binds at or near the CA-SP1
cl eavage site. [00691 The invention is al so directed
wa ov1ospound i dentified by any of the net horlsr/US2005/018331
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Brief Description of the Drawings

[0073] Figure 1. DSB does not disrupt the activity of HIV-1 protease at a
concentration of 50 pg/mL. In DSB-containing samples recombinant Gag is
processed correctly. In contrast, indinavir blocks protease activity at 5 ug/mL
as evidenced by the absence of bands corresponding to p24 and the MA-CA

precursor.



HPA- 23, efl ornithine, nonoxynol, pentam dine
i sethionate, peptide T, phenytoin, isoniazid,.
wo edwantizosn, rifabutin, ansanmycin, trimetrexat ePCBKSBAB018331
suram n, UAO0O01, conbinatione thereof, any other
antiviral, imunonodul ati ng agent, anti-cancer agent,
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protease activity at 5 gg/nL as evidenced by the
[0076]absencléigufe 4 depistscmmine spwinstiqnences ip & @gudnt ¢fethbMCAGSP1
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FHIETRES Bl G0 BRH-rARe BV pqTiFe NLdot i kR (@ EQ 5
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(SEQ/IRLYO: Br{BFNavThe differphags)bepweasithe native ayddoB-resigjant
SEQ/RL aThe iflegoaegbesicasdi ; _
L1582 inVBIE of) 188 GSGuE el et datipbiredh resiaue

ReQpaicin satin&eS wilige cRarfge agdiaithird downstream residue (#3) from
the CA-SP1 cleavage site (-|-). These residues are underlined and bolded for

ease 6f identification.

[0077] Figure 5 depicts the + sense consensus sequence for the A364V DSB-
resistant NL4-3 mutant (SEQ ID NO: 4) beginning with the start of gag and
continuing into pol, including the entire protease coding region. Missense
mutations not found in the wild-type NL4-3 GENBANK M19921 sequence
are in bold and gray shadowing. The coding sequence for the consensus CA-
SP1 cleavage site region is underlined. The shaded area including the
cleavage site denotes the SP1 sequence. The first mutation is the A364V
mutation.

[0078] The second amino acid change (in protease) was also found in the

parental clone and has been confirmed to correspond to a sequencing error in



Program). . [0075] Figure 3. EM anal ysis of
DSB-treated H V-1 infected cells. The EM data show
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untreated sanples. Viriong7generated in the presence
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4) beginning with the start of gag and continuing
i fledyagefite. i ncl uding the entire protease coding region.
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sequence are in
SHWJ{IVRE gareﬂ'ﬂablsohda (SEQ Hoy INCB, that whdpassapeddn shisaisénee

. ¢l eav on |s derlined. The shaded
¥ Hbﬂ’atﬁ?)lfeg&“?’ﬁée Aégé\é OF C-denotes the SP1
[0082 e q Uengigure [ QepictsSthe rﬂ&lﬁ{u'c%tl&é stQiRn304HQ HNGD 9 nand

I he second am no acid change (I n prot ease) wa
aSEQ fd 9 whicheencode tha tpalypeptides dangnahakhd:remms SEQ lD

B e A R T SR S

efddlaotidd h %@Eﬁﬁe@ tHao Biltfodél €S pafdnta lpMIyﬁﬁﬁﬂfer Q6quefices
pr ot ease 079 ure depicts the + sense
conrigmated s % @’P]n]g o?PEQ IJ@ Barponsenyes sequence based on
the sequences of the region from NL4-3 and RF
[0083] Figure 10:
10A. Amino acid sequences in the CA-SP1 region of lentiviruses.
(SEQ ID NO: 13; SEQ ID NO: 11; SEQ ID NO: 14; SEQ ID NO: 15; SEQ ID
NO: 20; SEQ ID NO: 27; SEQ ID NO: 28; SEQ ID NO: 29; SEQ ID NO: 30;
SEQ ID NO: 30; respectively)
10B: Amino acid sequences of the CA-SP1 region in HIV-1 strains RF
(SEQ ID NO: 11) and NL4-3 (SEQ ID NO: 13).
10C-10D: Nucleotide sequences of gag gene chimeric SIVs. The 42
nucleotide sequence encoding the seven amino acids upstream and seven
amino acids downstream of the CA-SP1 cleavage site is underlined and in

bold.



NL4-3 parental isolate (SEQ ID NO 5) that was
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[0084] Figure 11: Replication kinetics of PA-457 (DSB)-resistant mutants
[0085] Figure 12: Sequential SP1 point deletions in the context of NL4-3 used

to identify residues necessary for DSB activity. The amino acid sequence of
SP1 domain in NL4-3 is shown. “A” indicates the deletion and “—“ means
identical residues between point deletion mutants and NL4-3 (SEQ ID NO:
13; SEQ ID NO: 33; SEQ ID NO: 34; SEQ ID NO: 35; SEQ ID NO: 36; SEQ
ID NO: 85; SEQ ID NO: 86; SEQ ID NO: 87; SEQ ID NO: 88; SEQ ID NO:
89; SEQ ID NO: 100; SEQ ID NO: 101; SEQ ID NO: 102; SEQ ID NO: 103;
respectively).

[0086] Figure 13. Summary of particle production and infectivity of point
deletions mutants. '

[0087] Figure 14. Western blots for viruses containing point deletions in SP1,
in the presence (+) and absence (-) of DSB.



| CE-H Nucl eoti de sequences of gag gene of chineric
FIV, EIAV and BIV to be made according to the

wo pwentioon. The 42 nucl eoti de sequences encodPemUs1ves/018331
seven am no aci ds upstream2and seven am no aci ds
downstream of the CA-SP 1 cleavage sites are

1008851 o RER, PSR RERA il ZR B REy V1 PRy

NEEHQ 0D INIR: 32 p gire SE€maé2 3GAGBCcKEme refideth SHémac23Pekigitéve to

E A S e
COEQEPRO IS, ISEQHS NeptiB dRspLadel Q}p80 in Chineric FIV

genome. Nucleotide sequence SEQ1D NO 94 encoding
ani no (Tepi prneBEGMID KA gRuerceGneny ticeCAr-SRI Skquagecste

ipeTuSTp PG SR TPRER G Sl BF s WA S ana o

Criee loff STV rAMafidGn@ewkichuatieed NUa-3lrebafiés wdeﬁﬁ@@mére
to nucl eot| des 450- 1910 in Chineric El AV genone.

NpesrEsdt i deasksQ() Nedicates dhe desidugsatie nbe seiledss Shse| i
A Nucl eoti de Sequence of GAG gene of
I neri ¢ Bovine | nmunodeficiency Virus (BIV)
cont ai (Bangnt panehl Weste Bbfs shegiimmnthe CAI andr CA-SH1Vprchins
gene .nuc| eoti des 1-1471 corres nds t g nucl eoti des
3105 thig sefigs Oﬁv’@‘ﬁeﬁ&ﬁ}‘é ﬁsvl@éﬁb bsqase gt Db. SEQ I D
[0089]NO! 98F%ﬁfe0d16"9 Sefidnle 86r1sE5 a6R 1D MO c%lsbpoﬁégllon of
igure Replication kinetics of PA-4
(D@Byvmuem Qﬂmg Huatagy: sSubpt@I@E}G&HrIVglusmcrf@ CS&&mmmdms

oi nt deI s inth L4-3 used to
o ¥ieOreqPBn i 202 ridlod BEFG IRVl 0 oo,
[0090]am no Biguft SRQIRNLNIM-3 SPH daggemwim anNepitbfe. 3 SeGuenbBRVGE

"A" indicates the deletion and " means | denti cal
r 8B] dgplédeas ewile daptidsi tags deseated Gre shawmt < AZriadicptas BlelegEQ

3 «S EQ. | ), 34:. SE
aside and 5 S Wbl BenGar s ek N Sty
| D07 (8F; sﬁg@lmm $I8Q I5EQ0 DONGEQ 8D, NOEQS;BMID

- 100; SEQ 1D NO 101; SEQ ID NO_102; SEQ ID NO 103,
r D6l 4065 SRRy NOp bk qupie@tmegy)i@lg $7 D SEQGID B t1i5: SEQ
A t
Y S O SEEE P G TIO piabelheB, (Fig 1307 SIRVTD N, 15
CSEQdID]Nﬁ)g 1p@; SEQ dBI NO: dhs respeSP&ly); (Fig 17 (4); SEQ ID NO:
15; SEQ ID NO: 112; SEQ ID NO: 113; SEQ ID NO: 114; respectively); (Fig
17 (5); SEQ ID NO: 15; SEQ ID NO: 115; respectively).

[0091] Figure 18A-C: HIV-1 strain RF polynucleotide sequence. The

nucleotide sequence of the Gag polyprotein is underlined and in bold. The 42
-nucleotide sequence encoding the seven amino acids upstream and seven
amino acids downstream of the CA-SP1 cleavage site is highlighted in green.
An additional 129 nucleotides (43 amino acid residues) upstream of the
cleavage site in CA and the remaining 21 nucleotides (seven amino acids
residues) in SP1 are highlighted.

[0092] Figure 19A-E: HIV-1 strain NL4-3 polynucleotide sequence. The
nucleotide sequence of the Gag polyprotein is underlined and in bold. The 42

nucleotide sequence encoding the seven amino acids upstream and seven
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increase amounts of viral protein are used for Western blot analysis. Only

SHIVs that exhibit normal Gag processing are included here. The asterix(*) in
panel A indicates the faint CA-SP1 band‘ for SHIV GI observed in the
autoradiograph cannot be seen, however, the DSB sensitivity for this virus is
scored a +/- based on results observed when the analysis is performed using
increased amounts of protein (panel B).

[0096] Figure 23A-H. Alignment of the CA-SP1 region in HIV-1 clinical
isolates, obtained from "HIV Sequence Compendium 2002," Kuiken et al. eds.
Los Alamos National Laboratory, Los Alamos, NM. (www.hiv.lanl.gov).
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[0101] Accordingly, the invention is also drawn to a method of inhibiting HIV
‘infection in cells of an animal comprising contacting said cells with a
compound that inhibits p25 processing and also affects other viral phenotypes,
discribed above.
[0102] Mutant viruses defective in CA-SP1 cleavage have been shown to be
non-infectious (Wiegers K. et al., J. Virol. 72:2846-2854 (1998)). 3-0-(3',3'-
dimethylsuccinyl) betulinic acid (DSB) is an example of a compound that
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carbon-sulfur bonds, carbon-phosphorus bonds, and the like. The term
“bound” is broader than and includes terms such as “coupled,” “conjugated”
and “attached.”

[0104] In another embodiment, compounds that disrupt CA-SP1 processing
bind to another region of Gag and thereby inhibit the interaction of HIV-1
protease with the region of the CA-SP1 cleavage site. In another embodiment,
viruses or recombinant proteins that contain mutations in the region of the CA-

SP1 cleavage site can be used in screening assays to identify compounds that

disrupt CA-SP1 processing.
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[0107] In one experiment, an A366V mutation was identified in the SP1
region of NL4-3 virus cultured in the presence of DSB (note: numbering is

relative to the Gag polyprotein). Upon further passaging, a double mutant was
identified that contained a G357S mutation in CA as well as the A366V
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HIV-1. The L363M substitution in CA was found in the consensus sequence

for HIV-2, which may, in part, explain the specificity of DSB for HIV-1.
[0109] These results demonstrate the presence of specific genetic determinants

for DSB activity in HIV-1, and that these determinants are centered around the

CA-SP1 cleavage site.

(a)  HIV-1 NLA4-3 deletion and SIV insertion studies used to
identify viral genetic determinants of DSB sensitivity

[0110] Results from in vitro resistance selection experiments indicated that the

determinants of DSB HIV-1 inhibitory activity map to the region of Gag
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resulting constructs were transtected into Jurkat T

cidemtfiedn g EMarlaev@ak SERPCNPE NeGESUY Fe @it RFB rachiyinyis

e t apc
SREREL £ RERRp ] YenleC gk R BARIGL N0 oy
vsuggesst thel melsadar deteaminaat of 0SB ackemynst r at ed that the
A366V nutant Gag was processed and rel eased from
cgl I Sclgf?@ff' ciently (data not shown) and thus
pli Very poorly even in the absence of drug
(Figure 11) Hovvever the A366V/ G357S doubl e nut ant

repllc |entI ' theasn . ence
TALr o Gl et BB B0 AR anc
6 ui r. serin t he 357 S|t|on
IOIHQA r eg$18§1gopmf§§8%tb %oﬁ?ﬂ%ﬂ?iﬁ &' 8RS éll 88| hl‘fs&)%i
eliga8i6h-PUR (PIR)Sstria®Rlia6 PrdvasusyFi@urisedl 1TV 104083 Jissndd
furt her experinment, ten different resistant isolates
wWaNA& yanasesk asdthe template to perform all PCR reactions for generating
point deletions spanning the complete Gag SP1 domain with the exception of
the first residue of SP1.

[0112] AE365 was generated using NL4-3 as the template with Vent DNA
polymerase (NEB) by using deletion-specific downstream primer (Primer 1)
with universal upstream primer (Primer 2) (Table 1). The fragment derived
from this was termed as a first flanking PCR fragment. A second flanking
fragment was amplified using deletion-specific upstream primer (Primer. 3)

and universal downstream primer (Primer 4) (Table 1). To generate other

deletion constructs (AA366, AM367, AS368, AQ369, AV370, AT371, AN372,



Sequenci ng of these isolates identified four
additional nutations not previously seen in
wo e@satmere sel ecti on experinments. These wer e PEBBY2005/018331
L363F and L363Min CA, and3®402T in the NC regi on of
Gag. None of these nutations are present in the
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dperfonsied dyadasingf delblioh-shecifid eddvaGiivhia URRT UpstichMNplimefsA
was found in the consensus sequence for H V-2, which

- nEyTeSPAding to cadiipesific ik delgien (habla - of DSB for
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fromin vitro resistance sel ection experinents
i pritneraPeicher Ytantl o wndie¢ann primen (Brimér. BEBTHE Wrdduct was gel

i nhibitory activit p,tq the region, of
Do St Pre Sedote st s Reg e Genel d apny
CiRAVANIEASI provird'IDIOAQEInel 0 better define the viral
genetic determnant for DSB, H V-1 point-deletion

[0114jut agebterdasd BB @nditions aierq wsed for ihdiabsvendgseribadaeadtimken
o dent i oh i . \ 4
D5 et PR R e e s E oRT ey Husgoonds,
CRIbived byUo ﬁﬁ:lésoéﬂ @Pﬁtura?oﬂ%t@ﬂﬁésﬂog@@,seaﬁldﬁ,t 6PSfor 30

starting with residue E365 and continui ng through

r esoutlseankiB/2Z7C for 8@ sevvgilne@he ®ORnteactidns vaPd setappuging the
t i nfectious H V-1 nol ecul ar clone NL4-3 (Figure
1%’?1.0‘."”“9(@%@3?: of these point deletions on viral
partic I trg [k tyity, Gag processing and
sensi t#glLtlg to %{‘g@%@}ﬂ%ﬁﬁfﬁ ned. The results of

t hese Expd0imerdTRwere used to identify the Gag
residues in the region of the CA-SP | cl eavage site
that alelLd99eMiMgd@2with DSB activity. The residues
associf\tﬁg with activity were inserted into the

ca- sp1l BFSQPRP vBS A BIGPYn of the DSB-resistant virus

SI'V (Mag1.23%nict gb@h@ean;ﬁgirg@rner ate a HV-1, SIV
SHI'V) . Pol

chimeric virus ( nt substitution of H V-1
r esi dubgLiSOow/ilheniHdteDNAus of the CA protein were
made into_this chineric wvirus until the m ninmal

sequente Hhe¥as DA relymegaseue DSB activity was

i denti £ k$y M ni mal sequence necessary to gain
DSB acﬁ'sﬂtly‘-{‘??’

[0115] A 10 pL aliquot was run on a 1.0% agarose gel to make sure the
correct size product was amplified. The PCR products were then gel isolated
and purified with a Qiaex II gel extraction Kit (Qiagen). The gel-purified two
adjaéent PCR fragments were individually phosphorylated in the following
reaction by using T4 polynucleotide kinase (NEB) prior to ligation. The
phosphorylation reaction was set up as follows:

2 pL 10X T4 polynucleotide kinase buffer
2 uL 10mM ATP

1 uL T4 polynucleotide kinase



considered a primary viral genetic determ nant of DSB

activity. It may suggest the nol ecul ar determ nant of
w@sBsacsvity. 1. Methods: (a) Construction of POIASR05/018331

single point-deletion nmutasfs. [0111] Single

poi nt -del eti on constructs were generated using the
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del et ippr.9pKeTr4 DN RIS b prinmer (Primer 1) with
uni versal upstreampriner (Prinmer 2) (Table 1). The

f r agnelt pdef eachaf two admtdnt BCRABagnentsed as a first
fl anki ng. PCR fragnent. A second flanking fragment was
anpl i f1 Bl THPNG 1886%t i on- speci fic upstream pri ner

(Prinme 3 jversal .dg tream prinmer (Priner
17, TR yer OSSR JBRTAS SRR PERCED hEhTSLes

(13836 a s&dAE FouniSEOR redckiBH & he SIBIéAgth AN Fra t

2005/ 113059 PCT/ US2005/ 018331 36 AP373, AA374, AT375,
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PRES BLdfBithddVas Aokl riba UoGL A a&eg,&c@g& PP Shi, ST &84
upst eam priners correspondal ng to e CCF‘I Speci Tl Cc pol nt
dedsataro prinfalPemty.. 2) aitll®jwrisaredm qfrinhdraPempar4) wak dsed
adj acent. PCR fragnents was gel purified,
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digRsioag: Wi th Spel and Apal, and then ligated into the
Spel and Apal sites of NL4-3 proviral DNA clone.
[ 0114] 2 gLdOHNE beffer £0WEBY i ons were used for the

above-descy i eactions. These included, one cycle
of dengPEr‘%ﬁaEZﬁEék 95C for 1 mnutes 30 seconds,
foll O\Ang?é&ﬁagggr )cl es of denaturation at 95C for 30

seconds 30 seconds and 72C for 30 seconds.
The PCR pEd@6ll leapth PER prodeét (Upghiet ND4L3NS00 ng)

[0118] The above restriction enzyme digestion mixture was incubated at 37°C
for 2 hours. Digested DNA fragments for the full-length PCR product and the
NLA-3 plasmid were individually gel isolated and purified using a Qiaex II kit.
The digested vector NL4-3 and full length PCR fragment were ligated using
T4 DNA ligase under the following procedure:

1 pL 10X T4 DNA ligase buffer
1 pL (25-50 ng) digested NL4-3 vector
7 nL digested (200 ng-400 ng) digested PCR fragment (700 bp)
1 uL T4 DNA ligase
[0119] The ligation reaction was incubated at 16°C overnight and the ligated

products were transformed into Escherichila coli Max Efficiency Stbl2



foll owi ng conponents: 5 L 10 x NEB Thernophilic buffer
2 L 10 MM dNTPs 1 L 10OOnM MgSQ2 1 pL 50 pnol upstream
w@eoosar3039 L 50 pnol downstream priner 1 L 50 mgr/is2005/018331
tenplate DNA 0.5 L Vent DN&8pol ynerase 38.5 gL ddH20
[0115] A 10 gL aliquot was run on a 1.0% agarose gel
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| -purifi.ed two jacent PCR fra nts were. ...
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ligation. T e_efgosphoryl ation reaction was set up as
figntations tho provrahDNA genspviaee vesdifarevationa fuutgisiudiss. 2 gl
10 ATP 1 L T4 pol ynucl eoti de ki nase WO 2005/ 113059

P /UQ%Q% ] ih QL8 L gel purified DNA of
eg:rh 0 %@g&%ggjﬁ%ent k&ééfragnents The reaction

0120125 | DS STY cBEfr S Y0 s

pha¥p BBt Woahdy PEfRoh vag r@riéxate&emseng tl;ensNéh@a?e ldrlxolecular
toget her by uysing.T4 DNA |igase (NEB) under follow ng
s by srploying PUR and mnmwwqcaéxg@s Hescribed phoys dhese

O s B BRI ciT SRR T CASE ol fla ) e B2
r shawni 1o Figure d fic STWamac289 eds iusedatosgenenate theusky PCRand DE

| { ] lify the full-length PCR nt..
PR, _The SV batst et peed ) eBcra 1 VHEE O i
r SN dhibfeRcr @RS d wer@ pratRbéD inek RERIBS Ghaked répedie

w th the exception that only_ universal ~upstream
pptegeni¢ ppstraam ams) dewnptigawmsimaess aopesparding ko eaahy chimyra

v\ﬁragleqﬁ.e %ach of these parallel two adjacent PCR fragments was gel purified

and directly used without phospohorylation treatment for a subsequent
amplification with universal upstream primer (Primer. 31) and downstream
. ;primer (Primer 32). This product was gel purified, digested with BamHI and
Sbfl, and then ligated into the BamHI and Sbfl sites of STVmac239 proviral
DNA clone. The proviral DNA clones were then screened by automatically
sequencing using a Taq Dye Deoxy Terminator cycle Sequencer Kit (Applied
Biosystems) individually using an internal primer (Primer. 39). Following the
verification the mutations the proviral DNA clones were used for various

future studies.

2. Cell culture and DNA transfection

[0121] HeLa cells were maintained in DMEM (Invitrogen) (10% FBS, 100
U/ml penicillin, and 100 pg/ml Streptomycin) and passaged upon confluence.
Jurkat cells were cultured in RPMI 1640 (Invitrogen) (10% FBS, 100 U/ml
penicillin, and 100 pg/ml Streptomycin) and passaged every two or three days.
[0122] To characterize the effect of deletion or substitution on viral particle

production and Gag polyprotein processing, wild-type HIV-1 NL4-3 or



Again, a 10 L aliquot was run on a agarose gel to nake
sure the correct product was anplified. The
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studies. 1. Construct | meric
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These constructs an % their am no acid sequences in
[0123k he CAT®Pxaminedhelafset ofglelstionos substitution on Gag polyprotein

processing (in the absence of DSB), SDS-PAGE and Western-Blot was
performed. In brief, viral proteins were separated on a 12% NuPAGE Bis-Tris
Gel (Invitrogen) and transferred to a nitrocellulose membrane (Invitrogen)
followed by blocking in a PBS buffer containing 0.5% Tween and 5% dry
milk. The membrane was incubated with immunoglobulin from HIV-1-
infected patients (HIV-Ig) (NIH AIDS research and reference reagent
program) and hybridized with goat anti-human horseradish peroxidase
(Sigma). For the membrane containing SIV proteins, the membrane was
incubated with a reference polyclonal immune serum from a SIV-infected
monkey (NIH AIDS Research and Reference Reagent Program) and
hybridized with goat-anti-monkey horseradish peroxidase (Sigma). The
immune complex was visualized with an ECL system (Amersham Pharmacis

Biotech) according to the instructions provided by the manufacturer.



shown in Figure 15. SIV mac239 was used to generate

the SIV DD and DE constructs. The SIV DD construct
wowmsasesh t o generate SIV DM Different SIV chiTES$1005/018331

constructs were produced i H0t he PCR by varying

respective .nutagenic upstream and downstream primners
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was diluted into 100 I of serumfree DVEM fol | owed by
the adgidjeon of 1 g of DNA. After gently mxing, the
m xture of DNA-Iipid conplexes was gently added drop
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medi um Twenty-four hours post- transfectlon
cdman (Figere DRPWELeGHENECBTigerhior particleypeduction, 1nfect1v1ty, Gag

processing and sensitivity to DSB. The results from these experiments were
used to identify SP1 residues associated with DSB activity.

[0127] As expected, the effect of point deletions on viral particle production
varied as a function of the proximity of the change from the proteolytic
cleavage site. The results from these experiments are summarized in Figure
13. Viruses with deletions at residues E366, A367 and M368 were most
affected, generating <25% the number of particles normally observed in wild-
type virus infection. In vitro infectivity assays were used to characterize the
ability of the deletion mutants to support virus replication. These experiments

indicated that deletion of single residues at any of the five positions E365



removed, 2 ml of fresh DVEM was added into the
transfected cells. At 48 h post-transfection, nmedium
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[0130pr Ot ei R&sidlRs A3 thro@Eh VBPE Rerdihsui@l @Rb i) haldpbes posmon
performed as described in the Pr evi ous 1|oVar agr f
of the Gag SP1 domain in the DSB-resistant retrovirus SIV (Mac 239 1solate)

Additionally, the N-terminus of the CA protein of this chimeric virus was -

modified by cumulative substitution of residues found in SIV with HIV-1-
specific residues. This approach is summarized in Figure 15. Next, the effect
of DSB on the Gag processing phenotype of each of the chimeric viruses was
determined. As shown in Figure 15, the SIV.DM virus displays a Gag
processing phenotype indicative of sensitivity to DSB. Thus, the minimum
sequence of HIV-1 CA-SP1-specific residues that needs to be inserted to
rescue DSB activity in the SHIVs extends from V362 to V370
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(with No. 4
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129 ccacctatcccagtaggag (SEQ ID NO: 65) | Sequencing | For NL4-3
primer mutants
30 ggcacagcaagcagcagetg (SEQ ID NO: Sequencing | For NL4-3
66) ' primer mutants
31 gtagaccaacagcaccatctagcggecaga (SEQ | All For SIV
ID NO: 67) substitution | mutants
constructs
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32 ggtaaagtaaaggcagtgtactgectaa (SEQ ID | All For SIV
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constructs
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NO: 71) fragment
(with No. 31
primer)
36 acagaaggctagagtactggcagaagcc (SEQ SIV DE Second PCR
ID NO: 72) fragment
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wdasjsfirmgnent (with No. 4 primer) 11 PCT/US2005/018331

gctcattgcttcagccaaaactctt @SEQ I D NO AQ@B69 First PCR

47) fragment (with No. 2 rinmer WO 2005/ 113059

PCT/ US2005/ 018331 43 12 gt aacaaatccagct accat aa (SEQ
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39 atccaactggggttgcaaaaatgtg (SEQ ID Sequencing | For SIV
NO: 75) primer mutant
[0131] The resistance and mutagenesis data presented above suggest that the

GHKARVL-AEAMSQYV amino acid sequence in the region of the HIV-1 Gag
CA-SP1 cleavage site serves as a genetic determinant of viral sensitivity to
DSB.

Extending The Determinants Of Dsb Sensitivity To Other
Lentiviruses: Ca-Spl Chimeras As Animal Efficacy Models For
: Development Of Maturation Inhibitors.

[0132] The development of anti-HIV therapeutics has been hindered by the
lack of an animal efficacy model. This lack of an animal model is primarily
due to the inability of most HIV-1 strains to replicate and cause disease in

- non-human primates. In some instances this problem has been overcome
through the use of chimeric viruses that incorporate the region(s) of interest
from the HIV-1 viral target into an SIV viral backbone that will support
replication in a non-human primate. The most notable example of this
approach involves the HIV-1/SIV (SHIV) chimeric viruses in which the
proteins making up the infectious virus are exclusively SIV in origin with the
exception of Env (gp120/gp41) which is derived form HIV-1. These SHIV
envelope chimeras have been used extensively in HIV-1 vaccine development.

[0133] HIV-1 maturation inhibitors disrupt Gag CA-SP1 processing, which
results in the formation and release of non-infectious viral particles exhibiting
aberrant core morphology. See e.g. Li et al. Proc Natl Acad Sci U § A.
100:13555-60 (2003). The betulinic acid derivative DSB is an example of this
class of inhibitors. The viral genetic determinants critical that are associated

with the activity of maturation inhibitors map to amino acid residues flanking



rimer) 17 tgttacttggctcattgcttc (SEQ I D NO 53) AN372
First PCR fragnent (with No. 2 priner) 18
wezmgttzascat aat gat acagaaa (SEQ I D NO AN372 SeronusFPeiA18331
54) fragnment (with No. 4 4eriner) 19
atttgttacttggctcattgcttc (SEQ ID NO AP373 First PCR

e HIVSOGRND! Stk e, wehothlsTe{elnfidytis inroduced g ghe
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58) fragnment pri mer
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RS ER ik ol Sntp peichlet TRl . ATING S5 Rsidyss fagpn

(F9EQ1 IdA AP3 fénchies @il al(dRterminants of DSB sensitivity were used to
replace the corresponding CA-SP1 amino acids in the genome of Simian
Immunodeficiency (SIV). Similarly, the amino acid residues from HIV-1 CA-
SP1 junction that are determinants of DSB can be replaced in Feline
Immunodeficiency virus (FIV), Bovine Immunodeficiency Virus (BIV),
Equine Infectious Anemia Virus (EIAV), Visna-Maedi, and Caprine Arthritis
Encephalitis virus (CAEV). Table 2 depicts the Gag polypeptide sequence for
HIV-1, SIV, FIV, EIAV and BIV in the region of the CA-SP1 cleavage site.

Table 2. Sequence comparison in the region of the CA-SP1 cleavage
site region of HIV-1 with SIV, FIV, EIAV and BIV

ca SP1 NC
HIV-1 GHKARVL AEAMSQVTNPATIM IQKG
(SEQ ID NO: 76)

FIV GYKMQLL AEALTKVQ vvQs
(SEQ ID NO: 77)

EIAV KORMMLL AKALQ TGLA
(SEQ ID NO: 78)

BIV KSKMQFL VAAMKEMGIQSPIPAVLPHTPEAYA SQTS
(SEQ ID NO: 79)

[0135] The HIV-1 CA-SP1 sequence used for replacement is as follows:
CaA SP1
GHKARVL AEAMSQV (SEQ ID NO: 80)
[0136] The method described above for generating the SHIV CA-SP1
chimeric provirus DNA clone is used to generate FIV, EIAV and BIV provirus
clones containing selected residues or extended region from CA-SP1 region of

HIV-1 replacing the corresponding wild-type sequence (Figure 16).
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ggtagctggatttgttacttg (SEQ ID NO 61) Al376 First PCR
woeagmens9 (with No. 2 priner) 26 PCT/US2005/018331
at gat acagaaaggcaattttaggaadt (SEQ I D A1376 Second PCR
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type provirus DNA as a template, two separate PCR reactions were set up
to amplify SIV-Gag fragments in either direction from the site of mutagenisis
(CA-SP1 region), i.e., yield two amplified fragments that overlapped in the
mutated CA-SP1 region, a Bam HI-CA-SP1 fragment and a CA-SP1-Sbf-I
fragment. In a third PCR reaction, the fragments, Bam HI-CA-SP1 and CA-
SP1-Sbf] were annealed at their common HIV-CA-SP1 sequence and
amplified with a forward SIV Bam HI primer and a reverse SIV Sbf-I primer
to generate a full-length chimeric SHIV CA-SP1 gag fragment. The chimeric
‘SHIV CA-SP1 PCR fragment was cloned into BamHI - Sbf-I window of SIV
provirus clone replacing the SIV-Gag wild-type sequence to yield the SHIV
CA-SP1 provirus cDNA clone.

[0138] Similarly, unique restriction enzyme cloning sites surrounding the CA-
SP1 regions in FIV (Genbank Accession # NC_001482), EIAV (GA#
AF016316), and BIV (GA# M32690) genome have been identified (Fig 16).
Specific FIV/EIAV/BIV-HIVICA-SP1 chimeric primers along with genome
specific primers of FIV, EIAV or BIV incorporating the specific cloning site
sequence are synthesized. These primers along With corresponding provirus
DNA clone as template (FIV, EIAV or BIAV) in PCR reactions to generate
the Chimeric HIV-1 CA-SP1 fragment. The chimeric HIV-1 CA-SP1 fragment
is digested with the appropriate restriction enzyme and cloned into Sacl-EcoRI
window of FIV provirus; or (ii) KasI-EcoRV window of EIAV provirus; or
(ii1) BsrGI-Apal window of BIV provirus replacing the corresponding wild
type sequence (Figure 16). The chimeric FIV/EIAV/BIV-HIV-1CA-SP1
provirus DNA clones are sequenced to confirm the presence of intended

mutations. Based on observed results that indicate the transfer of DSB
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ggcttctgccagtactctagccttctgs (SEQ ID SIV DE First PCR
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IV DM F PCR NGO 73
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an animal efficacy model for therapeutic development of maturation
inhibitors.

[0140] Analogous approaches are used to prepare and characterize HIV-1 CA-
SP1 chimeras with FIV, BIV and EIAV. These additional DSB-sensitive

,_)

chimeric viruses should enable the development of additional animal efficacy

models for the study of HIV-1 maturation inhibitors.

Uses Of Mutant And Chimeric Viruses

[0141] The mutant and chimeric viruses of the present invention, as described
above, are useful in a variety of cell based as wéll as animal based assays.

[0142] By comparing the phenotypes associated with a virus that is resistant to
DSB, with a virus that is sensitive DSB, one may identify compounds that act
by a mechanism similar to that of DSB. Thus the invention includes a method
of identifying a compound that inhibits cleavage of p25 to p24 in wild type
HIV-1, but does not inhibit CA-SP1 processing in HIV-1 containing a deletion
in the CA-SP1 region. Compounds obtained by such a method are also
included in the present invention.

[0143] Chimeras of SIV and other lentiviruses that do not readily infect
humans have additional advantages. Firstly, these viruses pose a lesser safety
hazard to laboratory workers. As a result, cell based assays to identify novel
compounds that inhibit CA-SP1 processing, for example, can be conducted
with less risk. The lower risk may allow assays to be performed that cannot be
performed readily or safely with HIV, and may also lower the cost of such

assays.
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of a wild-type non-HIV-1 lentivirus with the DSB-sensitive recombinant

variant thereof . Such inhibition may occur in a cell; in an animal; or in vitro.

Construction And Use Of Viruses Or Polypeptides With Epitope
Tags

[0149] The present invention is also drawn to recombinant retroviruses with

epitope tags in the CA-SP1 region of Gag. Epitope tags may be inserted in the
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(¢) TACQGVGGPSHKARILAEAMSQVTINSATIM (SEQ ID
NO: 23),

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

(¢) SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26);

(g) SHKARILAEAMSQVTN (SEQ ID NO: 116);

(h)y GHKARVLAEAMSQVTN (SEQ ID NO: 117);

) SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and
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ncBe | r fetf ]
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mat urati on inhibitor sensitivity has replace )
alPspigd ot or neyi tha (fi-SBA gleaMagensiterart loeated snthe SP1domain of

NP SRR 30 e TR S B
gselental fbmShy grapuddnsisiing of GAKARVLVEAMSQV (SEQ ID NO:
| 9{] Iar?d Eﬁﬁiﬁﬁﬂé\h\‘ﬁ@d{ﬁ &Tboé %BeNOI g{.eg[‘thia %rc])lynucleotide of this
invention is also drawn to sequences designated as SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8 and SEQ ID NO: 9. The invention also includes a

vector comprising said polynucleotide, a host cell comprising said vector and a

[0155

method of producing said polypeptides comprising incubating said host cell in
a medium and recovering the polypeptide from the medium.

[0156] The invention further includes a polynucleotide that hybridizes under
stringent conditions to a polynucleotide selected from the group Consisting of
SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8 and SEQ ID NO: 9. The
invention also includes a polynucleotide which hybridizes to SEQ NO: 5, SEQ
ID NO: 7 or SEQ ID NO: 10 or 12, which contains a mutation which results in
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| TR LR leafsgqgfeueg%as ARRY 20 %smgr;sﬁfdgl cfeotides, a

vari ety ase as ani assays.

[}Qﬁtrléﬁll cBynpmmgeualdwgectdnen@ hemahgdeSpradising mceﬂol\ypéﬂmdas
vi rus. t hat reS|s t to. . DSB, with a virus that is
SORRTSINge “}ﬁg ting, sai aﬁ%ﬁ &t 1% ¢ SIpERARS Teeavertg saidy

dfﬁ%gﬁﬁ‘éﬁﬂﬂnsthéﬂde&ﬁuﬂ,o that of DSB. Thus the invention
inclludes a nethod of identifying a conpound that
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in the present invention. [0143] Chineras of S

orbeut 20 eott ahoiuf JSekesidne oneither sideqafi thy HRf-dcEag rﬁﬁqﬁﬂi’é
h&é/a‘%agéj gi'ter" 'n?d}é‘lsp ?9&\53‘1@; gﬁtsteg F%sgcﬁ{es Yn SBESSaY bf ﬁx%‘fIéI.V-AS

ose esser azar aboratory wor
aGag@ALSEl cledvagbsise dn@ﬁﬁ)@l}@efeﬁabll;dﬂﬁmt feven oasidues on either

ha CA- SP1, roce sing, for exanpl e,
%@HE mLﬂc{;@%{ wﬁw clegeage Fit kIn re eQC%\R%POIVP‘é‘lle%S
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readily or safely w V, may I ower
c@rﬂbowﬁmleotléessfays me\mng@ﬁﬁfms%g PCT / U82005/ 018331

9 [0144 h h .chi "
o155 a4 HIGLTRE S0 VB SRLTERS. oty

tmom;ﬁ)sﬁi@ﬁsvrtswseanb@ oboBs fiBAnle, iU ERbdeR chalgRl of Yerneneg!
onmpounds that inhibit CA-SP | processing

e&@mpmeonglaah gramronment, (o drofn culen &mdclompso f@lmﬁs,form.
B L B SRS RLy pi
cavibindeleduds) DN@r api RNA, vehicth has Ho&B rembhed fioihedRenative
| anr%rghrtngrrlts For example, recombinant DNA molecules contained in a vector
are considered isolated for the purposes of the present invention. Further
examples of isolated DNA molecules include recombinant DNA molecules
maintained in heterologous host cells or purified (partially or substantially)
DNA molecules in solution. Isolated RNA molecules include in vivo or in
vitro RNA transcripts of the DNA molecules of the present invention. Isolated
nucleic acid molecules according to the present invention further include such
molecules produced synthetically.
[0159] "Polynucleotide" generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified
RNA or DNA. "Polynucleotides" include, without limitation single- and

double-stranded DNA, DNA that is a mixture of single- and double-stranded
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inserted in the WO 2005/.113059 PCT/ US200Q5/ 018331, 50
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NOqudices niddif¢do eghee by mawmra mmoqseesVBﬁcl( QYRakfHrans(aBbial
ID NO. 82

(Iggejzs'isiBg, 2)1’ byaclgelflrggal mode 8(|3Jt1%g%ec(hnl Ifl)eé w'l:'uc%gare(, eﬁ%DDlﬁ)m

the art. Such modifications are well described in basic texts and in more
detailed monographs, as well as in a voluminous research literature.
Modifications can occur anywhere in a polypeptide, including the peptide
backbone, the amino acid side-chains and the amino or carboxyl termini. It
will be appreciated that the same type of modification may be present in the
same or varying degrees at several sites in a given polypeptide. Also, a given
polypeptide may contain many types of modifications. Polypeptides may be
branched as a result of ubiquitination, and they may be cyclic, with or without
branching. Cyclic, branched and branched cyclic polypeptides may result
from post-translation natural processes or may be made by synthetic methods.

Modifications include acetylation, acylation, ADP-ribosylation, amidation,



NO 83), and VSV-G (YTDIEMNRLGK) (SEQ I D NO 84).
Exanples of SP 1 containing epitope tags are

WO bdosgtost ed in Figure 17. [01501 Such epit opePdEUSE0S/018331
viruses and fragnments theré&ef are useful in
i dentifying novel conpounds that inhibit CA-SPI
P v
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KINPRAFETEL \/ wkdnonmp@mwgwwmgatlon selenoylauon

P AR RGP P i {prds sy as

TACRGIAGOR CH:’JdAiHMEMiSQ/’I’NPATI M(SEQ ID NO 24): (e)
SHKARI | AEA| SE 25 f) GHKARVLAEA
(0161} sEqQ | NRI@“NBQ)\‘/hf"( te{fg)‘s ‘A%AWB&MW\PI?@@Q F polpePide
: 1
T L
200641 13088 PCH USB@O@#@@3QIffer5 ]m(]u)cleotlde sequence from

%}%ﬁhe& refer E{IB pﬁg‘%ﬁﬂ %éé DFS’(;% tp% éﬁ%}a%tié% seql-!lence of the
PRyt Ciheﬁjobf des nenaRe g Ao 3R SePRINYO ATt 4 PBBpeptide

Pol ynucl eoti des of the invention include degenerate

v%moa?ﬁ By thg,efergree priyriclaqtide. diNuckeptide, changes Riay deswiisia
IR EP U8Rt ARLR S350 RIES Rl 2

" pcﬁypﬁptxdasncmledi bjn ﬁtemeferesmé e¢queha, as distusecd hrddw.i 3 t¥pival

nor e
mutant of a polypeptide differs in amino acid sequence from another, -

N

reference polypeptide. Generally, differences are limited so that the sequences
of the reference polypeptide and the variant are closely similar overall and, in
many regions, identical. A mutant and reference polypeptide may differ in
amino acid sequence by one or more substitutions, additions, deletions in any
combination. A substituted or inserted amino acid residue may or may not be
one encoded by the genetic code. A mutant of a polynucleotide or polypeptide
may be a naturally occﬂrring such as an allelic variant, or it may be a mutant
that is not known to occur naturally. Non-naturally occurring mutants of
polynucleotides and polypeptides may be made by mutagenesis techniques or
by direct synthesis.

[0162] Thus, the mutant, (or fragments, derivatives or analogs) of a
polypeptide encoded by any one of the polynucleotides described herein may
be (i) one in which at least one or more of the amino acid residues are

substituted with a conserved or non-conserved amino acid residue (a
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near the CA-SP 1 cl eavage site or in the SP 1 donain
ofhergpenpic 1 Drug Carrier Systems 10:307-377 (1993)). Thus, the

polypeptides of the present invention may include one or more amino acid
substitutions, deletions or additions, either from natural mutations or human
manipulation.

[0164] As indicated, changes are preferably of a minor nature, such as
conservative amino acid substitutions that do not significantly affect the
folding or activity of the protein (see Table 3).

TABLE 3. Conservative Amino Acid Substitutions

Aromatic Phenylalanine
Tryptophan
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5@ processing of p25 to p24 by a 3-0-(3',3"-dimethylsuccinyl) betulinic acid.

The polynucleotides also encompassed by this invention include those

mutations which are "silent,” in which different codons encode the same

amino acid (wobble).

[0167]

"Identity" is a measure of the identity of nucleotide sequences or amino

acid sequences. The term "identity" is used interchangeably with the word

"homology" herein. In general, the sequences are aligned so that the highest

order match is obtained. "Identity" per se has an art-recognized meaning and

can be calculated using published techniques. While there exist a number of

methods to measure identity between two polynucleotide or polypeptide
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intended that the amino acid sequence of the polypeptide is identical to the
reference sequence except that the polypeptide sequence may include up to

five amino acid alterations per each 100 amino acids of the reference amino

acid. To obtain a polypeptide having an amino acid sequence at least 95%
identical to a reference amino acid sequence, up to 5% of the amino acid
residues in the reference sequence may be deleted or substituted with another

amino acid, or a number of amino acids up to 5% of the total amino acid

residues in the reference sequence may be inserted into the reference
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[0171]and poinypepedifie sophedimentnHheeidsptity beiyyere 8i ssquenchmicihes
O}Sresem'lnq'laﬁt?o%tanﬁyanstuﬁfea §équence, also referred to as a global sequence

alignment, is determined using the FASTDB computer program based on the
algorithm of Brutlag et al. (Comp. App. Biosci. 6:237-245 (1990)). Preferred
parameters used in a FASTDB alignment of DNA sequences to calculate
percent identity are: Matrix=Unitary, k-tuple=4, Mismatch Penalty=1, Joining
Penalty=30, Randomization Group Length=0, Cutoff Score=1, Gap Penalty=5,
Gap Size Penalty 0.05, Window Size=500 or the length of the subject
nucleotide sequence, whichever is shorter. According to this embodiment, if

the subject sequence is shorter than the reference sequence because of 5' or 3'
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anal ogs) of a polypeptide encoded by any one of the
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acid substitutions etions or additions, either

f PP hmanoth¢r example; gﬁ@ base swhieghsequence is compared with a 100

base query sequence. This time the deletions are internal deletions so that
there are no bases on the 5' or 3' of the subject sequence, which are not
matched/aligned with the query. In this case the percent identity calculated by
FASTDB is not manually corrected. Only bases 5' and 3' of the subject
sequence Which are not matched/aligned with the query sequence are manually
corrected. No other manual corrections are made for the purposes of this
embodiment.

[0172] The present application is directed to nucleic acid molecules having at
least about 40%, 50%, 60%, 70%, 80%, 85%, 90%, 92%, 95%, 96%, 97%,



mani pul ati on. [0164] As indicated, changes are

preferably of a m nor nature, such as conservative
wa@moso13asd d substitutions that do not signifi ceawig2005/018331

affect the folding or actewity of the protein (see

Tabl e 3). TABLE 3. Conservative Am no Acid
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nibn dsplosed Mnctianal aatiiygy angtof skidl io fthesart wouldstitl &nowdrow to
exanpl e npnconservati.ve.substituti on qf...anm no aci ds
058 B st el dpoisoulgfor dndcey g i PRIGEEPY haske o @
B5Bymérddebéiainhactis PPORD)! R Rhdrd a%scs BE H¥RARESH adl nidibcles

i nvention may have at |east about 40% 45% 50% 55%
6efuhe prosent poaptignsthat dooet @xode Dpolypemivie daving tigydisclosed

PRIV S L5050 0GB OOy o
seDNAniteag o (2 )ainnsittg hgbriditasioh q8.gl, TFI$HE") to determine cellular
location or presence of the disclosed sequences, and (3) Northern Blot analysis

for detecting mRNA expression in specific tissues.

[0173] As used herein, the term "PCR" refers to the polymerase chain reaction
that is the subject of U.S. Pat. Nos. 4,683,195 and 4,683,202 to Mullis e? al.,

-as well as improvements now known in the art. In accordance with the present
invention there may be employed conventional molecular biology,
. microbiology, and recombinant DNA teéhniques within the skill of the art.
Such techniques are expiained fully in the literature. See, for example,
" Sambrook, J. and Russell, D.W. (2001) Molecular Cloning: A Laboratory
Manual,3rd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY.

[0174] The term "stringent conditions," as used herein refers to homology in
hybridization, is based upon combined conditions of salt, temperature, organic
solvents, and other parameters typically controlled in hybridization reactions,
and well known in the art (Sambrook, et al. supra). The invention includes an
isolated nucleic acid molecule comprising, a polynucleotide which hybridizes
under stringent hybridization conditions to a portion of the polynucleotide in a
nucleic acid molecule of the invention described above, for instance, the
sequence complementary to the coding and/or noncoding (i.e., transcribed,
untranslated) sequence of any polynucleotide or a polynucleotide fragment as
described herein. By "stringent hybridization conditions" is intended
overnight incubation at 42°C in a solution comprising, or alternatively

consisting of: 50% formamide, 5}( SSC (750 mM NaCl, 75 mM trisodium
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9. The invention also includes a polypeptide encoded by a polynucleotide
which hybridizes to SEQ NO: 5, SEQ ID NO: 7 or SEQ ID NO: 10 or 12,
which contains a mutation that results in decrease in inhibition of processing
of p25 to p24 by 3-0-(3',3'-dimethylsuccinyl) betulinic acid, and also wherein
said mutation is optionally located at or near the CA-SP1 cleavage site or in
the SP1 domain of CA-SP1. The polypeptide of this invention further
includes polypeptides that are part of a chimeric or fusion protein. Said
chimeric proteins may be derived from species which include, but are not

" limited to: primates, including simian and human; rodentia, including rat and
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Wat er man, (Advances in Applied Mathematics 2:482-489

(wg@g)e}lable one to distinguish SP1 from CA-SP1 (p25). The 1nvent10n also
includes an antibody that selectively binds CA (p24), which would enable one
to distinguish CA from CA-SP1. The invention also includes an antibody that
selectively binds CA-SP1, which would enable one to distinguish CA from
CA-SP1. The invention additionally includes an antibody that selectively
binds at or near the CA-SP1 cleavage site. The antibody of this invention may
be a polyclonal antibody, a monoclonal antibody or said antibody may be

chimeric or bifunctional, or part of a fusion protein. The invention further

includes a portion of any antibody of this invention, including single chain,
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[0180] The invention also includes labeled antibodies, comprising a detectable
signal. The labeled antibodies of this invention are labeled with a detectable
molecule, which includes an enzyme, a fluorescent substance, a
chemiluminescent substance, horseradish peroxidase, alkaline phosphatase,
biotin, avidin, an electron dense substance, and a radioisotope, or any
combination thereof.
[0181] The invention further includes a method of producing a hybridoma

comprising fusing a mammalian myeloma cell with a mammalian B cell that
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acid detection kits, which may, or may not, utilize PCR and immunoassay kits.
Such kits are useful for clinical diagnostic use and provide standardized
reagents as required in current clinical practice. These kits could either
provide information as to the presence or absence of mutations prior to
treatment or monitor the progress of the patient during therapy. The kits of the
invention may also be used to provide standardized reagents for use in

research laboratory studies.
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[0188] Preferred compounds useful in the present invention are those where
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substituents in Table 4 and Rj is hydrogen.
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Iight chain, heavy chain, CDR, E(ab Fab, Fab', Fv,
sFv, or dsFv, or any g
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Rj; =-ORy4 or -NHR5;

R;; = COORy7, COO™AY, or CH;OR 7

Ri3 = -H, halogen, amino, optionally substituted mono-or di-alkylamino, or
-ORy¢; -

R4 =-H, C; - Cy substituted or unsubstituted carboxyacyl;



[0178] As used herein, an antibody "sel ectively binds"
a target peptide when it binds the target peptide and
walgms/1mos9 si gni ficantly bind to unrel ated protBiTES2005/018331
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2005/ 113059 PCT/ US2065/ 018331

logm nescent

wherein

H,
Ry = :

COOH,

MCOOH /“\Q/COOH, or
/“\)\/ COOH, ’

COOH .



64 produces a nonocl onal anti body which selectively
bi nds an am no acid sequence containing a nutation in

WO besCs08P1 protein, said nmutation resulting POT/ES2005/018331

decrease in the inhibitionédf processing of p25 to p24
by 3-0-(3',3 - dinethylsuccinyl) betulinic acid and a
hybri doma produci ng any of the nnnpcI@naI ant i bodi es
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portion thereof as disclosed herein, a container
conprising said anti body and instructions for use, a
kit conprising the pol ypeptides of this invention and
instructions for use and a kit conprising the

pol ynucl eoti de of the invention, a container
conprising said polynucl eotide and instructions for
use, or any conbinations thereof These kits woul d

i nclude, but not be limted to nucleic acid detection
kits, which may, or may not, utilize PCR and

i mmunoassay kits. Such kits are useful for clinica

di agnostic use and provi de standardi zed reagents as
required in current clinical practice. These kits
could either provide information as to the presence
or absence of nutations prior to treatnent or nonitor
the progress of the patient during therapy. The kits
of the invention nay al so be used to provide
standardi zed reagents for use in research | aboratory
st udi es.
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Preferred conpounds are those wherein Ris one of the
substituents in Table 4, below, and R is hydrogen.
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and HOZC [0189] More preferred conmpounds are
3-0-(3",3 -dinethyl succinyl) betulinic acid,
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H COOH R210 = VI wherein O H, COOH, Z21 =O0Op
JICOOH, COON, or OO COON, W 2005/113059
R34 R35 P31us#8H018331

weabsWEas05/ 018331 69 R32 R33111~.
R37 "°,, R41 R38-0 = ~i 73R3e R40 VII WD 2005/ 113059
0 X X X X X

PCT/ US2005/018331 70 ~ X X X X X X X X X
[0192])8 )6 X&iib n%;\iﬁ%(esxotﬁerxth)én )ily)ang%eé arcgJ aYtac}}f/:dotoVRg); gxyogen abyxax
covalent bond to the carbonyl carbon.

Preferred compounds are those where Rag is not hydrogen.

[0193]
[0194] In additional embodiments, any of Rig, R4g and/or R4, are methyl.
[0195] In some embodiments, compounds useful in the methods of the

invention also include those described in U.S. Provisional Application No.

60/559,358, which is entirely incorporated by reference. In one aspect, these

compounds are described by reference to the following compounds VIII to

XI:

[0196] In some embodiments, compounds useful in the present invention have

the general Formula VIII:

| 2114
or a pharmaceutically acceptable salt or ester thereof:
wherein A is a fused ring of formula
R
57 Rss
Res
OH
Res CH
3 Ri3
Rss
: Res $
CH s
: H
() (ii) (iif)

wherein the ring carbons designated x and y in the formulas of A are

the same as the ring carbons designated x and y in Formula VIII,



A XX X XX XXX X aXXXXXXXXX X" XX XXX

X XX X aX XX XXXXXX 0, a® XX XXX XX XX
W@E20054M1305K X X X X X 0 aMx QUOO0O0O O 0 UB®¥TuSmzo18331

Xx = C--NMv) 00 WO 2005/7413059 PCT/ US2005/ 018331

71 X X X X X X XX X ~XX XXXXXO0XXX2zZ axxX

Rty g R BB gVl
xswhstiuted xbyx oxe orxmore hydroxy or halo, or can be interrupted by a
nitrogen, sulfur or oxygen atom, or combinations thereof;

Rsz, Rs3 and Rsy are independently hydrogen, methyl, halogen, or
hydroxy, carbonyl or -COORgs, wherein R is alkyl or carboxylalkyl, where
the alkyl chain can be optionally substituted by one or more nydroxyl or halo,
or can be interrupted by nitrogen, sulfur or oxygen atom, or combinations
thereof;

Rss is carboxyalkoxycarbonyl, alkoxycarbonyl, alkanoyloxymethyl,
carboxyalkanoyloxymethyl, alkoxymethyl or carboxyalkoxymethyl, any of
which is optionally substituted by one or more hydroxy or halo, or Rss is a
carboxyl or hydroxymethyl; A

Rse 1s hydrogen, methyl, hydroxy or halogen;

Rs7 and Rsg are independently hydrogen or Cy6 alkyl;

Rso is CH; or CH3;

Reo is hydrogen, hydroxy or methyl;

Re; ié methyl,  methoxycarbonyl, carboxyalkoxycarbonyl,
alkanoyloxymethyl, alkoxymethyl or carboxyalkoxymethyl, any of which is

- optionally substituted by one or more hydroxy or halo;

Rz 1s hydrogen or methyl,;

Re3 is hydrogen or methyl,

Re4 1s hydrogen or hydroxy;

Res 1s hydrogen if C12 and C13 form a single bond, or Rgs is absent if
C12 and C13 form a double bond; and

wherein the straight dashed line represents an optional double bond
between C12 and C13 or C20 and C29;

with the proviso that when A is
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then Rs; cannot be glutaryl or succinyl when a double bond exists between
C12 and C13; '

when A is (i) and R is methyl, then Rs; cannot be succinyl;

when A is (iii) and Rs;, Rs3 and Re; are each hydrogen, then Rs, cannot
be succinyl; and

with the proviso that A (i) cannot be

or

OH OH

I/III:,.,
”IIIIn..,

w

C

when Rs; and Rs;3 are both methyl and a double bond exists between C12 and
C13.

[0197] In some embodiments, Rs; is a carboxy(Cz_G)alkylcaxbonyl group or a
carboxy(Cs.¢)alkoxy(C;.¢)alkylcarbonyl group. Suitable groups are selected

from the group consisting of:
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2005/ 113059 PCT/ US2005/ 018331 73 [0192] R38 noieties
wotdeeni1dnban hydrogen are attached to R33 oxygerChysmos/018331

coval ent bond to the carbofgl carbon. [0193] Preferred

conmpounds are those where R38 is not hydrogen. [0194]

In addi ti onal enbodi ments, any of R38, R40 and/or R41

are methyl. JJ0195] In sone epbodi nents, . corpouhds
useful | t hods of It he lli nvention akgo incl ude
t hoste: i n U™ Pr al, Appkicaty-on o
60/ 559, 358, which is entirely i

cor porated by
reference. In gne aspect, thesg conpounds are
descri bed by rgference to the fol | ow ng compoungs VIII

t 0 HORK 9 :‘é s epbadi
in the present irtvention have '
VITI: 12 13 x CH3 R62 A Y VIII 3 5 R51 OH R52°R53
R54 aceutically acceptable salt or ester
tzg§§2§of: in ,}%OJCM ng of foryydl a B57 R58
g ’ HO,C s and
. 4
HO,C
[0198] According to the invention, in some embodiments the compounds have
Formula IX:
Rs7 Rss

R
CH; CH

wherein Rs;, Rss, Rss, Rsg, Rs7, Rsg and Rgy are as defined above for
Formula VIII. In one embodiment, Rss is B-methyl, Rsg is hydrogen, Rss is
hydroxymethyl and Rs is 3'3'-dimethylglutaryl, 3',3'-dimethylsuccinyl,
glutaryl or succinyl. In another embodiment, Rs is hydrogen, Rs; and Rsg are
both methyl, Rss is carboxyl and Rs; is 3',3'-dimethylglutaryl, 3'3'-
dimethylsuccinyl, glutaryl or succinyl. ‘

[0199] In some embodiments, Rss is carboxyalkoxycarbonyl, alkoxycarbonyl,
alkanoyloxymethyl, carboxyalkanoyloxymethyl, alkoxymethyl or
carboxyalkoxymethyl, any of which is optionally substituted by one or more



R66 R65 CH3 OH R13 X X RS5 R61 X Y Y Y R64 CH3 CH3
H or (i) (ii) (iii) wherein the ring carbons
walzwsgeased X and y in the fornulas of A are REBUSANFE0IS331
as the ring carbons designafed x and y in Fornul a
VI [1; WO 2005/113059 PCT/US2005/018331 74 R51 s a
e the

SRRg TR Bt KEuied B5BR0"SF OOl By some

fb%lbbdlrﬁlénts;an Reg isniécteddtfsm by groupi tégEiAg §ﬂ|d°ai=tfox 1,
oxygen atom or conbinations thereof; R52, R53 and R54
derguymefhdER(GH AP Qe mCOE i CH o Hef@R(ONEHL).CH;,

c gﬂ{%ox“))(ﬁ%f @% er éco(?ﬁ?gﬁgl@}?y%{%g hgdljhtl%g‘iﬁl:(gélial Y ol

aibodimadrty Rsukstletted édnby grong casisting@f nydr oxyl or

hal o, or can be interrupted by nitrogen, | fur or
oxygen ato or conbi nzﬂ\:\‘cﬁi t her eof ; gﬂ
car, bon;yd; bonmo c '

alkanoyloxynethy , carboxyalkanoyloxynethyl
alkoxyneth%I or carboxyalk ymet hyl , any of which is

ofo WE@%&L%?MG 0 R GLoIy 21 el o

hydr ogen, nethyl, hydroxy or haI ogen; R57_and R58 are
|ndependently hydrogen or C1.6 alkyl; R59 is CH2 or

CHs; hydrogen h omo y or, thyll ﬁl is
nnbh(yl Xy gar Ho _and
i

al kanoy! oxyth hyb, al koxyrret
car boxyal k%xymet hyI , any of which is

HOZC\X/U\O/\E .

[0200] ~ In some embodiments, Rss is hydroxymethyl. In some embodiments,
Rss is carboxyl. In some embodiments, n is from 0 to 20, and preferably 0
to 6. In some embodiments, n is from 1 to 10. In some embodiments, n is

from 2 to 8. In some embodiments, n is from 1 to 6. In some embodiments, n

is from 2 to 6.
[0201] In some embodiments, compounds useful in the present invention have
the Formula X: |
Reo
X
Rs1




optionally substituted by one or nore hydroxy or hal o;
R62 is hydrogen or nethyl; R63 is hydrogen or nethyl;
wWaRBWsi 8305y dr ogen or hydroxy; R65 is hydrogen iPCIOIR20031€8331
Cl3 forma single bond, or 7R65 is absent if C 12 and

C 13 form a doubl e bond; and wherein the straight

OB KoefGmafh 15 e e By < I FieilE Yo n e
tdhitodwhan, Ry B ¥0-&QREyIASAEY, POTHMSANBIRNESutaRf doH

X Y., CH3 then R51 cannot be glutaryl or succinyl when
SuedoYl e bond exists between C12 and C13; when Ais

ii d [ : th R b ' | :
oz021( ) R St | Senftbienys, NRY TIe TAMAGE el Mony),
hoaetroagsikox ytchboniRS 1 C&lz[lhﬂtoylbdi'(@)x(mglqg nyl E}k-@fﬁ?ﬂ:r%hq&h C]t—|h &r
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enbodrrnments, R51 i1s a carboxy(C2_ kyl carbony oﬁp

aronsistingar bofy ( G2ethykl k ox3QATHPHGOVH, car KEDY(O)CHL)CH;,
SRR 3R B G1GAHH05s por Us2009) 016331 76
[0203] In some embodiments, n is from 0 to 20, or preferably 0 to 6. In some
embodiments, n is from 1 to 10. In some embodiments, n is from 2 to 8. In
some embodfments, nis from 1 to 6. In some embodiments, n is from 2 to 6.
In some embodiments, Rg; is methyl. In some embodiments, Rg is
methoxycarbonyl. In some embodiments, R¢; is selected from the group
-consisting of methoxymethyl and ethoxymethyl. In some embodiments,
| methyl groups found in Re; can be substituted with a halogen or a hydroxy.
[0204] In some embodiments, the compounds useful in the present invention

have Formula XT:

wherein Rs1, Rs;, Rs3, Rss, and Rgs are as defined above for Formula VIIT. In
- one embodiment, Rs; is 3',3'-dimethylglutaryl, 3',3'-dimethylsuccinyl, glutaryl

or succinyl. In one embodiment, both Rs, and Rs; are methyl.
[0205] Any triterpene which falls within the scope of Formula VIII can be
used. According to the invention, in some embodiments the compounds of
Formula VIII are selected from the group consisting of derivatives of uvaol,

ursolic acid, erythrodiol, echinocystic acid, oleanolic acid, sumaresinolic acid,



HO2C HR2C HXRC ~EI O O 0222 O HRXC HXC HRC O Et
O 00 HX®2C H2C HO2C and O HOX2C [0198] According to
wo b@sitmeent i on, in some enbodi ments the conpourdBUREN®018331
Formula I X: R57 R58 R56 | X9 CH3 CH3 R55 R64 H CH3
R51 OH CH3 CH3 RM wherein R51, R54, R55, R56, R57,

ndy; as :ned.: .. .4n
e R oRp el i S RfvieRlery IBOMRNblS aplel
i methiyledteax ¥ PratihsthylamdrdRBibedisl, 3ind8statiediot, harldg U4t dimethyl-
3, 3 -di hyl succinyl, glutaryl or succinyl. In
a?ﬂﬁ%??é‘?negﬁ’ﬁrodi ment, R56 is hydrogen, R57 and R58 are

[0206P0t h B Kothe effbadinfent RO ¥¥hp&Uitds R¥lthe Sresent invention are

3',3 -dinmethylglutaryl, 3,3 - dinethylsuccinyl,
gflefingd yas i Fozmulei KEL,. whayaio Rs: land Romerecbdsb anethylt sin sebE
' . al.ko ar hany al koxycarbonyl , .
FRERIEY M RRROBaPYes o) RIS Fabn e defined as in

aRbenaPTHY Wherein Rayr ROXyadifteiytsatdiyyl. R3onef crhbodiRents,
optionally substituted by one or nore WO 2005/ 113059
pg;qr/ compnnynds) pEthe present invention are defined as in Formula VIII,

wherein Rs is succinyl, i.e.,

o]
I

HOOC/\/C_g

[0207] Accofding to the invention, in some embodiments the stereochemistry
of the sidechain substituents is important. In some embodiments, the
-compounds of the present invention are defined as in Formula VIII, wherein A
is (1) and Rss is in the B position. In some embodiments, the compounds of the
present invention are defined as in Formula VIII, wherein A is (i) and Rsg is in

- the B position. In some embodiments, the compounds of the present invention
are defined as in Formula VTIi, wherein A is (1) and Re; is in the o position.
In some embodiments, the compounds of the present invention are defined as
in Formula VIIT, wherein A is (i), Rs7 is a-methyl, and Rsg is hydrogen. In
some embodiments, the compounds of the present invention are defined as in
Formula VIII, wherein A is (i), Rsg is a-methyl, and Rs; is hydrogen. In some
embodiments, the compounds of the present invention are defined as in
Formula VIII, wherein A is (i) and both Rs; and Rsg are methyl. In some
embodiments, the compounds of the present iﬁvention are defined as in
Formula VIII, wherein A is (ii) and R is in the B position.

[0208] In some embodiments, 3',3'-dimethylsuccinyl is at the C3 position. In
some embodiments, the compounds of Formula IX are 3-0-(3,3-
dimethylsuccinyl)uvaol; 3-0-(3',3'-dimethylsuccinyl)erythrodiol; 3-O-(3',3'-
dimethylsuccinyl)echinocystic acid or  3-0-(3',3-dimethylsuccinyl)

sumaresinolic acid. In some embodiments, the compounds of Formula X are



77 hydroxy or halo, or R55 is a carboxyl or
hydroxynethyl. In sonme enbodinents, R55 is selected

WO 2B B0sy oup consi sting of carboxyl, hydroxypet/tiyiops018331
-COZ(CH2)r,OOOH, -C02(CH2)BCH3, -CH20C(O)(CH2),,CH3,
CHZOC(O)(CHZ) COOH, -CQ(CH2)" CH3 and C(XCHZ) :

30 5 R55
o RIS TR D diredTriec ST Bk dRictiny
Hﬁﬁfdxahpeol 3*(9313' 3Odﬁ1ethﬁ¥’accmyl 1+Ip- h@@&sggﬂbﬁgg%@ud, OT(d)
, an
Ibo (%%cﬂ)me}lmzsgeqmylhl 7§dﬁ§h&?ﬂéﬁ¢%ﬁﬁ°§emh@5 gcid. In some

SHEAPRE hthle coJrl%E a%%é IF&E&?@%Q%S ( glﬂlesth)élauccmﬁc?

car oxy nis
p4 é-‘fcﬁmathb'})andkoslhme(ﬁol In some enbéeﬁ)@m mmenhylsucf:myml 1a-

CEBAIRRE ROl T Amengeucrayd SRS ront <. 1

[0209]| s from £ e&itidfi2 hbolitn 30 "Me SHRAHLA SR Sdes %em&gfm

useful in the present Invention have the Fo
Raiethods that \@eZorppiuis df Reamda NII:CH3 CH3 WO 2005/ 113059
PCT/ US2005/ 018331 78

R72

></ﬁ\
HOOC o)

where Ry, is one of:

CH, o} o OH
z /u\ X )\
mm)\(, N ey, e ey, e o, -
‘ CH;, .

z Rys
He” o~
)\ y OF /l\

N cH, " cH

wherein

Z is hydroxy or halogen; and
R73 1s lower alkyl, such as methyl, ethyl or propyl.
[0210] In additional embodiments, compounds useful in the present invention

are betulin derivative compounds of Formula XTIT:



wherein R51, R59, Rho, and R61 are as defined above

for Formula VIII. In one enbodinent, R51 is
w®2003/113089ret hyl gl utaryl, 3', 3" -di met hyl succi nyPCT/US2005/018331

glutaryl or succinyl. [0282] In some enbodi nents, R61

Is met hyl, nethoxycarbonyl, carboxyal koxycarbonyl,

“al kanoyl oxynet hyl , alkoxynethyl or .

carboxyalkoxynethyl any ofg, iRsh is optionally

substituted by one or nore froxy or halo. In sone

enbodi nents, R61 is selected f '

consi sting of nmet hyl ,

- COC( O ( CH2) nCHgiI .

[0203] In sone enbodi 0 to 20, or

preferably 0 to_6. odi nefits, n is fr¥Ml1

to 10. In sone ‘ ; inNis from2 to 8. In sone

enbodi nment s, In some enbodi ments, n

is from2 to ;smmeMmmnmns Rbl is nethyl.
I'n some epgdbdimesn ' met hoxycar bonyl . In sone
enbodi nent s, rI |H selected fromthe group

consi sting of -tﬁoxynethyl and et hoxynet hyl . In some

subsit It u%gggm\:/au?%tc ha ogmﬁg; gthg{éggyhef 4] In
sorre elhhodnsrrelﬁltsf(:zot hdkmuboucmtbomﬁa‘and)yh n catbexpilkaeiyt,
vanl ve mnu R51 eR3 O 5
BB R ol e S et
qﬁ%‘ yalanéyA! ”!tihﬁm&lrbényldlﬁano?ﬂe @Hﬁﬁ?ﬁﬁﬁlﬁ&ﬂbﬁ%&alk&oyl
3',3" -dinethyl glutaryl, di et hyl succi nyl”,

gnawullwlammpc lalkanoyl,n one en@@ﬁﬂhﬂ@mnocagb?wlﬂs@wahd
%ehr aﬂgﬁ-ﬁl&%lb ne h%%r%ﬁ%cl%%aﬁﬁlt er lgeg%r% ylg g%r?yla]]%anoyl

Am«:tbaiyhmh@atﬂmeylamaﬁmu on, i Hbtét@ﬂ&l}&ﬂ’ﬁﬂxdbdfﬁdiﬁyﬁialkiiﬁ)yl

conmpounds of romula VI are sel ected fromthe group
c@ﬁg?%@lpﬂ@rmﬂyei‘fwx% ves of aliylsglfonylymingraronsdalganoyl,

D B no SRR o8/ 113055 o Lo BB i kewsy

phosphonoaminocarbonylalkanoyl, tetrazolylalkanoyl, phosphono, sulfo,
phosphonoalkanoyl, sulfoalkanoyl, alkylsulfonylalkanoyl, or
alkylphosphonoalkanoyl,

Rs; 1s formyl, carboxyalkenyl, heterocyclyl, heteroaryl, -CH;SRgs,

g\/o Rgs ‘%\/O\R %\/N <Ra7 % o
\[o‘/ | | Rgs | \ﬂ/ Rsg
(M

(ii) (i) (iv)
R98 R99

: N<R AN \"/M SN NGE NG
T R of

v) | (vi) (vii) (viii)
Rg3 is hydroxyl, isopropenyl, isopropyl, 1'-hydroxyisopropyl,
1'-haloisopropyl, 1'-thioisopropyl, 1'-trifluoromethylisopropyl,
2"-hydroxyisopropyl, 2'-haloisopropyl, 2'-thioisopropyl,



79 lupeol, dihydrolupeol, betulinic acid nethylester,
di hydrobetulinic acid nethylester,

wdZweAmeshyl - andr ost anedi ol , andr ost anedi ol , ar@r/US2005/018331
4, 4-di net hyl - androst anedi 82. [0206] In sone
enbodi nents, the conpounds of the present invention
aparifl | : b1 For mul g\ rein R32
are bgiﬁﬁiﬂr%rgﬁﬁsﬁrbw’ some qen%dgngyﬁeYﬂr}?’s, theﬁc@ﬁn%%zgggd’
ot -(alkexyallserthylny e it-(avylatiory)etfyl; ne d1'dsrylcarbdngtoxy)ethyl,
VI erein,R51 is.3:,3 -dinethylsuccinyl. In some
eLiSS’é‘P%P{{’ S, i 'ﬁfyédr%’gﬁ)ﬁbifﬁ%‘go r%f}h%’ﬂ'ﬁ' es eﬂ¥°xP}R¥é%Rl}d€}Yl’
ar'@'-esdxiyisepropsl, i N ForrHaldisoptdpenyl, Wher ejuy '
sqccﬁlﬁj;l, ?029 H 0207] Acc\:‘orﬂdi%g to theyiﬁzﬁ)}/(gir?tﬁ?rgﬁ?nyil’n
sHrAEBRisRIPRAENL 9T t he st er eochen stry of the sidechain
substituents is inporgant. g.n sone enbodi nents, the
conpounds of the preseRl i nVEntion are defined as in

s (i) and R55 is in the P

¥ he conmpounds of the

Fornmula VIII, wherein A

position. In sone enhodi
present invention ar efi as in Formula VIII,

wherein Ais (i) andgR56 i the R position. In
sonme enbodj nents, the_ conpounds of the present

i nventWhireingy i -§BiioedPasRim Formula VI11, wherein A
is (i)gpand RGfis in the a position. In sone

enbodi nent s, ?%’e conmpounds of the present invention
are deRinshydogen or lalroulla VI 11, wherein Ais (i), R57

' - et hyl d R58 i .
embodi N FR Kot cre SRISBHE P AR b kraubrevishol
aﬁe@ergéﬁﬂlllaﬂé}?i, RPlsilfonyreF a[fwaﬁléﬂéchllbonwn‘éf ein Ais (i), R58

is a-nethyl, and R57 is hydrogen. In sonme
enbodi Renangd Ruheanderipkemtdgetbér wittethemitsagen to mahéahi theyare

fined as in Formula V]I wherein Ais (i) and
Dt M B8 My Sin s hetetbrghiS i dvricaly il
CONRDP uitads additiérid® nitfoR &g Rul i MRV & atahe, defined as in
Formula VI11, wherein Ais (ii) and RS1 is in the O

posi t iTBAS Zeeolree n sonme enbodi nent s,
3,3 lgguggeﬁjyé%ﬂc&] nyl is at the C3 position. In sone
e’ co

enbodi ments, t npounds of Fornmula | X are
3- 0- ( Rg33and dRyretchy | Isucakeny ltygedtasl to form oxo, alkylimino,

RIS G5 BT P e ooy 2t | ¢ acid or oo
come. ouBad i s oo S P o Ehrog,
2008aikybpsgosicl; (dakplemiiaiksl, aBoxyalkyl, cyano, cyanoalkyl,
alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl,
heteroaryl, heterocyclylalkyl, heteroarylalkyl, sulfo, phosphono, sulfoalkyl,
phosphonoalkyl,  alkylsulfonyl,  alkylphosphono, alkanoylaminoalkyl,

aminocarbonylalkyl, alkylaminocarbonylalkyl, dialkylaminocarbonylalkyl,

heterocyclylcarbonylalkyl, cycloalkylcarbonylalkyl,
heteroarylalkylaminocarbonylalkyl, arylalkylaminocarbonylalkyl,
heterocyclylalkylaminocarbonylalkyl, carboxyalkylaminocarbonylalkyl,
arylsulfonylaminocarbonylalkyl, alkylsulfbnylaminocarbonylalky],

arylphosphonoaminocarbonylalkyl, alkylphosphonoaminocarbonylalkyl, or
hydroxyimino(amino)alkyl;



3-0-(3',3 -dinmethyl succi nyl) | upeol;
3-0-(3',3 -dinethyl succinyl) dihydrol upeol ;
W@2@5(18058' - di net hyl succi nyl ) 17( 3- net hyl est er - bet/usions/e18331
acid; or 3-0-(3",3 -dinetByl succinyl)
17(3- nmet hyl ester-di hydrobetulinic acid. In sone

gf‘gf’?gﬁ,‘?gﬁ? dpt Sg@??@ﬁ%ﬁ%ﬁl&l@f sﬁf%cr),nucl,y%ng)fl aeﬂéﬁ, sulfoalkyl,
HosstomBilkyl, amgisaEbneslk@phosphono, cycloalkyl, heterocyclyl, aryl,

ézo-(S' 3' -di net hyl succi nyl ) 17a- net hyl andr ost anedi ol
heterpayl, garbgxyalioryalkeryerhgnylalk W poeeandlylsl . [ 02091 | n

an addjtiopalge i i Lon gl u
conpoﬂ%ﬂs(gndR%gg?ﬁoggﬂ%ﬁg%Hﬁ%e%¥%ﬁgggndgﬂgf g@%ﬁﬁkgL
XhdnddlR lankinbblCAOH Mialkyl&hineXcylO Heddboxyadityd, R7akoxsyatkiye,
of: CH3 O Z, 'l CH3 O, . . | Z. R73
rﬁ@)@aﬂwyg@, CH3 wherein Z %x&%ygﬁlﬁa&@%%kyh
' KY lyms th 3

Sd?g% F%bf"g’@%%?ﬁ?%@gddiaﬁu?ﬁghmg%i iy ls??‘tb?g%%’g%‘}?éékyl’
usstdradyclyl, thhergyelytatityli apdnaiybaikylaraeylbabenylaminoalkyl, or

et Miba Ve igompeunds, of Fermila pd Ll V0, 2008/ 113059,
are attached form a heterocyclyl or heteroaryl group, wherein the heterocyclyl
or heteroaryl can optionally include one or more additional nitrogen, sulfur or
oxygen 'atomé; .

Rgo is hydrogen, phosphono, sulfo, cyano, alkyl, alkylsilyl, cycloalkyl,
carboxyalkyl, alkoxycarbonyloxyalkyl, aminoalkyl, monoalkylaminoalkyl,
dialkylaminoalkyl, cyanoalkyl, phosphonoalkyl, sulfoalkyl, alkylsulfonyl,

“-alkylphosphono, aryl, heteroaryl, heterocyclyl, arylalkyl, heteroarylalkyl,
heterocyclylalkyl, or dialkoxyalkyl;
- Ry and Ry are independently hydrogen, hydroxyl, cyano, alkyl,
| -amino, aminoalkyl, monoalkylaminoalkyl, dialkylaminoalkyl, carboxyl,
carboxyalkyl, alkanoyloxyalkyl, alkoxyalkyl, alkoxyalkoxyalkyl,
alkoxycarbonylaminoalkoxyalkyl, alkoxycarbonylaminoalkyl,
aminoalkoxyalkyl, alkylcarbonylaminoalkyl, heterocyclyl, heterocyclylalkyl,
aryl, arylalkyl, arylcarbonylaminoalkyl, arylsulfonyl, or cycloalkyl, or alkyl
interrupted by one or more oxygen atoms, or Rgy and Ry; can together with the
nitrogen atom to which they are attached form a heterocyclyl group, wherein
the heterocyclyl can optionally include one or more additional nitrogen, sulfur
or oxygen atoms;

Rg; and Rg; are independently hydrogen, alkyl, alkoxycarbonyl,
alkoxyaminoalkyl, cycloalkyloxy, heterocyclylaminoalkyl, cycloalkyl,
cyanoalkyl, cyano, sulfo, phosphono, sulfoalkyl, phosphonoalkyl,
alkylsulfonyl, alkylphosphono, alkoxyalkyl, heterocyclylalkyl, or Rg; and Rgs
can together with the nitrogen atom to which they are attached form a

heterocyclyl group, wherein the heterocyclyl can optionally include one or



R83 HHR82 XIII HR81 Hor a pharmaceutically
acceptable salt or prodrug thereof, wherein: R51 is

wae2Bosd kanoyl , car boxyal kanoyl, carboxyal kerol11$2005/018331
al koxycar bonyl al kanoyl , al Bényl oxycar bonyl al kanoyl ,
cyanoal kanoyl, hydroxyal kanoyl

aﬂsbfeomntzmavﬁlalogaﬁ Qilifur J}m&ge&mmne 06 AR R3] KANBYdther

nonoal kyl am nocar bonyl al kanoyl ,

dvith ke P ErRcHeTB do yhidhichesogre | attacrh@cl doronary alkylaamgrplup, and
h@[q&@qyg yl al kanoyl , heterocycl yl car bonyl al kanoyl
het'er oar yl am nocar bonyl al kanoyl ,

het er oRycl ¥4 amytogea, bora)klya,l kamewl, arylalkyl, carboxyalkyl,
cyanoam nocar bonyl al kanag
RSPy I DY aliamaprycarbonylalkyl, cyanoalkyl,

aﬁﬁ&g&) ikﬁlg)cear boﬂ : ?lkanofﬁgrlsgm&yl :

phosphRgoamd I’ibseaaﬂco mdepérdantby | lLydt@enamtyl,l allfogpwbclmyl
RSB RR e FarobSEE " s FSRlbmukEaroi:

I h
ahsamayl cgaﬁ@gfgﬁk&engho Npﬂ&{oer Oaﬁfblabk‘erl gﬁ&@%{ 4
(alkylsulml Fagszlmgplwneg_a_lkwml bqt«dcyclylalm oRRss and mso
R83
.can( ¥J§pél\é§/ ?\Vl(h?lgﬂoe) p o\pl);%lfm a{omhg?dyv%yg}% %Bya}ttached form a

1hetétﬁb)@:llyélogbﬁmydvherém ﬂlbllﬁtéiﬁd%%mdan optionally include one or
1'-trifluoronethylisagpro hydr oxyi sopr opyl ,

omore-additional mhgeen, zulfltrmraxygﬁﬂ Ypps,, orips 20d Bhel aemsgether
RAth M@ééegja% fo which they are attached form an alkylazo group;

Ry; is hydrogen, alkyl, alkenyl, carboxyalkyl, amino, aminoalkyl,
-monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, alkoxycarbonyl,
cyahoalkyl, alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,

‘heterocyclyl, heteroaryl, heterocyclylalkyl, heteroarylalkyl,
-alkanoylaminoalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl,
dialkylaminocarbonylalkyl, heterocycljlcarbonylalkyl,
cycloalkylcarbonylalkyl, heteroarylalkylaminocarbonylalkyl,
arylalkylaminocarbonylalkyl, heterocyclylalkylaminocarbonylalkyl,
carboxyalkylaminocarbonylalkyl, arylsulfonylaminocarbonylalkyl,

alkylsulfonylaminocarbonylalkyl, or hydroxyimino(amino)alkyl,
Rgs and Ryy are independently hydrogen, methyl or ethyl, preferably
hydrogen or methyl; and d is from one to six.

[0211] Alkyl groups and alkyl containing groups of the compounds of the
present invention can be straight chain or branched alkyl groups, preferably -
having one to ten carbon atoms. In some embodiments, vthe alkyl groups or
alkyl containing groups of the present invention can be substituted with a C3_;
cycloalkyl group. In some embodiments, the cycloalkyl group may include,
but is not limited to, a cyclobutyl, cyclopentyl or cyclohexyl group.



82 2'-trifluoronethylisopropyl, 1'-hydroxyethyl,
-(al koxy)ethyl, 1'-(al koxyal koxy) et hyl
wd 2006/arpbal koxy) et hyl ; 1'-(aryl car bonyl oxy) et hBdT/US2005/018331
-(oxo)ethyl, 1'-(hydroxyBy-1'-(hydroxyal kyl) et hyl,
1' (oxo) oxazolidinyl, 1',2'-epoxyisopropyl,

[0212R' - hal Als&oﬁkﬁﬂe@)ﬁhthm?t}remégﬁ@ﬁﬂ th‘égﬁés‘éﬁﬁﬁﬁtentlon are_the non-
2' -am noi sopropenyl, or R111 wherein Y is

-\gRic | plgymagqrugaliy] acpeptaile) saltsjof ihétmwuﬂdﬂ@f ithe present
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more additional nitrogen, or oxygen at ons;
zearth mejals Jaueke as sdddun i Ightuyg pogmmnnpcraldaaﬁ mnghesad, aﬁ@tﬂee
et her t.o form oxo, I|n1noln%ﬁ%toxy|n1no

oS By SR BT HE s dealbensly pine cations
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nonoal Eyl am noal kyl, di al kyl am noal kyl, al koxyal ky

Ctyﬁmhyl@?m@myl metéylklmlllqﬁl oaihmyﬂhylauyrm oaltkigethylamine,

y I, heterocyclyl,
' he{i %@ﬁyﬁ%‘%‘é@%‘yﬁé ?/ aﬁy'b :hkghet eroaryl al kyl, sulfo,
[0213]phos phAzlso insludéd ahﬂlkam thel sBB;SéS@ﬂthihE Paésent invaltton! &bl ifoR-,
alk_ hosphono, . al kanoyl am noa ,
%o?}%lﬁﬂng aﬂ<19'| accentahle &ﬁfieﬁ’o@%ﬁwommuvagh of the present

dihaerﬁﬁbha@sf&’ b Y:Jbly oL ‘?yﬂ%c\%l’ﬁl:y h&%ﬂﬂ()é‘lb %J@I’lly’
FRLBO G s

cycl oal kyl ca
Hetdeqlmdymajekwhamhgmaf botr@duaiskyExamples of pharmaceutically

ety sRGRaRiG SHHORSE BN ivegion include 1 alkyl esters

Gﬁhé}@iﬁyﬁé Mk%lagl‘bﬁipﬁ%rs*ﬁﬁ bt 8¢ Wethohed chain. Acceptable esters also
yl sul f onyl am nocar bonyl al kyl

' drlf(ly{i% st/(ﬁyyloaﬂﬁyh sstarshamyehl a,syzlrylalkyl esters, such as, but not

@jﬁ@g&%@no éﬁgﬂ(&? eg rg%%;? lgﬁfe}'red {,n some embodiments, the

esters are selected from the group consisting of alkylcarboxylic acid esters,
such as acetic acid esters, and mono- or dialkylphosphate esters, such as
methylphoshate ester or dimethylphosphate ester. Esters of the compounds of
the present invention can be prepared according to conventional methods.
[0214] Certain compounds are listed above derivatives referred to as
"prodrugs". This includes compounds within the scope of Formula VIIT to XI,
for example. The expression "prodrug" refers to compounds that are rapidly
transformed in vivo by an enzymatic or chemical process, te yteld the parent
compound of the above formulas, for example, by hydrolysis in blood. A
thorough discussion is provided by Higuchi, T. and V. Stella in Pro-drugs as
Novel Delivery Systems, Vol. 14, A.C.S. Symposium Series, and in
Bioreversible Carriers in Drug Design, Ed. Edward B. Roche, American
Pharmaceutical Association, Pergamon Press, 1987. Useful prodrugs can be

esters, for example, of the compounds of Formulae VIII, IX, X, and XI. In



hydr oxyi m no(am no) al kyl ; WO 2005/ 113059
PCT/ US2005/ 018331 83 R86 i s hydrogen, phosphono,

waalosmi3osyano, al kyl, sul foal kyl, phosphonoal kyt/1S2005/018331
al kyl sul fonyl, al kyl phosph86o, cycl oal kyl,
heterocyclyl, aryl, heteroaryl, carboxyalkyl

o keniestonatiol, SrGranonl il ol et PRt o

TR&Ye Aylixe 'BrflﬁﬁJ {mhps E*{@'sﬁﬂéb@é"hél@a@'ﬁi’(hble %@lﬂb%@hﬂie ¥k,

al koxyal k oxyal koxyal k
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am noa eroc

hattx9ky choldal Hylude aﬁudylcaﬁ;fo)(yl&?d kadlds such as acetic acid,
aryl car bonyl am noal k cycl oal kyl , . or R87 and R88

carlcadeeisecids and ialhylt:%@@ﬂwa%% t §um1% sulforig acids
Elﬁ&c;' %ﬁ%ﬁ[fﬁhﬁegﬁ&serﬁ]%&lk ic %Eld@ el ;!/tf}‘fi 19N RUR amfl? y

ereln rocyc het er oar n optiona
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10215150 % 0 n 3o ety ¢ Cckal SRRy heving dirmsd dieps or

Ry Ca@rt!ﬁgn@k'o?blﬁhgﬂ’ lcan@hé RA&Ididdt: active compounds.  This

nonoal kyl am noal kyl di al kyl am noal kyl , cyanoal kyl ,

pihsehigmonigests thetithessalyRsd of asykgrioups maghy be important to the
heteroaryl het erocycl yl ,
?@%%ﬁoa Pliﬂgpdg%%yyl al kyl, het erocycl ylal kyl, or
[0216]di al kq}iy@iekéﬁhbocﬁﬂ@ntamlﬁb Re&ntidreisi mdernetbohe ﬁtekhodh(yidrrewmg,
rn%droxyl cyano, al ky am no, am noal k

cHipi nidap k@ﬂtlena by admintstermg| kwomn?a%dk% inhibits
%%éé AT R S A E AR
adi grofyamally bedfegt atien Gak kprbcessingristeps | wizergial said compound is a
ca b | ami nqal kyl eteroc clyl,
é&?g‘%ﬁ?'ﬁ%/?%r aryl al {yl Y
[0217]ar yl C%W&ﬁ%d?ﬂl@htk)ﬂlle 1rﬁr%ﬂt|10°iﬂisf %Wn 004 nfefddoat ¥dting
or alkyl interrupted by one or nore oxygen atons, or

F@D’énmfmyncmn at pajsnh &y mmlxmg ai qqrm@@nd abaninhibits

ileFarhe LSl GRORE PRI AT T RBEF (i e e

oglgxﬁﬁmm@rouifdct othel Gagtpro@ssing Step,Ukheréih sai@/@ﬁﬂpcﬁmorrs a
R92 and R93 are mdependentlghydro gen, alk
é} oxy,

atquenoped phEermula I g lexcepien gEPR
[0218]"€t €T OV &ley Erﬁ%&lﬂ@h{fﬂe ifAAR K ¥awn to a method of treating

HIV-1 infection in a patient by administering a compound that inhibits
processing of the viral Gag p25 protein (CA-SP1) to p24 (CA), but does not
significantly affect other Gag processing steps, wherein said compound is
other than a compound of Formula 7 through VII, or is other than a compound.-
of Formula I through XIII. In one embodiment, the invention is drawn to a
method of treating HIV-1 infection in a patient by administering a compound
that inhibits processing of the viral Gag p25 protein (CA-SP1) to p24 (CA),
but does not significantly affect other Gag processing steps, wherein said
compound is other than a compound of Formula I through X7; or in other
embodiments is other than I through X11I1.



cyanoal kyl , cyano, sul fo, phosphono, sulfoal kyl,

phosphonoal kyl , al kyl sul fonyl, al kyl phosphono,
wa@bdoesymbkyl , heterocyclyl al kyl, or R92 and RIOBCT/US2005/018331

together with the nitrogen8atomto which they are

attached forma heterocyclyl group, wherein the
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[0221]t he Ni ol Q&RRerabABbdithet)i B fREMioRA & AkdwAf e da FREMdA of
het erocycl yl group, wheérein t he heterogﬁclyl can

oxpmbunm processiog ofitheorieal Srag padmeotaiatd(CA-SABI form24r(Edanin a

K e
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car boxyal kyl , am no, am noal k}\é nonoal kyl am noal kyl ,

derabodingnts Hoptherthan agquepapnd RY omwl%sty%a%ﬂ{u
[0222]Cyan0Zi:n%bg}eﬁbliﬁ?%(g?i;ﬁ@ltﬁ@’lhverﬁ%ﬁllgéa to a method Iof rreatmg

cycl.o eterocycly
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cpieat AelS Bonid iRV = Sl BRkyi o Rt wany atiersther
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het eroaryl a am nocar bonyl al kyl ,

athwtmhl-&lllbm nocar bonyl al kyl ,
[_02231;Iet er ;’@ %0(?1 rRngX'o%'ié( Xll'a'wn to a method of treating

ar bo am nocar Ony al

ahmh@ubrbemy)f 815t peadu iyl @hib)/ting processmg of the viral Gag p25
al k¥l sul fos%l am nocar bonyl al k
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gen or ne fromone to SiX.
Formula I through VTI or in other embodiments is other than a compound of

Formula 7 through XIII.

Synthesis of Dsb and Related Compounds

[0224] Reaction of betulinic acid and dihydrobetulinic acid with
dimethylsuccinic  anhydride produced a mixture of 3-0O-(2'2'-
dimethylsuccinyl) and 3-O-(3',3-dimethylsuccinyl)-betulinic acid and
dihydrobetulinic acid, respectively. The mixtures were successfully separated
by preparative scale HPLC yielding pure samples. The structures of these

isomers were assigned by long-range '"H-">C COSY examinations.



[0211] Al kyl groups and al kyl containing groups of the
conpounds of the present invention can be straight
wambmi3os9 br anched al kyl groups, preferably hevi/ospoosies3si

to ten carbon atons. In sof® enbodi nents, the al kyl
groups or alkyl containing groups of the present
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t ®H3,t1WIEHy)hl sa (6GH &5, BRCHE k2% 1Iy8( (éml Is) 20 CHx)JI 126819yz ©d (each
under ph SIO|O i cal_condi tions

oMbl CLLE FEaFig). Scabh bl 9 604 1B S do i Hire &1
Cl_6 al kyl est wh
ﬁ?é aﬁ“?yg‘%?ﬁ s al Kyl esters erein

roup is a st ai ght or branched chain.
[0227]Accept hBH@', Estimethylhaonyl) ndihydmbehlidicc yatidal Wyld es%5%s

|1 I al k | d
(oA 18 gmaga?%w@é'?%\?@li?éﬂb Coriliaton ramaipe
Sgele Mes QBl%rle§shﬁ‘eedﬁ:§t @lr°el9§eft € g&g)go {5.9mddhe %HEB—

consisting o | Car oxyllc act ters, © suéh a
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| (15} dd, Eivdyd 1 ez Ja3)vAnaly Galed ferdC1sHsehs. 5/2H20 C 6843, H
10.04; found C 68.64, H 9.78.

[0228] The synthesis of 3-O-(3',3'-dimethylglutaryl) betulinic acid was
disclosed U.S. Patent No. 5,679,828, as COMPOUND NO. 4.
[0229] 3-0-(3',3'-dimethylglutaryl) dihydrobetulinic acid: yield * 93.3%

(starting with 100.5 mg of dihydrobetulinic acid); crystallization from needles
‘MeOH-H,0 gave colorless needles; mp 287°-289°C.; [o]p>’-17.9° (c=0.5,
CHC13-MeOHJ1:1]); "H-NMR (pyridine-ds): 0.86, 0.93 (each 3H, d, J=6.5 Hz;
20-(CHz3)y), 0.78, 0.92, 0.96, 1.02, 1.05 (each 3H, s; 4-(CH;),, 8-CH3, 10-CHs,
14-CH3), 1.38, 1.39 (each 3H, s; 3'-CH;3 x 2), 2.78 (4H, m, H, -2' and 4'), 4.76



"prodrugs". This includes conmpounds within the scope
of Formula VIIl to XI, for exanple. The expression
wo posdriesy’ refers to conpounds that are rapi dl BCT/US2005/018331
transforned in vivo by an &hzymatic or chem ca
process, to yield the parent conpound of the above
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- the acyl  'groups havi ng di net hyl groups or oxygen
at the C3' position can be the npbst active conpounds.
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groups m e inportant ©to the enhanced anti-HV
activity. [02161 In one enbodinment, the invention is
[0233]dr awn Methadsref limdibiting Ha¥! iondinhihitjort of ATI¥¢ tasaused herein,

patient b m ni ster,. a _Go und that inhibits
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[0234F OMPOURGEBod of inhibiting HIV with a compound may be relevant to a
method of treating HIV infection in a patient. Therefore, a method of
inhibiting HIV with a compound may sim'ilarly be used to treat a patient.
[0235] The methods of inhibiting HIV-1 replication in cells of an animal
includes contacting infected cells with a compound of Formula I through X117,
above. Related embodiments include a method of treating a HIV-1 infectionin
a patient comprising administration of a compound of Formula 7 through X71T,
a method of inhibiting p25 processing either in a cell, in vivo, and/or in vitro,
by administration of a compound that inhibits said p25 processing; and a
method of treating human blood or blood products by administering a

compound of Formula I through XIII. Also included are a method of



conmpound of Formula I through X1, with the exception

of DSB. [02181 In one enbodinent, the invention is
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wherein said conpound is a corpound For mul a
compound that inhibits processing of the v1ra1 Gag p25 protein (CA-SPI) to

p24 (CA), but does not significantly affect other Gag processing steps,
wherein said compound is one that is excluded from those of Formulas /
through V1. In one embodiment, the invention is drawn to a method of treating
HIV-1 infection in a patient by administering a compound that inhibits
processing of the viral Gag p25 protein (CA-SP1) to p24 (CA), but does not
significantly affect other Gag processing steps, wherein said compound is one
that is other than those of Formulas J through X711.

[0240] In another embodiment, the invention is drawn to a method of

inhibiting processing of the viral Gag p25 protein (CA-SP1) to p24 (CA) in a



through XiI'l1. [0223] In another enbodi nent, the

invention is drawn to a nethod of treating human
whbkmedi13s9 bl ood products by inhibiting processpPemusfoos/018331

the viral Gag p25 protein9(CA-SP 1) to p24 (CA) in a

cell, but without significantly affect other Gag

r c ssi tepse erein.said c ound her \
oo Bt BB sl R R bfngh CRR Gt SR opherdn
eermpajnth& is ScoMigtRind b Bemaul &onaamgH Xefl.  For nul a |
throu%g XIll. Synthesis of Dsb and_Rel ated Conpounds
]

[0241][ 0224 R@a&hffroﬁmb?dla@pw ihej Evertion aﬁwdrmyarw@@thpql fc

m‘ﬂltm J}?cegélgg%g}ﬂeg\}i&? ?&h&zﬁi}?és(tg@t gﬁq @A) in a
eell; 6B wRhewdi sigtifigantly caffentihg othet Haig rprcceasmgl stepsl wherein
h drobet ylinic aci

ectivel xtures were
coroyngt §s %@ﬁé&%@&theb %ﬁ%ﬁﬁpﬁvwﬁ&&%@ s{w
[0242]y' e' dimgahE SRABBdiRRNt, T!PE ﬁﬁvéfrtﬁinuﬁse%xﬁm ttbeé emethod of

i somer's were assigned By | ong-range
etnbibitingt processin\of ﬂ@Oﬁl‘al BEF25 mmS{ED’GSP D)l'@fﬂﬂﬂ (08\8 ina

e Bt BBt il agRlum bifot af HSoioRR Srems, whsrein

8dahd Sonipduag th@@bdmbuhafoknéx tHadl tkose QF WbinfaOf thRRgH izl C
cid or dihydrobetulinic acid, dinmethylam nopyridine

[0243]( 1 equinvanasher ﬁmbydm@nﬁ the inxpRtiaanis dravmipyarethod of

BB Ok SRin ol R IMER PP P
vexlle buawithentt sngﬁﬁmhtlw dffectifgiothar Gﬁgq)roccegaﬁg Gtepay®herdias
~washed with water, % g!?over concent r at ed

FOTRRRIAE 8 2 FOBPOHRE O hglapéﬁfgswé Fwalgwlas 1 through X7
CHoRaHbamiad s '1ﬁ‘x9knt1§ﬁ lid aAwWIClo £ AU OF treatin ng human
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of Formulas 7 through V1.

[0245] In another embodiment, the invention is drawn to a method of treating
'human blood or blood products by inhibiting processing of the viral Gag p25
protein (CA-SP1) to p24 (CA) in a cell, but without significantly affect other
Gag processing steps, wherein said compound is a compound other than those
of Formulas I through X711.

[0246] The method disclosed herein, further comprises contacting said cells
with one or more drugs selected from the group consisting of anti-viral agents,

anti-fungal  agents, anti-bacterial  agents, anti-cancer  agents,



3), 4.78, 4.95 (each 1H, br s, H30). [0227]

3-0-(3",3 -dinethyl succinyl) dihydrobetulinic acid:
w@e@sd1049 5% (starting with 155.9 ng of PCT/US2005/018331

di hydrobetulinic acid); crystallization from MO+ H20
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J=4.5,(all. Sohkactitg 3)Gaghpéllypeplide @OmipeiEing3/EBOO®] clevage

73.96, H 10.06; found C 73.83, H 10.10. [0230] The
t@t\ﬁiﬁﬁé@stf&,fnp%u& di gl ycol yl--betulinic acid was

d| scl osed in U S Patent No. 5,679, 828, as COVOUND
02
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etulinjc id); an off-white anorphous powder;
d@?lg{}g%ag %59 adi CHC13 -MeOH[ 1:1]); 1H NMR
(pyridine-d5): 0.79, 0.87 (each 3H, d, J=6.5 Hz;
20- ( CHB) 2) mepsprmg theanding 9f1the tesg conpp@ynd(as 98 Reathe CA-
4-(CH3)2, 8- CH3, 10-CH3, 14-CH3), 4.21, 4.23 (each
%1 eeavee gite. and 4'), 4.57 (1H, dd, J=6.5, 10.0 Hz,
H 3); Anal. Calcd for C34H5407. 2H20: C 66.85, H 9.57;
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A@)@Mllﬁﬁﬁﬂé@&&%ﬁ&%&? forseradish peroxidase, alkaline phosphatase,
biotin, avidin, electron dense substance, such as gold, osmium tetroxide, lead
or uranyl acetate, and radioisotope, antibodies labeled with such substances of
molecules or a combination thereof. The assays could include, but are not
limited to ELISA, single and double sandwich téchm'ques, immunodiffusion or
immunoprecipitation techniques, as known in the art- ("Immunoassay
Handbook, 2™ ed." D. Wild, Nature Publishing Group, (2001)). Said
methods of identifying also could include, but are not limited to Western blot
assays, colorimetric assays, light and electron microscopic techniques,
confocal microscopy, or other techniques known in the art.

[0250] A method of identifying compounds that inhibit HIV replication in

cells of an animal further comprises:



Met hods OF Inhibiting Hv Wth A Conpound [ 0233]
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other in the presence of the test compound and HIV-1 protease and comparing
said transfer of fluorescent energy to that observed when the same procedure
is applied to a peptide that comprises a sequence containing a mutation in the
CA-SP1 cleavage site or that comprises a sequence containing another
cleavage site. Examples of fluorescence-based assays of protease activity are
well known in the art. In one such example, a protease substrate is labeled
with green fluorescent dye molecules, which fluoresce when the substrate is
cleaved by the protease enzyme (Molecular Probes, Protease Assay Kit).
[0253] The method of comparing the cleavage, above, also includes using a
labeled antibody that selectively binds CA or SP1 or CA-SP1 in order to



H V-1 replication in cells of an animal by contacting
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the released virions. The method included in the invention can be performed

using a western blot analysis of viral proteins and detecting p25 using an
antibody to p25 or wherein said mixture is analyzed by performing a gel
electrophoresis of viral proteins and imaging of metabolically labeled proteins,
or wherein the mixture is analyzed using immunoassays that use an antibody
that selectively binds p25 or an antibody that selectively binds in order to
distinguish p25 from p24. The invention includes the use of an antibody to a
specific epitope tag sequence inserted into the C-terminal domain of SP1 to
selectively detect p25 or SP1. For example, a sandwich ELISA assay can be

performed where p25 and p24 in detergent-solubilized virus are captured using



cell, but without significantly affecting other Gag

processi ng steps, wherein said conpound is a conpound
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or supernatant fluid can be processed and loaded onto a polyacrylamide gel for
the detection of virus levels, by methods that are well known in the art. Non-
infected and non-treated cells can be used as negative and positive infection
controls, respectively. Alternatively, the invention may be practiced by
culturing the target cells in the presence of test compound prior to infecting
the cells with an HIV strain.

[0259] The invention also includes a method for identifying compounds that
inhibit HIV-1 replication in the cells of an animal, comprising:

(a) contacting a test compound with wild-type virus isolates and
separately with virus isolates having redued sensitivity to 3-O-(3',3'-

dimethylsuccinyl) betulinic acid; and



Met hods of Identifying Conmpounds [0248] The invention
further includes a nethod for identifying conpounds
WO bt/ 11308 bit HI V-1 replication in cells of anpenusmbs/018331

di scl osed herein. In one @&bodinent, said nethod
conprises: (a) contacting a Gag pol ypeptide conpri sing
a CA-SP1 cl eavage ite with a test conpound; X
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emembramd. M cr oscopi ¢ techni ques, confocal m croscopy,
or other techniques known in the art. [02501 A nethod
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transmission electron microscope. Non-infected and non-treated cells can be
used as negative and positive infection controls, respectively. Alternatively,
the invention may be practiced by culturing the target cells in the presence of
test compound prior to infecting the cells with an HIV strain. Maturation
defects caused by the compounds of the present invention are determined by
the presence of morphologically aberrant viral particles, compared with
controls, as described herein.

[0262] For cell culture studies, the virus-infected cells may be observed for
the formation of syncytia, or the supernatant may be tested for the presence of
HIV particles. Virus present in the supernatant may be harvested to infect

other naive cultures to determine infectivity.
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above is perfornmed as a coffrol in order to elimnate

conmpounds that mght bind directly to, and therefore

60 o RS IR R 7

nHdidtdualCR-ipRRttedwit HEVIQ4d M@cegm@leetastﬁeaﬁh@ﬂ\b@@ﬁccﬁhﬁcﬁmﬂ S
contained wthin a pol ypept| fragnment or

rtbetoribititine2p @pcesring, 1tho gnathad envpémoaakfrtgr blogd nfremythag

C u e I
ARG A SOV o BRGS0
' I@heilesdnwaﬂdsnsantlid@m@slo:ﬂmvagam&ty and a fI uor escence
guenchi ng noi ety, eacﬂ1 bound to go& t.e sides of the

[0264]Ca. sp ThepinggRfiggelsg mgludghg R chiidying cempoygs that
C n
rr%?g l)t/},ﬁ:%o er%?ﬁ&gig%n%pﬁvgreﬁ%%%r t@J %Sq@&ﬁggfgl ed
vihe methwds flisolosakleeein. noi eti es, each bound to opposite

.__sides e CA-SP |. cleav site, and erein said
102651501 eccihg Cog aipipincind Gaslffehh broBlim HErGemheitbned
f dsUBRRHEHY exPRAE&Yorf SyRReSIAG] WEMES Varidly bRiethOH$ Bimilifk to

the 'presence of the test conpound and H V-1 protease

ath@lsecsknlﬁmirmrtge agai(ergt qaarbsfpapdused fin g ire vigroriranserintipn and
I
zﬁ}sla?gﬁ %%é@?rﬂ d%%rn é‘glgmts %ggulgéﬁg Z%E:A%n t ga eﬁgx%séeﬁqnttﬁlsa

mﬁatn 3 Heen klivavn Me$?odes§dd&aq1&gﬁa19y in&a ;Qittetxhﬁmllar to that
conpri ses. g seguence cont aini ng, ano her. cl eavage
H‘g? b

s?hseve% Is (Peih edecth @b Joa¥el 749924 18433712002)).
QRISE @53 IkbleYsed! By HE! helhBEVE aﬁlgeoia%sembfﬁl%’%o

suc exanple prot €ase substrate | abel ed w
- gmeeatufel walepamnles dyleenniilsed (b e  heteindlogoufs| type eld cretraiead

t he subst | d {
(EeRERG selraste UBRn ka1t 5T o585 '}?ﬂgsn-
., nmd:o({wéz)p OTRAS it IPA BT £ aVATSIe ﬁ&ﬁ\ﬂ@a Nt Y DIS e

using a [abeled antibody that sel ect | vel y binds
SProgeam mm%drforbﬂa@ewurp@ﬁe\ﬁblgleosﬂmmwgs et al., AIDS Res

2 8 h
- RO S L TRRE Wi N B ik B U 428,
c20) 24€199he | @themintiivra tramdcaptidigtranlation e;zhtém@mstadnen gheatp

consi sti ng .of enzyne, quore ent. substance
c&f‘éﬁi oreetraaldysatessgp afsqheaise f%.ﬂgépeapgﬁq HIY; Gag may also

ob %@kﬁr@%e@ '?Hﬁngaﬂéffe@t%@ celtd Qlihga %e@;‘ Bf cBffetdily

st'ance radi oi sot ope, or conbi nat1 ons ther 60§l
Témpresstonoectdrso The plasmid p53-GAG/GFP, available from the NIH

AIDS Reagent Program, may be used to express an HIV Gag-green
fluorescent protein fusion protein in mammalian cells for drug interaction
studies (Sandefur, S. et al.,, J. Virol. 72:2723-2732 (1998)). This construct
would permit the capture and purification of Gag fusion protein using GFP-
specific monoclonal antibodies. In addition, Gag may be expressed in cells
using recombinant viral vectors, such as those used in the vaccinia virus,
adenovirus, or baculovirus systems. Gag can also be expressed by infecting

cells with HIV or by transfecting cells with proviral DNA. Finally, Gag may



i ncludes the use of an antibody to a specific epitope
tag sequence to selectively detect CA-SP1 (p25) or
WERD5/113060 whi ch the ami no acid sequence for BREEUS2005/018331
epi tope tag has been engi né&red according to standard
methods in the art. Suitable tags are well known to
t.hose of ordinary skill.in the art, a d ..jnclude .
FhRo PR 1 e Biseriah eUpvripiomapd (e i aRpsopsiaty
Q&ggggggu&ngrus epi tope VP7 (QYPALT) (SEQ ID NGO 82),
a-tubulin epitope (EEF), Flag éDYKDDDDK) (SEQ I D NO.
[0266]83) , dnchddgnGo @afgrmewsse B cells NOin )0 using cell

I f SP
R Dl e SRR SR eskSsf B, m e
W@x@llpﬁﬁmlﬁﬂwlﬁmm@&me{pﬁu@ aﬁrﬂeéstkrteﬁﬁﬂques S
nserted i nto the (SP1) region of Gag b

[0267lo| i gorithe édtentien oﬁlftb%rt ERCOMARESES e FRABPUNGF léewged by the
d n

CRENEEP} B B mdBE BRESERT RuRh LRBHIP LR fon
caeoording @l thy neetladds alfithis iaventiofr laAG phemockdival compositions
anti bodi es (Sigma-Aldrich). (. 4 1. P. Biotechnol ogy
GO (P (G PP RS SIBR T B PHRTEHERAGAY
C&@Pﬁmé Saltd) %Etefs" &' piBbrugiedt, SlEANARBCCudLAR a&@bﬂashés
the addition of a conpotind to cells infected W th
Hiavtiers.and t he detection of CA-SPl1 cl eavage products
by Iysing and analyzing the cells or the released
virions. The method included in the invention can be
perforned usi nPlarmasteticallCompusations s of viral
proteins and detecting p25 using an antibody to p25

or wherein said mxture is anal yzed erf

02686 " Subodih eBurotod RSP Shenitn Bty BryRigdor
NEds8he | dndidetryvitaAb phrEBulRN P LAV, au&wme'rﬁé rsatt@ Qnd other
m xture i s anal yzed usi ng i nmunoassays that use an

afwnbkauyns ohthe preseat inveatign pienerpepipd torhaye impraved dxater
olul 115(:“I &% ﬁfl?mééd dD%oawalla rlﬁit r 1{1 ' % h{%qgl %yveﬁz\&ater
f? rR "le HeM &h

nven 1 0on

aﬂnmﬂm@ylttvmlabe apret td foementet me &alltsa@f the q;u@eﬁtanvasﬁhtlﬁa
.into the Ctermnal donmain of SP I to selectively
dehasmacaytical grepgmationso r Fusthgppgampoynds, aerarding Eﬂalt%%pérégrﬁy

CAleiton HEE &%E%B?? Pgﬁg ﬁp%@d B1ddisRdhtion gropernes

detergent-s rus are captur usi ng WO
[02692005/ 11h3arOerdtiididSa) ity OdrBE3hds Abe &wsamflpﬂmdylatlh'dm‘ough

STyt e v Sobotar QIR o8 W ppprindh of Fomuta 1
Fekdpnixtg @ washing step, bound p25 is

[0270] This invention also includes a pharmaceutical composition comprising

a compound that inhibits processing of the viral Gag p25 protein (CA-SP1) to
p24 (CA), but has no significant effect on other Gag processing steps, or that
inhibits the maturation of virus particles released from treated infected cells,
such as the compounds of Formula / through XIII. The invention includes a
pharmaceutical composition comprising one or more compounds disclosed
herein, or pharmaceutically acceptable salts, esters or prodrugs thereof, and
pharmaceutically acceptable carriers, wherein said compound is of Formulae 7
through XIIT above, or preferably, wherein said compound is selected from

the group consisting of 3-0—(3',3'-dimethylsuccinyl) betulinic acid, 3-0-(3',3"-



detected using an antibody to an epitope tag inserted
in SP1, which is conjugated to an appropriate

waledosatioon reagent (e.g. al kal i ne phosphat ase POI/USBNS/018331

enzyme- | i nked i mmunosor bent9assay). Virus rel eased by
cells treated with conpounds that act via this

hani WL - I , ' | /325
BRI bR ace e BERE s 3 618
B @§1susciflyI} Whyiobafuliaitdch dyoi( B -dEedtR@kiuvR{ly bbtulifie
p25, or an antibody that selectively binds SP1l, or an
Favidh HaLy-CmelmlsbprdDpdhydigheiabuiackid. T bdihealsirelinp
Lyeidhi 6l 'ﬁoﬁ%&t&@ﬂ&%&&ﬂﬂ@c%1%. sel ped egli\e{r&%@uhgﬁ
group consi st of " enzyne, uorescent “subStance,
cdodipokitishs) aswedihg tes tHesihaditien, fusthsecanpride qaerod thetasieyugs
al kal i ne phosphat ase, biotin, aYidin, el ectron dense
siglsstedniEem ahent-%rlAssBb &Be-,nfmeﬂa @8R AR PHIeST AR @bfan

[ Qsi'i#nﬂfaﬁﬁ%ﬁ%en‘fel I's,"” as used herein, includes
ce a

S Infecte turally by nenbrane fusion and
[0271}s ubs e Rimnhadentiealtdomposifionhef the padsenfanvergion o comerise at
cells, or transfectio f the cells,w i ral .
dErtane St RIRPORD G oamb e { CRiguE e dfidiied derein
NE{aRRdSeuting! osidns aercemgg{EEkdd he @eesbRt ifv8ht§drihn also

phosphat e transfecti on, extran nedi at ed
t fustherf eempuse, othier aptivirab eEavs sh¢hpiagl- butaneit bapited to, AZT

“transfecti or at i.Qn,0r., i tion..[O The
| GRUTEH RETREVIREL SR i G Rmiinyls; ERYRY!
| Qla%bSMRhiihd), aRZTRAEC! T QEOMBNAR®,Of  HMagshithKiids,
presence of t'est conmpound, under appropriate culturée
cAR@#+B3TChabaaandr f (FRIZAVIR®@g GéaxioSohsthKiine), mddl | (didmbeide,
cells or supernatant fluid can be processed and

| ¥EREX®, Rrtstel-Myery adpipbinidie (zpdaitabipe. BV @eHotimagn-Las

vj | engls, 1et h t \ k {n .
VR S (o AR B2 SR8 M BB} bl
AZIACEN® Y Glatsb @i lide),e tanBfoRet (VIREAD®, I GliSad Sciences),
respectively. Alternatively, the invention may be

previtzpived (BIRAMUINE®; Bpehtivgeralgsihetns),| delavirdihe (Pfizer),
DLSRETes, GRS 58y by S v,
D RS shdaakiy Ve Aok Tak sz

CHEffmafih1@Ro¢l), fionhée (NORVAREESAbs@pabstdtories)n indinavir
wld-type virus isolates and separately with virus

i RIRIYANRY Merck ende Fompaay)t ingliinaviro QEPT®, Pfizer),
chget iyl suactig Bel Ll GsashRind SR 200k YRR,
HEPSERA®, Gilead Sciences), atazanavir (Bristol-Myers Squibb),
fosamprenavir (LEXIVA®, GlaxoSmithKline) and hydroxyurea (HYDREA®,
Bristol-Meyers Squibb), or any other antiretroviral drugs or antibodies in
combination with each other, or associated with a biologically based
therapeutic, such as, for - example, gp4l-derived peptides enfuvirtide
(FUZEON®, Roche and Trimeris) and T-1249, or soluble CD4, antibodies to

CD4, and conjugates of CD4 or anti-CDA4, or as additionally presented herein.
[0272] - Additional suitable antiviral agents for optimal use with one of the

compounds of Formulae I through X7III of the present invention can include,



96 (b) selecting test conmpounds that are nore active
against the wld- type virus isolate conpared with

WO R00841308D] at es t hat have reduced sensitivity POI/US2005/018331
3-0-(3",3 -dinethyl succi nylop betulinic acid. [0260]
This invention further includes a nethod for

B0 o R et o, T ROZRVAEF ypmateen
a@% Fﬁ&@ﬂe INE A fiehdi hthmoah&gﬁgog@fmmm

Z|ng e virus p rtlcl rel ease

c(@nipcanfeﬁbri; r eatGiiroak| | s Hayylhted n- ségﬂrdxmdm@nand Carrosyn
transm ssion electron m croscop é by standard net hods
viePlymanaogsetate)y F@Sfamspenmneo froBlirfdn astearipacid derivative);

el .d
R e A L L e R R

adeiviativee ofii didoviudspe pendiclovina DEN AVIR® aNbvmie); datitelovxr
crescent - shaped el ectron-dense | ayer.just inside the

VANV IR@iNevarias); J00l0Yir (FOVIRASK® (axasineittddinspi eytofovir

e R e W gl e e L

Widdtra EhALT YRpeniSiU&RiRS (3nirédpdd-Seviiiie); OFOSCARNET®
freshly-nadé par aforrral dehyde, and/or osm um

t @tisasbiino eplosplunfirmeteg cAstoi endca); 08wsihy acshpelytittezin (a

O ERE e ek
em@‘i@ n(eﬁBrxﬁtlhﬁfét r%ﬂtl’d)? CRbnARhN B ennGilindS 1s€ﬁ'110nate

epoxy resin or thacrylate, thin sectioned using an
umﬁréwm&@pt@taﬁf m@dampthhfg sesjuendte; oPenirgulasbatwratomes);

Pty (P, IRE e Croomaare et bR Vateant
'\Pﬂarfdaf:&ﬁﬁcﬁg) bR ahd: Aﬁ%ﬁld(l\q%@ m@@ﬁﬂﬁe@ﬁﬁlgGZ

negative and positive Infection cont
r &Erpmiosv dtharm#&dendcatgt iorelother tCR4-conteininigo nomay/Dhdased

ra i ced cul turj the target cells.in the

P Rliohiee Srinefggte COMSHEMEE | ouragi hdcaalapies dhereof
c W s caused
8 z{)é ) lahd) m%# @N@@m&%&ﬁ b mifKI8E).

conpoun present 1nvention are
[0273Het er nPhethabsuticslh@nrositiens ef tie presephimvegionadanyalso further
aberrant, viral ticI ., conpared w t control s,
et er e Sl TRamomad st S0 ikl Biee
ViitS a | Bét@I6i Chci®! dr Shétalin RRAVASRYS b€ khé OfresdnP Einvention in
formati on of syncytia, or the supernatant may be

t agroedines Wlﬂwh&xemre@@h duveption iy ipcdnde, dbub gre ot limited to:

DS e UPSENRL MRS 0R MER] G Bibplas

al've CU er mne I n
anti-human mterferon—a antibody; ; ascorbic acid and derivatives thereof;

interferon-f; Ciamexon; cyclosporin; cimetidine; ~ CL-246,738; colony
stimulating factors, including GM-CSF; dinitrochlorobenzene; HE2000
(Hollis-Eden Pharmaceuticals); inteferon-y; glucan; hyperimmune gamma-
globulin (Bayer); immuthiol (sodium diethylthiocarbamate); interleukin-1
(Hoffmann-LaRoche; Amgen), interleukin-2 (IL-2) (Chiron); isoprinosine
(inosine pranobex); Krestin ; LC-9018 (Yakult); lentinan (Yamanouchi); LF-
1695; methionine-enkephalin; Minophagen C; muramyl tripeptide, MTP-PE;
naltrexone ( Barr Laboratories); RNA immunomodulator ; REMUNE®
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included in the invention, is a nethod of determ ning
w0 Rooani3osndi vidual is infected with H V-1, is PCT/US2005/018331
susceptible to treatnment bywila conpound that inhibits
p25 processing, the nethod invol ves taking blood from

¢ i e . .
EuBEREfRhys RS RETICULOEe [NR AR CRORERRCR
Coip&ana)e shbiadikotd;02dng] N yinity ditriopdl e, IThshiogestin
method for identifyi n% compounds that act b%{ t he
dhonesie factsrie dhymeesiin hTEAPAXING | Seikigne)e frymegtimplip, TNF

nbi nat i on .of h i scl ein. [0265]
o RGRERRS rltor REER) WSy TRBERR RS 0 1P R
[0274]af or erphairhaveatcal @6Bpysitism)oflike pravertIneation cay Blsb darthzee d
using a variety of nethods famliar.to . those skilled
icmpRise An{l-catesy BERPBYIC AT e SYifRblen aptreaficer dherapeutic
L @15@%1] @HOHQI] ‘%@qnclﬁ({eaz{}?zluﬁ‘it-éﬁ@e fositidn lef@ctive t@qmﬁhit
FEtT eul o yte l'ysate. Gag expressedin this system has
heeplasih @omptisingea poropassledr agiuensdeatitallyi acceptplat tselt ror
simlar ta.that observed .in infected.cells. (Pettit,
oGt sfid e ogndep BEneVsh SH ho St PoEQBRRation Melapy
NREIBQY @t afeitbt CXRItES ﬁﬁﬁkﬁﬂtiﬁ@h%%nfﬁ-‘%mdasi BusGRRARIEp19tn,

assenbling into immture vital particles when fused
troitemyein e £o| agb ugrhoppdinDantamitotic ragents, syl phsaistalchicine,

sel f.-assenhl y donmi_n al,i tndlon aadi Vid Ol
e Wik 65 o0 A oS XU nipatyer! S e
f doeBfakl  THXO TERERRAAERY), toPo AdhkibiteB8 sl dssachptahecin,
this purpose (Erickson-Viitanen, S. et al., A DS Res,
HERPteRSt r a0 rgpeigeans: (EEXCAN TINERo ClaxgSayihilioR), depoa 11,
Eihﬁi'b?tSQnE&lﬁe;S’ doxdn cin, &?unogl%lcgl}%gﬁ)e) §hbes chnasVVH@,
transcription/translation systens bas 4 on wheat germ
ORNAADNAr | adtinleyabalites, csanh ahs oSfeaaysidihef of-flubfamiracil and

pur pose. H .may . al.so e e essed. i n transfected
RS et P BV ES coites STaPrg 2 Ssafy diiae are-C;
SRRk LN Th I b84iBH5- GEP, [ e
fr omﬁfyﬁg&i\ﬂ Htﬁ%ﬁ%ﬁsn%eag%&rit 3%1?28?13% Er%g? bSEusgﬂ gﬁﬁb
eHERGCEP HIN® GeBadech),cand rifuxunabe SRERIX AN®, eienchtesh amd

oteip, in manpaljan ceglls for drug interactia .
SBigars e Banaemiriang, clpragpoucily *\gycigphosgmidsy, dfostpide,
(128 %kihe, Emogua]gz@féi,t é%iﬁbjciﬂ}%ﬂlﬁuﬁ;@fn[ﬁm@&ﬁ‘ﬁirﬂ apttox tdné

purification o usi on protein using GFP- specific

ndhpiotivna fluderabibededescotide radenic iacid, taagyifeay algposine, and

expr,essed Lh.cells using reconbinant viral vectors,
S é%blral\%lotnﬁck)hgéeog'sed in the vaccinia virus, '
[0275] The invention further provides methods for providing anti-bacterial

therapeutics, anti-parasitic therapeutics, and anti-fungal therapeutics, for use in
combination with the compounds of the invention and pharmaceutically-
acceptable salts thereof. Examples of anti-bacterial therapeutics include
compounds such as penicillins, ampicillin, amoxicillin, cyclacillin, epicillin,
methicillin, nafcillin, oxacillin, cloxacillin, dicloxacillin, flucloxacillin,
carbenicillin, cephalexin, cepharadine, cefadoxil, -cefaclor, cefoxitin,
cefotaxime, ceftizoxime, cefinenoxine, ceftriaxone, moxalactam, imipenem,
clavulanate, timentin, sulbactam, erythromyciﬁ, neomycin, gentamycin,

streptomycin, metronidazole, chloramphenicol, clindamycin, lincomycin,



adenovi rus, or bacul ovirus systens. Gag can al so be
expressed by infecting cells wth HV or by
wo eangfisting cells with proviral DNA  Fi nal | ypCTAS20NEY18331
WD 2005/ 113059 PCT/ US2005/ 028331 98 be expressed in
yeast or bacterial cells transforned with the
a p e [ Npa
B o B B in AR B oo R
Idpxmyehne pemthmta'slmmr mespayeting)g tetocyelinepusmpbgeneis 6,

rmer cia nt hesi zed fr SI n .
S5 Snihs. Siapteacin, moHlekeSHy eRR G Star bbby preh peidixic
| 20168 B WEID ad HériVABYeLHAQNBRE T8 TTRESBcdedBRIpb iR DY
the nethod of this invention and/or a conpound which

10276]i nhi bikixemgley- 1 of e pRiteparagtic ath@mpdutm t analide nétithiaol,
O({wr%%);lcarbﬁrrﬂgzelﬂé tif} ratea&%bgnlzl% %aﬁcgnfon% ([ﬁogr?g%l ﬁ &%%:fo&e _

x afifRjuifRc end bth@f lqumuﬁaC@&Naﬁbésﬁ pﬁf&dﬁne itra®, pra2iquantel,
prodrugs t hereof ., and pharmaceutically acceptabl e

RyFated pemopteandethinhendaaple camsel ips demitivoo ) altseh Eumds
acff%%t%ﬂﬂes%%o Suisesent i nventi on have been found to
possess anti-retroviral, particularly anti-HV,

[0277]act i viExamplése cfaldnsi- famghlotlkeeapeuﬁcsr nmbhltie oasiphédtetitia B,
present I| nvent i qn are eﬁﬁect ed to. ha roved ter
s%‘i’t{}B%aF‘i’ £y €© & THU e HUOYATNG, | Fise Vé’b gtpgpnazgle snd
dHRofolel eas' wenoxsediewaitﬁvres afal ufeérhatﬁbnng tofWddh BE these
easier to formulate the salts of the present invention
i qempoupdsar medsatirfungal qsmamm@t |aj$ts inglude heeyleasompAuraad
aceor rd| r&?%ho t he present i nvention are expected to
Habe°or ved bi odistribution properties. [0269] In

[0278]one emqualeﬁbd atiififl ﬁﬂiﬂ‘:éwuﬂdﬁ pedsenttilogtionfis Fohafimad By
through X IIl, .in another the}/bare conpounds ot her

tthe Frih anaspmpld ih BsafanFiadividual pelopging @fgﬂlemlasrs Margmalig.
T
ﬂe%gg%:sggé I%Hnah g’ Mgﬁhlg&i {g% tI%aun Egﬁg@%ﬂnﬁaﬁigmss

[0279]pr oC es’ﬂlengrrmftretaltleg'(/meais tfﬁagdmﬁﬁtqﬂrxgtte istibjédfa BbinpPuridmf
but no Si |f|cat ef fect on other Gag
3?05@%@ B’zf” & & h PO‘PH‘? E]‘!5‘?% tedi RY ORg O TEete ATSHE
vw&niﬁ da@r;srbgén@smre%hs@sﬁ ;Edrpaeeg eRtie Gah %aﬁa@q)ra%hh&l
such as the conpounds of Formula | through Xl

mmwémat@n, phelngddsa mﬁomalrmh@@umathfdbgwoﬁpdsmmmnds for
nplr =1 ngjectnt?xat dre TRNAREY @%HQ %%’ mdolrg’ %sg%egvxthm the present

inventions are identified as compounds which have the ability to disrupt Gag
processing, described herein.

[0280] The term "inhibits the interaction” as used herein, means preventing, or
reducing the rate of, direct or indirect association of one or more molecules,
peptides, prdteins, enzymes, or receptors; or preventing or reducing the normal
activity of one or more molecules, peptides, proteins, enzymes or receptors.

[0281] Medicaments are considered to be provided "in combination" with one
another if they are provided to the patient concurrently or if the time between
the administration of each medicament is such as to permit an overlap of

biological activity.



herein, or pharmaceutically acceptable salts, esters
or prodrugs thereof, and pharmaceutically acceptable
w@ 2005163089 wherei n said conmpound i s of Fornul aBCT/US2005/018331
t hrough Xl Il above, or pret®rably, wherein said
conpound Is selected from the group consisting of
3- ( VSl I
(028213 0 ¢ S che QB o b R i of Jprmutae I
dthmertghwlﬂtaimwm yohpises alsmgle pharmaceutical composition.
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3pr@se(13mv3nudﬂ St diyl sl blexét) ol RoHipbBhd of Pérnfhlae 7 through

3' -dimethylglutaryl) dihydrobetulinic acid,
SX@I abeoyarsiopipopeds ideritifted bycing, or amare assays within the present

%%anog E%l?d %m&uﬁ&sdfb? l?%& uI | le é%? gada”c a.ret e?t}féed by one or

rnmace

| AyRsbays, within tﬂb@freimﬂm\/bﬁtﬁ)r@m@e anﬁﬁécﬁasdédiﬂﬁ)unds which
sel ected froman anti-viral agent, anti-fun agent

have hephility tgglisteptdsagprocespinandesetibagd) hetsing éﬁmpoun
g MRS ol SR RV Bkt 15 G R
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T Dl i S g e i BT eoL B Bienss (et gatneye
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RETROVI R r% axoSm t hKli ne),” 3TC (I am vudi ne,

Ermyorad pf Fomnulgobihireuskl XHE )acco/mfg 3 e ;(rmnvm(qn) can

SEBISTAMAAR o sale o ERBEY B Geiich] & o rating

Bite&boiraIMaﬂfo&)gSQUI bb), ddC (zal citabine, HVID(r),
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minimize the risk of infection. In another embodiment, a compound may be

used to minimize spread of the disease from an infected person.

[0286] The invention is also directed to novel methods of treating HIV in an
infected individual. In one embodiment, the invention is particularly useful in
stimulating an immune response in a person infected with HIV. For example,
by allowing noninfectious virus to be released from infected cells, such
infected cells continue to expose antigens and may be effectively targeted by

the immune system or other therapies directed against such antigens. In
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interferan-a-antibody; ; . ascorbic acid and derivatives
t B g%zfrr;xple, a dose may comprise 0.000lmg to 10g/kg of body weight.
Typical dosages comprise about 0.1 to about 100 mg/kg body weight. The
preferred dosages comprise about 1 to about 100 mg/kg body weight of the
active ingredient. More preferred dosages comprise about 5 to about 50
mg/kg body weight.

[0290] Administration of a compound of the present invention can also
optionally include previous, concurrent, subsequent or adjunctive therapy
using immune system boosters or immunomodulators. In addition to the
pharmacologically active compounds, a pharmaceutical composition of the

present invention can also contain suitable pharmaceutically acceptable
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linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as

sodium alginate. Auxiliaries are, above all, flow-regulating agents and
lubricants, for éxample, silica, talc, stearic acid or salts thereof, such as
magnesium stearate or calcium stearate, and/or polyethylene glycol. Dragee
cores are provided with suitable coatings which, if desired, are resistant to
gastric juices. For this purpose, concentrated saccharide solutions can be used,
which can optionally contain gum arabic, talc, polyvinyl pyrrolidone,
polyethylene glycol and/or titanium dioxide, lacquer solutions and suitable

organic solvents or solvent mixtures. In order to produce coatings resistant to
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soluble salts. In addition, suspensions of the active compounds as appropriate

oily injection suspensions can be administered. Suitable lipophilic solvents or
vehicles include fatty oils, such as sesame oil, or synthetic fatty acid esters,
such as ethyl oleate, triglycerides or glycol-400. Aqueous injection
suspensions that can contain substances which increase the viscosity of the
suspension include, for example, sodium carboxymethyl cellulose, sorbitol,
and/or dextran. Optionally, the suspension can also contain stabilizers.

[0296] Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition

to the active compounds, the liquid dosage forms may contain inert diluents
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[0300] A formulation for use in the eye would comprise a pharmaceutically
acceptable ophthalmic carrier, such as an ointment, oils, such as vegetable
oils, or an encapsulating material. The regions of the eye to be treated include
the corneal region, or intermal regions such as the iris, lens, ciliary body,

anterior chamber, posterior chamber, aqueous humor, vitreous humor, choroid

or retina.
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the spirit and scope of the invention. Thus, it is intended that the present
invention covers the modifications and variations of this invention provided

they come within the scope of the appended claims and their equivalents.
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present invention are nanufacture nner whi ch
ils YirusdiofatddhojuGo-Regeptasxpnpl BSB by neanélb"f clorNeginapingn gl
usage ‘
BZ167 X4 4.0 2.2 31.2
92HT599 X4 , 9.8 5.8 25.3
US1 RS 5.6 0.9 22.1
19101N* RS 3.8 2.4 59.4
3401N* R5/X4 12.0 17.5 32.1
92US723 ' RS5/X4 4.6 1.2 26.8
22101N* R5/X4 2.6 0.9 4.9
Mean ‘ 6.1 4.4 28.8

Table 5: Inhibitory activity (ICso) of DSB and two approved drugs against a panel of
primary Clade B HIV-1 isolates. Clinical HIV-1 isolates denoted by * were isolated at
Panacos. All other virus isolates were obtained from the NIH AIDS Reference Repository.

Note: RS and X4 refer to the chemokine receptors CCRS5 and CXCR4 réspectively.



m xi ng, granul ating, dragee-nmaking, dissolving, or
| yophi l'i zi ng processes. Thus, pharnaceutica
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the active conmpounds with &0l i d excipients, optionally
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contain the active conmpounds in the form of granules

whi ch can be mxed wth fillers such as | actose,
whrnder®ssuch as starches, and/or |ubricants sPchUs®05/018331

tal c or magnesi um st ear at eldnd, optionally,

stabilizers. In soft capsules, the active conpounds

are preferably dissolved or suspended in suitable

liquids, such as fatty 0|L§:é liquid paraffin. In

addition, stabilizers cahd dded. [0294] Possible

pharmaceuti cal preparations which can be used rectally

i ncl ude, for exanple, suppositories Wﬂt Pm&pnsist of a
conbination of the active conpounds with &
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dssi bl eKI® use @BPEE nﬁct“a‘l C 804 (14&" whi AP consi 8
f a cofP¥4tioh of the activelconpounds with albase
P3ssi bl pKHEse mal BFK4l s i ndtude, B38dA%ExanpIN | i|quitd
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del | ul ose, sorbifol, andjor dextran. Optionally,| the
gspenston—can—also—contat n—stabtHzers— 1062961ttt
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cottonseed, groundnut, corn, germ olive, castor,, and
sesane oils, glycerol, tetrahydrofurfuryl alcohol
w@uiloyetldoyd ene gl ycols and fatty acid esters ofPCT/US2005/018331
sorbitan, and m xtures theti@gof. [0297] Suspensions, in
addition to the active conpounds, may contain
suspendi ng agents as, for exanple, ethoxyl ated
i sostearyl al cohols, polyoxyethylene sorbitol and
sorbitan esters, ceIImﬁﬁﬁgppéi%rocrystalline
cel l ul ose, al um num net ahydr oxi de, bentonite,
agar-agar, and tragacanth, and conbi nations thereof.
[OZ%%% Phar maceuti cal conpositions for topical )
ad RSB dnhdtsol IVt Repdicationratiaak atenStepppribprViaus Life
adm ni stration to the ski(®yclgucosa, surfaces of the
l ung or eye. Conpositions may be prepared as a
pressuri zed or, ngon-. pressurized dr% owder, liquid or
[0312]5 yspenky Gistingigh élamﬁ@ltpﬁg PEHIYNefs Sﬁ st sprdy and jlated

. | ati oE i i inel v 1
APYRGLER el RAATRAERY GvARE BE3, ERaBolIRE dicator
oOMAGEr assaynotasdisad; bint thisodsshy,ntht edrgets aradiielid otlls stably
fruct ase, : rose, |lactose, saccharin o
e S ORORE, GEHE RS reperdionims susuiny ke -
CRIMRERIdak® Berl®RYn saBTHdAb Nocli¢® P TR Rugafived B @dhcated
nitrogen, or a liquefied gas propellant. The .
pbpé | L HERt Dnfegticn efotheseneedis mesults iy expressiercof Vat that drives

ia%g(/gtfgne(%}ithe Q%Iglr:]a?togﬁ sebr%gﬁﬁtegi%%}fé.dEgé}r{:?sm ig e-g{;lfﬁci:t{?ﬂiggse

or ani on €. c ‘ag
fiarinfeoted aelfs0id idetettad ibing (HKE300mEgdniy subkipdte 0gdl0AsUHBWH N
the eye would conprise a gharnaceuticall accept abl e

opriahle Tritke endprinlipitosTrel, the NEU I AT ardhthe NIWRET neyiigapings

VEA&iPBbA; 10{9(# redulfon§ rlg gilgﬁE&Héi%fsi: :%P%Sfeitsﬂbn il NIV

regi ons-o e eye to reate e cornea
riaficted, MAGI rtls dat toetheonsgbiBtyc ko alsropteeartyi steps ensyiral

‘cilj.ar. qﬁd , an&erior.chanberq posteri or chanber,
ToPLCHIER (D Ao €7t BURCIR LTGPESSIoRor Of cConBPsty b REoteanp)
200t FdERVRCTArES? 0P M0 1833 1n QS Je?l%%ﬂi@m Casmashg i pAs
for rectal adm nrstration may be in the formof ~
sexppession ahd gloeComep Psevienb fsgalastosidase igane leapresgidman rthiy
be in the .for f . Supposiiori cre .f oans, ,.or.
st Sila? FELRL wet R Rl Bim 8 S Snaih 8B huqi o
Nyt DSB adeoks ivirue kplicationt e time poiat fdllopasgtiRScompletion of

proviral DNA integration and synthesis of the viral transactivating protein

(Table 7).
Table 7
Inhibitor DMSO | T-20 | AZT | Nevirapine | Indinavir | DS
B
% Decrease 0 98 82 85 10 12.
(B -galactosidase
expression)

Table 7: Effect of DSB and inhibitors of entry (the gp41 peptide T-20), RT (AZT and
Nevirapine) and protease (indinavir) on expression of b-galactosidase in HIV-1 infected
MAGI cells. The DMSO control contained no drug.



Li posones nmay be made from phospholi pids, phosphati dyl

cholines (lecithins) or other |ipoidal conpounds,
wmadoansdosor synthetic, as known in the art. AnNBCT/US2005/018331

non-t oxi ¢, pharmnacol ogi cal I3 acceptable |ipid capable

of formng |iposones may be used. The |iposones nmay

[0313]be NUlRddagioed LAkl QUnimiRPob. ag%hisa(rhen[o@ﬁe@wpﬁzl 45(4):1225-

pharmaceutical fornul ation for system c adm nistration
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C(g%sgkgﬁple%Pagees pills, tablets, including coated
t ets Xirs suspensions, syrups or inhal ations

and controlled release forns thereof. [03051 The

conmpounds descri bed ab npounds identified by
one or nore assays w?ﬁ?‘ﬁl%wweeapresent i nvention and

have the ability to disrupt Gag processing, can also
be adm nistered in the formof an inplant when

conmpounde Lth a bi odegr. | ow-rel ease carrier.
Al t er nat i &%,$Wﬁ@°tgﬁﬁ%d€ﬁgg'gfﬁ9?@sﬁré%%\@gyi nventi on
can be fornul ated as a transdernal patch for
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The foll ow ng exanples are illustrative only and are

rwpterawr densdign t esing janicellfige Buwpmetsic assay i thele sharagieriged
R
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equi val ents. . WD .2005/.113059. 005/ Q1
S Lo A e YA Popii R SRRTATG Ve RdLS gl assays.
Pridrase) of k¢ decbmblhe Gag[ 18Rl ad\shl¥Ruee! retilfddSin a similar
i nhibition assay was used to evaluate the anti-viral

aeipementabputogpe adaithese gxperiments QSR did Bef| distapt protease-
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were m umin I ssue
contrast, as expected, the protease inhibitor indinavir blocked Gag protein

processing at 5 ug/mL (Figure 1).

Example 5

DSB causes a defect in the final step of Gag processing (CA-SP1
cleavage) that has been associated with viral maturation defects

[0315] In order to better define DSB's mechanism of action, a detailed
examination was undertaken of the virus produced from HIV-1- infected cell

lines treated with DSB. Briefly, H9 cells chronically infected with the HIV-



plates. 25 - 250 TCI D50 of virus and 5 x 105
PHA- sti nmul ated PBMCs were added to each well. On days

wd.20031m080 5 post-infection, nmedia was renoved PET/U82005/018331

each well and replaced w thi4fresh nedia contai ning DSB
at the appropriate concentration. On day 7

PRRE 1doMt& Gl dr@Nreatdd Wth@DSBPE! NLGMI, W6iSa JeBRVET 48 IR
each well for p24 detection of virus replication and
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ptr analgsis. Thelevelafivimps ip fie euturosupgmatant e deermesd and

Vassoated ahditll-freComRe cApblsservd®in AZETidNe ek papmdits, DERdR
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REotscasp @ sygnificant gedugion i dheg agouns @f 4virus, grgducess bys
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d i nst | . of i .Cl ad Hl V- .
RSB R 4 SR oo Pt el ey 2 bise2s
| Baldakatsatom HaNiacapletd prosds§igg of kHeU@Eﬁa @ RISPS ph&ubsor.
obtained fromthe NIH Al DS Reference Repository.

NBEB: tremmanidofxHIY ek and SVt dheordepdlyplaifestedr edle fpesr exhilnpe

G esn ' . . . .
ROt LS ER5S CRinfey RO Posehab e of pptyipg getviey
asgdingst ddsdyirises.ubh¢ Gag pracedsitgfefat iseanl ia tiedprefBbEEof DSB7
t [ th d i ni
O S R B A R R RO s
Cotfi Qir0%h C ASANERAELE 264 R mBSionSH the p2 £ FRSROREEN kel Rat
an Tn vitro therapeutic 1 ndex of approxi mately 5000.
Ermnpitep@cessing are associated with defects in viral maturation and
infectivity (Wiegers K. et al., J. Virol. 72:2846-54 (1998)).
[0316] As previously discussed (C.T. Wild et al., XIV Int. AIDS Conf

Barcelona, Spain, Abstract MoPeA3030, (July 2002)), abnormal p25 to p24

processing is also seen in other maturation budding defects. These include
mutations in the Gag late domain (PTAP) or defects in TSG-101 ‘mediated
viral assembly that disrupt budding (Garrus, J.E et al, Cell 107:55-65,
(2001); Demirov, D. G. et al., J. Virology 76:105-117, (2002)). However,
these mutations cause inhibition of virus release, while DSB treatment does
not have a significant effect on virus release. The morphology of these
maturation/budding mutants is also quite distinct from that following DSB-
treatment (see Example 6).

[0317] In addition, mutations that interfere with viral RNA dimerization and
lead to the production of immature virus with defective core structures give a
similar Gag processing phenotype (Liang, C. et al., J. Virology, 73:6147-6151,
(1999)). However, in those cases RNA incorporation is inhibited and the



Anti-Viral Activity of DSB agai nst Drug Resistant

H V-1 Isolates: [0310] The activity of DSB was tested
wagasnsiosa panel of H V-1 isolates resistant POI/US2005/018331

approved drugs. These virusés were obtained fromthe

NlH AIDS Research and Reference Reagent Program

ﬁ?ﬁiﬁglo@gr & ReRfcRsMRIeSd NP distidcHSrdh oma&atfsﬁowlﬂg PBYEs

4 endpoi nt (above), or using cell [ine
t igadroent (Qdﬁrﬂ‘immé&@s) and a cell killing endpoint. The
MI-2 assay format was as follows. Serial dilutions of
DSB, or each approved drug, were prepared in 96 well
plates. To each sanpl e Brainple$ added nedi a contai ning
MI-2 cells at 3 x 105 cells/nmL and virus i-nocul um at
a concentration necessary to result in 80%Kkilling of
the cell targets at 5 days post-infection (Pl). On day

SDSB treatieat effedts MIVup mattHaRsh 8¢ dbtdfhlihbdByWesctron
determ ned by the XTI. 06 %gymthelnhlblt ry

activity of the conpoun Pm ned. [0311] Table
6 shows the potent anti-viral activity of DSB agai nst

[0318]a panelt had beetirdegronatsitad that midatieds indolVal &ng thintalisrapty2iss

were not significantly different. fromthose obtained
WO PRESEPB VS FiSe/ TP tipuyic @gmglfash%ra@)fnze by an
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virus strains resistant to al the major classes
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[0319]DSB AZI:Ee]ble‘éélﬂﬁWefbetrhrﬁb(ﬂédf@\/bvﬁth HMlaﬁl@eoﬁot’éS &Qﬁecular clone
NRTI -resistant. | K70R R5/ X4 4.4 86.4 (54X)* ND 9.8
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The results of this analysis are shown in Figure 3.
[0320] These results are consistent with a compound that disrupts p25 to p24
~processing which generates non-infectious morphologically aberrant viral
particles.

[0321] 3-0-(3',3'-dimethylsuccinyl) betulinic acid (DSB) is an example of a
compound that disrupts p25 to p24 processing and potently inhibits HIV-1
replication. However, this compound does not inhibit PR activity, and its
action 1s specific for the p25 to p24 processing step, not other steps in Gag
processing. Furthermore, DSB treatment results in the aberrant HIV particle
morphology described above.

Example 7

[0322] In vitro selection for HIV-1 isolates resistant to compounds that disrupt
the processing of the viral Gag capsid (CA) protein from the CA-spacer
peptide 1 protein precursor.

[0323] A series of experiments were performed to select for viruses resistant

to inhibition by 3-O-(3',3'-dimethylsuccinyl) betulinic acid (DSB), an inhibitor



Y181C (122X) Protease-resistant 5 V82A X4 5.6 13.1 ND

39.7 (12X) 6 184V X4 5.5 14.4 ND 32.7 (lox) 7
WOIORIMSI /| X4 12.9 3.5 ND 72.5 L63PN82T/ 1 ( 28X)/USB43/018331

Table 6: Inhibitory activity (nM1C50) of DSB agai nst

a panel of drug resistant H V-1 isolates. Assays were

dPRe ] nthrhhEs]) FEMacheiitrithene 2itRAA004-Blor RECARLs iEQhte %@

NNRTI - resistant |solates that were performed in M-2
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Replication at a Late Step in the Virus Life Cycle

[0324][ 0312 1InPye grRIMRIG B celifethathaddieen ifecied withtRF wiruspgme
qg?kl&%@d%ﬁrthy gﬁ{%gnéea&r aﬂ'sgl?é '&altn}: %15@ gl%eﬁtra@o s of DSB
ar 0

I nucl e Ivation a gal a ase In cator
((VBGH).6 agla. "\ﬁhescelbeﬂhre passaigedevasyshy dayhwith shiegelditionrsf

e Vit (LA oS BORHGe 0Py PR ELIGAAED oLt s éf‘
qsmuﬁm%ﬁ ItRGel Ru &%@Mﬁ%@ﬂ&@@ o@l}sgké gg,-?% gﬁf g/e%rb

trunc H V-1 LTR Infec of t s re
mnlltwappesseihcfmefunmitcttthﬁ celils at@sl:1 zatioi afxellpm the ptdsence
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B 20 e SaEin Bt Sl o B! SRS h st
' tdiﬂim%hbﬁ) RUedeCvifildBpdsrcallected B thé\‘éuﬁti}@%ntairﬁhgTEBBQit It
t he entry inhibitor T-20, the NRTI AZT and t he NNRTI

reoprerdgtipe of daﬁm&/aﬂsnng riised tninfeqt Sigele H%eellsi Every 7 days,
I(\)éagaﬁ&fitc% &3 onfAfti i ﬁfgﬂ 1§fe’i 8PP2£‘ a«ﬁ's} giagbé]i)?ccteﬁ%'ee

ue . to ear steps
| infe¢tio@in the @pésemtofdm drl?atthablﬁgnil cBatemraﬁble bleSB After

e reSS| n contr.ast, prot ea i nhi.bit
ig‘feﬁlaw cgl h%rs%pgssagm&’t gy Eﬁm. the gpitire GOBIRAg Zohg/ml
(bSB! WM Ofled@ll and used to infect MT-2 cells. Virus replication in the

MT-2 cells, was monitored by observing syncytia formation microscopically.
Every 1-3 days, the cells were washed to remove input virus, and fresh drug
was added to the culture under selection. Every 3-4 days, following the
emergence of extensive syncytia in the culture under selection, supernatant
from each culture was collected and passed through a 0.45 pm filter to remove
cell debris. This filtered virus supernatant was then used to infect fresh MT-2
cells in the presence or absence of fresh drug. After 4 rounds of cell-free
infection (approximately 2 weeks in culture), with the concentration of drug at
3.2 pg/ml, virus stocks were collected and frozen for further analysis.

[0325] " In a second experiment, a stock of virus derived from the molecular
clone pNL4-3 (5.7 x 104 TCID50) was used to infect MT-2 cells (6 x 106
cells) and cultures were maintained in the presence or absence of DSB at a
concentration of 1.6 ug/ml. Every 1-3 days, the cells were washed to remove
input virus, and fresh drug was added to the culture under selection. Virus
replication was monitored by observing syncytia formation microscopically.

Every 3-7 days, following the emergence of extensive syncytia in the culture



expression) and does not prevent (3-gal actosidase gene
expression in this system Simlar results were
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DSB bl ocks virus replicatitii at a time point foll ow ng
the conpletion of proviral DNA integration and

ama&h @élb@uo%f sh Mhrfitarof dAhAChIhMatWAD cHlRtR Bnd (Asdele
7 Tabl e i bitor DMSO T-20 AZT Nevirapi ne

uelaxauor45|]8n fgter 4o DEveask dobrig Bis §Hered virRs supepnatant

5L PSS AR gl S A

&ﬁdg D’l@ét Barbmﬁtﬁ)of&ﬁﬁ fpdeOih RRE6n, (dnd divergVithdr 18lind thereafter,
expression of b-gal actosidase in H V-1 infected, MAG

dbe pencentrtiomdren s dpublesht Afteel) msmé$ poelinfee infection
JPPRPRRERTY 2156 I SHRL e, e onccifiin CLRAHEUEY

312.8 @B0N)ijuskacks ekraotleqed amﬁfrcbzleatfoﬂﬁﬁhmmymts alate
step in HV replication. However, they reported that
the conpound inhibits rel ease of virus from

chronical l y-i nfected ce}Ej@m lengcontrast, our data
using a variety of exper| msnt al systens indicate that

DSB does not have a %gl fi cant effect on virus
[0326]; ¢| eas‘éhar%(t‘éergat@aﬁfn islaiep| sclactessplogodgsistance to

I v

(SEpRbaq e iRl e t%@ e tihe w31 Che bhodPRCA) praseiy

pﬁr@helaes@Afspmmrpepﬁdgsli prgtem pretdrsdrr ee fl uoronetri c assay

t hat aracteri enz tivit |l owi_.ng the
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than the synthetic peptide substrate used in_the

i BEASiAY |1n sultuyy §8 days aﬁer infection with serial 4-fold dilutions of virus.
Virus input was then normalized for a second assay in which each virus is
cultured for 8 days in the presence of serial 4-fold dilutions of drug. The IC50
for each virus was determined as the dilution of drug that reduced the p24
endpoint level by 50% as compared to the no-dfug control. In these assays,
the two independently derived virus stocks resulted in ICsy values greater than
2 uM for DSB, as compared to an ICso of 0.02 puM for virus that had been
cultured in parallel in the absence of drug. In a subsequent series of
experiments, the A364V mutation was engineered into the HIV-1 NL4-3
proviral DNA, which was subsequently transfected into HeLa cells. Resulting
virus was collected and used to test the activity of DSB in a viral replication
assay, as described above. In these assays, the DSB-resistant virus resulted in
an ICsp value of 0.1 uM whereas wild-type NL4-3 gave an ICsq value of 0.01
M. '

[0328] To determine if the resistant viruses were able to escape the CA-SP1

cleavage defect caused by DSB in wild-type virus, stocks of each virus grown



The use of the reconbinant Gag protein as substrate
resulted in a simlar experinmental outconme. In these

wexpenijent s DSB di d not di srupt protease- nedpel/es20GHe8331

protein processing at conce&dtrati ons as high as 50
gg/mL. hi contrast, as expected, the protease
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3g efflcts B the RAR orf i leavEPANRG addition, both cells
and supernatant were recovered for analy5|s The
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2B fragimenss Fiere saqnencgg yising AYETIaRping @ segsarhnriers.” Two
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bbb Beeang st &5 eV AUk Hag il i gs e BE
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observed with the protease inhibi tor indinavir

(lhngAeSIQI) clwzagﬁ studthed Natsovians mft 8P 1onsAlaning his lpigaly

n%grve ofsl!h% %)Qs@ﬁonsp{lﬁgxfgrﬂgu Eﬁcl?f\%—il NaddsCin the -
aSSOCIa Sihvira aratton an
|Mtaﬁs¢.wty (Wegers K et al., J. Virol. 72:2846-54
(1998)). |
Example 9

Determinants of Activity of the HIV-1 Maturation Inhibitor DSB
Map to the Gag Protein CA-SP1 Domain.

[0330] To further define the molecular determinants of DSB activity, a series
of chimeric viruses were prepared in which residues proximal to the CA-SP1
cleavage site from the DSB-sensitive virus, HIV-1, were inserted into the

analogous region of the Gag protein of the DSB-resistant retrovirus, SIV.



[0316] As previously discussed (C.T. WIld et al., XIV
Int. AIDS Conf. Barcelona, Spain, Abstract MPeA3030,
W@ Jwsg10802) ), abnornmal p25 to p24 processi ngPCBUSI088018331
seen in other maturation buddi ng defects. These
include nutations in the Gag | ate domai n (PTAP) or
Iassz t
C%?%E%iﬁﬂ%f‘. ng ég%:Sar r usw Sc qlénééhsr g%H %F‘fﬁl ¥esgga5tg_%%§
(4200ity allddest ﬁmms:r [dentiication aif miniinal HIVel dipg seque@ts Bdtl,
(2002)). However e tations cause inhibition of
\HeFfﬁar&é’Pgﬁ‘\é\%m%ﬁrg%Utvf atnent does not have a
significant effect on virus rel ease. The norphol ogy of
tNMe@fals ABd Meftidden/ buddi ng nutants is also quite
distinct fromthat follow ng DSB- treatnent (see
Exanple 6). [0317] In addition, nutations that
i nt er fEsRtrwetidn ofiSHIV IRNA ddéreeri zation and |ead to the
production of immature virus with defective core
[0331]St T uctms& @h¥e &f SHIVis| dereCagndhred Cssn 7g“lgh@rl§SIBIr¥sﬁ’§ant
(Liang, C. et al., J. Virology, 73:6147-615 1,
(SeucR39 R the\kackbang introsianetionewitiRmgsiduss cffofyb thet Gas GAs

1 P
S8 Reloiorth peliesehisP oty 2L e AR ufiiths fo
téthSHIMGctdhmgﬂt?s ﬁS{BhoWﬁ &af 1?\921% A(lBENAEnamgéI&sﬁ)was carried
e reat men ects on as
o%t@%ﬁ%% QledapmbH tPC% E MTIH [Pgs@s#{wm Rn¥%
bﬁ@r@orge.lmi@sltlﬁﬁhegn& Ratr Mpgagd | 1539) 'S'ﬂe 'd'iryctl-d Cﬁ%ﬂaééﬁ@&s by

di srupt p25 to p24 processing glve rise
nwwlanfeatenmom&smgrthﬁ: ppbmterase edhawhezreimne Gened’ 7EH1-51) and

(e mBERuR Mofing yppighenc: SRR eE g, % FoBajsh org

dpt Mailafie (1989) MéfecORNIGHIRS d [hbbfh@orﬁrlﬁ&ﬁﬁl? e2rl e®SEold
exhi bited this distinct norphol ogy the foll ow ng

Harher haboratery Hiress, @old Sppog HarborelNa kel | s were

transfected with H V-1 i nfecti ous nol ecul ar cl one

pNL4- %89&1&?@%@N§§&%&£ﬁ&ped previously wth DSB.

FoIIovvln treat ment B-treated infected cells were

d
[0332]r Ieéﬁl tngL‘g*g %?gg geg gﬂ‘g?‘g gtpa?ré S om?ﬁjﬁ}ﬂ%—o % Mr é @Bﬁwg%]
Thiah el 0% SEBS,S 100 J/eanpémditing andt hooa pganp Sueptoiyain) and

di srupts p25 0. p24 processjng_which generates
nAssag§e ewtono GnThisPRM o-{’*HgP]éﬁpldy%%%fr VeH¢ RFepagpd using the

midiprep kit (Qiagen). HeLa cells were transfected with wild-type
SIVmac239, HIV-1 pNL4-3 or SHIV proviral DNAs by employing the

FuGENE 6 transfection reagent (Roche). Briefly, cells were seeded into a 6-
well plate (Corning) at a concentration of 1.5 x 10° cells per well the day prior
to use and allowed to reach 60 to 80% confluence on the day of transfection.
For each transfection, 3 pl of FuGENE 6 was diluted into 100 pl of serum-free
DMEM followed by the addition of 1 pg of DNA. After gently mixing, the
mixture of DNA-lipid complexes was gently added drop-wise to the cells in
1.5 ml of complete DMEM medium. Twenty-four hours post-transfection,
medium containing the DNA-FuGENE 6 complexes was removed and 1.5 ml
of fresh DMEM was added to the transfected cells. At 48 h post-transfection,

both cells and culture supernatant were harvested for further analysis.



particles. [0321] 3-0-(3', 3 -dinethylsuccinyl)

betulinic acid (DSB) is an exanple of a conpound that
walz@sapnsy p25 to p24 processing and potently irti/bs2085/018331

H V-1 replication. Howevet20 this conpound does not

inhibit PR activity, and its action is specific for

the p25pLp A4 2l We8Rsi Mgt st ep, not other steps in Gag
processing. Furthernore, DSB treatnent results in the
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vihidighi eszﬂ%tsecmmcush@ﬁdn hﬁnllcftfcelﬁhfdgﬁfht d8J000 epthtat #eS for
Followln i nfection, one culture wa mai ntai ned in

ellstscwse éFWFIPF@ldBSB‘ lms.huéfef H0gnNe TrisHGLy5%
W?ﬁtonFe g@ aﬂoﬁego ggh&%% h&] so'd ﬂ&@ﬁﬂtﬁﬂsﬂ%

DSB. experi ment
[ Eéreaﬂlle]drsamst lat Whqustikam&cmonmllstvmm achshed orve with PBS

bies gt 930, B8 S HGT SHOEHER o ter & prea e ey
2foBotled By Wehthi filfaBoR Al 13,000 h at A7 ThHbio ¥hiovs nuclear
replication was noni t ored by p24 ELI SA every 7 day

AfractionatViral pelletognl ¢elldasases et senacaiedwn i ll?a%g;ﬁufrzéGE IBss-
0 2 g b cul |vat| h fresh
uﬁ?gf g'g {}gﬁggg&ﬁl Zig %t %38 S% edu t i oq‘lgoc Isos?nn}eﬁﬂé) rane

pflﬁﬁﬁ'ﬁgﬁl) fellowed byrblaokifigia aolPBS bmﬁér coanGEnd 0.3%4 DRedf and
DSB. Aft@ 8 weeks of co- cultivation, cell-free V|rus

waé dpmilkqogder. e merabrane tias ncbatedhwith ABtiSEBMae25d p2
gg{eg%mtm“s ﬁgse;rcﬁ el ./ri@fera;yréom g&rttp?oger%g Ghd Bfkﬁﬁﬁze‘dg

Every 7 days, virus ul tures containi ng
hwgh gy einti-nodusp Zibryasdigna pemgeldsh Y Sigala).- Foreéhe membrane

t th f I 2x_t he .or al
cOEitinBa: BBy tof PRAERCAT ey mepiingl g c ey with
pﬂ&ﬁﬁ*ﬁbgkﬂmhﬁlﬂfdﬁii Hﬁanintf&?edeHthMs @Hmn%/)?rqm&nﬁs Retafth

DSB was col | ected and used to infect I'l's. Virus
r &l iRederpne Rgageme Program) and hybridized with goat anti-human

horseradish peroxidase (Sigma). The immune complex was visualized with an
ECL system (Amersham Pharmacia Biotech) according to the instructions

provided by the manufacturer.

Effect of DSB on SHIV Gag processing

[0334] To address the effect of the Gag substitutions on the ability of DSB to
inhibit CA-SP1 processing, HeLa cells were transfected with wild-type _
SIVmac239, HIV-1 pNL4-3 or SHIV proviral DNAs by employing the
procedure described above. DSB at a concentration of 1 pg/mli or DMSO (no

drug control) was maintained throughout the entire period of the culture and



MI-2 cells, was nonitored by observing syncytia
formation mcroscopically. Every 1-3 days, the cells
wowenes/1v@shed to renove input virus, and fresh BPETIUS2008618331
added to the culture underidel ection. Every 3-4 days,
followi ng the energence of extensive syncytia in the
0gihg WA@E%’W’&fer&@ll(ﬁc fdroih dﬁih%e iat ?fﬂtemg rd?:ﬁ‘v@@‘:ﬂbm these
cul ture was col |l ected passed through a 0.45 m
fqulltures was pedfomyes asabsdnb@ébbcw This filtered virus
super ant. was .t hen us f ect ells
1033517, P} OHTUHES bt Vgt oifly' S5 o Seiparepsf ert
rRuRds adsemstive; fwidie tHiodé asith qBsidap Nesixtan® deye ZcoBEks
in culture), W th the concentration of drug at 3.2
gﬁﬁﬁtanm Agsuch; thelssonie 8 BxpeTmenieddifes frompsevipus scoring,
rtfl%}esrnfuggsa{h&%v 1{09 reLfgt @gx% %Egreﬁ)%gesreﬁﬁﬁ\;g ' Fét this
virus derive from ecul ar one
p‘&s@nﬁ S(-HVZ)M Wad sEF@thﬁ@)DSBsremsteﬂ InOEkpdritadnt M -bait was
cells é&)G éﬁlls) and cultures were nmaintained in
tﬂ@‘”ﬁ\‘%&é‘ﬁ’é sYDABsesityeof DSB at a concentration of
1.6 gg/m . Every 1-3 days, the cells were washed to
reggue 1 nput virus, and fresh drug was added to the
cul ture under selection. Virus replication was
noni tored by observing syncytia formation

M Cr osCRPhG@idavion oFG8E $HPvY days, followi ng the
enmergence of extensive syncytia in the culture WO

[0336]2005/ 130 Paflid. /o'ffﬁﬁ%/sw 83l chﬂrﬂe?asua'@l%f @ﬁh@@t FRD20).

supernatant fromeach culture was col ed and passed
t PaneLifylgonsigedisf virdses c@ﬁammgrtbenSI)é b@éclbbn@em whichTasidues

felt 1S¥pern f.ec
crabiihErpny L R R Bren MRS e IR Pogl R b
dehingerad\rirgded Sinrsd2enfiomod singlel pdifittaubstifution i(SHIV DW) &V ey
ot her round thereafter t he concentrati on of drug was

deomlets remlﬁ%e@?eni@f b SHE B dasmain pyigte the SR sgquance from
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S:%g\g_eln r ation O?m\é}g%%?ﬂgg% f@&'ggeg é@?ﬁthhgﬁlgeugarg OS(IZ) I%S
vmxbentunbﬂsthuemeandushomnﬁﬁneftwo G- t,emlhml Caneeksiyiss from HIV-1
I 03 racteri za of .HI V-1 _.isol ates

SURTRe S5 bonef A SHIVANEES Msnfii i Ditdn Pl 2 eetat Shaty e
PARETSio e %bétn@uaﬁs rlalthé?sm Qi%ﬁfair{j ak e m&t%ﬁlm&lr@m
t he CA- spacer pr otein precursor.

\iepides Eomdiky- éléL&/f@dV bk e@témfrthese @hmwealwemeommatddaQ
e eno [ and eno
2@2?&% ?l‘zf{e/qt) CRQH etaili}ﬁe?3 oquts leolnrup byﬂgﬁ g% (%&’ Sﬁe

r ledvagasiee of t he viruses to
[0337]3 0-( 3TheslevglI cr)TfE \tn?}ilpséytsctl:é rn )fease from transfected cells and the Gag
processing profile for each of the SHIVs were determined (Fig. 21). All panel
1 SHIVs behaved similarly with respect to particle production and Gag
processing; these chimeric viruses exhibited near wild-type levels of particle
production and a normal Gag processing profile compared with the parental
SIV. The majority of chimeras in panel 2 were characterized by normal Gag
processing profiles, whereas the cellular expression of SHIVs FC and 11 was
somewhat reduced (Fig. 21A). For all panel 2 SHIVs, the amount of virus

production relative to cell-associated expression was comparable to the

parental SIV. In contrast to the panel 1 and 2 SHIVs, most of the chimeras in



betulinic acid (DSB) was determ ned in virus
replication assays. Briefly, the virus stocks were

wo 2aostii3st ered in HO cells by quantitating therdBUS085/018331
of p24 (by ELISA) in culties 8 days after infection
with serial 4-fold dilutions of virus. Virus input
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blopill pandl 2 wiusses pel | eted through a 20% sucrose
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of DSB, confirm gg that these viruses were resistant
t@IVt hechangeedttthe 6 poswiodrupgtrenm filons thel @ArviRd ecleavegs site.

[ i=nal | i.denti-f.y the genetic,det ' S
ot LB bl AER o, el Moy ST B
ria@ipnmocdssihy) €Figi 2Bl Of reeSHIVIE ot lyaGHl, GTiagd 2B ¥xhibited a
hi gh-fidelity RT-PCR faqr sequencing. The viral RNA was
ptmninfq Gag prasessegeprofile. It is clear from these results that the Q to H

change six residues upstrearﬁ from the CA-SP1 cleavage site has a significant
affect on the ability of SIV protease to process the resulting chimeric Gag

protein.

Sensitivity of Gag SHIVs to DSB

[0340] Each of the SHIVs in panels 1, 2 and 3 were characterized for their
sensitivity to DSB. As described above, DSB disrupts HIV-1 CA-SP1
cleavage leading to the release of non-infectious viral particles that exhibit

aberrant core morphology (Li, F., R. Goila-Gaur, K. Salzwedel, N. R. Kilgore,



virus |ysate prepared as described above and di gested
with DNase to renove any contam nating DNA. The

WOIWBRCRopY oduct s were then gel -purified to rePOWESANY018331

non-speci fic PCR products.1Binally, both strands of
the resulting DNA fragnents were sequenced using
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athd CA-SP1 cleavage site play a role in DSB sensitivity.

[0342] As shown in figure 22A, DSB does disrupt CA-SP1 processing for a
subset of the panel 3 SHIVs. Of these chimeric viruses, SHIVs 23 and GI
exhibited a level of DSB-sensitivity comparable to the prototypic HIV-1
isolate NL4-3 (Fig. 22A). In repeat experiments the magnitude of the effect of
the compound on each of these viruses, as determined by the relative ratios of
CA-SP1 to CA, was nearly identical. Also in panel 3, SHIV GH exhibited
some level of DSB sensitivity, however, on a qualitative level, the activity
observed against this virus was reduced compared to that observed with
SHIVs 23 and GI. For SHIV GH the effect of DSB on Gag processing was
reduced to the point where the very faint CA-SP1 band observed in the

immunoblot is not apparent in Fig. 22A. A 5X increase in the amount of viral

proteins loaded onto the gel enhanced the sensitivity of the Western blot assay



ot her standard nol ecul ar cl oni ng approaches (Sanbr ook,
J., EE F. Fritsch, and T. Mniatis (1989) Ml ecul ar
w@b@siinyso a | aboratory manual, 2nd ed. Cold SpeT/I§2005/018331
Har bor Laboratory Press, Cod4d Spring Harbor, N Y.).'
Cell culture and DNA transfection [0332] HelLa cells
r i ' | t
8! 1egg%ni£:tgaé@%%80tﬁe & pegllatgd re&éa)l% géfégp%o? ;{%pveén to
Se @pemyngf ¢Fig) 223)d Fop asgaMdmp@ﬁ'thc oirhibasen cpenelAl the effect

d h d Lt
(25 B ehppbusth SRAE pPCRE RN EminS) B e her ool dfispson
HMBfoéelingHEiL. :QléBgL"ﬂhegre@lﬁltssﬂ‘fM{ tRé Pinel 3l SEAVASInA ate that
enmpl oyi ng the NE 6 transfection reagent (Roche).

Bhe dib yesidus! atsthody epqsetme@psmm feong then6lA-SP1 ateavage site

rnln 0 05 .ce
R g o T Nl e PP B BB o
80806a0015P1 Upesd tie itneeditay vielnitycfihé €ledvags site ERImetashry
transfection, 3 |1 of FUGENE 6 was diluted into 100 |

r DSBAstiVitke DMVEM fol |l owed by the addition of 1 g of
DNA. After gently mixing, the mxture of DNA-Iipid
C@H@&ﬁ%ﬁs was gently added drop-wise to the cells in

m of conplete DVEM nedium Twenty-four hours

post t f, | g 6
(034310000 enZES pRdiy 3T STVTARY {HEBER! Redoprcpelhfie 407 dna
adxasxsttdnaed h”ell pamah df awdt 28HEES behavéd sidflanly with respect to the
th cells and culture su nat
FiFst PESER e S bttt Sa CheEptetn s 508, b Bey
R@T@a&&ﬁ%ﬁﬁﬂﬁ%&% DIB OrigSDTF-RAGE). aehoiéR k&the op{h‘étwruses

[0333] To characterize the effect of incorporation of
ridspapeled (ifa: & amﬁblewelsnima@@Wam by anpduction in theSleveloof

Jaq‘ d?ﬁ‘élé ' ;&Jggltl&f’oﬁd c?rlgasG%%st H?{l ?ﬁr&% E? an loyeragt

proc sSi ng ng was perfor
48Buqripatin the anain of Ivil'ﬂs gaiekdted By tRArdnsTecRa lcallN{Fig 21A).
viral Partlcles was collected and clarified b

cEhft Fact thghopamohthese parsl lpandad PN srwre sensifive fonDEB as-
S@'té{'ﬁlnlledm_y 1ROO8E: cb?rlﬁé 'cfnﬂE@undP@I{ o bﬁh%ougﬁé gﬁ ggldﬁoates

super natants were then concentrated
sthetr 68g segudmcen oitside thie dmmosivdte ivicigiey af tha HIVO1 rGaSRt

4C f or 2Q mn.an el | vver. resuspended in lysis
cilFavke g0 er Al sl BE8aiR on > 100, 196
[0344]deoxy ClQboatrst t@thk%imesh i rpafdagi%ﬁh 25thkdeth8nbeePst theahel

0 For cell lysates, at 48 h post-transfecti on,
C33| weaxhibjigd h;@gleoqlﬁg@eq,\pf PSBpsensitivity. Among these viruses,

SHIVs 23 and GI exhibited NL4-3-like sensitivity to DSB while SHIV GH
displayed a somewhat reduced level of sensitivity to the compound. Of the
additional panel 3 viruses, the effect of the CA-SP1 substitutions on Gag
processing made it impossible to determine the effect of the compound on the
remaining chimeras.

[0345] The effect of DSB on the Gag processing profile of these 3 panels of
CA-SP1 SHIVs suggests that the determinants of compound activity include 'a
relatively large region of Gag flanking the CA-SP1 cleavage site. Comparison
of the activity of DSB against panel 2 SHIV 11 (insensitive) with panel 3
SHIV 23 (sensitive) indicates that the His residue located at the 6™ CA



and lysed (150 mM Tris-HCl, 5% Triton X-100, 1%

deoxychol ate, pH 8.0) followed by centrifugation at
wdnosadospm at 4C for 5 mn to renove nucl ear PCT/US2005/018331

fractions. Viral pellets amd cell |ysates were

separated on a 12% NuPAGE Bis- Tris Cel (Invitrogen)
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SRR RSEER Fipl B Bl R MRS IRy i 20)
cOorisastenit ngitt) tSoobsaeaticmnadn Vido desjstmde ksejpotiohe rstudidsehave
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(RPTHRAR RUURR cH A ROSRGP ok SRBHEoRoer bgtf GNB
hipbensilivigd  wWith goat anti - m)use hor ser adi sh ‘

per oxi dase ( Si . For the nmenbrane containing H V-1
[0346]pr ot ei P, reshiés %ewm arnyidgafori the uaxastenge vift bpth high and low

(RSP il L A CheSrLaegied aconb Ry e oo yold.

hagblt B alVED$IB1 a@oety %@t , ISTVHNIR Rvhilb Qi &L4fAdit Binding would

per oxi (Sigm). e i mune conpl ex was vi suali zed
WY%ﬁ&WOHE@EnéWEMtVMf%IﬁW@har maci a Bi ot ech)
according to the instructions provided by the
manuf acturer. Effect of DSB on SH V Gag processing
[0334] To address the d&xampleof0the Gag substitutions
on the ability of DSB to inhibit CA-SPlI processing,
HeLa cells were transfected with wild-type Sl Vmac239,
H V-1 pNL4-3 or SHIV proviral DNAs by enpl oying the
procedure descri Gedotyping.ofDéBahisodatesncentration of 1
g/m or DMSO (no drug control) vvas mai nt ai ned
[0347]2862;Jg Sélgtwghec-ﬁ N d r g‘rflgg%ﬁz 1sr$1éJ | 1tnur avc\a/\obeen

&R&&ﬁ@ﬁé&ﬁ&t&h@sﬁnat witRth@ R8¢ iof % Virﬁ@'to Qé;qicﬁtenfn the
derived fromthese cultures vvasmger or med

d@@%qnpbeﬂ BbBv e Moy 3quench| golynempsismst prgt clmtm@dfml kyg

I s M e

smolﬁedmﬁ§ be ruasd 36 aeddily Afetertiéit, whierstherreplication of such a
Exper.inent 9 differs from previous scoring in that
YIF‘%fsléélkflbfé? b Rlibitegkby DEByor ai atherfomperid thapigretgzes
sgﬁﬁg ﬁﬁ’c _thl s reason, SH V.DM was scored as DSB
resi perlnent 9, but was previously scored
[0348]as DSBl“lmlm:smltﬂ Qfesuc}Rgmmltymng]uamaeﬂlhm faxteixemplef d€agnining

Hlletﬁer a viral infection in a patient may be treated with DSB, or any other
compound that intereferes with p25 processing in a similar manner, or in
determining the emergence of resistant variants during a course of treatment
with DSB.

[0349] Genotyping may be performed by a number of methods. In some

embodiments, genotyping is performed by sequencing.

Methods

[0350] A single frozen aliquot (approximate volume 1.2 ml) of plasma is
obtained from each patient. The plasma sample is stored at -70°C until ready
for processing. Each sample is identified using the three digit patient ID

number.



[03361 Three panels of H V-1/SIV Gag chi neras were
prepared (Fig. 20). Panel 1 consisted of viruses
wa@onsailsng the SIV backbone into which resi duesT/U§2005018331
the HHV-1 SPI domain had b&sn inserted. The HI V-1
inserts in these chineras ranged in size froma
i ngl IO t.
O3S O et Yok oo it s i AEwad RPRAIGf o
s¥EfGemater Batlpand tHei/plhcgdShll ive.DN) 40 RhalgjuoRofoplasm ik eemefed

o TRl ot M il R oo ace, Mg Ml

HRNAL PufilibAtion Kit) (QiR3EH! The Fe¥ndeed? the eflhdngls ﬁﬁlﬁle is
those in panel 2 except that, in addition to
stranstanedt toon seriarate febesfor bmfsalpw spead toentrifugation t(a rminnat]

¢
Cﬁo I er asﬁﬁﬁss%ﬁﬁ%g E)égll;rhgt ed qd\g_%glcfﬂq%f% %?Pet(rﬁlﬁ '\‘ﬁﬁ then
clh@n@eredtto alfeshthibepaml dehifughasfor 2ainat RA) sfee@n 3, d)Iﬁ) rpm)

CA-SP1 cl eavage site. £03371 The | evel of viral
p8r Prllat evipus) A esupepniant 4n Srefelly rermpyed Hsing th@imagnd

%@%ﬁ]éggg %rsé};a'r:ltg 1r§l§€ Kﬁ'as%‘ragé al hﬂ) ?} %‘uon against

spcmslbh:rdlgrumlcnhoﬁths pmﬂtpeilet ffhe virad pelket Bdeml‘speiﬂe(aﬁdléfqu
tﬁgﬁg n% I merjc vi ruse&u.exhi bi )téi%d near
e o 97 Ciitrt PEqkEP BRI 0k rasm Suffisieat RIrRER
ARt QRS %_bﬁiheﬂ rﬂzfm 1R ifiBAPAIGRE 8 doh- ﬁeh@teggfa%ﬁ al
V. The majority of chimeras in panel
characterized by normal Gag processing profiles,
l.ar expression of SHI Vs FC and 11 was
;@%’%mﬁﬁw gggé%l% %I g. 21A). For all panel 2 SHI Vs,
t M Van@ugrA/SH1 pvmiéts&onsawduelhdm relative to
cel | -associ at edN#wepr eSsquaitewas conpar abligndt® trhe %G
pdioevatddf+'Stavd) I n contrast to the panel 1 and 2 SHI Vs,
nosmergf t he chilvas icrrctifBr@OOfycdtds3059 23 sl 39
PCT/ US2005/ 0183875 122copmerglaat@cesghitdagt ed deBecéxs i 46
Gag processi ng.F-80 t heseagSidtddscccacmag y GH, GRlangk 2362
exhi bited a norlh® Gagacprimsbeszmegiggzprofil e. 21t $3 cl®ar
fromthese resui-3% t haggaagtgaosagQebmctidtaghange 261 x52 46
resi dues upst r e&¥0f r onsatdtrecc@aggPd cl eavage 18i t 88 58
affects the abil-12y ofigaBladigRctgiegiecocess t B¢ c§8 nerjoc
Gag proteins. [0338] Results from SHV panel 2,

" n

cavpreSectrem vi ruses containing HV-1 residues in

bé’f”i‘erff’? 53 )SP | dHAOCA agtrsacrbceassteeccshown i n2ki gifre 252,
As described pFe% ou§‘|t°)9°‘aaf*}‘ﬁt§g°ﬁ‘§ﬁel of SHRE g 39
identical to pa‘?‘f“@?5 1 EREEsECgMBEtC i n  additil®dn ¢o tHS
substitutions i§*Phe seseicethsrrateaste each of tH%se60 58

chi neras al so R+450 ctgtatcatctgctcctgtatctaatag 39
R+525 caattccccctatcatttttggtttce 27 62 41

R+625 cttccaattatgttgacaggtgtaggtce 29 60 45
[0352] Following purification, viral RNA is eluted in a final volume of

approximately 60 pl. Only 7 pl of this stock is used initially as a template for
reverse transcription using the StrataScript First Strand Synthesis System
(Stratagene). The remainder of the RNA stock is stored at -70°C as a backup.
The primer for reverse transcription (R+625) anneals approximately 625 bp
downstream of the CA-SP1 cleavage site. All of the primers to be used for
RT-PCR and sequencing in this project have been designed to anneal to



i ncorporates the two HV-1 CA Ctermnal residues (VL
fromH V-1 replaces LMfromSN). As with the viruses

WO eopamds9 1, the chineras in panel 2 were PCT/US2005/018331
characterized by normal Gatp7processing profiles (Fig.
21) and, while the «cellular expression of SHNs FC and

f
i eltS P QM. REMN GRS S liads BIRVRLOREL b e
V\beleh vEiNtatedasorgblagna saegpdesIhdnvg2 differgrt ppoerts.on aI t o the
| evel f viral rel ease observed _for all

10353], ' s eie eSO RESEIrL AT SPRTEiRd s R HOWRE 0689
(ﬁnt@ﬁlw 1 HbiVHis rx@&dtféﬁeﬁ uged_Befidlyt he aG@@nﬁﬁ’tel fSorapéR

domai ns are shown in Fig. 21. This panel
i amplification af theoCAHYleragipnpesieg the lémMpxx thglt thty PCR

S 0 b r TS AP B g v o P B

Goackiipri A @wo- sfe@Sindﬁsd’f POR dtkatépd i ubdd tlaithSNstieeyodndom
H V-1) plus a to H _(HV-1) change at the 6th

;iafgndp @nhllgbsw?l aﬂﬁmmetahé) -mpduct) The doyavard eed reverse
ISty
s b fitrghil PO ahini sy B2 dnfl KPS o
Zapproyﬁuatebeéés Sigl fpstreaml ynd3925 Gp dodn@ieaax bff thé e:dA@Pl
normal Ga roces profil e, r fromthese
rdestpee S{t%a’lto“?eﬁgv%yt OerGH%nﬁetygacﬁl?x é%%‘@ﬁé%)' AgEPIcessh
fﬁﬁ@skﬁ@ll&@ih@'ﬁ%s GrRPCRIRad{one has a significant
fect on the ability of SN protease to process the

[0354]r esul tThﬁglntIhi RERi reacting is perderaied in Sdotsl vohmneyof 60 uGa“gﬂ
0340].. Each_of_ the ,SH
FhEpd % BN R RO deribyd e ke of B BRPGterip ot
desad r‘llﬂﬁfédaPQ)Rerea@ﬁB Wiy pHh&s HLTS lan@R-55Y, wiitieauRe o
| eading to the rel ease of non-infectious viral

pELIONE PEga& st avintemal to Hisdiegions towhish by gl agimer pair

Samerty (TSRl pt e PR TAURERER sBicrifh fﬁééé*gg 2£:20%Cas 2

Nietckilip. afhee, foAvarCand |ré\}ems,e Iﬁlm&s dorpthi secdﬁd-rEund\/BCRi reactibn
enst ei n,

Vil SpDOB RN 578 P vpsireies Wi 450 1V dovmsBrire pL theiA-SP1

dél@awaeé $it€. Ofeep&aosi§n$ﬁtel Em obxhé anglet‘hé‘sgeda Il’@Rere§$tﬁ>B isn
Gag processing. Proc.

1Boroyed §8-anahysig. of DNA nrhéucétuby @garosmq] cb}cctmphorems If, as
SH ect?a( RLE g%ﬁcenctzong&l é\ﬁr f%ng g)}'otlﬁillrng% bagd é)Zﬁep ieted esm%f
AfBb kige delired prddedid~Dfl kbljaindtthé1Pield i ¥Stimated to be sufficient to
permit sequencing (i.e. ~200 ng total), then 40 pl of the reaction is removed
for purification of the DNA product using the MinElute PCR Purification Kit
(Qiagen). The remaining ~5 pl of the reaction is stored at -20°C as a backup.
Following elution of the purified DNA product, an appropriate volume
(corresponding to at least 40 ng of DNA) is transferred to two tubes, each
containing a different sequencing primer (one for each strand of the DNA).
The “+” strand sequencing primer (F-300) anneals approximately 300 bp
“upstream of the CA-SP1 cleavage site. The “-“ strand sequencing primer

(R+275) anneals approximately 275 bp downstream of the CA-SP1 cleavage

site. The template/primer mixture is shipped for sequencing and analysis. The



was harvested fromthe culture supernatant and the Gag

processing profile for each chineric virus was
waeasgres and conpared to Gag protein processiPgr/us2005/018331

t he absence of conpound (Fi123. 22). [0341] As can be

seen in Fig. 22, none of the SP1 SH Vs (panel 1)

exchiaidee df tlfeeﬁl&iﬂddVDNA 1PdbEs stoy@NatSIPONs aHcki. The
contai ns the coggl ete V-1 SP1 donmain, exhibited a

NESEWHNG Eastye SIS R idasfov Pbariping: m@is;fpeg@hdkl%fstrand to

c e tissue
CETpRaf 3y ABREN BLAR o€ SRR, Ragldlf, 1) S0
[0355) esul t K imbiguitiee granfelind in hlbdrbrmuéiﬁmgnsdaf;aér& tddditiohkle

det erm. nants of DSB ac!il vity .include regions of H V-1

GEEGUBRFIng déacgpn% e spplyzad nbsing  alemte Yalidaed tsqquenging
Spr%ﬁ!erv Sn %5 ﬁ)%ﬁl&ﬁl lick Gn HRORRerB g@n%ftﬁ F the {:egé(g(ﬂhatlg%ﬁgé'tg

peci fi cal ne of these CA-SPl i meras
D8Bichsthe smgmail tsyqueRtigg @@jers Snmeak These paitleincRde itwos®is’

t i d t =t ' V| dre
=gy (Re a8t T 020 it enem mpriitely drsaad 125 by
r gSstlehd afte TWOS trat@ardd ?hrriéksv au@mz dn@S Rdu@(;) %ala €inneal
t han t hose i medi at%D& | anki ng he CA- SP1 ‘cl eavage

stnpeoximalely 109 aad; 40 tr@anwmfythe [©8A5P] ﬂsavgg@wm
'f}:séécg%l 22A, DSB does disrupt CA-SP1 processing for
of the panel 3 SHIVs. O these chineric

[0356)vi r useH, thEHinds “Rested’dPCR reawtiorb cb@sing sﬁ@\iﬁéanﬁfbackground
DSB-sensitivity conparable to the prototypic H V-1
i RYdg ehepy anal zz?dp?rgan sg9rpse ge ’r‘ér%%ﬁtefékﬁéﬂm@ﬁﬂ@tqlﬂﬁ &0%

MBO et e L}geg)t he ue haﬁ% félti.{;ﬁ) ?ﬁe it I@leﬁ@ec W& the

these vir ratios of
Odesrd IDNAQﬁrodMSIS rmmﬂe;l b)demtmmmlthe éitire RCR prasvtion Yre-

SHI V. xhi i ted evel o DSB sensitivity,
e S5 bkl sRRIF SLTeEa) of8 ek eplind excising

obﬁ%mm ragal T}ﬁetDNhl i8 tnehwﬁﬁwrmﬁﬁﬁy S@Qo&m@rtﬁéjQiﬂEX

that observed with SH Vs 23 and. SHN"CH the

eﬂf@@tEWaCtDSBKﬁr(Q@wn)JﬁMbélgﬁﬂdrrgO@m is prepared dort ssqudneing

p e very faint CA-SPl band observed in the
%&tsc%ﬁ}‘ %lo\géqnot apparent in Fig. 22A. A 5X increase

[0357] n t helfai®POR ofactidn dils @r yﬁzlﬂl suFfitioadmddaditfor s&ficfdhg,
enhanced, t he sensitivi t)% the Western bl ot assay WO
2thg8 /2dditiony BEF (HsonBE; tpsetsops cppld bgyrup, ibpegessapatusing

abﬁyo(‘fﬁﬁe B&&u@ﬁ@gblﬁhﬁéﬁ oWE Sﬁtﬂ\ idlRil e4ild {eg pg?relk %/etg_'

be observe Fig. 22B). For e remain er
vmcl]slerg fonr fmwetd ®ihére tleft fapn¢al ap}ﬁrokimmtdy 550375, G0 ahd

n%S gp ups nh:n%j() q*'u% 5t %300 %nlg-‘i_zg)ezlmadt %reedrgzleergé Snrlngrs
that anneal approximately 400, 275, and 100 bp downstream (R+ 400, R+275
and R+100) of the CA-SP1 cleavage site. For example, excellent results have
been obtained using primer R+525 for reverse transcription and primers F-575
and R+450 for single-round PCR amplification. Primers F-550 and R+400
also work well for PCR amplification.

[0358] The resulting genotype is then matched with the genotype of viruses
identified elsewhere herein to determine whether the virus is inhibited or is not

inhibited by DSB. Further confirmation of the genotyping results may be



Gag processing (Fig. 21B). The results fromthe panel
3 SHI Vs indicate that the H s residue at the 6th

w@owstiizom upstream from t he CA-SP1 cl eavage siREr/Uusdoayeis33l

an inportant role in DSB s&sitivity and that
significant portions of both CA and SPI beyond the
[ t sa:
(RRERE ! Rt le, e Y D g B PBRE R G
Skalatel.\V- 1 chi nmeras were prepared (Fig. 20) and
characterized. Al panel 1 and 2 SH Vs behaved
simlarly with respect to the effect of SP1 or CA/ SPI
substitutions on Gag piBxaemplepllocessing, viral
particle release and sensitivity to DSB (Figs. 21 and
22). Although sone of the viruses in. panel 2 (i.e
FD and 11) were characterized by a reduction in the
| evel of QGgredc CRAAE @lﬁlrﬁfgnrv@dm%t WithSDSH ect was
m)st likely due to an overad reduction in the anount
of virus generated by the transfected cells (Fig 21A).
[0359lThe f akq deteEping dhe chngehiasgenotimel oflHEd dursig wsowrse eof

ekl A BSR N nal5d 87 @k U6t Rapdilfndh ERpablent fifer

conpoun cessing i
steqiseing and atitiwi ehed dfhbe sttmye (Hazrt28) vd cbtmmed/ todletéritindd\n¥
CA-SP1 cl eavage site acrltlcal role in DSB
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Jidémﬁaea,mttﬂé %ﬁd SeaRAy S Ple& higat R@é?@ lnot ﬁre%#h éé%o?’&? ublihed

some degree of DSB sensitivity VI ruses,
Shietv/smt@medrate Gimplgs dinwinech Nhys 'Bahd kl@ d@nsﬁomnglatcy also be

HIV GH , displayed a sonewhat reduced | evel
o%engté’RS‘HS QSFW‘"EG whephR HF%%&?H&CC‘EE he additional
[0360]panel Gsig lthis Gfcthbd)&the frh@atiomdf thhhBr1aG el in the total virus

substitutions on Ga Qﬁ{@tr ocessing made it inpossible to

copalatipp during thef qangse offthe plady éwp%%‘m‘nl@ﬁﬁi Phmutatiensyikbag

PRI, 43 10319 G5y 55 0o L8 i, g

sgig@eatdsm (Dme 4 imtamheh aaﬂbmnﬁmtﬂfedpwamomwgmm b iheaw
clude a relatively |arge region of Gag _fl anking the

c&tasasfe\%s@ %@etgrmlge thegguities Bhthe gming, ACHE thattRpsigion

E}%@mo@ SiruP piillatfonSHE Horelof(thd &%&%&é ¥foatifhd ﬁst&@s&Jve

H'V 23 (sensitive) indicates that the Hs resid
I we adentified usihg thesh ciiarin®h@0 06/ chiBOBOROT/fidB 645/ redgﬁl:éﬁ 1

izi?rg trF gg\ivetzct g B% i E«‘? Ia FJE)E/ (r)n(q}@%rgsepegllﬁgil S‘sgﬁlaﬁ'zts% io% the total
population) are present at any of the relevant positions.

[0361] Having now fully described this invention, it will be understood to
those of ordinary skill in the art that the same can be performed within a wide
and equivalent range of conditions, formulations and other parameters without
affecting the scope of the invention or any embodiment thereof. All patents,
applications and publications cited herein are fully incorporated by reference

in their entirety.



Consistent with this observation, in vitro resistance
sel ection studies have identified a nutation at this
wezestizom t hat confers sonme | evel of DSB PCT/US2005/018331
insensitivity. [0346] The t3sults herein provide for
the existence of ' both high and low affinity binding
SWhESis iClaihfdg 1EA-SP 1 region. A lowaffinity
interaction would result in partial DSB activity
(i.e., SIVmB) while high affinity binding would give
ful 3 CR”HQ% §Prl§éahh 3l 1r§fectlo§Hluy az?atlerﬁxac@m Sisih
CGenot ypi ng of Viral oI at es hown™ abo
s equenaimipisteying laphm@rmnd ﬂlaﬂ—inhdbhapmcmmg ofdhermmitﬁagt}ﬁd

i e ORPEReATE b BERTCRR St a8t B iy by v e

are clg esksink s@pgl, especially in the region
encodi ngé@ SP % g%\ccor di ngly, genotyping of a viral

isolate may be used to readily determ ne whether the

repllcatlon of such a_virus is llke‘PF{ to be inhibited
b DsBIheometiog oft Ham dompeisi stifdrethed dees aptedignifipantly

p25 pr&gsﬁ%smég quanfiBA8E v1]1]kﬁ1 %%ALédsﬁ% m&v}ﬁg%gﬂg YPisha

are use For exanpl e etermni ng

viral patiestction in a patient nay be treated with DSB,
or any ot her corrpound that intereferes with p25
processing in a simlar nmanner, or in determ ni ng t he

t i?g ;? ﬁgl%te mg{hog Iﬁ’%f)%%%nlr %réﬁ'n? Eé € c?d;lgas%)csqgréﬁ ? effect

per f or gfethe AyhoAntBATIEA 1ﬂcfor15@hﬂitﬂﬂﬁ‘ato Viflog@Rased from cells of
- enbodi nents, genotyping is performed by sequenci ng.
Met hodiid P%@Bg] A single frozen aliquot (approxinmate
volume 1.2 m) of plasma is obtained from each
patient. The plasma sanple is stored at -70C until

rgady ThOhehoQ@oEeRINT; whaeh SRInHouid ih@hilsithd fdnistiond
the three digit patient ID number. WO 2005/ 113059

PCT/ US2f008¢18Rased fiopg c¢lb3g s3id @atiettie day of
processi ng, each plasma sanple is thawed rapidly in a
37C water bath and then placed on ice. A 140 gl

ak i quoty, O eRlcASIc1hith 'i,ewﬂ&%ﬁﬁ a majority of virions released from

cells of said patient exhibit an altered phenotype relative to wild type
virions, wherein said phenotype is selected from the group consisting
of:

(a) virions possessing spherical, electron-dense cores that are

acentric with respect to the viral particle;

(b) virions possessing creséent-shaped electron-dense layers lying

just inside the viral membrane;
() virions having reduced or no infectivity; and

(d) the combination of any one of (a) through (c)



to a separate tube for nucleic acid purification using
the QAanp Mni Viral RNA Purification Kit (Q agen).
wab@snewsd nder of the plasma sanple is transfeeT/Es2008018331
a separate tube for brief,131ow speed centrifugation (3
mnat 8,000 rpm) to clarify the plasma. One nml of
the clarjfi PELRAL 2 11S; 1ran e .
fresh Itgu gihg)ﬁdsgentar ?% ugcfe\é lflcr)liléf&geﬁrfnata‘l ?)Eaﬁ%r{t,sgzgéngngmg
(13, 0C@mmmpstering @ campdwtd thatrinkibitT hwcessperafatieavital iGag p25
careful ly.r Si ipet and . transferred to a
separ &I%%Phg(g‘g%ls%ﬂ) g? (ﬂr}gg@:& w seidacompqund; bipds to a
agai nSfolyRpadd B B UPpb9Ru@éotiddehavinad h& at 1EBE
Vi russ%)e Iggi IS r.esusgengegﬁi n 140 | g? E’%@Jeanda
st or eckbaut 7070 Glentical toackaqpensarsplected frammthe mofip consisting
RT- PCR . product is not obtained fromthe initial
al i quoqf' of non-pelleted plasnma. Table 8 H V-1 Gag
primers HV-1 Gag CA/SP1 priners conserved in d ade B:

Name Sayuersboutmieibtidds 124%€3335 OSBRI NO+18;St r and)
prinmers F-625 cacctagaactttaaatgcatgg 23 51 39 F-575

T L P N
caccat gct aaacacagtggg 21 53 52 F-375

ggaagt@pcatageEitraGE&CTad-1495 92 SHO IDFNEOEs;
ccacctatcccagtaggag 19 53 58 F-12 ,

ggatgacagaaaccttgttg tcc 24 58 50 Reverse ("-"
st r andf)) pr i abeptsnuclpohides) 183841980 o€ SEQIPNQt 1%;ccaacagecc
23 57 52 R+200 cttccctaaaaaattagcctgtc 23 51 39

279 ] 0 MRIEABEIAGEL0 RS G B8P

ctgtatcatctgctcctgtatctaatag 28 52 39 R+525
caat t dfkcctabputatucteptidest 185@ 1899 06 SEQID IRD6 2%
cttccaattatgttgacaggtgtaggtcc 29 60 45 [0352]

Fol | owi ng purificat-Qn, bk aho RNAL ted in a final
vol undEbi gt eTatides 13729 0%95[‘?6‘% B s
stock is used initially as a tenplate for reverse
t r ansagh) pt i aboutiictegtitésel 858+190ASE SEQIUIDANOST9;St r and
Synt hesi s System
) about nucleotides 1372-1434 of SEQ ID NO: 18; and
)] about nucleotides 1858-1920 of SEQ ID NO: 19.
7. The method of claim 6, wherein said polynucleotide has a sequence
selected from the group consisting of:
(a) about nucleotides 1243-1435 of SEQ ID NO: 18;
(b)  about nucleotides 1729-1920 of SEQ ID NO: 19;
(©) about nucleotides 1344-1435 of SEQ ID NO: 18;

(d)  about nucleotides 1828-1920 of SEQ ID NO: 19;

(e) about nucleotides 1370-1413 of SEQ ID NO: 18;



(Stratagene). The renmainder of the RNA stock is stored
at -70C as a backup. The priner for reverse

wao e@ng 3Pt i on ( R+625) anneal s approxi mat el y 63SI/b§2005/018331
downstream of the CA-SPl cl3®avage site. Al of the
prinmers to be used for RT-PCR and sequencing in this
Pr oj eql) havgoResRIdgEaR89. 1899 BRSEAIDIAOVR 2005/ 113059
PCT/ 005/018331 127 regions of gag that are highly
conserved anong G ade B H V isolates and have been
val i ddgkd wbpwighusleatides 1ISdAPKES of PBRAIDNG; 18;er ent
patients. [0353] The reverse transcription reaction is
per f orgred i . | 4 BT I | yo.5 gi of
this 'r(ggct i%ﬂ&ﬁéu%%{égl%ﬂg#?ﬁgﬁﬁﬁ?g]gQaIDtIanp?/%t e for PCR
anplification of the CA-SP | region using the PicoMaxx
Hi gh Ki)el idbputRicleohtisst 1872484 cSSEQUIBGE0e) §; ahbe
remai nder of the reaction is stored at -20C as a

backup., A two-step '.nested" [ S used which
has bd&n f(ﬂ\,{\?ﬁﬂt’Nﬁijeoﬂii?f\/]ngg'lggﬁﬁgbéﬁbﬁgébﬁvery cl ean
DNA product. The forward and reverse priners for the
first-round PCR anplification (F-625 and R+525) anneal
aIpr OXA Maetod 62 Strédping PHIV Slaiifeation 525 ab pafien Tofpasngf
the CA-SP1 cl eavage site, respectively. No product Is
t ypi caadnynigiesng p sompouykthaidahiges progessingLifshe vral 6 mgs
this fj t] 0 i L :

react oo CESPEPEARANCAD IR0 al bdroyfFBings to o
gl . _Afpiodypeptidec lhavigg & sbquehicd fat deaseaboutof0%sidentioal etd a
and used as a .t &&fn in a second- round "nested" PCR
r eact i GAUHSEP ﬁﬂﬂs{ﬁ zhwe?gcgﬁwtlﬁgﬂéo, whi ch anneal
to regions of gag that are internal to the regions to
whi ch @jpe IKINWMITERFLYENARPDCKANDEALGP AAELEERBM A Er
of the first-round PCR reaction is stored at -20C as a
backup. ThCQEMMIRPERARIABAVBQYTNSAI VMo (SEQeID NO:
second-roungd.PCR reaction anneal approxinmately 575 bp
upstream and”450 bp downstream of the CA-SP1 cl eavage
site, respectively. Five | of the final "nested" PCR
reacti(dpn i KNWaMIEEHLVONANBRDYEK LKA NG ATDEBMMTAY

aacts on e RavRC RIS AR AR MR TR Bio Rt aBNo:
predi ct ed sjp_;’e for the desired product (-1.1 kb), and
the yield is estinated to be sufficient to permt

sequenci ngT(i.e. -200 ng total), then 40 | of the
Feacti@h I TACREVECPSERARIEABAMSQUANSATING (IRRQ D
pr oduct usi_lﬁg.i e MnElute PCR Purification Kit
(Q agen). The remining -5 gl of the reaction is
stored at -20C as-a backup.

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID

NO: 24);

() SHKARILAEAMSQV (SEQ ID NO: 25);

® GHKARVLAEAMSQV (SEQ ID NO: 26)

(g) SHKARILAEAMSQVTN (SEQ ID NO: 116);

(h) GHKARVLAEAMSQVTN (SEQ ID NO: 117);

()  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and



Fol l owi ng elution of the purified DNA product, an

appropriate volune (corresponding to at |east 40 ng
wmRooBmspsd s transferred to two tubes, each CcOPCEUSIONE018331

a different sequencing primr (one for each strand of

the DNA). The "+" strand sequencing priner (F-300)

| s - SP1
ol oavale o AR A PR AT REN D DI T

(R+275) anneal s approxi mately 275 bp downstream of the
CA-SP1 cleavage site. The tenplate/priner mixture is
shi ppekhef method gefe pleim g8, awhieraimasayd ipolypepiadenias a sequence
2005/11%9%§RPCT@U82005/01%§31 128 remai nder of the
puri figd® §EEQUP onEFREef ot - 20C as a backup.

The resultlng sequence anal ysis provi des overl appi ng
reads (hpr aaeWNINATBLV@NANPDCRAIDK A SHALTBPEMMTA
~anbiguities in a ingl e sequenci ng reaction. 035ﬁ£
T anbi gui (GRS VEPSIGRART REAMIR LTS ATV §SFRa

addi ti onal ?equen0|ng reactions are analyzed usi ng

al ternate vali dated sequencing priners in case the
problemlies in the heterogeneity of the region of gag

EI' g \/\lf(b):lhI t@éWT@TthQM&NBBEKTQLWGAﬁhEEM;\HA ;
ese W A -

F125) "t hat R AP R AR TAEAMRE AR g, (g 1B R
upstream ampgytwo "-" strand priners (R+100 and R+400)
that anneal approximtely 100 and 400 bp downstream

of the CA-SP1 cleaaeste res ectivel 0356 If
the filghl "HS V@Eﬁ%‘é&%@ Vaiq\lééﬁ%l[’ﬂ(ﬁ

backgr ound N@.aitﬁs when anal yzed on an agar ose gel

(i.e. greater than approximately 10% of the total
yield), or if sequencing fails to yield clean
sequer(dp, tTAGQGVEGGRGEKARN DABAMSIQVIENPAS U r {SHQ Iy
running th @nﬂre PCR reaction (re- anplified froma
backup san‘ﬁ]I ) necessary) on an agarose gel and
excising the desired band. The DNA is then purified
from t(be agﬁmm@EAMs@e(@QEﬁN(blzﬁel Extraction
Kit (Q agen) and el uted product is prepared for

sequen as described above. 0357 If the PCR

reactl( fﬁﬂwlf‘ws@‘({@@ N uct for

sequenci ng, then additional RT- PCR or PCR reactions
coul d (g rLSI{I(ARHD&EmVTNggEQQDﬁOy ), t he backup
sanpl es” outlined above and additional validated priner
sets, including four forward Eélners t hat annea

appr oxhhat & ,L@W%TNé Q ID NO: 117);

()  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

() GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)

10. A method of treating HIV-l-infection in a patient, comprising
administering a compound that inhibits processing of the viral Gag p25
protein (CA-SP1) to p24 (CA), and wherein said compound binds to a
polypeptide having a sequence selected from any one of SEQ ID NO:
121 to 443.



125 bp upstream (F-550, F-375, F-300 and F-125) and

three reverse priners that anneal

approxi mately 400,

wQeRZw5/18osh 100 bp downstream (R+ 400, R+275 aneCRE4003/018331
of the CA-SPl cl eavage sit®4 For exanple, excellent
results have been obtained using prinmer R+525 for

raver sghetth@RKES dRl/iofl o PRIEinkY 1-18Wherein 6aid 1V 1 BirdafonfiRr
singl e-round PCR anplification. Priners F-550 and '
'R+400 2 patisat cpppkiseseinfection witRndiRY -1 Which dasa nof @gE8ld to
The regul t] enotype is then matched with the

genot )Pgléer%#&\%} E‘ﬁrsagééé' identified el sewhere herein to
determ ne whether the virus is inhibited or is not

i nhi bited by DSB. Further confirmation of the

giénot yitiengethed of fisy oreeyofbdaiid® R0Q5/Het&A581d patient with said

PCT/ U /018331, 129 obtai ned by fol] owu i
exper S'ilgg? nfecfion does BYf offeruise r%?ﬁ%ﬁl ford ?r\éﬁ]a}r)il erapes.
i sol ates. Exanple 11 Cenetic Change During Treat nment
Wth DSB [03591 To determ ne the change in genotype of
Hi3V- 1 Ther ii@héd COUrH9 @he bF eathit1-00,t FufdRB, cbRPrising
genotype of the virus population_ in each patient prior
t o dosAdaunisieangtto tsaid pafeenbran: pddibenadycoppaynd gyhi¢hs is an
obt ai ne -1 LT, _any. Lon u
dur  ng i psaabEL, At arPMiicabd; ALV, UAGCRHEH4ACEE
i dent idni adfingalt dpente axdamafviial aghyit, o2 aRb@binaticn thefo€ not
present prior to dosing, then internedi ate sanples
drawn on days 7 and 10 after dosing are al so be

not yped t et erm ne when.the ation.occurred. .
6 0T pirghefhpE e s Of i FAPT oftRe it gt i
i Nt headhihisleradi $ait8 compOudain esmbivAticiOwitheat 084k DRe Yther
the study are determned. A nutation will be
i dent i fftigdrahage@t.gr eat er than 25%variation in the
am no acid designation for a given codon. Once a
nmut ati on has been identified, a chromatogram of the
rew  dplAmbiod BYLIGNE T4 LondEh &L dﬂ&ﬂﬁ%ﬁﬁ%@{ [s&R1eBfed
the amno acids at that position 1n the mnhor virus
popul direronthe grbupenesisiingt b zidendirendemivutime; divknosine;
listed above are i derg i fi.ed usi ng t hﬁlse criter. Qe
then tHERRPGRTEGIEn AP ImIELEP G delavpine gnifricitabine;
revi eversviteazdebQlimavive Hifonaly, MdiRdvisS PRATSS I | Atprehfan
25% of the total _population) are present at any o
t he rdrRafant; lsfivin efpganavya Exsampespayis, hsiioxyurday AL-721;

descrifedidll S 1 BYGREION hfarddihbubS; UNdGLR0dRtate;

castanospermine; contracan; creme pharmatex; CS-87; penciclovir;

-

famciclovir; acyclovir; cytofovir; ganciclovir; dextran sulfate; D-
penicillamine trisodium phosphonoformate; fusidic acid; HPA-23;
eflornithine; nonoxynol; pentamidine isethionate; peptide T;
phenytoin; isoniazid; ribavirin; rifabutin; ansamycin; trimetrexate; SK-
818; suramin; UAO001; enfuvirtide; gp41-derived peptides; antibodies
to CD4; soluble CD4; CD4-containing molecules; CD4-IgG2; and

combinations thereof.



those of ordinary skill in the art that the same can

be perfornmed within a wide and equival ent range of
wa@oendittioons, fornul ati ons and ot her paranet er SPEU/UNO$/018331

affecting the scope of theldsnvention or any enbodi nent

thereof. Al patents, applications and publications

cig.ed Aen&héd af thibitihy piotesinposfathe drifay Gagipes ensein (0A-

their entirety. WO 2005/113059 PCT/US2005/018331 130

Wiat | %letaipﬁ% dCAg,: comprigingeadnyaistoring pegmpeyndthgt mhibits

i nfectj k; [ ri.si 1R [ a

compourdUie e BT 1R Gap 328 AroleBA C AR p2 e

pr ot ei doe§ @bt sl Jicantly pPéct diigr, Gag frockssing seps.

significantly affect other Gag processing steps. 2.

The nmethod of claim1, wherein said nethod does not

T8m i hraabediof BFREGTE, POEedH e hd i Buk oS Spesfindfsr
cl ai m 4p1)wbR&I(QAYAothpiRingadntimisterifg ic@ipblsEWhich HiRE!

on the amount of RNA incorporation into virions
r el east@da Pphypertidel enceded byjadpqismucigetide havingea aequpess of

el el| oo riclagide duvir .
of “vi i HRLP oS M ETREH ot N ol WL B

met hodcombistih@ofn 1, wherein a majority of virions
released from cells of said patient exhibit an

altere henotype.relatjve tq _w.ld t Lrions,
wher ei )gai %’OB%‘E‘W&O&?‘SES 1754?3?, ﬁé@l@gqe&gﬁg Xg’ group
consisting of: (a) virions possessing spherical,

el ect r@)- dedhvat VIRIIENEI29a19R0 ESEQ ID KOM h respect
to the viral particle; (b) virions possessing

crescent - shaped el ectron-dense Iaiéers Iﬁiang j ust
i nsi de(® he AopEnuCcksotigeshidd-143p of SEQHENRadPing reduced

or no infectivity; and (d) the conbination of any one

221( a) (dh T Oat AfoleoiBe PIYBL 1obBRPIERTH N82995/ 018331

(e) about nucleotideé 1370-1413 of SEQ ID NO: 18;

® about nucleotides 1857-1899 of SEQ ID NO: 19

(g)  about nucleotides 1372-1419 of SEQ ID NO: 18;

(h)  about nucleotides 1858-1905 of SEQ ID NO: 19;

@) about nucleotides 1372-1434 of SEQ ID NO: 18; and

§)) about nucleotides 1858-1920 of SEQ ID NO: 19.

18.  The method of claim 17, wherein said polynucleotide has a sequence

selected from the group consisting of:

(@ about nucleotides 1243-1435 of SEQ ID NO: 18;

(b) about nucleotides 1729-1920 of SEQ ID NO: 19;



6. A nmethod of treating H V-1-infection in a patient,

conprising admnistering a conpound that inhibits
w@emsas®sng of the viral Gag p25 protein (CA- BPL)S1005/018331

p24 (CA), wherein said conpwund binds to a

pol ypepti de encoded by a pol ynucl eoti de having a

seque at_,| U 0% | 0 sequence

sel ectn@g fragr%gﬁﬁ‘%leé)r ggspﬁéggls@étgfggbc@flqb(%\ > about

nucl eoti des 1243-1435 of SEQ ID NO 18; (b) about

nucl eai) desabdiiickodp0es0f828HQ20 bf BEX) IDANO: {€;) about

nucl eoti des 1344-1435 of SEQ ID NO 18; (d) about

nucl eot { des ,1828- 1920 o D an. () about

nucl eo #desabfgé‘&c%&’%gesoiyggglbBfﬁg) Ii)&qo' E?) about

nucl eoti des 1857-1899 of SEQ ID NO 19 (g) about

nucl eoffj desabbat/mcledli8es0f853EQ0H B BEQ IDBNO: () about

nucl eoti des 1858-1905 of SEQ ID NO 19; (i) about

nucl eot i des 1372-1434 of SEQ ID NO_ 18; and (j) about

nucl eot® desebepEiclegtideso373631P pf RER oNO718;The et hod

of claim®6, wherein said pol ynucl eoti de has a sequence

sel ect fr : NSNS ti ; about
et oot o LRI BRI S R NOR o ot

nucl eotides 1729-1920 of SEQ ID NO 19; (c) about
nucl eofi) desabb8uunciep88esf3 726334 Pf MBQ IDBNO: {8)andbout
nucl eoti des 1828-1920 of SEQ ID NO 19; (e) about

e Usdbos, ARG R s 1 asEHiSat eSO P P67 1600

of SEQID NGO 19 (g) about nucl eotides 1372-1419 of
SEQ ID NO 18; (h) about nucleotides 1858-1905 of SEQ
| 9.NO Alf¢th¢d pf athdhiting) pricessinigdefsthd 3al G48426 fpr@&Q ((A.-

NO 18; d (] bout nucl eot.i.des 1858- 1920, of . D
No 105P B R AT AP E Ay S B Sompatd Bhihps
pat i enfo, a BONPEPLIAE Mevin@ Hdciisiice fat MhsPaboRIMOUedtlal to a
i nhibits processing of the viral Gag p25
: sequence selected from the group consisting of:
(a) KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:

21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);

(¢) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

() SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26)



protein (CA-SP1) to p24 (CA), and wherein said
conpound binds to a polypeptide having a sequence at
wo smstiizabout 70% i dentical to a sequence sel eetBUSTDTIONS331
the group consisting of:
KNWMTETFLVQNANPDCKTI LKALGPAATLEEMMITA

IR AR B R o, 20 (0

CQGVGGPGHKARVLAEAMBQVTNPATI M (SEQ ID NO  22); (c¢)

T ACQGEEP SHEARMRALABAMBBATNSEQSEQNODI IO, 23) ;  (d)
TACQGVGGPGHKARVLAEAVBQVTNPATI M (SEQ I D NO. 24); (e)

SHKARTAEA ; L MS
(SEQ 16 N ey TRAMTRHS PR EER B
116); (h) GHKARVLAEAMBQVTN (SEQ ID NO 117); (i)
SHKA_Rj)L AEAMSIRMRNGATE AMSSERTNPANGY (SE8)ID HOd 1 49
2005/ 113059 PCT/ US2005/ 018331 133 (j)
GHKARVLAEAVMSQVTNPATI M (SEQ | D NO 119) 9. The net hod

of claim 8, erein said pol ypeptide has ,a_sequence
s ec?g?f e t‘?’fed@‘l“bjﬁ’ %ﬁgﬁgﬂgp@mepegﬁ has a sequence

KNWMT JSEEMMTA GGEPSHKARI
AEANBOYIREATOM (SR T R B by

KNVWITETLLVONANPDCKT! L KAL GPGATLEEMMTA
CQGVGERGHKARVWAEARNEEL/Y PHINRDCEHELK B LIGHAA PREEMMTA

TS BB AT e (0

21);

() KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22); '

©) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23); |

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24); | |

()  SHKARILAEAMSQV (SEQ ID NO: 25);

()  GHKARVLAEAMSQV (SEQ ID NO: 26)

(8) SHKARILAEAMSQVTN (SEQ ID NO: 116);

(hy GHKARVLAEAMSQVTN (SEQ ID NO: 117);

()  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

()] GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)



NO 24); (e) SHKARI AEAMBQV (SEQ ID NO. 25); (f)
GHKARVLAEAMSQV (SEQ I D NO 26) (g) SHKARI T AEAVSQVTN
W@ 88911305NO.  116); (h) GHKARVLAEAMSQVTN ( SEQ »@x/1562005/018331

117); (i) SHKARI | AEAVSQVTNSATI M (SEQ ID NO. 118); and
(j) GHKARVLAEAMSQVTNPATIM (SEQ ID NO 119) 10. A

gt hod ' V-1 ctd ' ' :
Bipr 1 AieghSE G i haorbel Bl e B0 el Rap B2 B (CA
pr ocesS$#1)go pP4 (OR), \ormpkisiBggdpdmistefingt ebmp()ﬁii& Which bitds
p24 (CA), and ei.n said conpound hinds to a
pol ypefta Rl Wﬁ‘ﬁ éa‘an% agEetRRee - Selrted gamf FymenerRf iR 1Bt
SEQ | By go 40 443. WD 2005/ 113059
PCT/ US2 5/2018331 134 11. The nethod of any one of
clainms 1-10, wherein said HV-1 infectionin a

patl ent conprises infection wwth an H V-1 which does
A r e@pmﬁhpdtqf tre@tm&humm,bloqd piodnetp p@@pnﬁmg cqm@ctmetsmdd

of an iR .SAl pat.i e

cai o iR s AT ool BE iR SabRhLg B A b
ot her Ghg/pls tﬂaaemp(ce&smjlzo pfhe(cm&); Dot dods Adtysigi fcatly
cl ai ms 1 10, further conprising adm nistering to said
pat i ertffeshotherF 28 BFRSFsSiRgHi§88nd whi ch i s an

i mmunonodul ati ng agent, an anticancer agent, an

anti bacterial agent, an antifungal agent, an

a1 Vi TRl me@elof cRim 226AHEiARhidaRhibRIGRes ndtsigniiantly
nmet hod of any one of clains 1-10, wherein said patient

i s adﬁdm@h@qe@n@apﬂvmn@mlmed fromoinfsctedtdets traated wath
| east anti-viral agent. 15. The nethod of
cl ai ms%ifje \ﬁllperel n said other anti-viral agent is
selected fromthe group consisting of. zidovudine;
| am vudi ne; di danosi ne; zal citabine; stavudine;
ahac a\/Tlle; mﬁmoﬂrdmlnm 22ewhoieid saié; inlﬁhttiohchasam pignificant
efavir ui navir; onavir; d| n

cf, ongﬁ%

nel fin AEIQLDY Pf H&P&ﬂr? e é‘H@f%@ Ivlmons released

at azangyrh finfeéted adIRrRARMIwith SYPEmposhea; AL- 721,
anpl i gen; butyl ated hydroxyt ol uene; pol yrmnnoacet at e;

25. The method of claim 22, wherein said compound inhibits the
maturation of virions released from infected cells treated with said

compound.

26.  The method of claim 22, wherein a majority of virions released from
treated infected cells exhibit an altered phenotype relative to wild type
virions wherein said phenotype is selected from the group consisting

of:

(a) virions possessing spherical, electron-dense cores that are

acentric with respect to the viral particle;

(b)  virions possessing crescent-shaped electron-dense layers lying

just inside the viral membrane;

(c) virions having reduced or no infectivity; and



cast anosperm ne; contracan; crene pharmatex; CS-87;

penciclovir; fancticlovir; acyclovir; cytofovir;
w@amsitcdoswi r; dextran sulfate; D penicil | am nBCT/US2005/018331

tri sodi um phosphonof or mat e139f usi di ¢ aci d; HPA-23;

efl orni t hi ne; nonoxynol ; pentam di ne i set hi onat e;

pepti ;

ri fabﬂ@? n; ‘ggg‘g\’%‘%&r‘]& ?ﬁ?‘ﬁ@"‘?éig‘? ﬂ{rb 18 suram n;

UAOO1; enfuvirtide; gp4l-derived pept| des anti bodi es

to CD4; soluble CD4; CD4-containing nol ecul es;

aA- | g@Zmetambl of drsating Auiman lodik pradicts mrzplmsﬁmglmﬂwmg

PCT/ US20 833 16. A ne hi bi t

P ococgith Blogt Hadiets Wih Sapyhell 15 Bhinie Bovetsilof te
P24 ( GAtal Geg/f25! prbteth @]J(ESPII)SIOG;SZMA@ GasRaleEd Ehdpound
inhibits processi g& the viral Gag p25 protein

( CA- SPhings tocr priypeptidy engaded bnewlmﬁlegﬁlwawnm@qqyence
af f €0t O NS TabGRI7 R, AGERR P%eﬁtsggﬁﬁncégeleéfg% 8 roup

i nhi bl%tl ng processing o Vi rotei
(CA- Shohpisting 24 (CA), conprising administering a
conmpound which binds to a pol ypeptide encoded by a

ent @Al 18os SeliobRen! 28T B s SERIR RE 8 oup.
consi st ng of . (a) about nucleotides 1243-1435 of SEQ

-1 D NO 138;  atol) mafpidedRoephode SEGRPNGY20. of SEQ ID
NO 19; (c) about nucl eotides 1344-1435 of SEQ I D NO

18; (d) about nucleotides 1828-1920 of SEQ ID NO 19;

(e) abGht nihorbwicleptides BAg- 13 of SEQIBNODINO 18;  (f)
about nucl eotides 1857-1899 of SEQ ID NGO 19 (g9)

about cI eﬁo‘uﬁﬁ&le%ﬁés ill%glggp gggq@% 148 (h)

about cleotldes 185 19; (i)

about nucl eotides 1372-1434 of SEQ ID NO 18; and ()
about (®ic| edoutinecleogges 137901438 o$BBQID NO: 189, 18. The
nmet hod of claim 17, wherein said polynucl eotide has a

SEaveng SBSERE A SRR 193, T (9

(g)  about nucleotides 1372-1419 of SEQ ID NO: 18;

(h) about nucleotides 1858-1905 of SEQ ID NO: 19;

(i) about nucleotides 1372-1434 of SEQ ID NO: 18; and

)] about nucleotides 1858-1920 of SEQ ID NO: 19.

28.  The method of claim 27, wherein said polynucleotide has a sequence

selected from the group consisting of:

(a) about nucleotides 1243-1435 of SEQ ID NO: 18;

(b)  about nucleotides 1729-1920 of SEQ ID NO: 19;

(©) about nucleotides 1344-1435 of SEQ ID NO: 18;

(d) about nucleotides 1828-1920 of SEQ ID NO: 19;



(b) about nucl eotides 1729-1920 of SEQ ID NO 19; WO

2005/ 113059 PCT/ US2005/018331 136 (c) about
wozwbeosnsdes 1344- 1435 of SEQ ID NO 18; (d) EbDu$2005/018331

nucl eoti des 1828-1920 of SHQ ID NO 19; (e) about

nucl eoti des 1370-1413 of SEQ ID NO 18; (f) about

ucl ot dee AR IS RITRA 7RIS R PO B *opcu

nucl eotides 1858-1905 of SEQ ID NO 19; (i) about
nucl edf)i desba@zmcleaBdesd85SBEEPY pf BN IDNOal  (j) about
nucl eoti des 1858-1920 of SEQ ID NO 19. 19. A nethod

of inhipiti R i f j 0,25 protein
( CA- g&f 1) a?%“‘p‘ﬁ‘gfe?@{isqggg&éwgf%%sz?rﬁ. g@eri ng a
conpound which binds to a polypeptide having a

sequen(he atabbetasicleatidest] 8FRAD0SeNSEQAD NO: B9; sequence
selected fromthe group consisting of. (a)

KNWMTETFLV NP T, AATILE

CQGVGEPSH ‘Etﬂ’g‘ﬂ%%%ﬁgﬁﬂﬁp( SE@/&@D@&P“%W (b)
KNWVITETLLVONANPDCKTI LKALGPGATLEEMMITA
C%K&MM%NWJM@E@ BONY@: 192) ; (¢©)
TA SHKARI LAEAVBQVTNSATIM (SEQ ID NO. 23); (d)
TACQGVGGPGHKARVLAEAMSQVTNPATI M (SEQ ID NO 24); (e)
SHKARI LAEAMSQV (SEQ I D NO 25); (f) GHKARVLAEANSQV
(BEQ "D mgthod ef tggsing hyman Petpeisemyisigs contacting

(9) SHRb ENy PR QaldBoDeY tat Ghibitd Blocessi

GHKARVLAEAI\/%@TN EQ 1D ﬁ(%B M Kivd Eal i It &E&’ﬁf?’ng of the

AEANVBQNTENGAZ IpRS B8EEIn| (DANSP1)1t08§)24 (€4, wherein said compound
binds to a polypeptidé having a sequence at least about 70% identical

to a sequence selected from the group consisting of:

(@ KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);

(c) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d  TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

()  SHKARILAEAMSQV (SEQ ID NO: 25);
( GHKARVLAEAMSQV (SEQ ID NO: 26)
() SHKARILAEAMSQVTN (SEQ ID NO: 116);

(h) GHKARVLAEAMSQVTN (SEQ ID NO: 117);



(j) GHKARVLAEAMSQVTNPATIM (SEQ I D NG 119) 20. The

nmet hod of claim 19, wherein said pol ypeptide has a
weaneensos) sel ected fromthe group consisting BET/USAYS/018331

KNWMTETFLVQNANPDCKTI LKALGPMATLEEMMVITA

CQGVGGPSHKARI LAEAMSQVTNSATIM (SEQ ID NO  21); (b)

KNV TLLVWMEAW% . BQN%) NO: 118); and
CQGVGGPGHKARVLAEANMSOVTNPATI M (SEQ 1D NO 22) ;7 (c)
TACQGVGGPSHKARI LAEANBQVTNSATI M %éE ID NO 23); (d)
TACQGMDGP JINRAT C()gEQID\N).OiZHS)); (e)
SHKARI LAEAMBQV (SEQ ID NO 25); (f) GHKARVLAEANVBQV
(SEQ ID NO 26) (g) SHKARI LAEAMSQVTN (SEQ ID NO 116);

) E . . ©
0, S TR I PSR Qi Ml v
GHKAR\4e RERNTEQUT tileAfdud doBEQingbMNO  119) WO 2005/ 113059
PCT/ US2005/ 018331 138 21. A nethod of inhibiting

e C e " BimTe b San R BER B RAT R ASTE RENNEA°
binds to acQOVYREPSHKIARMXEAMIS)PENSATI® SEEC®ANO:
fromany one of SEQID NO 121 to 443. 22. A nethod

of treatinglBuman bl ood products conprising contacting
said blood products with a conpound that inhibits

: . ‘ol
BrZZC((eS ;),ngbu§ Qoggﬂﬁfﬁ? I\i]gnl Pi can[fp“| y %&é@gmr?ko@ag
processi ng CQEVGGRGHKARY InREAME QVTNPATIMZ &SE@ dDe NO:

sai d inhibition does not significantly reduce the
guantity ofZ

irions released frominfected cells
treated with said conpound.

(c) TACQGVGGPSHKARILAEAMSQVTINSATIM; (SEQ ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24); '

(e) - SHKARILAEAMSQV (SEQ ID NO: 25);
® GHKARVLAEAMSQV (SEQ [D NO: 26)
(g8 SHKARILAEAMSQVTN (SEQ ID NO: 116);
(h) GHKARVLAEAMSQVTN (SEQ ID NO: 117);
@) SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and
)] GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)
3. A xﬁethod of treating human blood products, comprising contacting
said blood products with a compound that inhibits processing of the
viral Gag p25 protein (CA-SP1) to‘p24 (CA), wherein said compound

binds to a polypeptide having a sequencé selected from any one of
SEQ ID NO: 121 to 443.



24. The nethod of claim 22, wherein said inhibition
has no significant effect on the anount of RNA
wo swenposat ed into the virions rel eased from Paif/est0esio18331

cells treated with said comdound. 25. The net hod of
claim 22, mherein said conmpound inhibits the

turati vigions re sed.fromi ct,ed cells .
(Peat deypefod fScin et AR Y. ol Lok shledenid
22, whohRolndinkjite thd Hitepdctivh Of BN prctaasdth CASPI.
treated infected cells exhibit an altered phenotype
relative to wild type virions wherein said phenotype
is selected fromthe gro p consjistin

3 eﬁg

;
pHssessierigehphef Flaum, REeHLTAY SPIER gecflh aalhléef
acent rlhféra‘e‘u&bofﬁﬁ@ﬁﬁteatsé’wtltlﬂTN'S‘P@l parti Cl e; (b)

Vi rions possessing crescent-shaped el ectron-dense
| ayers lying just inside the viral nmenbrane; (c)

virions having reduced or no infectivity; and WO

205/ 1Heoseth om0 MesaR said temppund infisectlyrinhihiss then
of anvu@fgth oAty bIENEN A RE: A et hod of treating
hurman B d ising contacting said

bl ood products with a conpound that inhibits
‘processing of the viral Gag p25 protein (CA-SPl) to
4 ( Ae, nmﬂledeifnal&abmb oﬁlwtaimmd tobil ®,dE6 t® 34, wherein said

pol ypepti de cqded nucl eot i

Do ercapoipd Pd 10 i Ssbeitoist i inatgtierPich ep BLV
sel ectfgchdeqimi OR-SP Ok sting of : (a) about
nucl eoti des 1243-1-435 of SEQ ID NGO 18; (b) about
nucl eoti des 1729-1920 of SEQ ID, NO 19; (c) about
nucl eoti des 1344-1435 of SEQ ID NO, 18 %d about
nifel eothedmethed qf. anyrenepf giems B o101 86 to () vdxssin said

nucl eoéoﬁlgﬁ

nucl eot | des 1?7@ ]agla? ng%'r tgggitlb gf%avl Of(%)m%gg}& p25
nucl egirpes(CI3IR1 M IR4¢CAFEQ | D NO 18; (h) about
nucl eoti des 1858- 1905 of SEQ ID NO 19;

37. The method of any one of claims 1 to 10, 16 to 31, wherein said
compound is a derivative of dimethylsuccinyl betulinic acid or a

derivative of dimethylsuccinyl betulin.

38.  The method of claim 37, wherein said compound is selected from the
group consisting of: 3-O-(3',3'-dimethylsuccinyl) betulinic acid; 3-O-
(3',3'-dimethylsuccinyl) betulin; 3-O-(3',3'-dimethylglutaryl) betulin; 3-
0-(3',3'-dimethylsuccinyl)  dihydrobetulinic  acid; 3-0-(3',3"-
dimethylglutaryl) betulinic acid; (3',3'-dimethylglutaryl)
dihydrobetulinic acid; 3-O-diglycolyl-betulinic acid; 3-O-diglycolyl-

dihydrobetulinic acid; and combinations thereof.

39.  The method of any one of claims 1 to 10, 16 to 31, wherein said
compound is not a derivative of betulin or dihydrobetulin of Formulae
Ito III:



(i) about nucleotides 1372-1434 of SEQ ID NO 18; and

(j) about nucleotides 1.858-1920 of SEQ I D NO 19. 28.
wab@smetornd of claim 27, wherein said pol ynucl BOL/US®05/018331

has a sequence selected ft43m the group consisting of:

(a) about nucl eotides 1243-1435 of SEQ ID NO 18; (b)

about nucleotides 172971920 of SEQ ID NO 19; (c)

about nucl eoti des 134?—1435 of SEQ ID NO 18; (dy

about nucl eoti des %1920 of SEQ I D NO 19; 2

2005/ 113059 PCT/ US2005/ @18

nucl eot i des

nucl eoti des

nucl eoti des

1 140 (e) about “n,
Y ID NO 18; (f) abaout

nucl eoti des .

nucl eot ' 434 o SEQ I D NO
nucl eot 928 of SEQ I D NO
of trea Bman- bl ood products,
cdnrécti ng, said bl ood produgs-

inhibits pr’@Ees& ng bf the viral /

(CA-SP 1) to p24 (CA), wherein said corrpound binds to
a pol ypeptide having a sequence 3§ | east about 70%
identical to a sequence selec 3fromthe group

consi sting of: (a)

KNWWTETFLVQNANPDCKTI LKAL GPAATLEEMVITA

EY1D - NO 23): " (d)

TACQGVGGPGHKARVL A QID NO 24): (e)

SHK. ARI LAEAMSQV (
i

or a pharmaceutically acceptable salt thereof, wherein,

R is a C3-Cyo substituted or unsubstituted carboxyacyl,

R' is hydrogen, C,-Cjo substituted or unsubstituted alkyl, or aryl
group;

R is a C,5-Cyq substituted or unsubstituted carboXyacyl,

R, is hydrogen, C(C6H5)3, or a C,-Cy substituted or
unsubstituted carboxyacyl; and

Rj is hydrogen, halogen, amino, optionally substituted mono-
or di-alkylamino, or -OR4, where R4 is hydrogen, C;4 alkanoyl,
benzoyl, or C,-Cy substituted or unsubstituted carBoxyacyl;

wherein the dashed line represents an optional double bond
between C20 and C29.

40. A mutant lentivirus comprising a mutation in the nucleic acid sequence
encoding Gag which renders the replication of said mutant lentivirus

less sensitive to 3-0-(3',3'-dimethylsuccinyl) betulinic acid (DSB).



(f) GHKARVLAEAMBQV (SEQ ID NO 26) (g)

SHKARI LAEAVBQVTN (SEQ I D NO. 116); (h)
WEHBRAMEAVBQVTN (SEQ ID NO 117); WO 2005/ 11805852005/018331

PCT/ US2005/ 018331 141 (i) 148HKARI LAEAVBQVTNSATI M ( SEQ

ID NO 118); and (j) GHKARVLAEAI\/SQ\/TNPATI M'(SEQ I D

1 30, Jfe. et hod, of m 29 ere '
ook ypepits G TElgl Sl 40, EheePdne PG RBbRePBletngsei
consi s§ihid@ods not(band to 3-O-(3',3'-dimethylsuccinyl) betulinic acid.

KNWMTETFLVQNANPDCKTI LKALGPAATLEEMMTA
CQGVGGPSHKARI LAEAMSQVTNSATIM (SEQ ID NO 21); (b)

/G RN ABETIEAT T {Getprneie maptio gyt

AR AR W&@ﬁﬂ Mnsfngg@) k@lblh@ o??ao'ces(sgl)g
TAC@/@PGHKARVLAEANBQ\/TNPA“ M ( SEQ ;o (e)

SHKAR! ¢fAZANSBYSE BEQPLH(CH) bQBﬁB (f) GHKARVLAEAI\/ISQ\/
(SEQ ID NO 26) (g) SHKARI LAEAVBQVTN (SEQ ID NO 116);
(h) GHKARVLAEAMBQVTN (SEQ I D NO 117) (i)

500 HAERRAIB eSS0t b,
treat imldwﬂa@eqnlbmnpadidgjﬂtea}agqmﬁ}mmnxgzmsm)act i ng

sai d bl ood products with a conmpound that inhibits
processing of the viral Gag p25 protein (CA-SP1l) to

wh d d,.binds,t .
&L pobld iRk Sy oS GERaL SaicBheiidsrn s ngarmsids:
SEQ | DyiPeinlodt o ehoté BmindQcRRAR! deld@P Bom, or substituted in the

PCT/ US2005/ 018331 142
amino acid sequence in the CA-SP1 region.

45. The mutant lentivirus of claim 40, wherein said mutation occurs in the
nucleotide sequence encoding an amino acid sequence at least about

70% identical to a sequence selected from the group consisting of:

(@ KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22),

(c) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d) TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

(e) SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26)



32. The nethod of any one of clainms 1 to 10, 16 to 31,
wherein said conpound inhibits the interaction of HV
wpeosemes Wit h CA-SP1. 33. The method of cl ai miPGRYS2005/018331

wherei n said conpound diret#ly inhibits the
interaction of HV protease with CA-SP |. 34. The

i o1 b 1 AR EANRGY ISR PIPEI: 00 EL of

I. 35. The nethod of any one of clainms 1 to 10, 16 to
31, wh@y ei 'GHEARVICABAMBQV IDN(SEQIID NOelVi)al Gag
protein such that interaction of HV protease .with

charmsn + SHBARIAFAMSOVISRaH GEUD MRS 18Rand nas

at or near the site of cleavage of the viral Gag p25

protei® (CASBRARVOABAMIGAINPATIMI(SEQES Red 106) any
one of@%lains 1to 10, 16 to 31, wﬁgreln sai d )

conpound is a derivative of dinethylsuccinyl betulinic
acid or a derjvative of dinethylsuccinyl betulin, 38.

THe nefhoguisnt epdyimsaf clajmetle wierea spid BiyRSioRPcpys in the
| ect . : L stingof
30" € YRGS Ld¥enc RGNS Wl ki Sequencp selected from

(3", 3' grdupreddsistiagiofi nyl ) betulin;
3-0-(3",3 -dinethylglutaryl) betulin; 3-

0-(3", 3. -di [ ' tuld i ol

3-0- (40 3 KRR FEV AP pORCHERAR P Ap TLREMbTA
(3", 3" - di metopvatGrSHKARILAEANMSQYENSATIVG (8EQDID NO:
3-0-diglycol yl -betulinic acid; 3-0-diglycolyl-
dihydrobetu?%hic aci d; and conbi nations thereof. 39.
The nethod of any one of clainms 1 to 10, 16 to 31,

or di bl obSRa TR AR ARPDC A4S R ERENUL I
PCT/ US2005/ OQ838IGPGHE AR VIL AHANS @V TEPATIMH(SEKID MG
RORO

22);

(¢) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(@ TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

()  SHKARILAEAMSQV (SEQ ID NO: 25);

()  GHKARVLAEAMSQV (SEQ ID NO: 26)

() SHKARILAEAMSQVTN (SEQ ID NO: 116);

(hy GHKARVLAEAMSQVTN (SEQ ID NO: 117);

() SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

() GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)



Il YyYRBHOR R IIl Hor a pharmaceutically

acceptable salt thereof, wherein, Ris a C2-C20
waabstidst ed or unsubstituted carboxyacyl, R PGI/US2005/018331

hydr ogen, C2-Cl0 substitut®&d or unsubstituted al kyl,

or aryl  group;. R is a C2-C20 substituted or

e T O e

and R3nickohiydscagaite abRasigbbut 7% filenticdtd Bafukice selected
substituted nono- or di-al kylam no, or -OR4, where R4

i s hydfonade erep eamisHeg P benzoyl, or C2-C20
substituted or unsubstituted carboxyacyl; wherein the

dashe in aphki ei1dond
Ctﬁj %bbﬁtg{@gﬁh%oﬁﬁi qRB5 8RSEQIPHROE] &

bet ween” C20 a nmut ant l"enti vi rus
conprising a nutation in the nucleic acid sequence
encodi(hy Gapowrmucleotidesdl28- 10R6 of 8BQIIPANDoh;0f sai d
mutant lentivirus 1|ess sensitive to

2005/ 15056 R GoDUE RIS SESRRIPNGERS Lot
l entivirus of claim40, wherein the Gag pol ypepti de of

sai d (d) r usasbdoesucheotidés 18281920 of SEQ ID NO: 19,
3-0-(3",3 -dimethyl succinyl) betulinic acid. 42. The

mut ant, | enti virus, of. clagim4 ' aid nutation
furthd® r earli’ﬁlétr@m%ﬂgflﬁesrﬂ}@ln]tﬂp Qﬁgfgbﬁ#&g’r t&s sensitive
to inhibition of processing of p25 (CA-SP 1) to p24

(CA) hy) DSBibodBaucidd@destgant1 oot SEQESNOE 161 ai m 40,
conprising a nutation in the nucleotide sequence

encodi n(by the Gag p25 protein (CA-SP 1). 44. The nutant
| ent i Vi@ us dputiugigetides 137R:144° ofi eBQIY N0k -
pol ypepti de wherein one or nore am no acids are
del et egly f r OffouPfiuciedBatd 184880k s 8BS ID NO: 19;
() about nucleotides 1372-1434 of SEQ ID NO: 18; and
() about nucleotides 1858-1920 of SEQ ID NO: 19.

48. The mutant lentivirus of claim 40, wherein said mutation occurs in the

nucleotide sequence selected from the group consisting of:
(a) about nucleotides 1243-1435 of SEQ ID NO: 18,
(b)  about nucleotides 1729-1920 of SEQ ID NO: 19;
(c) about nucleotides 1344-1435 of SEQ ID NO: 18;
(d) about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
® about nucleotides 1857-1899 of SEQ ID NO: 19

(g) about nucleotides 1372-1419 of SEQ ID NO: 18;



am no acid sequence in the CA-SP |. region. 45. The
mut ant lentivirus of claim40, wherein said nutation

wo@e@mans3osn t he nucl eoti de sequence encodi ng aPCEDBIV05/018331

aci d sequence at |east abowt? 70%identical to a
sequence selected fromthe group consisting of. (a)

KNVMT ETL Vi P ; .10
oo/ P ATRPTNGAT N { SO TN %) ; (b

KNWMTETLL VQNANPDCKTI LKAL GPGATLEEMMTA
CQGVGE)GHK ARt ARANBINEENBATH 184 SEREQDIDNED: 182nd (¢)
TACQGVGGPSHKARI LAEAMSQVTNSATIM (SEQ ID NO. 23); (d)

TACQGVGGPGH 24): (e
Shih 1 AR R RETOANOr SEQIOROMR A A G
(SEQ ID NO 26) WD 2005/ 113059 PCT/ US2005/ 018331 145
(g) SHKARVAEAMSQVTN (SEQ ID NO. 116); (h)

GHARVITREAMBONIEN (1Bl Eaiki040,1dHgrein(sa)d mutation in CA-SP1
SHKARI LAEAVBQVTNSATIM (SEQ I D NO. 118); and. (]
GHKARVACRRTANR R*Fl%f"é‘%&%g‘heﬂé? agiflelopfed ﬁrwé tﬁw&ap
I ent i Vighsistiff ofc! @i m 40, wherein said nutation occurs

in the nucleotide sequence encoding the am no acid
sequence selected from group consisting of: (a

KNVWWIT EEF L VanieDErd | 1L (Clyapaain. GERARVLAEAMSQVTN (SEQ

CCINGGPSHKM QVTNSATIM (SEQ ID NO  21); (b)
KNVWITETLLV I LKALGPGATLEEMVITA
CQGVGGPGHKARVLAEAVBQVTNPATI M (SEQ I D NO.  22); (c)

TACQOBIPSHikARIoL AAISPUEINEAd) M SHRARILBEAMSQVTN (SEQ
ID NO: 116) or GHKARVLAEAMSQVTN (SEQ ID NO:
117),

(c) Amino acid 6 (Valine or Isoleucine) in
SHKARILAEAMSQVTIN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117);

(d)  Amino acid 7 (Leucine) in SHKARILAEAMSQVTN (SEQ ID
- NO: 116) or GHKARVLAEAMSQVTN (SEQ ID NO: 117);

(e) Amino acid 8 (Alanine) in SHKARILAEAMSQVTN (SEQ ID
NO: 116) or GHKARVLAEAMSQVTN (SEQ ID NO: 117);

® Amino acid 10 (Alanine) in SHKARILAEAMSQVTN (SEQ
ID NO: 116) or GHKARVLAEAMSQVTN (SEQ ID NO:
117);

(g0 Amino acid 11 (Methionine) in SHKARILAEAMSQVTN
(SEQ ID NO: 116) or GHKARVLAEAMSQVTN (SEQ ID
NO: 117);

(h)  Amino acid 12 (Serine) in SHKARILAEAMSQVTN (SEQ ID
NO: 116) or GHKARVLAEAMSQVTN (SEQ ID NO: 117);



NO 23); (d) TACQGVGGPGHKARVLAEAVSQVTNPATI M (SEQ I D

NO 24): (e) SHKARI LAEAMBQV (SEQ ID NO 25); (f)
WEHBRAMEAVBQY (SEQ I D NO. 26) (g) SHKARI LAEARSIUIN05/018331

(SEQ ID NO 116): (h) GHKARVLAEAMBQVTN (SEQ I D NO

117); (i) SHKARI LAEAMBQVTNSATI M (SEQ ID NO 118): and

(i) RVLAE -

2005/ 103059 BEt UL D00 OHETE] T SHORCAFAMEGVIN (SEQ
I entivirus IDf Nb:ail h)46r GHICARVLARAMSQVEY | SEQ IDUNS:
in the nuc| %oti de sequence at |east about 70%

i dentical tid’4 sequence selected fromthe group

consi sting of: (a) about nucleotides 1243-1435 of SEQ
I D NG;)18; Ailhb RROW (VIGleh o sﬁm@i&%@&é@m&é@@h@
NGO 197 (c) about nucl eotides 1344-1435 of SEQ | D NO
18; (d) apB¥utlif)er 6HKARYLASFAMIOYIN(SESED NO:NWY); 19;
(e) about nucl eotides 1370-1413 of SEQ ID NO 18; (f)

about cl ept i des. f.
about (EECI e‘%ﬁn%e%ld% gg é%%o%gnegfl n S%L@%Q\ﬂﬁ )(SEQ
about nucl g0t Ni®s 11656+ THIBARVIEAMIQVAN IGEQ D NO:
- about nucl eotides 1372-1434 of SEQ ID NO 18; and ()
about nucl édt’'des 1858-1920 of SEQ ID NO 19. 48. The
mut ant | entivirus of claim40, wherein said nutation
occurgp n thes eqki BGHRAC AR AN £ AAS
gr oups(g:)onsilgltﬁimr?glégﬂfd: q%a)@gsép%out nul?l % [ desqéil%43- 1@4\2%\1
of SEQ | D NSEQL8) NOb)l1aboutGHigARMIARKMSONDN (8EQ &P
SEQ I D NG I\J@’ 17(’% about nucl eoti des 1344-1435 of SEQ
IDNo 18 NPo}1A88%t nucl eotides 1828-1920 of SEQ ID
NO 19; (e) about nucl eotides 1370-1413 of SEQ I D NO
18; (() abaminonucl eotdcites 1857451899 of (Akn¢)D NO  1if

HKARILAEAMSQVTNPATIMIQK GNFRNQRK TVKCFNC
GKEGHIA (SEQ ID NO: 120).

50. The mutant lentivirus of claim 40, wherein said mutation in the CA-
SP1 sequence results in the change in the encoded amino acid selected

from the group consisting of:
(a) Glycine in GHKARVLAEAMSQVTN (SEQ ID NO: 117);

(b) Histidine to Glutamine at amino acid 2 in
SHKARILAEAMSQVIN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO:117);

() Histidine to  Tyrosine at amino acid 2 in
SHKARILAEAMSQVTN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117);

(d) Valine or Isoleucine to Leucine at amino acid 6 in in
SHKARILAEAMSQVTN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117);



(g) about nucl eotides 1372-1419 of SEQ ID NO 18; WO
2005/ 113059 PCT/ US2005/018331 147 (h) about
womseonsdes 1858- 1905 of SEQ ID NGO 19; (i) abonus2005/018331
nucl eoti des 1372-1434 of SH® ID NO 18; and (j) about
nucl eoti des 1858-1920 of SEQ ID NO 19. 49. The nutant

[ entiy, def us ]9J ﬁleal %401\4 %B&I n @l daﬁﬁﬁdat' 204 | n-

CA-SP1 " occurs I n e CO enco am no aC| d
sel ect ed eriMiAMgEAMSQV@Ny s(SEQg oiD (®:Amine) acird

At o’ act o GHRATY LA AR R RERIDR AN (s20 1D
NO 116) or GHKARVLAEAMBQVTN (SEQ ID NO  117); (c)

Am no @gi d ﬁlaﬁl\»{elw %h@é atlasﬂhsu&ursq}l SHX AROKARA TS %
AEAMS N ( SEQ | 116) or GHKARVLAEANSQVTN EQ

| D NO 117)(SEQ1IDANOnd1é)cpd GHKA&H»A@)MSQVTN (SEQ ID
SHKARI LAEA ém (SEQ ID NO 116) or GHKARVLAEAVBQVTN
(SEQ I D NO % (e) Amino acid 8 (Alanine) in

SHKARI LAEAVBQVTN (SEQ I D NO 116) or GHKARVLAEAVBQVTN
( SEQ I@)I\IOAIhihfﬁ)a fof ) Walimo aatd béhifd\ anice) 10 in
SHKARI AEANS SEQ 1D NQ. 116 or_ GHKARVLAEANVBQVTN
(SEQ I D NO'S &M&@ym ac(S 1 Bvet NOoni A&§) i rpr

SHKARI LAEA| V](, %ﬁ@@w (éE?Wnglﬁ}RVLA'EANSQ\N N

(SEQ ID NO no acl he) in
SHKARTT AEAI\/BQ\/T N (SEQ ID NO 116) or
GHKARUAEANHEENIMieSEQol D IN@ring 178 \VM@ni005/agit305d in

LSSl et 0 (830

GHKARVLAEAMSQVTN (SEQ ID NO: 117);

() Serine to Lysine at amino acid 12 in SHKARILAEAMSQVTN
(SEQ ID NO: 116) or GHKARVLAEAMSQVTN (SEQ ID
NO: 117);

) Glutamine to Glutamic acid at amino acid 13 in
SHKARILAEAMSQVIN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117); '

(k) Valine to Alanine at amino acid 14 in
SHKARILAEAMSQVIN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117);

()] Threonine to Leucine at amino acid 15 in
SHKARILAEAMSQVTN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117);

(m) Asparagine to Alanine at amino acid 16 in
SHKARILAEAMSQVIN (SEQ ID NO: 116) or
GHKARVLAEAMSQVTN (SEQ ID NO: 117);



ID NO 116) or GHKARVLAEAMSQVTN (SEQ ID NO  117); (j)

Amino acid 14 (Valine) in SHKARI LAEANMSQVTN (SEQ I D
WONED051138359 or GHKARVLAEAMSQVTN (SEQ I D NO  117)PCT/(§2005/018331

Ami no acid 15 (Threoni ne) 15 SHKARI LAEAVSQVTN (SEQ I D

NO 116) or GHKARVLAEAMSQVTN (SEQ ID NO 117); (1)

Am no id ( Aspar agi in S R \VS N (SE

| D No(gﬁlﬁ)&g?“q‘&Kiﬁﬁ?vﬂgﬁ%%Nd@EW N%{In?“)(s; a?&
(m Am no &EKAMBAEAWQWNPMMIQKGNFRNQRKTVK((:FNC
HKARI LAEAMS NPATI GNFR KTVKCFNC GKEGHI A ( SEQ
ID'NO 120)C QHWKQAE@%NQ tivirus of claim 40,
wherein said nutation in the CA- SP 1 sequence results
in the change in the encoded am no acid selected from

t1e grefding@nslestviig oFfcldi)40Gwheleisaidmutation occurs in the
GHKARVLAEANMSQVTN (SEQ I D NO  117); (b) Histidine to

G ut amohmugleotidd Arrodiigdthe dntino SENdASCRVEANBIVEN fF8EQ@NYD
NO 116 \ N (SEQ | D NO 117); '
ik FSpATRBY AR (SEQ )i (o)

Hi stidi rosiné at ‘anmino acid 2 in

SHKARI LAEAMSQVTN (SEQ I D NO 116) or GHKARVLAEAMSQVTN
(SEQ ID NO 117); (d) Valine or Isoleucine to Leucine

aj2. am Tie actadt 1entivirusof abiHkARbE AnANSKIOMON 1( Shighl iDaMmitant

116) oI% KARVLAEAVSQVTN (SEQ ID NO 117); WD

2005/ 18649 pCT/ US2005/ 018331 149 (e) Leucine to

Met hionine at anmino acid 7 in SHKA R LAEAMSQVTN ( SEQ

ID NO 116) or GHKARVLAEAMSQVTN (SEQ ID NO 117); (f)

Afmni ng fe@orMBinkfte ndh-FHAVL NOret6ViflisS tHen répHSAR L AEAVRNY THY
mhibited by 3-0-(3',3'-dimethylsuccinyl) betulinic acid (DSB).

54. The recombinant non-HIV-1 retrovirus of claim 53, wherein DSB
inhibits the processing of the viral Gag p25 'protein (CA-SP1) to p24
(CA) but does not significantly inhibit other Gag processing steps.

55.  The recombinant non-HIV-1 retrovirus of claim 53, wherein the Gag
polypeptide of said virus binds to 3-O-(3',3'-dimethylsuccinyl)

betulinic acid.

56. The recombinant non-HIV-1 retrovirus of claim 53 which contains a
p25 (CA-SP1) protein comprising an amino acid sequence at least

about 70% identical to the group consisting of

(@ KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);



(SEQ I D NO 116) or GHKARVLAEAMSQVTN (SEQ ID NO

117); (g) Alanine to Valine at amno acid 10 in
WERHHARIIAEAVBQVTN (SEQ I D NO 116) or GBKARVLAEANBINTNS331

(SEQ ID NGO 117); (h) Methixnine to Leucine at am no

acid 11 in SHKARI LAEAMSQVTN (SEQ ID NGO 116) or

GHKA EAMBQYG RARNG
Lysi r?gl?)gt am noﬁgéclﬁ(?%[% in Sﬁt&%%VTNS%qu @8 I %)D

NO 116) orNGHKARVLAEAMSQVTN (SEQ I D I\IO 117) (i)
Qutanine to utamc acid at amno acid 13 in

(550 1@ no TRV R URARYL AR SRR R "

14 in SHKARDLABAVBOVTN (SEQ I D NO 116) or
GHKARVLAEANVSQVTN (SEQ ID NO 117); (1) Threonine to

Leuci ne at amno_acid 15 | SHKA ILAEAI\/ISQ\/TN (SEQ I D
NO 116) H@%ﬂﬂ&ég&ﬁ% iPINO 117): (m

Aspar agi ne to A an| ne at am no aC| d 16 in
SHKARI e AEANG AR (#@ Q.% @-IKARVLAEAI\/SQ\/T N
(SEQ I'D NO 117) V\D 2005 13 9 PCT/ US2005/ 018331

150 (n) Alanine to Threonine at anmno acid 45 in

HKARI LIBEANVSENK ARBAF EMMKOKENNOBRTAGONEL 6)GKEGH A ( SEQ
ID NO 525). 51. The nutant l|lentivirus of claim 40,

V\here!@ésalgm RP :fN'(gEbgg 6°|1Y ucl eoti de

encodi t he "am no acil quence ecf ed from any
one of SEQ ID NO 121 to 443 52. The nut ant

| enti vty us SHKARJLABEAMSQETNSATTNO(SESR BINOMiI8h and a
mut ant

()] GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)

57.  The recombinant non-HIV-1 retrovirus of claim 56 which contains a
p25 (CA-SP1) protein comprising an amino acid sequence selected

from the group consisting of

(a) KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);

(©) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

(e SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26)



H V-1. 53. A reconbinant non-H V-1 retrovirus the
replication of which is inhibited by

W@2@5(18058' - di net hyl succi nyl) betulinic acid (BSBYS20081018331
The reconbi nant non-H V-1 t8trovirus of claim 53,
mherein DSB inhibits the processing of the viral Gag

. p25 pr Ih@ﬁRﬁ? IS, S not
Si gnlf ant y 1 nhibrt ot(E@nle géprocgsgl g steps. 55.

The reconbi nant non-H V-1 retrovirus of claim53,

wher ei(h) t heGmRWWWQSE@MOt tUB; binds to
3-0-(3",3 -dinethyl succinyl) betulinic acid. 56. The

Lﬁﬁ?%&‘a? S AR AR AN TSIV B NS T8 i o
acid sequence at |east about 70%identical to the

group §onsi GHKARVEAEAMSQVTNPATIM (SEQ ID NO: 119)
KNWWMTETFLVQNANPDCKTI LKAL GPAATLEEMVITA

* CQGVGGPSHKARI LAEAVBQVTNSATI M (SEQ ID NO. 21); (b)

LLV PDCKTI GATILEE ) ] ,
C%@@W%?ﬂ@&l\?@ fp tmve@zgw @%63 whigh corppgises
ZOWR%Q& L8/ 151-@@‘3 ]whﬁ:ﬁ’;s z(tqaast about 70% identical
TA GHKARVLAEAVS ( SE NO  23); (d)

TACQ@A@@%@WM@A@WNWM @csmtmg)of NO. 24); (e)
SHKARI LAEAMBQV (SEQ ID NO 25); (f) GHKARVLAEAI\/ISQ\/

116 @y R PROTERT PR AOTR,  (D 0

SHKARI LAEAVSQVTNSATI M (SEQ I D NO. 118); and
GHKARUbAEAMBQMI iNRACD b BRQ- 19D0 NOSEQI®) NO7 19 Th e
reconbi nant non-H V-1 retrovirus of claim56 which

aol o sehuertlBuEpidiley 124 LS ofSERIIADL B8 o1 o 1e

(d) about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
® about nucleotides 1857-1899 of SEQ ID NO: 19
(2 about nucleotides 1372-1419 of SEQ ID NO: 18;
(h) about nucleotides 1v858-1905 of SEQ ID NO: 19;
) about nucleotides 1372-1434 of SEQ ID NO: 18; and
G) about nucleotides 1858-1920 of SEQ ID NO: 19.
59.  The recombinant non-HIV-1 retrovirus of claim 53 which comprises a

polynucleotide encoding CA-SP1, which has a sequence selected from

the group consisting of:
(a) about nucleotides 1243-1435 of SEQ ID NO: 18;

(b) about nucleotides 1729-1920 of SEQ ID NO: 19;



fromthe group consisting of (a)
KNWMTETFLVQNANPDCKTI LKALGPAATLEEMMIA

WEBYEEISHKARI LAEAMSQVTNSATI M (SEQ I D NGO 21) pC1/D$2005/018331
KNWMTETLLVQNANPDCKTI LKALGPGSTLEEMVITA
CQGVGGPGHKARVLAEAMSQVTNPATI M (SEQ I D NO.  22); (c¢)

TACOOI G I KRB TRBAT P SEPOONE 2)) (o)

SHKARI LAEAMBQV (SEQ ID NO 25): (f) GHKARVLAEANVBQV
( SEQ 1(®) NO ab26)nudof0as/3283030 oPSEQLHBZ@OSIQ)lSSSl 152
(g) SHKARTLAEAMSQVTN (SEQ ID NO 116); (h)

%@%ﬁ@k@%ﬁf&% (@é@qf‘b} @EggNoand (i)

GHKARVLAEANMSQVTNPATIM (SEQ I D NO 119) 58. The

r econhifpantaboenmidledtides E857899 8$ SBQ DI MOM $3 whi ch
conprises a polynucleotide encoding CA-SP I, which is
at | east about 70% i dentical as nce sel ect ed
from t@8 grabQpt RusHOtdeS %2&ﬁ19@§§EQ@8#8' | eot i des
1243- 1435 of SEQ ID NO 18; (b) about nucl eotides
1729 160 OlhoSEl @G 1558:1908 6F spbamNOUBh oot | des
1344-14 about nucl’eot i des
1828- 1920 of SEQ I D NO 19 e) about nucl eoti des
1370- 1@ 3 ofbosamclating 1378- 143§Hof SERJI:NQuES;ewdi des
1857-1899 of SEQ ID NO 19 (g) about nucl eoti des

1a50. 1905 oioBE g R 1608 1opb M SEEOPNOLIACT! vee
1372-1434 of SEQ ID NO 18; and (j) about nucl eoti des

1858- 1920 of SEQ ID NO 109.
60. The recombinant non-HIV-1 retrovirus of claim 53 which contains a

p25 (CA-SP1) protein comprising an amino acid sequence selected

from any of SEQ ID NO: 121 to 443.

61. The recombinant non-HIV-1 retrovirus of claim 53 having a nucleotide
sequence at least about 70% identical to the sequence selected from the

group consisting of:
@ SEQ ID NO: 90;
(b) | SEQ ID NO: 92;
(©) SEQ ID NO: 9%4;
(d)  SEQID NO: 96; and
(e) SEQ ID NO: 98;
62.  The recombinant non-HIV-1 retrovirus of claim 53 having a nucleotide
sequence selected from the group consisting of:

€)) SEQ ID NO: 90;



59. The reconbi nant non-H V-1 retrovirus of claim 53
whi ch conprises a polynucl eotide encodi ng CA- SP1,
wokioshidosss a sequence sel ected from the groupPCT/US2005/018331
consi sting of: (a) about nual eotides 1243-1435 of SEQ
ID NO 18; (b) about nucleotides 1729-1920 of SEQ ID
% Sﬂ?@ %9 PCT/ US2005/ 018331 153 (c)
about n)ucl ot des 4-1435 of SEQ ID NO 18; (d)
about nucl eoti des 1828-1920 of SEQ ID NO 19; (e)
about (oucl &BQ HedOLIZ0- 1413 of SEQ ID NGO 18; (f)
about nucl eotides 1857-1899 of SEQ ID NO 19 (9)
about nucl 419 of SEQID NO 18; (h)
about ( %@ﬂﬁ“)}gés 5 of SEQ ID NG 19: (i)
about nucleotldes 1372- 1434 of SEQID NGO 18; and (j)
about (gucl eBQ HENOLE888- 1920 of SEQ ID NO 19. 60. The
recorrbl nant non-H V-1 retrovirus of claim53 which
contains a p25 (CA-SPl1) protein conpr|5|ng an am no
acid uence sel ect fron1any of SEQID NQ 121 to
Bis. &he rorrantyigens ROV | AEHOIRY.Of Sy ihiGh i desivas m
53 ha\ﬂJﬁg aBviRHCicRREddIRomSRE eC(ﬁ‘ISlShﬁQ%‘f }ﬁprtHi"E%I
identical to the sequence sélected fromthe gro
consi HTInG-1bf SI‘(,a)aVBEQMnIkoN@ vﬁ@s (ATEY), SﬁfgogEhd\@ aﬁﬁn

NG ogereanisTlRA Yl b T, o v TS e

cl ai mipgnieuéfgerndy rwﬁ!; %VIWeﬁabﬁgI@ﬂlsf(Bpm
t he group consi stl ng o 90; WO

2005/ Fap0E0 apeTtisUggpisl MS\@B@ (C%EN) (isnmmeedinving, 29¢
feline leukemia virus (FeLV).

64. The recombinant non-HIV-1 retrovirus of claim 63 which is derived

from a virus selected from the group consisting of group consisting of:

(@  SIV;
() FIV;
()  EALV;
(d BIV;

(e) CAEV; and
® Visna-Maedi virus.
65.  An animal model of lentivirus infection comprising a suitable non-

human animal host infected with the recombinant non-HIV-1

_ retrovirus of claim 53.



(c) SEQID NO 94; (d) SEQID NO 96; and (e) SEQID
NO. 98. 63. The reconbi nant non-H V-1 retrovirus of
weh@sm®»d3 which is derived froma virus sel eeteusionoonsssi
the group consisting of H 52, HTLV-1, HILV-11, SW
avi an | eukosis virus (ALV), endogenous avi an
retrowvirus. \ se ry tugor \irus .
B | naneiaTint el SPUREs B R Lol T Ron Gyt chA Vst s
I Mungeledted frenclie grougeohditiig,of :caprine arthritis
encephalitis virus (CAEV), Visna-nmmedi virus, and
feline |l eukema virus (FeLV). 64. The reconbi nant
non- H®- 1 @&fBovirus of claim63 which is derived
froma virus selected fromthe group consisting of
group@onsiastﬁd',ﬁgypf: (a) SW (b) FIV, (c) EAV;, (d)
BlV; “(e) CAEV, and (f) Visna-Medi virus. 65. An
ani mal nodel of lentivirus infection conprising a
sui t alft)e nenapguman ani mal host infected with the
reconbi nant non-H V-1 retrovirus of claimb53. WO
2005/ 05 [ US2005/ 018331 155 66. The ani nal
nodel :k%f c?%ll%?n;g%, wherei n sai d non- hunman ani nal host
is selected fromthe group consisting of : (a) a cat;
(b) a(epnkewheepic) an ape; (d) a horse; (e) a sheep;
(f) a goat; (g) a cow,

® a goat;

(8) acow;

(h) a mouse;

1) arat; and
Q) a bird.
67. A method of making a recombinant non-HIV-1 lentivirus sensitive to

inhibition by 3-0-(3',3'-dimethylsuccinyl) betulinic acid (DSB),
comprising replacing the polynucleotide sequence encoding CA-SP1 b
from a non-HIV-1 lentivirus that is not sensitive to DSB with the

sequence encoding CA-SP1 of a DSB-sensitive HIV-1 virus.

68. The method of claim 67, wherein the polynucleotide sequence
encoding CA-SP1 in said recombinant non-HIV-1 lentivirus comprises
a sequence at least about 70% identical with a sequence selected from

the group consisting of:
(a) about nucleotides 1243-1435 of SEQ ID NO: 18;

(b) about nucleotides 1729-1920 of SEQ ID NO: 19;



(h) a nouse; (i) arat; and (j) a bird. 67. "A

met hod of making a reconbi nant non-H V-1 | entivirus
wWGEensiiiose to inhibition by PCT/US2005/018331

3-0-(3,3 -di met hyl succi nyl3 betulinic acid (DSB),

conprising replacing the pol ynucl eoti de sequence

encodi - AL ERS that s

not se@gi %b?ﬁhucﬁ%@%@{%ﬁ%l?ngég nclgbé%g’odi ng

CA-SP1 of a DSB-sensitive H V-1 virus. 68. The nethod

of cl afdin 67abowhmrcdgondeshEs286l 920w SEQIDANOs égguence

encodi ng CA-SP1 in said reconbi nant non-H V-1

lentivjrus conprise C st . about 70%
| dont 1 Ghl BT el Rden R ORATER SBATEERD e gr oup
consi sting of. (a) about nucleotides 1243-1435 of SEQ
| D NO(£8; ablol) melkdtitics LB57EIMIDGESELQRONGO29 of SEQ I D
NO 19; WO 2005/113059 PCT/ US2005/018331 156 (c)
about nucl eqtides 1344-1435 of SEQ ID NO 18; (d)
about (®hcl ethoptislepides 1yl 4P oBEQID NG 180; (o)
about nucl eotides 1370-1413 of SEQ ID NO 18; (f)
about cl egil - C 9 (9)
about @ch e%{okggglﬁggﬁﬁ%glggﬁ °§§8d1]%1§g 1?L“’S; (h)
about nucl eotides 1858-1905 of SEQ ID NO 19; (i)
about @uc| edoutieuslepgdes 134241438 o$8BQ ID NO: 18:8ndand ()
about nucl eotides 1858-1920 of SEQ ID NO 19. 69. The
met hod,.pf cliai : ' eo}i de

sequen g e%b?gg%‘%geowiﬁsﬁndzggﬁfggk%@%ﬁ I (ri1)§a'nt

non-H V-1 lentivirus conprises a sequence sel ected

fromthe group consisting of: (a) about nucl eotides
1693 17135 é¢thQEQRI Plahd: 68,8;whefdi) thbopolynundéeilei semence

1729-1920,0f D NOQO, 19;: ..(c) abgut .nucl eoti des .
1344- 19584158 @E%P:l B kst refginblrﬁaei ngiBEY- 1 GR aBts cgmerises
1828- 19gLubhce 36l teP R thé%oup(c@hsié’th%%f: nucl eot i des
1370- 1413 of SEQ ID NGO 18;

(a) about nucleotides 1243-1435 of SEQ ID NO: 18;

(b) about nucleotides 1729-1920 of SEQ ID NO: 19;
_(c) about nucleotides 1344-1435 of SEQ ID NO: 18;
(d) about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
§)) about nucleotides 1857-1899 of SEQ ID NO: 19
(2) about nucleotides 1372-1419 of SEQ ID NO: 18;
(h)  about nucleotides 1858-1905 of SEQ ID NO: 19;
(1) about nucleotides 1372-1434 of SEQ ID NO: 18; and

)] about nucleotides 1858-1920 of SEQ ID NO: 19.



(f) about nucleotides 1857-1899 of SEQ ID NO 19 (9)
about nucl eotides 1372-1419 of SEQ ID NO 18; (h)

w@bost13osc| eot i des 1858-1905 of SEQ I D NO 19; PCT/¥S2005/018331
about nucl eoti des 1372-143t570f SEQ I D NO 18; and (j)
about nucl eoti des 1858-1920 of SEQ ID NO 19. WO

2005/ 1130 1 4S2005/ 1 e_method of:
ot m B, Rl o AR 7 geiny of, v SPYCRIEAer hia
r ec onbrecubhiniB B SBeaisiti veenondlFVHI \lerdtiviiig tcomipfibss an amino
conprises an amno acid yence at | east about 70%
i dent iaeaf sqetie b e OB BB AqeBloH 1 ecqiiBeqiadiried from
consi shé Eﬂ)&g&bniiﬁ?n% of:

KNWMTETFLEWA NPDCKTI LKALGPAATLEEMMITA

CQGVGGPSHKARI LAEAVSQUVTNSATIM (SEQ ID N 21); (b)
KNWWITEE) L VARNNABER TF LKANGRD CEAVMVEA LGPAATLEEMMTA

TACOOVCOPSH YA CAEAEFURAT S UL 8520, 15 gy

TACQGVGGPGH{ARVLAEAVSQUTNPATI M (SEQ ID NG 24); (e)
SHKARI LAEAMBQV (SEQ ID NO 25); (f) GHKARVLAEANVBQV

- (SEQ I D NO._ 26 SHKAR| AEANS N (SEQ ID NO 116);
S R R TN RN T R sy By tA

GHKARVLAEA/I;% ATI'M ggd‘ %%@?%%gw ﬁ]EeQ rrI\]s?t g)d
of claim6722)wherein the CA-SP1 protein of said DSB-
sensitive reconbi nant non-H V-1 | entivirus conprises

O o 2 LA QRAESAARER A SO INSNTIH " Req D

consi s
KNWMTETFL VQNBNPHCKTI LKALGPAATLEEMMIA
CQGVGGEPSHKARI LAEANBQVTNSATI M (SEQ | D NO

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

(¢) SHKARILAEAMSQV (SEQ ID NO: 25);
® GHKARVLAEAMSQV (SEQ ID NO: 26)
(g) SHKARILAEAMSQVTN (SEQ ID NO: 116);
(h) GHKARVLAEAMSQVTN (SEQID NO: 117);
@ SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and
) GHKARVLAEAMSQVTNPATIM (SEQID NO: 119)
71.  The method of claim 67, wherein the CA-SP1 'protein of said DSB-

sensitive recombinant non-HIV-1 lentivirus comprises an amino acid

sequence selected from the group consisting of:

(@ KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);



21): WD 2005/ 113059 PCT/ US2005/ 018331 158 (b)
KNWMIETL L VQNANPDCKTI LKAL GPGATLEEMVITA
WERBSEEISHKARVLAEAVSQVTNPATI M (SEQ I D NO.  22) PCT/U$2005/018331
TACQGVGGPSHKARI LAEAVBQVTNPEBI M (SEQ ID NO. 23); (d)
TACQGVGGPGHKARVLAEAMBQVTNPATI M (SEQ ID NO. 24); (e)

SHKA ;

(550 1B NOR B PETLY RaNP ‘ 4
116); (h) CoOGREEPSHIVAERVTME AAQQVINEATIM 7(SEQ iID NO:
SHKARI LAEANBQVTNSATIM (SEQ ID NGO 118); and ()

GHKARVLAEAI@%@\/TNPATI M(SEQ ID NO 119) 72. The net hod
of claim®67, wherein the CA-SP1 protein of said

r econinantr REGyeRspSH SRIOAE MMSEV TRRBATYL: US(SEQ';Dﬂﬁ‘
amno acid sequence selected fromany of SEQTD NO
121 to 443NQ323)The net hod of claim67, conprising:

(a) deleting fromthe genone of said lentivirus the

0 S TTACOLE GRIEARASREARISUTRPAIEG, (sp0

nucl eoti deN@G:3#4); 1413 from SEQ ID NO. 18 or

nucl eoti des 1857-1899 of SEQID NO 19 into said
region of said non-H V-1 lentivirus. WO 2005/113059
PCT/ ué?bos/sé*f‘éfg%ELA%MS&V (SEQRRNFi 29t non- H V-1

| entivirus produced by the nethod of any one of

cl ai mgp)67 t(H{IZﬁRVIEAEANIS@;ﬁ 'ggq%(?mmtzéel ectively

bi nds at or near the CA-S eavage Site of Gag.
(2 SHKARILAEAMSQVTN (SEQ ID NO: 116);
(h) GHKARVLAEAMSQVTN (SEQ ID NO: 117);
@) SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and
) GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)

'72. The method of claim 67, wherein the CA-SP1 protein of said

- recombinant DSB-sensitive non-HIV-1 lentivirus has an amino acid

sequence selected from any of SEQ ID NO: 121 to 443.

73.  The method of claim 67, comprising:

(a) deleting from the genome of said lentivirus the nucleotides
which corresponds to nucleotides 1370-1413 from SEQ ID NO:
18; and

(b)  inserting nucleotides 1370-1413 from SEQ ID NO: 18 or
nucleotides 1857-1899 of SEQ ID NO: 19 into said region of

said non-HIV-1 lentivirus.



76. The anti body of claim 75, which binds an am no

acid sequence at |east about 70%identical to a
wWGEemasmos) sel ected fromthe group consisting BET/USAPS/018331

KNWMTETFLVQNANPDCKTI LKAL GPRATLEEMVITA

CQGVGGPSHKARI LAEAMSQVTNSATIM (SEQ ID NO  21); (b)

LA TRy oo
TACQGUBERBEHARS GABNBQUTNSATI M (SEQ ID NO 23); (d)

TACQGVGGPGHKARVLAEAVBQVTNPATI M (SEQ ID NO. 24): (e)
SHKARI LAEAMBQV (SEQ ID NO 25); (f) GHKARVLAEAI\/ISQ\/

5 et e A N T e
SHKARIdf QVTNSATIM (SEQ I D NO 118); and (]

GHKARVLAEAVBQVTNPATI M (SEQ ID NO 119). WD 2005/ 113059
PCT/ US2005/ 018331 160 77. The antibody of claim 75,

vvh h f
I Cgr thlmndsg%& g{] (; Z,? w ¢! dbl?l?lggne Qr(r:n%o a%le seeaaeen%e a{ ﬁ:ast

KMAM]—E&B%EN Wl\iﬁ@@éﬂ fo %-Q—s’éfe m the %roup consisting
CQGVGGEPSHKARI LAEAMSQVTNSATI M (SEQ I'D NG (b)

KNWMT Bl L VONANPDCKT I LKAL GPGATLEEMMITA
CQGVGGPGHKARVLAEAMSQVTNPATI M (SEQ ID NO  22); (c)

Tﬁ%ﬁéﬁ%@%ﬁ%ﬁ%@%ﬁ@%ﬁ%@%@wﬁﬁm@ |

CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);

(©) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d) TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

()  SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26)

() SHKARILAEAMSQVTN (SEQ ID NO: 116);

(hy GHKARVLAEAMSQVTN (SEQ ID NO: 117);

()  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

() GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119).



NO 24); (e) SHKARI LAEAMSQV (SEQ ID NO 25); (f)
GHKARVLAEAMSQV (SEQ I D NO 26) (g) SHKARI LAEAMSQVTN
w@ 88911305NO  116); (h) GHKARVLAEAMSQVTN ( SEQ »@x/BE2005/018331
117); (i) SHKARI LAEAMBQVTNBATIM (SEQ I D NO 118); and
(i) GHKARVLAEAI\/SQ\/TNPATI |v| (SEQ | D I\IO 119) 78. The
tib tchalinf @;g %nnod ence
que %’Pe\é P §Ho a‘ﬁ f Iﬁl ﬁB % 39 % q‘ﬁ;{]ﬁ
79 The1eaeaﬁbmme@fo@lahmtﬁ@oM| ch sel ectively binds
a polypeptide containing a mutation in HV CA- SP1

I de which I d h
i biE) on TGN U CBEiﬁiﬁﬂéﬁakPlaéw?ﬁkeé%ﬁme Y32 VN

by 3-0-(3" & .
2005/ 115055 BV LSRN S TS MSTE B TRESER, B 51

claim79, Wigrein said nutation is |ocated at or near
the CA-SP |I. cleavage site or in the SP 1 domain of

Sé\i yodli ad I TLEEL NS e Tk AT B TEREATER o

(a) GHKARV WB@PGI%@R'\«Q TNP)\TMWEQ@VNEQ\/
(SEQ I D NO (c) SQKARI LAEAVMBOVTN, (d)
GOKARVLAEAMBIVTN,  (e) SYKARI LAEAVBQVTN,  (f)

GYKARVLAEAMBQVTN,  (g) SHKARLLAEAMBQVTN:  (h)
SIS oS BSAGRRY) oo0

G—IKAR\/LAEVI\I&(D\/I!‘)I; (m SHKARLLVEAVSQVTN;

(d) TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

() SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26)

() SHKARILAEAMSQVTN (SEQ ID NO: 116);

(h) GHKARVLAEAMSQVTN (SEQ ID NO: 117);

(i)  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and
() GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119).

78.  The antibody of claim 75, which binds to an amino acid sequence
selected from any of SEQ ID NO: 121 to 443.

79.  The antibody of claim 75, which selectively binds a polypeptide
containing a mutation in HIV CA-SP1 polypeptide which results in a
decrease in the inhibition of processing of p25 (CA-SP1) to p24 (CA)
by 3-0-(3°3’-dimethylsuccinyl) betulinic acid.



(n) GHKARVLVEAMBQVTN, (0) SHKARLLAEALSQVTN,  (p)
GHKARVLAEALSQVTN;  (q) SHKARI LAEAMLQVTN,  (r)

WEHARIAAEAML QVTN;, WO 2005/ 113059 PCT/ US2005/ ORGBBS2005/018331
162 (s) SHKARI LAEAMBEVTN; 1qit) GHKARVLAEAMBEVTN,  (u)
SHK. A. F | . AEAMBQATN; (v) GHKARVLAEAMBQATN, (W)

KARI.LAEA L N; X [N
S AAEODEAY et 1o Ry AR kelep gt pr near
HKARI LLAEGKESVT 8R4Vl b/ <6 NN TddsAof CEKERHI T 82.
The anti body of claim 79, which selectively binds an

am no acid sequence selected fromthe group

consi si ng .of SEQ | D NOY and SEQ ID NO . 3. 83. The
ST Doty ShRergohokan e sud I ROLRERNTS i SAKEIF T
consi shé BupRbndidmg®t antibody that selectively binds
SP 1 but noP CA-SP™1; (b) an antibody that

sel ectively binds CA-SPl but not CA; and (c) an

anti bddy t HadKd CeY EAMSQHI(PEHQ IOAB2); not CA-SP 1.
84. The antibody of claim 75 that inhibits the binding

f 3-0h (3, & [ LR Ll i ni idt
Gag. 88 AR RE VSIS 88 Phe i o 1 s a

| east about 70%identical to a sequence selected from
the gr@up CIOKARILABAMSQVIIN2005/ 113059
PCT/ US2005/ 018331 163 (a)

KNVTE EL VNARRATA L KRS EEMMTA
() SYKARILAEAMSQVTN;
() GYKARVLAEAMSQVTN;
(g) SHKARLLAEAMSQVTN;
(h) GHKARLLAEAMSQVTN;
@) SHKARIMAEAMéQVTN;
() GHKARVMAEAMSQVTN;
(k) SHKARILAEVMSQVTN;
()  GHKARVLAEVMSQVTN;
(m) SHKARILVEAMSQVTN;
(n) GHKARVLVEAMSQVTN;
(o) SHKARILAEALSQVTN;
(p) GHKARVLAEALSQVTN;
() SHKARILAEAMLQVTN;

™ GHKARVLAEAMLQVTN;



CQGVGGPSHKARI LAEAVBQVTNSATI M (SEQ I D N0 21); (b)
KNWMIETL L VQNANPDCKTI LKAL GPGATLEEMVITA
WERBSEEISHKARVLAEAVSQVTNPATI M (SEQ I D NO.  22) PCT/U$2005/018331
TACQGVGGPSHKARI LAEAVBQVTNSKEI M (SEQ ID NO. 23); (d)
TACQGVGGPGHKARVLAEAMBQVTNPATI M (SEQ ID NO. 24); (e)

SHKAF |, Al | 25): (f) GHKARVLAEAMBQV
(SEQ | N@@%@@@M EAMBQVTN (SEQ I D NO 116);
(h) GHKARVLAEAMSQVTN (SEQ ID NO. 117); (i) |

SHKARI (HAEANGEMARSATA BAVSEY T, NO© 118); and  (j)
GHKARVLAEAMBQVTNPATI M (SEQ 1D NO 119) 86. The

i sol at z I ' f claim85, which is

i dent i@gl mmﬁg ected fromthe group

consi sting of (a) KNWWTETFLVQNANPDCKTI LKALGPAATLEEMVITA
CQG\/C,?H AWMNESEQ ID N0 21); (b)
KNWMT LVQNANPDCKTI LKALGPGATLEEMVITA
CQGVGGPGHKARVLAEAMBQVTNPATI M (SEQ I D N 22); WO
2005/ 1330595 OMBA¥BBL 164 (c¢)

TACQGVGGEPSHKARI LAEAMSQVTNSATIM (SEQ ID NGO 23); (d)

TACQGV WW% (SEQ ID NO 24): (e)
SHKARI LAEA E ' 75); (f) GHKARVLAEAVBQV
(SEQ ID NO 26) (g) SHKARI LAEAVBQVTN (SEQ ID NO. 116);
(y)  SHKARILAEAMSQVTA;
(zy GHKARVLAEAMSQVTA; and
(ag) HKARILAEAMSQVTNPATIMIQKGNFRNQRKTVKCFNC
GKEGHIT

82.  The antibody of claim 79, which selectively binds an amino acid
sequence selected from the group consisting of SEQ ID NO: 2 and
SEQ ID NO: 3.

83.  The antibody of claim 75, which is selected from the group consisting
of:
(a) an antibody that selectively binds SP1 but not CA-SP1;
(b) an antibody that selectively binds CA-SP1 but not CA; and
(¢) .an antibody that selectively binds CA but not CA-SP1.

84.  The antibody of claim 75 that inhibits the binding of 3-O-(3',3'-
dimethylsuccinyl) betulinic acid to Gag.

85.  An isolated CA-SP1 polypeptide which is at least about 70% identical

to a sequence selected from the group consisting of:



(h) GHKARVLAEAMBQVTN (SEQ ID NO 117); (i)

SHKARI LAEAVSQVTNSATI M (SEQ | D NO 118); and 0)
WERHARAAEAVSQVTNPATI M (SEQ | D NO  119) 87. AnPCHUBMDECI8331

CA- SP1 pol ypepti de, encodeth3by a pol ynucl eoti de

sequence at | east about 70%identical to a sequence

sel ect frﬁ@,&-gﬁ- Q*QN i @,E ;

nucl eo ?des 4 E{%@ 0 é@%fﬂsdﬁé% Q?PA%%}E?E@\E?‘A
nucl eot i desCQGRAIGGPIOKARIBEARAMBSQRTNEXTIM aSEgbdDt NO:
nucl eoti des 13344- 1435 of SEQ ID NO 18; (d) about
nucl eot i des?!); 1828-1920 of SEQ ID NO 19; (e) about
nucl eoti des 1370-1413 of SEQ ID NO 18; (f) about
nucl eOﬁH_) desgAapVTEI Y VONARRDAR NOK AMGPG AT ERMTA
nucl eotides 1372-1419 of SEQ ID NO 18; h) about :
nucl eot i desCQEBHGGBOHKARCEAEAM QY TNFATIM (SBQUID NO:
nucl eot i deszé;%?z- 1434 of SEQ ID NGO 18; and WO

2005/ 113059"PCT/ US2005/ 018331 165 (j) about

nucl eoti des 1858-1920 of SEQ ID NO 19. 88. The

i sol at @) CATSEQ(OGEPSHKIAYLAE ANSQVIISNSAEM 0dEGSEDRY B
pol ynucl eoti de sequence sel ected fromthe group

consi sting % 2¢k) about nucl eotides 1243-1435 of SEQ
ID NO 18; (b) about nucleotides 1729-1920 of SEQ ID
NO 19y (craglepsw SeA R V2 Eldd 4oV E

18; (gld)) ab%jt}t nuccl}gigti des %28- 19%8 of é%fQH\I?D%N%@ ?9@
(e) about nNO:&6ki des 1370-1413 of SEQ ID NO 18; (f)
about nucl eotides 1857-1899 of SEQ ID NGO 19 (09)

shou ) cabidan EMeRBR ERABAS 19 ()
about nucl eotides 1372-1434 of SEQ ID NO 18; and (j)

about (ficl eGHKARVLAEAMIQV (SEQIENOD26)O 19. 89. An
i sol ated pol ypeptide fromthe CA-SP1l region of HI V-1,

conetohin? sl A0 SR EE o0 from

(h) GHKARVLAEAMSQVTN (SEQ ID NO: 117);

1) SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

)] GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)

86.  The isolated CA-SP1 polypeptide of claim 85, which is identical to a

sequence selected from the group consisting of:

(@ KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);



to 443. 90. An isolated pol ypeptide fromthe HV
CA- SP1 pol ypeptide which contains a nutation that
wo seelit®sd n a decrease in inhibition of proceBsI/ugpoos/ 018331
p25 by 3-0-(3', 3 -dinethyl#dcci nyl) betulinic acid.
91. The isol ated pol ypeptide of claim90, wherein said

mut at i | I mhn
the- SED donit s G ORI LB R TSR Bt SR
+92. The i saNat23); pol ypepti de of claim90, which is
encoded by a polynucleotide selected fromthe group’

o ano @eo 1 ERED Y CRGHIcARVLEE ARG VIPATIN T

cIa|n190 Ot 24)ni ng a mutation in that results in a
decrease in inhi'bition of processing of p25 by

3-0-(3,3 dlnethylsu00|nylﬁ betulinic acid; wherein
sai d g} at | K ARILAEAMS QK 4SEQUBI NP2k d sequence

encodi ng a pol ypeptide selected fromthe group

consi s n .

e U SR AR AR AMSO (SERIPNG: 26)
CQGVGEEPSHKARI LAEAMSQVTNSATI M (SEQ | D NO 21) ; (b)
KNWMVTHE) L VEEKIRBOKAEAKAS QP GNTISEEMINXNO: 116)
CQGVGGPGHKARVLAEAVBQVTNPATI M ( SEQ | D NO

(c)
TACOREP R AR ERE QRS éé@%%@f 223’ (&)
SHKARI LAEAI\/BQ\/ (SEQ ID NO 25); (f) G‘-|KARVLAEAI\/SQ\/

( SEQ | ® NO SHRARIDAEBNHGRY TASANBMBEQ BERO: D18)and 16) ;
(h) . GHKARVLAEAI\/ISQ\/TN (SEQ ID NO 117): (i)

SHOR | W}"W@%&mﬁ (%%Q SR 16b)

87. An isolated CA-SP1 polypeptide, encoded by a polynucleotide

sequence at least about 70% identical to a sequence selected from the

group. consisting of:

(a) about nucleotides 1243-1435 of SEQ ID NO: 18;
(b) about nucleotides 1729-1920 of SEQ ID NO: 19;
(c) = about nucleotides 1344-1435 of SEQ ID NO: 18;
(d) about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
® about nucleotides 1857-1899 of SEQ ID NO: 19
(2) about nucleotides 1372-1419 of SEQ ID NO: 18;
(h) about nucleotides 1858-1905 of SEQ ID NO: 19;

@) about nucleotides 1372-1434 of SEQ ID NO: 18; and



WO 2005/ 113059 PCT/ US2005/ 018331 167 94. The i sol ated

pol ypepti de of claim90 selected fromthe group
wa@onsisinsng of: (a) GHKARVLVEAMBQV (SEQ | D NO pi/ys2004918331

SHKARI LAEVMSQV (SEQ I D NO 163) ; (c) SQKARI LAEAVSQVTN;

(d) GQ<ARVLAEAI\/SQ\/T N, (e) SYKARI LAEAMBQVTN; (f)

ADARIA AN‘}E%CRO%&%S lggﬁﬁ%{b@@% 19813

GHKARVMAEAMBQVTN; (k) SHKARI LAEVMBQUTN; (1)
GHKARVLAEVMBQVTN;  (m) SHKARI LVEAMBQVTN;  (n)
GIKARVINEAMBQRATNCA-SRY) pOHIARIdR AEALBOVTR], cppided by a

e R k) ST o

GHKARVLAEAMSEVTN, WO 2005/ 113059 PCT/ US2005/ 018331

168 (h) SHiaBol rubleOlyié DA3-1485 bf SEEABIAEISYBQATN, (W)
SHKARI LAEAMBQVLN,  (X) GHKARVLAEAI\/ISQ\/LN (y)

SHKARI LAEANS A. and
(b) abg\l/t-l;lucleot(ldgs 1729 1920 of SEQ%TNO 19;

(© about nucleotides 1344-1435 of SEQ ID NO: 18;
(d)  about nucleotides 1828-1920 of SEQ ID NO: 19;
(e) about nucleotides 1370-1413 of SEQ ID NO: 18;
® about nucleotides 1857-1899 of SEQ ID NO: 19
(2) about nucleotides 1372-1419 of SEQ ID NO: 18;
(h) about nucleotides 1858-1905 of SEQ ID NO: 19;
() about nucleotides 1372-1434 of SEQ IDVNO: 18; and
)] about nucleotides 1858-1920 of SEQ ID NO: 19.
89.  An isolated polypeptide from the CA-SP1 regién of HIV-1, consisting

of an amino acid sequence selected from any one of SEQ ID NO: 121
to 443.

90. An isolated polypeptide from the HIV CA-SP1 polypeptide which
contains a mutation that results in a decrease in inhibition of

processing of p25 by 3-0-(3',3'-dimethylsuccinyl) betulinic acid.

91.  The isolated polypeptide of claim 90, wherein said mutation is located

in the CA-SP1 cleavage site or in the SP1 domain.



(aa) HKARI LAEAVBSQVTNPATI M QKGNFRNQRKTVKCFNC  GKEGHI T.

95. The isol ated pol ypeptide of claim90, encoded by
w@eosatdost ed pol ynucl eoti de whi ch hybri di zes Bem©Es2005/018331

stringent conditions to a 1460l ynucl eoti de sel ected

fromthe group consisti ng of SEQ I D NG 5 SEQ I D NO

7., an at ed poly. ptl 0,
e oh TE g, PR AR, o coffn R BefeioRY 4,
i sol at@@&xﬂ@ieyﬁu&é&aieddﬁowme Igrcﬁmc&ﬂeen@gloﬁsmonﬁm(ﬂ 4,
sequence _cont al ni ng mutation in an HV Gag p25

pr ot eiSEQ BANEPE) SE OnBead SER PN Ping in a
decrease in inhibition of processing of p25 (CA-SP 1)
to p24 (CA) by 3-0-(3',3 -dinethyl succinyl) betulinic
ls{ﬁg{%g 68 BECRHAE Uoh it aChHtalb? Tn that
mhereln sal crease in I1nhib’'tion of processing of
P25 i gegllts ih @ decthasy pabibition ahpivicessmig fop2tShley 3 0-(3',3"-
interagtion of .HI r.ote
| sol eI B BRSPS FuiFhS s o oEsin the
decr eafRleidlacid Sdiubhdel PBodihg Hﬁ)@%@ﬁtid&g s@QéctPRomShé pRup O
a decrease in the binding of
0- (3" ,®usighinaathy| succi nyl) betul inic acid to Gag. WO
2005/ 113059 PCT/ U82005/ 018331 169 100 The isol at ed

pol yn eot |
i nhi b:J(%} on pr oceSS| @ s due to a %ecr ease

in the bi ndEQGVGGPS}%ARﬁLAEAN&DVTNsA(DlMSRSEQI &2 v hge
-site of Ga%z. 101. The isol ated pol ynucl eotide of claim
97, wher ei Baid nutation is located at or near the
CA=SPl1 cl eavage site or in the SP1 domain of CA-SP 1.

102. Tie | SRNHMTERLLYONARPDCIEIRK AAIGRGAPTEENDETAI N

said nutation is |ocated at or near the
pol ynucl eot CQEVEH{RGHKAR HeABAMN RENBAIEMu 6¥H@ ID NO:

selected frpoqmthe group consisting of: (a)
KNWMTETFLVQNANPDCKTI LKALGPAATLEEMVITA
CQGVGGPSHKARI LAEAVSQVTNSATI M (SEQ I D NO  21);
(¢) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

() SHKARILAEAMSQV (SEQ ID NO: 25);

() GHKARVLAEAMSQV (SEQ ID NO: 26)

(£) SHKARILAEAMSQVTN (SEQ ID NO: 116);

(h)  GHKARVLAEAMSQVTN (SEQ ID NO: 117);

() SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

G) GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)



(b) KNWWMTETLLVQNANPDCKTI LKALGPGATLEEMMTA
CQGVGGPGHKARVLAEAVBQVTNPATI M (SEQ I D N0 22); (c¢)

W AORBBEPSHKAR LAEAVBQVTNSATIM  (SEQ ID  NO  Baj/ps{ody/ 018331
TACQGVGGPGHKARVLAEAVSQVTNPATI M (SEQ ID NO. 24); (e)
SHKARI LAEAMBQV (SEQ ID NO 25): (f) GHKARVLAEANVBQV

B T AR 6 i

SHKARIcbAFAMB@FTNSATI M (SEQ I D NO. 118); and
GHKARVLAEAMSQVTNPATI M (SEQ I D NO: 119) WO 2005/ 113059

pol yni) oo GHRARVIVERMSOY GRIORDAGM t he or oup

consisting of SEQID NO 4, SEQID NO 6, SEQID NO 8
and Sl@g I @MAEOMS@@SEQ@N@Q’,);)N ynucl eoti de of

claim97, having at |east about 95% ‘identity to a

pol ynucl eoti de sel ected fromthe group consisting of
SEQ 1(® NOSQKARHABAMIQYRS 6. 105. The isol ated

pol ynucl eotide of claim97, having at |east about 80%

i denti ‘Q—PNS@ ected fromthe group
consi (?Yng o‘?@&#@*ﬁgds ahd SEQ ID NO 9. 106. The
i sol at ed pol ynucl eotide of claim97, having at |east

about (8% IYICARIELAEAMSIOYONynucl eoti de sel ected from
the group consisting of SEQ NGO 5 and SEQ ID NO 7.

107. The i t i.de of claim97, having
at | ea@t aWﬁ%W?ﬁ't o a pol ynucl eoti de of
SEQ I D NO 10. 108. A vector conprising the isol ated

pol ynyg) eotSHIRARILABAMSQW.TN;109. A host cell
conprising the vector of claim 108. 110. A nethod of

pr oducdl?g %ﬁﬁ&ﬁi@ﬂﬁsﬁ%' sing incubating the host

() SHKARIMAEAMSQVTN;
G)  GHKARVMAEAMSQVTN;
(k) SHKARILAEVMSQVTN;
() GHKARVLAEVMSQVTN;
(m) SHKARILVEAMSQVTN;
(n) GHKARVLVEAMSQVTN;
(o) SHKARILAEALSQVTN;
(®) GHKARVLAEALSQVTN;
(@ SHKARILAEAMLQVTN;
() GHKARVLAEAMLQVTN;
(s)  SHKARILAEAMSEVTN;

() GHKARVLAEAMSEVTN;



cell of claim 109 in a nedium and recovering the
pol ypeptide from said nmedium 111. A nethod of

w0 destiifogd ng a conpound that inhibits H V-1 reptT/o810090m8331
in cells of an animal, comsrising: (a) contacting a
pol ypeptide conprising a CA-SP1 cleavage site wth a
test c ound.; / PCT/ US2005/ 018331 171
(b) add¥ng Mégﬁﬁé@gg e that selectively binds
at or near the CA-SP 1 cleavage site; and (c)
measur vy tGEKNRVMLAGAMSQAIH; | abel ed substance to
said polypeptide. 112. The nmethod of claim 111,
wher ei n sal d compound binds at or near the CA-SP 1
cl eavad® AEAMSQ¥LAGd of claim 111, wherein
said conpound inhibits the interaction of H V-1
prote W age site. 114. The
nmet hod" of cf}al m 111, %}S ygﬁéal d pol ypeptide
conprising a GA- SP1 cleavage site is a polypeptide
fragnme@ orSHEARDAEMMSQ¥FA;de. 115. The net hod of
claim 111, wherein said | abel ed substance is a | abel ed

measuriflg comsR L REASGV A B "Change i n Che

amount of | abel ed anti body bound to the protein in

the pr@apnCHKEHRIH ARVS QVTINRATIMIQKGNERNQGRKT WK CFNC
control. 116. The nethod of claim 111, wherein the

| abel ed subSKESETis 3-0-(3', 3" - di net hyl succi nyl)
betulinic acid, and wherein the nmet hod conpri ses
nmeasuring the change in. the anobunt of | abel ed

399- (3The' 13016!65‘9&8%@;5116@ BY | dlaiket9d | GicedaC iy kaﬁuméla&ézi

the protein in t resence of test comnpound,
conpar pelymicleetige cwhtoho hybridizes Wadernsiringentaeenshtinnsgta @

CLAL it O iEisPiebRs doiPRle SBu3AMkidARS Ao D No: 5,

substance i's an enz bstan
cheniISEQnEﬂﬁenVzmﬂubstance hor ser adi sh perOX|dase,
al kal i ne phosphatase, biotin, avidin, an electron
dense subst ance, radioisotope or a conbi nation

E r eo&h? %?aéecﬁx@e ?%C 0(% clan%e% 95 aat% e? m I’l%ugrd

fusion protein.

97.  An isolated polynucleotide which encodes an amino acid sequence
containing a mutation in an HIV Gag p25 protein (CA SP1), said
mutation resulting in a decrease in inhibition of processing of p25

(CA-SP1) to p24 (CA) by 3-0O-(3',3"-dimethylsuccinyl) betulinic acid.

98.  The isolated polynucleotide of claim 97, wherein said decrease in
inhibition of processing of p25 is due to a decrease in inhibition of the

interaction of HIV-1 protease with Gag.

99.  The isolated polynucleotide of claim 97, wherein said decrease in
inhibition of processing of p25 is due to a decrease in the binding of 3-

0O-(3',3'-dimethylsuccinyl) betulinic acid to Gag.



replication in the cells of an aninmal conprising: WO
2005/ 113059 PCT/ US2005/018331 172 (a) contacting a

w@ologpepss de conpri sing a CA-SP1l cl eavage sit ePCT/Ub1005/@18331
protease in the presence ofé9a test conpound; and (b)
detecti ng the interaction of protease with said

tide 19.. Th of 118, rein .
Bio% PPt St RoluridFeoe A 0o Rl 77 yBerety el Ftdis da
120 Fmbnﬁhmq)r@éesﬁh ofpdd & dwwaeuébrsa%e dn iR ViReRgiofe
is |abeled with two | uorescent noieties, each bound

to opﬂb%ﬁ@borsﬂeé’é@eQ‘A‘SﬁéchYa\gpflte@f@ag'age site, and
wherei n said detecting conprises neasuring the
transfer of fluorescent energy fromone noiety to the

m@ﬁg dﬂ{e kBE;tedﬁP&?ﬁ’m&tﬁfe chhaa Sy, GAERANNG;d ﬁ?n%atlo?;h@

of clai erelnt e effect of the t
conpounchtahat @l reav dgeCAfSRlacldavage yive pt i thei SP ldédmamn ed
by msaé)glsfqg the binding of an antibody to at | east
one of p24 (CA) or CA-SP1 (p25). 122. The net hod
of claim 121, wherein said | abel ed anti body is | abel ed
with a nol ecule selected fromthe group consisting of

erRy neThe isblatddepelgniclcotids t eMelgim GXTe WHerdth NARLC @fitation is
subst ance, horseradi sh peroxi dase, al kaline
phos pHagatedat aspearithe polypusisotide pacodinghe amine acid sequence

subst 1@%11 nmbi nati ons thereof.
123. ge%%tfﬁ)gﬂamg%’?% alm %T%%gn‘prl sing: (a)
contacting a first polypeptide conprising an H V-1
wi | d-tippe KOXWIRTETFBY(NNBDCK TIWKAL GRAATLBEMM B4 e

in the pre ; ) ntacting
L second poropSsRinaTRAR N AF AMETRREATI (B AR IB NG
cl eavage sit1g; or an alternative protease cl eavage site
wth HV- 1 protease in the presence of said test

compound; wherein the ¢l eavage of said nutant

cl eava§d o KWV TEITEEV QN ANEDERATL K AL GRS S BDEFVMBA

LS UG AR AT 50 0

22);

(¢) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24),

()  SHKARILAEAMSQV (SEQ ID NO: 25);

()  GHKARVLAEAMSQV (SEQ ID NO: 26)

() SHKARILAEAMSQVTN (SEQ ID NO: 116);

(h) GHKARVLAEAMSQVTN (SEQ ID .NO: 117);

()  SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

()] GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)



di met hyl succi nyl) betulinic acid; (c) detecting the
interaction of HHV-1 protease with said first and
wezpsnBopept i des; and (d) conparing the cl eavarer/v$2005/018331
said first polypeptide to tHe cleavage of said second
pol ypepti de. 124. The nethod of claim 123, wherein the

i,d- type. CA- I tan -.SP1,,0r, al tegnative
ol o HB° ot e A EisiaRE 27 ReleRicUG R, Ieh epur
pol ypephiistngd 6N D 100: 4,eSEOID N 6, BHY DNO:125d Jhe
met hod of claim 123, wherein said pol ypeptide is

| abel dP MNPt A a fl uorescent noi ety and a fl uorescence
guenchi ng noi ety, each bound to opposite sides of the
CA- SP1 cl eavage site, and wherein said detecting

CRUAPT | BRSisBRAIUpIIPEhclddeidS 08 @imf 670 rﬁsg%ﬁtl 1t EDEENG5,

moi ety. 126. The net hod of claim 12 erein at | east
one ofidedity td & pslynuclectaiedelested diroth thelgypaptdndstiigiof SBQ
conpr i »~an epi tagd. .127. The nethod of claim
123, vﬁ?gﬁglg’ f’%ggﬁg[)(ﬁg bccur in a cell. 128. The

met hod, of claim 123, wherein said detecting the
interaction of said conpound with said first and
SHISONdTHeOisylaedt pelgmuctamtide iof @faimed7, tavingt stoRhArHsuts80%

129. A nethod for identjfying conmpounds that_ inhibit
H V- 1 Hemity & pehympeleotideselegied drogt ths grayn ¢apsisting of SEQ

conprig Qe sGAA S RH-89 a test conmpound with cells
infectedﬂﬁﬁth a ?i st v?rus, the replication of which

is sensitive to inhibition by 3-0-

(3',3 -dinethylsuccinyl) betulinic acid (DSB); WO
20195/ 1TisoBoladTpelpreimtids @8 31aim1%7 Kayingcgnleagtabaut 35%
test c ' ls 1.0t ith .

i rus REBRYE e Bobp gt o BB ol Meatalh RSR0%% o7 SR

(c) dewer siand SEQUIDENPh@Not ype of treated cells
infected with the first virus and the second virus;
and (d) selecting a test conpound that is nore active

8 "’ Relatedtmiidefe FEGTtdr o Cioa kot Fus

is seljgeitf td & polyhi@eotide of SEQ ID NO: 10.
108. A vector comprising the isolated polynucleotide of claim 97.
109. A host cell comprising the vector of claim 108.

110. A method of producing a polypeptide comprising incubating the host
cell of claim 109 in a medium and recovering the polypeptide from

said medium.
111. A method of identifying a compound that inhibits HIV-1 replication in
cells of an animal, comprising:

(a) contacting a polypeptide comprising a CA-SP1 cleavage site

with a test compound;



group consisting of: (a) viral replication; (b)
cl eavage of CA-SPl; and (c) production of an altered
wao eoosomophenot ype. 131. A nethod for identifyi PQI/ES2005/018331
conpound that inhibits HVITl replication in the cells
of an animal, conprising: (a) applying a test conpound
to cel i nf | LV . - penl | '
of wniCh i 0GB T iR k) bRyt BindfR driRhe B8
di met hyl sudCA$Pil kcldaeagd sitej andaci d (DSB); and (b)
analyzing a |lysate derived fromsaid infected cells to
deternine whether ¢cleavage of the - SP rotei n has
occur fEl. TBesUlg the  HBYNSf Ol saidny! ﬁ\ﬁﬁé@"é‘% @a?@g
| ysate is iyepdt. by lysing at |east one of said (a)
i nf ected CE?P?? or (b) the released viral particles.
WO 2005/ 113059 PCT/ US2005/018331 175 133. The net hod
of claim 131, wherein said analyzing to determne

wHat hekhe methed afelaint 11 hevigreispaid soapennrd biads siceruepethe
conprisgs ' the presence or absence of p25.
134. g%%ggﬁ%g£€?gglain113l, wherei n said anal yzi ng
to determ ne whether cleavage of the CA-SPl protein
has occurred conprises performng a western blot of
vil3al Theotesthnsl afidcldiet eldtlj nghqpéib sesd ngpngouadt inhibdty the
p25. 135. The thqd of claim1 erein said

brai y et abRLY mteasrathitie S-S Esv e e ca P
protein has occurred conprises performng a ge

el ectrophoresis of viral proteins and imaging of
nEabolecatthyd of alaih @d1 pwiedreinsaid podfpepiidecdraprivigk 9TA-
claim 131, wherein said analyzing to determ ne whet her
cl eavadfd deavegesiteas apolyppptisiedragnisatorgeeqipbigent Pspiide ses
perform ng an i mmnoassay. 137. The nethod of claim
133, wherein said i munoassay conpri ses:

115. The method of claim 111, wherein said labeled substance is é labeled

D

antibody specific for CA-SP1; and wherein said measuring comprises
measuring the change in the amount of labeled antibody bound to the

protein in the presence said test compound compared with a control.

116. The method of claim 111, wherein the iabeled substance is 3-O-(3',3'-

| dimethylsuccinyl) betulinic acid, and wherein the method comprises
measuring the change in the amount of labeled 3-O-(3',3'-
dimethylsuccinyl) betulinic acid bound to the protein in the presence of

test compound, compared with a control.

117. The method according to claim 111, wherein the label on said labeled
substance is an enzyme, a fluorescent substance, a chemiluminescent
substance, horseradish peroxidase, alkaline phosphatase, biotin, avidin,

an electron dense substance, radioisotope, or a combination thereof.

118. A method for identifying a test compound that inhibits HIV-1

replication in the cells of an animal comprising:



(a) capturing p25 and p24 on a substrate using an

anti body that selectively binds 24; (b) detecting the
w@emsemosy or absence of p25 on the substrate wWwd¢hUusS®ns/018331

anti body that selectively bi2nds p25. 138. The net hod

of clain1131 wherein an epitope tag sequence is

comr (@b BNG b PADPGRYE i s THEEE dvase sie

anti body t ayitepropateinehd frésentS8f a st @npUn®fand
identifying a conpound that inhibits H V-1 replication

in the cells of an_animal conprising: a y|n a test

conpoubl t setegiingtheinferapinlifrotsass w@mﬁpql fiﬁe

replication of which is sensitive to WD 2005/113059

PCT/ US2005/ 018331 176 inhibition by

319: ( Fhe3netAbd BE (1S VOL Whttdin BAE wtéuse c@tfs‘ls‘ils és@e?rﬁ?au 3pd

thereafter analyzing virus particles rel eased K

cel | s HI)-1 arotedse.ered viri on phenotype. 140. The

met hod of claim 139, wherein said anal yzing invol ves

transm ssion el ectron mcroscopy. 141. The net hod of

c1o8! M SneOPL AU A WRLIH! S BAGRAINBR: 161k R k6
€ group consi s NS possessl

S pher I famrescalt enbieties, dacls Ebouﬁxi @s dppaditeasides aﬁ ehd ICA- SPl

with respect to iral i cl.e,; virions .

,_ possesci ARe ﬁlé%caéﬂtwiéﬂaweaf 'y Cf:;&ﬁtcrl% %@ﬁ) Gisey gipasing, th g
just ifSLAR JfhRiordstalt dRARY ﬁBﬁ o&&)no‘fét&'t@ NBe AN the
reduced or no infectivity, and (d) the conbination of
any orpgessheq ef)the testonpgipo@nd.. 142. The met hod of any one

of clainms 129, 131 or 139, wherein said |entivirus,
the replication of which is sensitive to inhibition by

;e o LB WSS, LAV R g
or 13%leavhgs ef suid polypeptiietis \dlereuted byheeasaphg dat biadingfof
whi ch: It t t

(3 3 anchgeRyiost Battope Pl BBLAARCE) e A B892 s

r econbi nant non- H V-1 lentivirus conprising the

nucl eoti de encodi ng the CA-SP1 from

122. The method of claim 121, wherein said labeled antibody is labeled

with a molecule selected from the group consisting of enzyme,
fluorescent substance, chemiluminescent substance, horseradish
peroxidase, alkaline phosphatase, biotin, avidin, electron dense

substance, radioisotope, and combinations thereof.

123. The method of claim 118 comprising:

(a) contacting a first polypeptide comprising an HIV-1 wild-type
CA-SP1 cleavage site, with HIV-1 protease in the presence of

said test compound;

(b) contacting a second polypeptide, comprising a mutant CA-SP1
cleavage site or an alternative protease cleavage site with HIV-
1 protease in the presence of said test compound; wherein the

cleavage of said mutant cleavage site or alternative protease



H V-1, and wherein said lentivirus is derived froma

lentivirus selected fromthe group consisting of. (a)
wekMs/113089) FIV;  (c) EAIV; WO 2005/ 113059 PCT/US2005/018331

PCT/ US2005/ 018331 177 (d)73BlIV; (e) CAERV; (f)

Vi sna- Maedi virus; and (g) H V-2. 144. The et hod of

I 131, d v havi,ng. si.gni.f | '
Feduced sefSRErSH RS CE B e RALT BRFRSPY g Gl ud
consi sting d@:ﬁet@\lfﬁl)sue%‘{ﬂyl) ki Mid; (¢) EAIV, (d) BIV,
(e) CAEV; (f) Visna-Maedi virus; (g) HV-2; and (h)

mutant H V-1. 145. A nethod of identifying a conpound,
conpr i@ ng:defegtingrihesigterasgioniof dH¥el prasesse yettospaid dirst and
treated ani t with a lentivirus, wherein
said Ientlvs?@u%ﬂg seghgrlfhtlve to 3-0-(3',3"-

di met hyl succinyl) betulinic acid (DSB); (b) neasuring
di seaqd) pr egmpssngrthe n cledvagatadsadi fimst oalyfeptidedo the

Wi th Sald| tIVII‘ ar |. theresponse of
sai d treat é: %tjéj?ia“ﬂl %ﬁ%@dﬁ’&?tléﬁ, mal s.
2005/ 113059 PCT/ US2005/018331 178 146. A nret hod of

identifying a conpound, conprising
124. The method of claim 123, wherein the wild-type CA-SP1, mutant CA-

SP1, or alternative protease cleavage site region is contained within a

polypeptide fragment or recombinant peptide.

125. The method of claim 123, wherein said polypeptide is labeled with a
fluorescent moiety and a fluorescence quenching moiety, each bound
to opposite sides of the CA-SP1 cleavage site, and wherein said

detecting comprises measuring the signal from the fluorescent moiety.

126. The method of claim 123, wherein at least one of said first or said

second polypeptide further comprises an epitope tag.
127. The method of claim 123, wherein (a) and (b) occur in a cell.

128. The method of claim 123, wherein said detecting the interaction of said
compound with said first and second polypeptides comprises gel

electrophoresis.

129. © A method for identifying compounds that inhibit HIV-1 replication in

the cells of an animal comprising:

(a) contacting a test compound with cells infected with a first
virus, the replication of which is sensitive to inhibition by 3-O-
(3',3'-dimethylsuccinyl) betulinic acid (DSB);



(a) adm nistering said conpound to ani mals infected
wth afirst lentivirus, wherein the replication of
wa200d/1f3068t | entivirus is inhibited by PCT/US2005/018331

3-0-(3',3 -di nmet hyl succi nyl’# betulinic acid (DSB); (b)
adm ni stering said conpound to animals infected with a
second, lentivitus, wherein the.replication of said
second®) entPURFIE b4 camPRuKL TRl i er P & aeispe.
3-0- (3", 3" ~ghhueBhVIME SieaGicAMly redRRUWbASMKLyAS TIKH;DSB) |

(c) neasuring and comnpari ng di sease progression in
animals infected with said first lentivirus, conpared

wi t h de) naldstermifieg: tlhed Phgnotyps sefdtreated pells Bedted miieh, the
t147. A mtfﬂ?tdvi&fs ahc‘i’ﬁﬁts!eééﬂdn\%ug; &gnpound, conpri sing
measuring the interactiron of Sard conmpound with an
am no acid sequence selected fromthe group

consi g4) ng sefectifg) test compound that is more active against the first
KNWMTETFLVQNANPDCKTI | KAL GPAATLEEMVITA

CQGVGGPSHKARS SRR AFFMIVGES | D N0 21); (Db)
KNWMTETLLVQNANPDCKTI LKALGPGATLEEMVITA
CQGVGGPGHKARVLAEANBQVTNPATI M (SEQ I D NO  22); (c¢)

TGV HREIKORLT AEMVIPEY/ Mierdih Mhid gﬁ&ﬂét is N6¥ectéd Jiond gh:
TACQGVGGPGHKARVLAEAMBQVTNPATI M (SEQ ID  NO. 24); (e)

SHKAR! SrAEnemeivtingsetd | D NO 25);  (f) GHKARVLAEAVBQV
(SEQ ID NO 26) WO 2005/ 113059 PCT/ US2005/ 018331 179

SHKAR SEQ ID NO 116): (h
E;EI%(A Aﬁb@%%gélDQl\D 117); (i)) ()
SHKARI LAEAVSQVTNSATI M (SEQ I D NO. 118); and (j)
GHKARUBPEAMBEVIRRATCAMSPSERA D NO 119) . 148. A et hod

of determining if a patient is infected with HV-1
that I(‘?:) production of an altered virion phenotype.

131. A method for identifying a compound that inhibits HIV-1 replication in
the cells of an animal, comprising:

(a) applying a test compound to cells infected with a lentivirus, the
replication of which is sensitive to inhibition by 3-O-(3'3'-
dimethylsuccinyl) betulinic acid (DSB); and

(b) analyzing a lysate derived from said infected cells to determine
whether cleavage of the CA-SP1 protein has occurred.
132. The method of claim 131, wherein said lysate is obtained by lysing at
least one of said

(a) infected cells; or

(b) the released viral particles.



susceptible to treatnment by a conpound that inhibits
p25 processing, conprising: (a) obtaining a specinen
wo easnismsd patient; (b) obtaining viral nucl ei BCEHUSI05/018331
encoding CA-SP 1 fromthe 1®peci nen; (c) genotyping
said viral nucleic acid; (d) determining if the

| ei.c _aci.d - var.i. ant Iy i.ng
IS niton ARt ERaR0 A, She il sl b dBmBp SHeger
di met kidasapeaifmiyd T ABSR Iuprofsit hao@durBBE) mprist® meAsuritighthel
of treating a disease In a patient in need thereof
conpr iPESSERFE or @sencgi@iNSt vi ng a conpound whi ch inhibits
the processing of viral Gag p25 protein (CA-SP1l) to
p24 (CA), but has no significant effect on other CGag
AR C e Y% k1B EdTTaifnl)3 1 0WhérelN A 4RAGMIMR! 8 d¥teARRE WRther
for the sale and use of said conpound: packagi ng the
conpoutedvigsrofghe €AxfB1 prajeinhasocaiired eimpsiseepdrforming a
Pat i enfesteld! bﬂ)?eog vgrgfs}r)r%%fiﬁs and detecting p25 using an antibody to

p25.

135. The method of claim 131, wherein said analyzing to determine whether
cleavage of the CA-SP1 protein has occurred comprises performing a
gel electrophoresis of viral proteins and imaging of metabolically

labeled proteins.

136. The method of claim 131, wherein said analyzing to determine whether
cleavage of the CA-SP1 protein has occurred comprises performing an

Immunoassay.

137. The method of claim 133, wherein said immunoassay comprises:

(a) capturing p25 and p24 on a substrate using an antibody that
selectively binds 24,

() detecting the presence or absence of p25 on the substrate with

an antibody that selectively binds p25.

138. The method of claim 131, wherein an epitope tag sequence is inserted
into SP1, and wherein said analyzing comprises selective detection of

p25 using an antibody to the epitope tag.

139. A method of identifying a compound that inhibits HIV-1 replication in
the cells of an animal comprising: applying a test compound to cells

infected with a lentivirus, the replication of which is sensitive to
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inhibition by 3-O-(3',3'-dimethylsuccinyl) betulinic acid (DSB), and
thereafter analyzing virus particles released by the cells for an altered

virion phenotype.

140. The method of claim 139, wherein said analyzing involves

transmission electron microscopy.

141. The method of claim 139, wherein said altered phenotype is selected

from the group consisting of:

(a) virions possessing spherical, electron-dense cores that are

acentric with respect to the viral particle;

(b) virions possessing crescent-shaped electron-dense layers lying

just inside the viral membrane;
(©) virions having reduced or no infectivity; and

(d) the combination of any one of (a) through (c).

142. The method of any one of claims 129, 131 or 139, wherein said
lentivirus, the replication of which is sensitive to inhibition by 3-O-

(3',3'-dimethylsuccinyl) betulinic acid (DSB), is HIV-1.

143. The method of any one of claims 129, 131 or 139, wherein said
lentivirus, the replication of which is sensitive to inhibition by 3-O-
(3',3'-dimethylsuccinyl) betulinic acid (DSB), is a recombinant non-
HIV-1 lentivirus comprising the nucleotide encoding the CA-SP1 from
HIV-1, and wherein said lentivirus is derived from a lentivirus selected

from the group consisting of.
(@  SIV;
(b) FIV;

(c) EAlIV;
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(d BIV;

(e) CAEV;

® Visna-Maedi virus; and
(g HIV-2

144. The method of claim 131, wherein said virus having significantly

reduced sensitivity to DSB is selected from the group consisting of:

(@ SIv;
(b) FIV;
(©  EALV;
(d BIV;
(e) CAEV;

) Visna-Maedi virus;
(g HIV-2;and

(h)  mutant HIV-1.

145. A method of identifying a compound, comprising:

(a) measuring disease progression in treated animals infected with
a lentivirus, wherein said lentivirus is sensitive to 3-O-(3',3'-

dimethylsuccinyl) betulinic acid (DSB);

(b)  measuring disease progression in untreated animals infected

with said lentivirus,

(c) comparing the response of said treated and said untreated

animals.
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A method of identifying a compound, comprising

(a) administering said compound to animals infected with a first
lentivirus, wherein the replication of said first lentivirus is

inhibited by 3-0-(3',3"-dimethylsuccinyl) betulinic acid (DSB);

(b)  administering said compound to animals infected with a second
lentivirus, wherein the replication of said second lentivirus is
not substantially inhibited by 3-0O-(3',3'-dimethylsuccinyl)
betulinic acid (DSB);

(c) measuring and comparing disease progression in animals
infected with said first lentivirus, compared with animals

infected with said second lentivirus.

A method of identifying a compound, comprising measuring the
interaction of said compound with an amino acid sequence selected

from the group consisting of:

(@ KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTA
CQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21);

(b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTA

CQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO:
22);

(©) TACQGVGGPSHKARILAEAMSQVTNSATIM; (SEQ 1ID
NO: 23);

(d TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID
NO: 24);

(e) SHKARILAEAMSQYV (SEQ ID NO: 25);

(f) GHKARVLAEAMSQV (SEQ ID NO: 26)

PCT/US2005/018331
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(2) SHKARILAEAMSQVTN (SEQ ID NO: 116);
(h) GHKARVLAEAMSQVTN (SEQID NO: 117);
() SHKARILAEAMSQVTNSATIM (SEQ ID NO: 118); and

() GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119)

- A method of determining if a patient is infected with HIV-1 that is

susceptible to treatment by a compound that inhibits p25 processing,

comprising:
() obtaining a specimen from said patient;

(b) obtaining viral nucleic acid encoding CA-SP1 from the

specimen;
(c) genotyping said viral nucleic acid,

(d) determining if the nucleic acid encodes a CA-SP1 variant, the
processing of which is sensitive to inhibition by to 3-0-(3',3'-
dimethylsuccinyl) betulinic acid (DSB). '

A method of treating a disease in a patient in need thereof comprising:

(@) identifying a compound which inhibits the processing of viral
Gag p25 protein (CA-SP1) to p24 (CA), but has no significant

effect on other Gag processing steps;

(b) obtaining regulatory approval for the sale and use of said

compound;

packaging the compound for sale and treatment of a disease in a patient

in need there9f.

PCT/US2005/018331



