
INHIBITION OF HIV-I REPLICATION BY DISRUPTION OF THE
PROCESSING OF THE VIRAL CAPSID-SPACER PEPTIDE 1
PROTEIN Statement Regarding Federally-Sponsored
Research and Development [0001] The U.S. Government
has a paid-up license in this invention and may have
the right in limited circumstances to require the
patent owner to license others on reasonable terms as
provided for by the terms of Grant No. 2R44AI05
1047-02 awarded by NIH/NIAID. Background of the
Invention Field of the invention [0002] The invention
includes methods of inhibiting, inhibitors and methods
of discovery of inhibitors of HTV infection.
Background [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 replication 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-I 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 Ieu3. 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
alsoresponsible for the virus-induced fusion of
infected and uninfected T cells. This cell fusion
results in the formation of giant multinucleated
syncytia, cell death, and progressive depletion of CD4
cells in HIV-infected patients. These events result in
HIV-induced immunosuppression and its subsequent
sequelae, opportunistic infections and neoplasms.
[0005] In addition to CD4+ T cells, the host range of
HIV includes cells of the mononuclear phagocytic
lineage (Dalgleish et at, supra), including blood
monocytes, tissue macrophages, Langerhans cells of the
skin and dendritic reticulum cells within lymph nodes.
HIV is also neurotropic, capable of infecting
monocytes and macrophages in the central nervous
system causing severe neurologic damage. Macrophage
and monocytes are major reservoirs of HIV. They can
interact and fuse with CD4-bearing T cells, causing T
cell depletion and thus contributing to the
pathogenesis of AIDS. [0006] Considerable progress has
been made in the development of drugs for HIV-I
therapy. Therapeutic agents for HIV can include, but
not are not limited to, at least one of AZT, 3TC, ddC,
d4T, ddl, tenofovir, abacavir, nevirapine,
delavirdine, emtricitabine, efavirenz, saquinavir,
ritonavir, indinavir, nelfinavir, lopinavir,
amprenavir, atazanavir and fosamprenavir, or any other
antiretroviral drugs or antibodies in combination with
each other, or associated with a biologically based
therapeutic, such as, for example, gp41- derived
peptides enfuvirtide (Fuzeon; Timeris-Roche) and
T-1249 (Trimeris), or soluble CD4, antibodies to CD4,
and conjugates of CD4 or anti-CD4, or as additionally
presented herein. Combinations of these drugs are
particularly effective and can reduce levels of viral
RNA to undetectable levels in the plasma and slow the
development of viral resistance, with resulting
improvements in patient health and life span. [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
complicated 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.[0008] There is still a
major need for the development of additional drugs to
circumvent these issues. Ideally these would target
different stages in the viral life cycle, adding to
the armamentarium for combination therapy, and exhibit
minimal toxicity, yet have lower manufacturing costs.
[0009] HIV virion assembly takes place at the surface
membrane of the infected cell where the viral Gag
polyprotein accumulates, leading to the assembly of
immature virions that bud from the cell surface.
Within the virion, Gag is cleaved by the viral
proteinase (PR) into the matrix (MA), capsid (CA),
nucleocapsid (NC), and C-terminal p6 structural
proteins (Wiegers K. et al, J. Virol. 72:2846-2854
(1998)). Gag processing induces a reorganization of
the internal virion structure, a process termed
"maturation." hi mature HIV particles, MA lines the
inner surface of the membrane, while CA forms the
conical core which encases the genomic RNA that is
complexed with NC. Cleavage and maturation are not
required for particle formation but are essential for
infectivity (Kohl, N. et al, Proc. Natl. Acad. Sci.
USA 55:4686-4690, (1998)). [0010] CA and NC as well as
NC and p6 are separated on the Gag polyprotein by
short spacer peptides of 14 and 10 amino acids (p2),
respectively (spacer peptide 1 (SPl) and SP2,
respectively) (Wiegers K. et al, J. Virol 72:2846-
2854 (1998), Pettit, S.C. et al, J. Virol.
55:8017-8027 (1994), Liang et al. J Virol
76:11729-11737 (2002)). These spacer peptides are
released by PRmediated cleavages at their N and C
termini during particle maturation. The individual
cleavage sites on the HIV Gag and Gag-Pol polyproteins
are processed at different rates and this sequential
processing results in Gag 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 SPl and separates an
N-terminal MA-CA-SPl intermediate from a Cterminal
NC-SP2-p6 intermediate. Subsequent cleavages
separating MA from CA-SPl and NC-SP2 from p6 occur at
an approximately 10-fold-lower rate. Cleavage of SPl
from the C terminus of CA is a late event and occurs
at a 400-foId-lower rate than cleavage at the SPl-NC
site (Weigers et al and Pettit,et al, supra). The
uncleaved CA-SPl intermediate protein is alternatively
termed "p25," whereas the cleaved CA protein is
alternatively termed "p24" and the cleaved SPl peptide
is alternatively termed "p2". [0011] Cleavage of SPl
from the C terminus of CA appears to be one of the
last events in the Gag processing cascade and is
required for final capsid condensation and formation
of mature, infectious viral particles. Electron
micrographs of mature virions reveal particles having
electron dense conical cores. On the other hand,
electron microscopy studies of viral particles
defective for CA-SPl cleavage show particles having a
spherical electrondense ribonucleoprotein core and a
crescent-shaped, electron-dense layer . located just
inside the viral membrane (Weigers et al, supra).
Mutations at or near the CA-SPl cleavage site have
been shown to inhibit Gag processing and 



disrupt the normal maturation process, thereby
resulting in the production of non-infectious viral
particles (Weigers et al., supra). Phenotypically,
these particles exhibit a defect in Gag processing
(which manifests itself in the presence of a p25
(CA-SPl) band in Western blot analysis) and the
aberrant particle morphology described above which
results from defective capsid condensation. [0012]
Previously, betulinic acid and platanic acid were
isolated from Syzigium claviflorum and were determined
to have anti-HIV activity. Betulinic acid and platanic
acid exhibited inhibitory activity against HIV-I
replication in H9 lymphocyte cells with EC50 values of
1.4 mM and 6.5 mM, respectively, and therapeutic index
(T.I.) values of 9.3 and 14, respectively.
Hydrogenation of betulinic acid yielded
dihydrobetulinic acid, which showed slightly more
potent anti- HIV activity with an ECs0 value of 0.9
and a T.I. value of 14 (Fujioka, T., et al, J . Nat.
Prod. 57:243-247 (1994)). 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., et al, J. Med. Chem. 3P: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 antiHIV activity in acutely infected
H9 lymphocytes with EC50 values of less than 1.7 x 10
5 mM, respectively. These compounds exhibited
remarkable T.I. values of more than 970,000 and more
than 400,000, respectively. [0013] U.S. Patent No.
5,468,888 discloses 28-amido derivatives of lupanes
that are described as having a cytoprotecting effect
for HIV-infected cells. R= H(Betulinic acid) [0015]
Japanese Patent Application No. JP 0 1 143,832
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 R1 is a
C2-C20 substituted or unsubstituted carboxyacyl, R2 is
a C2-C2 substituted or unsubstituted carboxyacyl; and
R is hydrogen, halogen, amino, optionally substituted
mono- or di-alkylamino, or --OR4, where R is hydrogen,
Ci-4 alkanoyl, benzoyl, or C2-C20 substituted or
unsubstitutedcarboxyacyl; wherein the dashed line
represents an optional double bond between C20 and
C29. [0017] U.S. Patent Application No. 60/413,451
discloses 3,3-dimethylsuccinyl betulin and is herein
incorporated by reference. Zhu, Y-M. et al, Bioorg.
Chem Lett. /7:3115-3118 (2001); Kashiwada Y. et al, J.
Nat. Prod. 67:1090- 1095 (1998); Kashiwada Y. et al,
J. Nat. Prod. 63:1619-1622 (2000); and Kashiwada Y. et
al, Chem. Pharm. Bull. 45:1387-1390 (2000) disclose
dimethylsuccinyl betulinic acid and dimethylsuccinyl
oleanolic acid. Esterification of the 3' carbon of
betulin with succinic acid produced a compound capable
of inhibiting HIV-I activity (Pokrovskii, A.G. et al,
Gos. Nauchnyi Tsentr Virusol Biotekhnol "Vector,"
9:485-491 (2001)). [0018] Published International
Application No. WO 02/26761 discloses the use of
betulin and analogs thereof for treating fungal
infections. [0019] There exists a need for new HIV
inhibition methods that are effective against drug
resistant strains of the virus. The strategy of this
invention is to provide therapeutic methods and
compounds that inhibit the virus in different ways
from approved therapies. [0020] The compound and
methods of the present invention have a novel
mechanism of action and therefore are active against
HIV strains that are resistant to current reverse
transcriptase and protease inhibitors. As such, this
invention offers a completely new approach for
treating HFV/ADDS. Brief Summary of the Invention
[0021] Generally, the invention provides methods of
inhibiting, inhibitory compounds and methods of
identifying inhibitory compounds that target
proteolytic processing of the HIV-I Gag protein. In
one embodiment, such compounds may directly or
indirectly inhibit the interaction of a protease
enzyme with HIV-I 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-SPl protein of HIV-I 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
inhibitorycompounds that interact with the substrate
in a manner similar to that in which DSB interacts
with Gag. [0022] Another aspect of the invention is
directed to a method of inhibiting the processing of
the viral Gag p25 protein (CA-SPl) to p24 (CA), but
having no effect on other Gag processing steps. [0023]
A further aspect of the invention is directed to a
method for identifying compounds that inhibit
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA), but have no effect on other Gag processing
steps. [0024] In one aspect, the invention is drawn to
a compound or pharmaceutical composition identified by
the method for identifying compounds that inhibit HIV-
1 replication disclosed herein. [0025] In another
aspect, the present invention is directed to a
polynucleotide comprising a sequence which encodes an
amino acid sequence containing a mutation in the Gag
p25 protein, said mutation resulting in a decrease in
the inhibition of processing of p25 to p24 by
3-(9-(3',3'-dimethylsuccinyl) betulinic acid. This
aspect of the invention is also directed to a vector,
virus and host cell comprising said polynucleotide,
and a method of making said protein. [0026] A further
aspect of the present invention is directed to an
amino acid sequence containing a mutation in the Gag
p25 protein, said mutation resulting in a decrease in
the inhibition of processing of p25 to p24 by
3-O-(3',3'- dimethylsuccinyl) betulinic acid. [0027]
An additional aspect of the invention is directed to
an antibody which 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 p25 to p24 by
3-O-(3',3'-dimethylsuccinyl) betulinic acid. Also
included in this aspect of the invention are a method
of making said antibody, a hybridoma producing said
antibody and a method of making said hybridonia.
[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-I 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 oneembodiment, the released virus particles
exhibit non-condensed cores and a distinctive thin
electron-dense layer near the viral membrane and have
reduced infectivity. A method is included of
contacting animal cells with a compound that both
inhibits processing of the viral Gag p25 protein and
that disrupts the maturation of virus particles. Also,
included is a method of treating HIVinfected cells,
wherein the HIV infecting said cells does not respond
to other 



HIV therapies. [0030] This invention further includes
a method for identifying compounds that inhibit
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA), but have no significant effect on other Gag
processing steps. The method involves contacting HIV-I
infected cells with a test compound, and thereafter
analyzing virus particles that are released to detect
the presence of p25. Methods to detect p25 include
western blotting of viral proteins and detecting using
an antibody to p25, gel electrophoresis, and imaging
of metabolically labeled proteins. Methods to detect
p25 also include immunoassays using an antibody to p25
or SPl (r2) or to an epitope tag inserted into the SPl
sequence. [0031] The invention is further directed to
a method for identifying compounds involving
contacting HIV-I infected cells with a compound, and
-thereafter analyzing virus particles released by the
contacted cells, by thinsectioning and transmission
electron microscopy, and determining whether viral
particles with non-condensed cores and a distinctive
thin electron-dense layer near the viral membrane are
present. [0032] The invention is also directed to
compounds identified by the aforementioned screening
methods. In additional embodiments, the invention is
drawn to a method of treating HIV-I infection in a
patient by administering a compound that inhibits
processing of the viral Gag p25 protein (CA-SPl) 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.In related embodiments, the
virion structure may be affected, and a majority of
virions released from treated infected cells exhibit
spherical, electron-dense cores that are acentric with
respect to the viral particle; and/or possess
crescent-shaped electron-dense layers lying just
inside the viral membrane; and/or and have reduced or
no infectivity. [0033] hi additional embodiments, the
invention is drawn to a method of treating HIV-I
infection in a patient by administering a compound
that inhibits the interaction of HIV protease with
CA-SPl, which results in the inhibition of the
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA), but has no significant effect on other Gag
processing steps. Such inhibition may be direct or,
alternatively, indirect; and/or may involve said
compound binding to the viral Gag protein such that
interaction of HIV protease with CA-SPl is inhibited.
The invention is also drawn to a method of treating
HIV in a patient with a compound that binds at or near
the site of cleavage of the viral Gag p25 protein
(CA-SPl) to p24 (CA), thereby inhibiting the
interaction of HIV  protease with the CA-SPl cleavage
site and resulting in the inhibition of processing of
p25 to p24. [0034] In other embodiments, the invention
is drawn to a method of treating HIV-I -infection in a
patient by administering a compound that inhibits
processing of the viral Gag p25 protein (CA-SPl) 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% identity, or which
is identical to a sequence selected from the group
consisting of: (a)
KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTAC
QGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 21); (b)
KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTAC
QGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO: 22); (c)
TACQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 23); (d)
TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO: 24);(e)
SHKARILAEAMSQV (SEQ ID NO: 25); (f) GHKARVLAEAMSQV
(SEQ ID NO: 26); (g) SHKARILAEAMSQVTN (SEQ ID NO:
116); (h) GHKARVLAEAMSQVTN (SEQ ID NO: 117); (i)
SHKARILAEAMSQVTNSATM (SEQ ID NO: 118); and 0)
GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119). [0035] In
other embodiments, the invention is drawn to a method
of treating HIV-I -infection in a patient by
administering a compound that inhibits processing of
the viral Gag p25 protein (CA-SPl) to p24 (CA),
wherein said compound 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 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; (f) 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; (i) about nucleotides
1372-1434 of SEQ ID NO: 18; and (j) 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-SPl) 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:(a) KNWMTETFLVQNANPDCKTILKALGP
AATLEEMMTAC QGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO:
21); (b) KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTAC
QGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ED NO: 22); (c)
TACQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 23); (d)
TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ED NO: 24); (e)
SHKARTLAEAMSQV (SEQ ED NO: 25); (f) GHKARVLAEAMSQV
(SEQ ED NO: 26); (g) SHKARELAEAMSQVTN (SEQ ED NO:
116); (h) GHKARVLAEAMSQVTN (SEQ ED NO: 117); (i)
SHKARILAEAMSQVTNS ATEM (SEQ ED NO: 118); and O)
GHKARVLAEAMSQVTNP ATEM(SEQ ED NO: 119). In related
embodiments; the invention is drawns to a method of
inhibiting processing of the viral Gag p25 protein
(CA-SPl) by administration of a compound wherein said
compound 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 selected from the
group consisting of: 



(a) about nucleotides 1243-1435 of SEQ ED NO: 18; (b)
about nucleotides 1729-1920 of SEQ ED NO: 19; (c)
about nucleotides 1344-1435 of SEQ ED NO: 18; (d)
about nucleotides 1828-1920 of SEQ ED NO: 19; (e)
about nucleotides 1370-1413 of SEQ ED NO: 18; (f)
about nucleotides 1857-1899 of SEQ ED NO: 19 (g) about
nucleotides 1372-1419 of SEQ ED NO: 18;(h) about
nucleotides 1858-1905 of SEQ ID NO: 19; (i) about
nucleotides 1372-1434 of SEQ ED NO: 18; and (j) about
nucleotides 1858-1920 of SEQ ID NO: 19. [0038] The
invention may be useful in the treatment of HIV in
patients who are not adequately treated by other HIV-I
therapies. Accordingly, the invention is also drawn to
a method of treating a patient in need of therapy,
wherein the HIV-I infecting said cells does not
respond to other HIV-I therapies. In another
embodiment, methods of the invention are practiced on
a subject infected with an HIV that is resistant to a
drug used to treat HIV infection. In one application,
the HIV is resistant to a protease inhibitor, a
polymerase inhibitor, a nucleoside analog, a vaccine,
a binding inhibitor, an immunomodulator, or any other
inhibitor. In another embodiment, methods of the
invention are practiced on a subject infected with an
HIV that is resistant to a drug used to treat HIV
infection is selected from the group consisting of
zidovudine, lamivudine, didanosine, zalcitabine,
stavudine, abacavir, nevirapine, delavirdine,
emtricitabine, efavirenz, saquinavir, ritonavir,
indinavir, nelfmavir, tenofovir, amprenavir, adefovir,
atazanavir, fosamprenavir, hydroxyurea, AL-721,
ampligen, butylated hydroxytoluene; polymannoacetate,
castanospermine; contracan; creme pharmatex, CS-87,
penciclovir, famciclovir, acyclovir, cytofovir,
ganciclovir, dextran sulfate, Dpenicillamine trisodium
phosphonoformate, fusidic acid, HPA-23, eflornithine,
nonoxynol, pentamidine isethionate, peptide T,
phenytoin, isoniazid,. ribavirin, rifabutin,
ansamycin, trimetrexate, SK-818, suramin, UAOOl, and
combinations thereof. [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 HFV 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,butylated
hydroxytoluene; polymannoacetate, 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, UAOOl, enfuvirtide,
gp41 -derived peptides, antibodies to CD4, soluble
CD4, CD4-containing molecules, CD4-IgG2, and
combinations thereof. In another embodiment, the
patient is administered said compound in combination
with an immunomodulating agent, anticancer agent,
antibacterial agent, antifungal agent, or a
combination thereof. [0040] The invention is also
directed to compounds. Such compounds are useful in a
method of treating patients infected with HIV; in a
method for inhibiting processing of the viral Gag p25
protein (CA-SPl) to p24 (CA), or in a method for
treating human blood and human blood products. Such
compounds useful in the present invention include, but
are not limited to derivatives of dimethylsuccinyl
betulinic acid or dimethylsuccinyl betulin, or is
selected from the group consisting of
3-O-(3',3'-dimethylsuccinyl) betulinic acid,
3-O-(3',3'-dimethylsuccinyl) betulin,
3-<9-(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. [0041] Compounds of the invention may be used
alone, or administered with additional compounds,
including zidovudine, lamivudine, didanosine,
zalcitabine, stavudine, abacavir, nevirapine,
delavirdine, emtricitabine, efavirenz, saquinavir,
ritonavir, indinavir, nelfinavir, amprenavir,
tenofovir, adefovir, atazanavir, fosamprenavir,
hydroxyurea, AL-721, ampligen, butylated
hydroxytoluene; polymannoacetate, 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, UAOOl, enfuvirtide,
gp41 -derived peptides, antibodies toCD4, soluble CD4,
CD4-containing molecules, CD4-IgG2, and combinations
thereof; an antiviral, an immunomodulating agent,
anti-cancer agent, antibacterial agent, an anti-fungal
agent, or combinations thereof. [0042] In further
embodiments, the invention is directed 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-SPl) to
p24 (CA). In one aspect, said compound does not
significantly affect other Gag processing steps. In
related embodiments of this method, said inhibition
does not significantly reduce the quantity of virions
released from treated infected cell; and/or has little
or no significant effect on the amount of RNA
incorporation into the released virions; and/or
inhibits the maturation of virions released from
infected cells treated with said compound; and/or
affects viral morphology. Such effects on viral
morphology include, but are not limited to: the
virions released from treated infected cells to
exhibit spherical, electron-dense cores that are
acentric with respect to the viral particle; and/or
possess crescent-shaped electron-dense layers lying
just inside the viral membrane; and/or and have
reduced or no infectivity. In related embodiments, the
method involves the administration of the compound
which inhibits the interaction of HIV protease with
CA-SPl, which results in the inhibition of the
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA) but has no significant effect on other Gag
processing steps. This may be via direct, or indirect
inhibition of the interaction of HIV protease with
CASPl; and/or may involve said compound binds to the
viral Gag protein such that interaction of HIV
protease with CA-SPl is inhibited; and/or said
compound binds at or near the site of cleavage of the
viral Gag p25 protein (CA-SPl) to p24 (CA), thereby
inhibiting the interaction of HFV protease with the
CA-SPl 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-SPl) 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%identity, or which
is identical to a sequence selected from the group
consisting of: 



(a) KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTAC
QGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 21); (b)
KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTAC
QGVGGPGHKARVLAEAMSQVTNP ATM (SEQ ID NO: 22); (c)
TACQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 23); (d)
TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO: 24); (e)
SHKARILAEAMSQV (SEQ ID NO: 25); (f) GHKARVLAEAMSQV
(SEQ ID NO: 26); (g) SHKARILAEAMSQVTN (SEQ ID NO:
116); (h) GHKARVLAEAMSQVTN (SEQ ED NO: 117); (i)
SHKARELAEAMSQVTNSATM (SEQ ID NO: 118); and O)
GHKARVLAEAMSQVTNPATIM (SEQ ID NO: 119). 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 inhibits
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA), wherein said compound 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 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; (f) 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; (i) about
nucleotides 1372-1434 of SEQ ID NO: 18; and (j) about
nucleotides 1858-1 920 of SEQ E) NO: 19. [0045] The
invention also embodies methods for identifying
compounds that inhibit HIV-I replication. Accordingly,
the invention also includes a method of identifying
compounds that inhibit HIV-I replication in cells of
an animal, comprising: contacting a Gag protein
comprising a CA-SPl cleavage site with a test
compound; adding a labeled substance that selectively
binds near the CA-SPl cleavage site; and measuring
competition between the binding of the test compound
and the labeled substance to the CA-SPl cleavage site.
In further embodiments of this method, the compounds
inhibits the interaction of HIV-I protease with a
target site by binding to said target site. [0046]
These methods also include embodiments wherein the
CA-SPl cleavage site region is contained within a
polypeptide fragment or recombinant peptide; and/or
wherein the labeled substance is a labeled antibody
specific for CA-SPl, and measuring the change in the
amount of labeled antibody bound to the protein in the
presence of test compound compared 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-I 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-O-(3',3'-dimethylsuccinyl) betulinic acid. [0048] In
an alternative embodiment, the invention comprises a
method for identifying compounds that inhibit HIV-I
replication in the cells of an animalwhich comprises:
contacting a polypeptide comprising a CA-SPl cleavage
site, with a protease in the presence of a test
compound. Preferably the protease is related to HIV-I
protease, or is HIV protease. In one embodiment, the
method comprises ; contacting a polypeptide comprising
a wild type CASPl cleavage site, with a protease in
the presence of a test compound and also contacting a
polypeptide comprising a mutant CA-SPl cleavage site
or a protein comprising an alternative protease
cleavage site with HIV-I protease in the presence of
the test compound, detecting the cleavage, and
comparing the amount of cleavage of the native
wild-type polypeptide to the amount of cleavage of the
mutant polypeptide or to amount of cleavage of the
protein comprising an alternative protease cleavage
site. In a related aspect of this method, the
wild-type CA-SPl or mutant CA-SPl or alternative
protease cleavage site region is contained within a
polypeptide fragment or recombinant peptide. In a
further related aspect, the polypeptide is labeled
with a fluorescent moiety and a fluorescence quenching
moiety, each bound to opposite sides of the CA-SPl
cleavage site, and wherein said detecting comprises
measuring the signal from the fluorescent moiety. In
another related embodiment, the polypeptide is labeled
with two fluorescent moieties, each bound to opposite
sides of the CA-SPl cleavage site, and wherein said
detecting comprises measuring the transfer of
fluorescent energy from one moiety to the other in the
presence of the test compound. In a further
embodiment, the effect of the test compound on
cleavage of the polypeptide is detected by measuring
the amount of a labeled antibody that is bound to SPl
or p24 (CA). In a related aspect, the labeled antibody
that binds CA, or the antibody that binds SPl 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. The
invention is also directed to a method for identifying
compounds that inhibit HIV-I replication in cells of
an animal. In one embodiment, the method comprises:
contacting a test compound with cells infected with
wildtype virus isolates and with cells infected with
virus isolates having significantly reduced
sensitivity to 3- -(3',3'-dimethylsuccinyl) betulinic
acid;and selecting test compounds that are more active
against the wild-type virus isolate compared with
virus isolates that have reduced sensitivity to
3-O-(3',3'- dimethylsuccinyl) betulinic acid. In
another embodiment, the method comprises contacting
HIV-I infected cells with a test compound; lysing the
infected cells or the released viral particles to form
a lysate, and analyzing the lysate to determine
whether cleavage of the CA-SPl protein has occurred.
In this latter embodiment, said analyzing may comprise
measuring the presence or absence of p25; and or
performing a western blot of viral proteins and
detecting p25 using an antibody to p25; and/or
performing a gel electrophoresis of viral proteins and
imaging of metabolically labeled proteins; and/or
performing an immunoassay. Such an immunoassay may be
performed by any methods known in the art, including,
but not limited to: (a) capturing p25 and p24 on a
substrate using an antibody that selectively binds
p24; and (b) detecting the presence or absence of p25
on the substrate by using an antibody that selectively
binds p25. The invention also includes such
modifications of the above assay as would be obvious
to one of ordinary skill 



in the art. [0050] hi a further embodiment, the method
of identifying a compound according to the invention
comprises the use of an epitope tag sequence inserted
into SPl and the selective detection of p25 is
performed using an antibody to the epitope tag. [0051]
The invention is also directed to a method for
identifying compounds that inhibit HIV-I replication
in the cells of an animal comprising: contacting HIV-I
infected cells with a test compound and thereafter
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 sequencecontaining a mutation in
an HIV Gag p25 protein (CA SPl), said mutation
resulting in a decrease in inhibition of processing of
p25 (CA-SPl) to p24 (CA) by
3-O-(3',3'-dimethylsuccinyl) betulinic acid (DSB).
This inhibition of processing of p25 may be due to a
decrease in inhibition of the interaction of HIV-I
protease with Gag; and/or a decrease in the binding of
3- -(3',3'- dimethylsuccinyl) betulinic acid to Gag;
and/or a decrease in the binding of DSB at or near the
CA-SPl cleavage site of Gag. Suitable polynucleotides
also include those encoding a mutation at or near the
CA-SPl cleavage site or in the SPl domain of CA-SPl;
and/or those encoding a mutation at or near the amino
acid sequence G/SHKARV/TLAEAMSQV (SEQ ID NO: 1);
and/or those encoding the amino acid sequences
GHKARVLVEAMSQV (SEQ BD NO: 2) or SHKARILAEVMSQV (SEQ
ID NO: 3); and/or isolated polynucleotide which is
selected from the group consisting of SEQ ID NO: 4,
SEQ ID NO: 6, SEQ ID NO: 8 and SEQ ID NO: 9; and/or
having at least about 95% identity to a polynucleotide
selected from the group consisting of SEQ ID NO: 4,
and SEQ ID NO: 6; and/or having at least about 80%
identity to a polynucleotide selected from the group
consisting of SEQ ID NO: 8 and SEQ ID NO: 9; and/or
having at least about 95% identity to a polynucleotide
selected from the group consisting of SEQ NO: 5 and
SEQ ID NO: 7; and/or having at least about 80%
identity to a polynucleotide of SEQ ID NO: 10. In
additional embodiments, the polynucleotide having more
than about 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%
identity or which is identical to the polynucleotide
sequences listed above. [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 incubating 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:(a)
KNWMTETFLVQNANPDCKTILKALGPAATLEEMMTAC
QGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 21); (b)
KNWMTETLLVQNANPDCKTILKALGPGATLEEMMTAC
QGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO: 22); (c)
TACQGVGGPSHKARILAEAMSQVTNSATIM (SEQ ID NO: 23); (d)
TACQGVGGPGHKARVLAEAMSQVTNPATIM (SEQ ID NO: 24); (e)
SHKARILAEAMSQV (SEQ ID NO: 25); (f) GHKARVLAEAMSQV
(SEQ ID NO: 26); (g) SHKARILAEAMSQVTN (SEQ ID NO:
116); (h) GHKARVLAEAMSQVTN (SEQ ID NO: 117); (i)
SHKARILAEAMSQVTNSATM (SEQ ID NO: 118); and O)
GHKARVLAEAMSQVTNP ATM (SEQ ID NO: 119). 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; (f) about
nucleotides 1370-1413 of SEQ ID NO: 18; (g) about
nucleotides 1857-1 899 of SEQ ED NO: 19 (h) about
nucleotides 1372-1419 of SEQ ID NO: 18;(i) about
nucleotides 1858-1905 of SEQ ID NO: 19; (j) about
nucleotides 1372-1434 of SEQ ID NO: 18; and (k) about
nucleotides 1858-1920 of SEQ ID NO: 19. [0056] In one
embodiment, the antibody binds to amino acids of the
CA-SPl region of the HIV-I Gag polypeptide, wherein
said amino acids comprise: SHKARILAEAMSQV (SEQ ID NO:
25) or GHKARVLAEAMSQV (SEQ ID NO: 26). [0057] In one
embodiment, the invention is drawn to an antibody that
inhibits the binding of 3-0-(3',3'-dimethylsuccinyl)
betulinic acid to the CA-SPl region of the Gag
polypeptide. [0058] The invention is also drawn to
mutant HIV-I viruses. In one such embodiment, the
invention is an isolated mutant recombinant HIV-I
virus, wherein the processing of the viral Gag p25
protein (CA-SPl) to p24 (CA) in said virus is not
significantly inhibited by
3-O-(3',3'-dimethylsuccinyl) betulinic acid. In
related embodiments, this virus is not inhibited by
3-O- (3',3'-dimethylsuccinyl) betulinic acid. In
another embodiment, 3-O-(3',3'- dimethylsuccinyl)
betulinic acid does not inhibit the interaction of
protease with the Gag polypeptide in this virus. In
another, the virus does not bind to
3-O-(3',3'-dimethylsuccinyl) betulinic acid. In
further embodiments the invention is drawn to viruses
wherein the amino acids of the CA-SPl region are
replaced with alternative amino acids, or amino acids
are added to the CASPl region, or where amino acids
are deleted hi 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-SPl 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-SPl) to
p24 (CA), the method comprising comparing the ability
of said compound to inhibit HIV-I 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.[0060] The invention is also
drawn to non-HIV-1 retroviruses that are sensitive to
3-0-(3',3'-dimethylsuccinyl) betulinic acid. In some
embodiment, said retrovirus encodes a CA-SPl
polypeptide with an amino acid sequence comprising the
sequence AEAMSQV (amino acid no. 8-14 of SEQ ID NO: 



26) at or near the CA-SPl cleavage site. In another
embodiment, the retrovirus encodes a CA-SPl
polypeptide with an amino acid sequence comprising the
sequence VLAEAMSQV (amino acid no. 6-14 of SEQ ID NO:
26) at or near the CA-SPl cleavage site. In another
embodiment, the retrovirus encodes a CA-SPl
polypeptide with an amino acid sequence comprising the
sequence GHKARVLAEAMSQV (SEQ ID NO: 26) at or near the
CA-SPl cleavage site; in another the retrovirus
comprises the amino acid sequence having at least 60%,
70%, 80%, 90% identity or which is identical to the
sequence enocoded by the polynucleotide of SEQ ID
NO:26, SEQ ID NO: 90; SEQ ID NO: 92; SEQ ID NO: 94;
SEQ ID NO: 96; or SEQ ID NO: 98; in another embodiment
the retrovirus comprises the amino acid sequence
having at least 60%, 70%, 80%, 90% identity or which
is identical to the sequence of SEQ ID NO: 91; SEQ ID
NO: 93; SEQ ID NO: 95; SEQ ID NO: 97; or SEQ ID NO:
99. In another embodiment, the retrovirus comprises
the nucleic acid sequence having at least 70%, 80%,
90% or which is identical to the sequence of SEQ ID
NO: 90; SEQ ID NO: 92; SEQ ID NO: 94; SEQ ID NO: 96;
or SEQ ID NO: 98. [0061] Retroviruses of this
embodiment of the invention include, but are not
limited to HIV-2, HTLV-I, HTLV-II, SIV, avian leukosis
virus (ALV), endogenous avian retrovirus (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-I; 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.[0063] Examples of
chimeric Antiviruses that were, are or may be
constructed by this method are described in Figure 10.
[0064] Such viruses may be used in the methods of the
invention described elsewhere herein. For example,
such recombinant non-HIV-1 Antiviruses may be used in
a method of identifying a compound which inhibit
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA), the method consisting of comparing of the
ability of said compound to inhibit replication 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. [0065] The
invention is also drawn to an animal model of
Antivirus infection comprising a suitable non-human
animal host infected with a Antivirus sensitive to
3-6>-(3',3'-dimethylsuccinyl) betulinic acid. In such
an embodiment, the Antivirus may include, but is not
limited to SIV; FIV; EIAV; BIV; CAEV; and Visna-Maedi
virus. [0066] The invention is also drawn to isolated
polypeptides. In one embodiment, the invention is
drawn to a polypeptide containing a mutation in an HIV
CA-SPl protein, said mutation which results in a
decrease in inhibition of processing of p25 by
3-O-(3',3'-dimethylsuccinyl) betulinic acid. In a
related embodiment, this polypeptide is encoded by a
polynucleotide that contains a mutation located at or
near the CA-SPl cleavage site or in the SPl domain
encoded by SEQ ID NO: 5, SEQ ID NO: 7, or SEQ ID NO:
10 and/or is encoded by 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; 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
selectively bind to an amino acid sequence containing
a mutation in an HIV CA-SPl protein which results in a
decrease in the inhibition of processing of p25
(CA-SPl) to p24 (CA) by 3-O-(3'3'-dimethylsuccinyl)
betulinic acid. In one such embodiment, the antibody
selectively binds to a mutation located at or near the
CA-SPlcleavage site or in the SPl domain of CA-SPl; in
another, the antibody selectively binds to a mutation
comprising a sequence that is selected from the group
consisting of GHKARVLVEAMSQV (SEQ ID NO: 2) or
SHKARILAEVMSQV (SEQ ID NO: 3); in another embodiment,
the antibody selectively binds an amino acid sequence
selected from the group consisting of SEQ ID NO: 2 and
SEQ ID NO: 3. [0068] hi another embodiment, the
invention is drawn to an antibody that selectively
binds SPl but not CA-SPl; another that selectively
binds CA-SPl but not CA; another that selectively
binds CA but not CA-SPl; and a further antibody that
selectively binds at or near the CA-SPl cleavage site.
[0069] The invention is also directed to a compound
identified by any of the methods elucidated herein. In
one embodiment, the compounds is not a compound
selected from the group consisting of
3-O-(3',3'-dimethylsuccinyl) betulinic acid,
3-O-(3',3'-dimethylsuccinyl) betulin, 3-0-(3',3'-
dimethylglutaryl) betulin, 3-
-(3',3'-dimethylsuccinyl) dihydrobetulinic acid,
3-O-(3',3'-dimethylglutaryl) betulinic acid,
(3',3'-dimethylglutaryl) dihydrobetulinic acid,
3-O-diglycolyl-betulinic acid,
3-O-diglycolyldihydrobetulinic acid, and combinations
thereof. [0070] The invention is also drawn to a
pharmaceutical composition m one embodiment, the
pharmaceutical composition comprises derivatives of
dimethylsuccinyl betulinic acid or dimethylsuccinyl
betulin; in another, the pharmaceutical composition
comprises a compound selected from the group
consisting of 3-O-(3',3'-dimethylsuccinyl) betulinic
acid, 3-0-(3',3'- dimethylsuccinyl) betulin,
3-O-(3',3l-dimethylglutaryl) betulin, 3-0-(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,stavudine, abacavir, nevirapine,
delavirdine, emtricitabine, efavirenz, saquinavir,
ritonavir, indinavir, nelfinavir, tenofovir,
amprenavir, adefovir, atazanavir, fosamprenavir,
hydroxyurea, AL-721, ampligen, butylated
hydroxytoluene; polymannoacetate, 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, UAOOl,
combinations thereof, any other antiviral,
immunomodulating agent, anti-cancer agent, anti-fungal
agent, anti-bacterial agent, or combinations thereof. 



[0071] The invention is also drawn to a method of
determining if an individual is infected with HIV-I
that is susceptible to treatment by a compound that
inhibits p25 processing. In one embodiment, the method
involves taking blood from the patient, genotyping the
viral RNA and determining whether the viral RNA
contains mutations in the sequence encoding the region
of the CASPl cleavage site. [0072] The invention is
also drawn to 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-SPl) to p24 (CA), but has no
significant effect on other Gag processing steps;
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 thereof.
Brief Description of the Drawings [0073] Figure 1. DSB
does not disrupt the activity of HIV-I protease at a
concentration of 50 mg/mL. In DSB-containing samples
recombinant Gag is processed correctly. In contrast,
indinavir blocks protease activity at 5 mg/mL as
evidenced by the absence of bands corresponding to p24
and the MA-CA precursor.[0074] Figure 2. Western blots
of virion-associated Gag derived from chronically
infected H9/H GV-1 PIB, H9/HIV-2 ROD, and H9/SIVmac251
in the presence of DSB ( 1 mg/mL), indinavir ( 1
mg/mL) or control (DMSO). Gag proteins were visualized
using HIV-Ig (HIV-I) or monkey anti-SIVmac251 serum
(HIV-2 and SIV; NIH AIDS Research and Reference
Reagent Program). [0075] Figure 3. EM analysis of
DSB-treated HIV-I infected cells. The EM data show two
primary differences between DSB-treated and untreated
samples. Virions generated in the presence of DSB are
characterized by an absence of conical, mature cores.
In these samples the cores are uniformly spherical and
often acentric. Secondly, many virions display an
electron dense layer inside the lipid bilayer but
outside the core (indicated with arrows in the
DSB-treated sample panels). In the DSB-treated samples
no mature viral particles were observed. [0076] Figure
4 depicts amino acid sequences in the region of the
CA-SPl cleavage site from DSB-sensitive HIV-I isolates
NL4-3 and RF (#1; SEQ ID NO: 1) and DSB-resistant
HIV-I isolates (#2; SEQ ID NO: 2 (NL4-3), and #3; SEQ
ID NO: 3 (RF)). The differences between the native and
DSB-resistant sequences involve an alanine to valine
change at the first downstream residue (#2) and an
alanine to valine change in the third downstream
residue (#3) from the CA-SPl cleavage site (-|-).
These residues are underlined and bolded for ease of
identification. [0077] Figure 5 depicts the + sense
consensus sequence for the A364V DSBresistant 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 Ml 9921 sequence are in bold
and gray shadowing. The coding sequence for the
consensus CASPl cleavage site region is underlined.
The shaded area including the cleavage site denotes
the SPl 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
inthe original GENBANK entry. Therefore, no mutations
actually occurred in protease. [0079] Figure 6 depicts
the + sense consensus sequence for the DSB-sensitive
NL4-3 parental isolate (SEQ E) NO: 5) that was
passaged in the absence of drug in parallel with the
A364V mutant isolate. [0080] Figure 7 depicts the +
sense consensus sequence for the A366V DSBresistant
HIV-I RF mutant (SEQ ID NO: 6) beginning with the
start of the gag and continuing into pol, including
the entire protease coding region. Missense mutations
not found in the wild-type HIV-I RF GENBANK M17451
sequence are shadowed in gray. The region of the
CA-SPl cleavage site is underlined. The only missense
mutation not also found in the identically passaged
DSB-sensitive isolate is the A366V mutation in the
CA-SPl cleavage site. [0081] Figure 8 depicts the +
sense consensus sequence for the DSB-sensitive HIV-I
RF parental isolate (SEQ ID NO: 7), that was passaged
in the absence of drug in parallel with the A366V
mutant isolate. [0082] Figure 9 depicts the
polynucleotide sequences, SEQ ID NO: 8 and SEQ E) NO:
9, which encode the polypeptides designated herein as
SEQ E) NO: 2 and SEQ E) NO: 3, respectively. SEQ E )
NO: 10 and 12 depict the nucleotide sequences that
encode the parental polypeptide sequences designated
as SEQ E) NO: 1. SEQ E ) NO: 1 is a consensus sequence
based on the sequences of the region from NL4-3 and RF
[0083] Figure 10: 1OA. Amino acid sequences in the
CA-SPl region of lentiviruses. (SEQ E ) NO: 13; SEQ E)
NO: 11; SEQ E) NO: 14; SEQ E) NO: 15; SEQ E) NO: 20;
SEQ E) NO: 27; SEQ E) NO: 28; SEQ ID NO: 29; SEQ E)
NO: 30; SEQ E) NO: 30; respectively) 1OB: Amino acid
sequences of the CA-SPl region in HIV-I strains RF
(SEQ E) NO: 11) and NL4-3 (SEQ E) NO: 13). lOC-lOD:
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-SPl cleavage site is underlined and in bold.10E-H
Nucleotide sequences of gag gene of chimeric FIV, EIAV
and BIV to be made according to the invention. The 42
nucleotide sequences encoding the seven amino acids
upstream and seven amino acids downstream of the
CA-SPl cleavage sites are underlined and in bold
(nucleotide sequence: SEQ ID NO: 16; amino acid
sequence SEQ ID NO: 17). 1OF. Nucleotide sequence of
GAG gene of Chimeric Feline Immunodeficiency Virus
(FIV) containing the HIV CA-SPl region: Chimeric
FIV-GAG gene nucleotides 1-1353 corresponds to
nucleotides 628-1980 in Chimeric FIV genome.
Nucleotide sequence SEQ ID NO: 94 encoding amino acids
SEQ ID NO: 95. 1OG. Nucleotide Sequence of GAG gene of
Chimeric Equine Infectious Anemia Virus (EIAV)
containing the HIVl CA-SPl region: Chimeric EIAV-GAG
gene nucleotide 1-1587 corresponds to nucleotides 450-
1910 in Chimeric EIAV genome. Nucleotide SEQ ID NO: 96
encoding amino acids SEQ ID NO: 97 1OH. Nucleotide
Sequence of GAG gene of Chimeric Bovine
Immunodeficiency Virus (BIV) containing the HIVl
CA-SPl region: Chimeric BIV-GAG gene nucleotides
1-1471 corresponds to nucleotides 316- 1746 in
Chimeric BIV genome. Nucleotide SEQ ID NO: 98 encoding
amino acids SEQ ID NO: 99 [0084] Figure 11:
Replication kinetics of PA-457 (DSB)-resistant mutants



[0085] Figure 12: Sequential SPl point deletions in
the context of NL4-3 used to identify residues
necessary for DSB activity. The amino acid sequence of
SPl domain in NL4-3 is shown. "D" 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 ED 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 SPl, in the presence (+) and absence (-)
of DSB.[0088] Figure 15. Substitution of HIV-I CA-SPl
residues VL-AEAMSQV (SEQ ID NO:32) into SIVmac239
backbone renders SIVmac239 sensitive to DSB (SEQ ID
NO: 14; SEQ ID NO: 15; SEQ ID NO: 20; SEQ ID NO: 27;
SEQ ID NO: 28; SEQ ID NO: 13; respectively). (Top
panel) Amino acid sequences near the CA-SPl cleavage
site (including entire SPl region) are shown for
SIVniac239, HIV-I NL4-3 and a series of SIV mutants
into which various NL4-3 residues (underlined) were
inserted. Dashes ("-") indicates the residues are the
same as those in SrVmac239. (Bottom panel) Western
blots showing the CA and CA-SPl proteins for this
series of viruses in the presence (+) or absence (-)
of DSB. [0089] Figure 16: Sequence conservation in the
CA-SPl region of Lentiviruses. Cloning Strategy:
Substituting HIV-I specific CA-SPl residues into the
corresponding Gag region of FIV, EIAV or BIV. [0090]
Figure 17. HIV-I NL4-3 SPl tagged with an epitope.
Sequences of SPl peptides with peptide tags inserted
are shown. "D" indicates deleted residue and "-"
indicates that the residue is identical to that in
NL4-3 SPl. (Fig 17 (1); SEQ ID NO: 15; SEQ ID NO: 104;
SEQ ID NO: 105; SEQ ID NO: 106; SEQ ID NO: 107;
respectively); (Fig 17 (2); SEQ ED NO: 15; SEQ ID NO:
108; SEQ ID NO: 109; respectively); (Fig 17 (3); SEQ
ID NO: 15; SEQ ID NO: 110; SEQ ID NO: 111;
respectively); (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-I 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-SPl cleavage site is highlighted in green. An
additional 129 nucleotides (43 amino acid residues)
upstream of the cleavage site in CA and the remaining
2 1 nucleotides (seven amino acids residues) in SPl
are highlighted. [0092] Figure 19A-E: HIV-I 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 sevenamino acids downstream of the CA-SPl
cleavage site is highlighted in green. An additional
129 nucleotides (43 amino acid residues) upstream of
the cleavage site in CA and the remaining 2 1
nucleotides (seven amino acids residues) in SPl are
highlighted. [0093] Figure 20: A schematic
representation of the Gag protein and the CASPl
sequences of the SHIVs used in this study. The
sequences flanking the CA-SPl cleavage site for SIV
Mac239 and HIV-I NL4-3 are shown at the top and bottom
of the list of sequences, respectively. A dashed line
(-) represents residues that are identical to the
parent SIV MAC239, a delta (D) represents SrV residues
that are deleted in the SHIVs. [0094] Figure 21:
Western blot analysis of the Gag processing profiles
for panel 1-3 SHIVs. Figure 2 1A shows Gag processing
from cell-associated virus while Fig. 21B shows the
Gag processing profile for cell-free virions. Normal
Gag processing is indicated by a plus sign (+), while
a defective processing profile is indicated by a minus
sign (-). [0095] Figure 22: Western blot analysis of
the effect of DSB at l mg/ml on the conversion of the
capsid precursor, CA-SPl to mature capsid protein. In
panel A, the virus for Western blotting was obtained
using a constant volume of cell culture supernatant.
This resulted in variability in the intensity of the
viral protein bands due to differences among the SHIVs
in the level of virus production. Panel B shows the
Gag processing profiles obtained when increased
amounts of viral protein are used for Western blot
analysis. Only SHTVs that exhibit normal Gag
processing are included here. The asterix(*) in panel
A indicates the faint CA-SPl 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-SPl region in HIV-I
clinical isolates, obtained from "HIV Sequence
Compendium 2002, " Kuiken et al. eds. Los Alamos
National Laboratory, Los Alamos, NM.
(www.hiv.lanl.gov).Detailed Description of the
Invention [0097] The present invention is directed to
methods of inhibiting HIV-I replication in the cells
of an animal. More specifically, the invention
involves methods of inhibiting HIV-I replication in
the cells of a mammal by contacting infected cells
with a compound that inhibits the processing of the
viral Gag p25 protein (CA-SPl) to the p24 protein
(CA). More specifically, such compounds inhibit the
processing of the viral Gag p25 protein (CA-SPl) to
the p24 protein (CA) without significantly affecting
other Gag processing steps. [0098] "A compound that
does not significantly affect other Gag processing
steps" means that the compound in question
predominantly inhibits processing of p25 to p24, but
does not necessarily preclude the possibility of
having additional minor effects on other Gag
processing steps. [0099] "Significant" or
"Significantly," where not otherwise defined herein,
means an observable or measurable change compared to
the process in the absence of a compound. However, not
all observable or measureable changes may necessarily
be significant. [0100] A number of viral phenotypes
may also be observed in practicing the method of the
invention. One result of contacting an infected cell
with the compounds of the invention may be the
formation of noninfectious viral particles.
Alternatively, or in addition, contacting infected
cells with a compound that inhibits p25 to p24
processing, results in the formation of non infectious
viral particles, but where there is no significant
effect on other Gag processing steps. This may not
significantly reduce the quantity of virus released
from treated cells and/or has no little or no
significant effect on the amount of RNA incorporation
into the released virions. [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-SPl cleavage have been shown to be 



non-infectious (Wiegers K. et al, J. Virol.
72:2846-2854 (1998)). 3-O-(3',3'- dimethylsuccinyl)
betulinic acid (DSB) is an example of a compound
thatdisrupts p25 to p24 processing and potently
inhibits HIV-I replication. This compound's activity
is specific for the p25 to p24 processing step, not
other steps in Gag processing. Furthermore, DSB
treatment results in the aberrant HIV particle
morphology as described in Figure 3. 1. Identification
of HIV-I determinants associated with sensitivity to
3- O-(3',3'-dimethylsuccinyl) betulinic acid (a)
Generation and selection of HIV-I viruses resistant to
DSB. [0103] Mutant forms of HIV-I have been generated
in which the amino acid sequence in the region of the
CA-SPl cleavage site is modified, decreasing the
sensitivity of these strains to compounds that disrupt
CA-SPl processing. Data on these mutant viruses have
been used to identify the amino acid residues in
wild-type Gag that are implicated in the antiviral
activity of these compounds. In one embodiment,
compounds that disrupt CA-SPl processing directly or
indirectly inhibit the interaction of HIV-I protease
with the region of the Gag protein containing these
amino acid residues. In another embodiment, compounds
that disrupt CA-SPl processing bind to the region
containing these amino acid residues. As used herein,
the terms "bind," "bound" or "binding" refers to
binding or attachment including, e.g., ionic
interactions, electrostatic hydrophobic interactions,
hydrogen bonds, etc; and also includes associations
that may be covalent, e.g., by chemically coupling.
Covalent bonds can be, for example, ester, ether,
phosphoester, thioester, thioether, urethane, amide,
amine, peptide, imide, hydrazone, hydrazide,
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-SPl processing bind to another region of Gag and
thereby inhibit the interaction of HIV-I protease with
the region of the CA-SPl cleavage site. In another
embodiment, viruses or recombinant proteins that
contain mutations in the region of the CASPl cleavage
site can be used in screening assays to identify
compounds that disrupt CA-SPl processing.[0105] In one
set of experiments, amino acid residues in HIV-I Gag
that are involved in the disruption of CA-SPl
processing by 3-O-(3',3'- dimethylsuccinyl) betulinic
acid (DSB) were identified by sequencing the gagpol
gene of virus isolates that had been selected for
resistance to DSB. The amino acid sequences from these
resistant viruses were compared with the gag-pol gene
sequences from DSB-sensitive HIV-I isolates. Two
single amino acid changes were identified in the
DSB-resistant viruses, an alanine (Ala) to valine
(VaI) substitution at residue 364 (SEQ ID NO: 4) and
in a second isolate, at residue 366 (SEQ ID NO: 6), in
the Gag polyprotein (see Figure 4). These residues are
located immediately downstream of the CA-SPl cleavage
site (at the N-terminus of SPl). Alanine is highly
conserved at these positions throughout all HIV-I
subtypes listed in the Los Alamos National Laboratory
database. The five amino acid residues upstream and
downstream of the CA-SPl cleavage site are also highly
conserved among the various subtypes. However,
isoleucine replaces valine at the position two
residues upstream of the cleavage site in a number of
clades (c.f, Figure 4, SEQ DD NO. 1). ("HIV Sequence
Compendium 2002, " Kuiken et al. eds. Los Alamos
National Laboratory, Los Alamos, NM.) [0106] In order
to more extensively map the viral genetic determinants
for DSB resistance, additional experiments were
performed to select for viruses in vitro that are drug
resistant. Multiple parallel cultures of Jurkat T
cells (5 x 105 each) were transfected with the
proviral DNA clone pNL4-3 in the presence or absence
of 10-50 ng/ml DSB. The cells were passaged every two
days, and fresh drug was added at each passage. Virus
replication was monitored by measuring reverse
transcriptase activity in culture supematants. Virus
was isolated from culture supematants harvested at
selected timepoints, and genomic DNA was amplified by
RT-PCR using primers that spanned the coding region
between the N-terminus of CA and the N-terminus of RT.
The amplified product was then sequenced using the
same set of primers. [0107] In one experiment, an
A366V mutation was identified in the SPl 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
A366Vmutation in SPl. The A366V mutation was
identified previously in experiments selecting for
resistant variants of the RF isolate. Interestingly,
the wild-type RF sequence also contains a serine
residue at position 357 in CA (Figure 4). Since serine
is present at this position in isolates (such as RF)
that are sensitive to DSB, the CA G357S mutation alone
is not sufficient to confer resistance to DSB. To
determine the contribution of each of these mutations
to drug resistance, the A366V mutation and the
A366V/G357S double mutation were re-engineered into
the wild-type NL4-3 backbone by sitedirected
mutagenesis. The resulting constructs were transfected
into Jurkat T cells and characterized in a virus
replication assay as described above for the selection
of resistance. SDS-PAGE analysis of transfected cell
lysates and virus released into the media demonstrated
that the A366V mutant Gag was processed and released
from cells inefficiently (data not shown) and thus
replicated very poorly even in the absence of drug
(Figure 11) However, the A366V/G357S double mutant
replicated efficiently in the absence or presence of
DSB. There data indicate that the resistant mutant,
A366V, requires a serine at the 357 position in the CA
region of Gag to compensate for a deleterious effect
on virus replication (Figure 11). [0108] In a further
experiment, ten different resistant isolates were
generated. Sequencing of these isolates identified
four additional mutations not previously seen in
resistance selection experiments. These were H358Y,
L363F and L363M in CA, and A402T in the NC region of
Gag. None of these mutations are present in the
consensus sequences for HIV-I clades A-O, reflecting
the breadth of activity of DSB against genetically
diverse clades of HIV-I. 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-I. [0109] These results demonstrate the presence
of specific genetic determinants for DSB activity in
HIV-I, and that these determinants are centered around
the CA-SPl cleavage site. (a) HIV-I NL4-3 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-I inhibitory activity map
to the region of Gagflanking the CA-SPl cleavage site.
In order to better define the viral genetic
determinant for DSB, HIV-I point-deletion mutagenesis
and SIV insertion studies were undertaken to identify
the specific amino acid residues associated with
compound activity. The study was carried out as
follows. Single residue deletions starting with
residue E365 and continuing through residue M377 were
engineered into the SPl domain of the infectious HIV-I
molecular clone NL4-3 (Figure 12). The effect of these
point deletions on viral particle production,
infectivity, Gag processing and sensitivity to DSB was



determined. The results of these experiments were used
to identify the Gag residues in the region of the
CA-SPl cleavage site that are associated with DSB
activity. The residues associated with activity were
inserted into the CA-SPl cleavage site region of the
DSB-resistant virus SIV (Mac 239 isolate) to generate
a HIV-I, SIV chimeric virus (SHIV). Point substitution
of HIV-I residues from the N-terminus of the CA
protein were made into this chimeric virus until the
minimal sequence necessary to rescue DSB activity was
identified. This minimal sequence necessary to gain
DSB activity is considered a primary viral genetic
determinant of DSB activity. It may suggest the
molecular determinant of DSB activity. 1. Methods: (a)
Construction of NL4-3 single point-deletion mutants.
[0111] Single point-deletion constructs were generated
using the PCRligation- PCR (PLP) strategy as
previously described. HIV-I NL4-3 plasmid DNA was used
as the template to perform all PCR reactions for
generating point deletions spanning the complete Gag
SPl domain with the exception of the first residue of
SPl. [0112] DE365 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
(DA366, DM367, DS368, DQ369, DV370, DT371,
DN372,DP373, DA374, DT375, DI376, and DM377). PCR
procedures were similarly performed by varying
deletion-specific downstream and upstream primers
corresponding to each specific point deletion (Table
1). [0113] Each of these parallel two adjacent PCR
fragments was gel purified, phosphorylated using T4
polynucelotide kinase (NEB), and ligated by using T4
DNA ligase (NEB). After inactivation at 65C for 15
minutes, the ligation reaction was used for a
subsequent amplification with universal upstream
primer (Primer. 2) and downstream primer (Primer. 4).
This product was gel purified, digested with Spel and
Apal, and then ligated into the Spel and Apal sites of
NL4-3 proviral DNA clone. [0114] Standard PCR
conditions were used for the above-described
reactions. These included, one cycle of denaturation
at 950C for 1 minutes 30 seconds, followed by 30
cycles of denaturation at 95C for 30 seconds, 60C for
30 seconds and 72C for 30 seconds. The PCR reactions
were set up using the following components: 5 mL 10 x
NEB Thermophilic buffer 2 mL 1O mM dNTPs l mL 10OnM
MgSO2 1 mL 50 pmol upstream primer 1 mL 50 pmol
downstream primer 1 mL 50 ng/mL template DNA 0.5 mL
Vent DNA polymerase 38.5 mL ddH2O [0115] A 10 mL
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
adjacent 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 mL
1OX T4 polynucleotide kinase buffer 2 mL 1OmM ATP 1 mL
T4 polynucleotide kinase[0116] 15 mL gel purified DNA
of each of these two adjacent PCR fragments The
reaction was incubated at 370C for 1 hour. Following
the inactivation at 65C for 10 minutes, the adjacent
phosphorylated PCR fragments were then ligated
together by using T4 DNA ligase (NEB) under following
conditions: 3 mL 1OX T4 DNA ligase buffer 13 mL of
each of two adjacent PCR fragments 1 mL T4 DNA ligase
[0117] After overnight incubation at 16C the ligation
reaction product was used in a second round PCR
reaction to amplify the full-length PCR fragment
spanning these two adjacent PCR products. The second
round PCR reaction was performed as described above
with the exception that only universal upstream primer
(Primer. 2) and downstream primer (Primer. 4) were
used. Again, a 10 mL aliquot was run on a agarose gel
to make sure the correct product was amplified. The
full-length PCR fragments were then gel isolated and
purified using a Qiaex II kit. The purified
full-length PCR fragment, together with NL4-3, were
then cut with Spel and Apal under the following
conditions: 2 mL 1OXNE buffer 4 (NEB) 1 mL Apal (NEB)
1 mL Spel (NEB) 16 mL full length PCR product ( 1 mg)
or NL4-3 (500 ng) [0118] The above restriction enzyme
digestion mixture was incubated at 37C for 2 hours.
Digested DNA fragments for the full-length PCR product
and the NL4-3 plasmid were individually gel isolated
and purified using a Qiaex p kit. The digested vector
NL4-3 and full length PCR fragment were ligated using
T4 DNA ligase under the following procedure: 1 mL 1OX
T4 DNA ligase buffer 1 mL (25-50 ng) digested NL4-3
vector 7 mL digested (200 ng-400 ng) digested PCR
fragment (700 bp) 1 mL T4 DNA ligase [0119] The
ligation reaction was incubated at 160C overnight and
the ligated products were transformed into
Escherichila coli Max Efficiency Stbl2(Invitrogen) by
heat shock according to instruction (Invitrogen). The
proviral DNA clones were then screened by
automatically sequencing using a Taq Dye Deoxy
Terminator cycle Sequencer Kit (Applied Biosystems)
individually using internal primers (Primer 29 and 30)
Following the verification the mutations the proviral
DNA clones were used for various future studies. 1.
Construction of SIV chimeric mutants [0120] A panel of
SIV chimeric constructs harboring various residues of
NL4- 3 CA-SPl boundary region was generated using the
SIVmac239 molecular clone by employing PCR and cloning
procedures described above. These constructs and their
amino acid sequences in the CA-SPl boundary region are
shown in Figure 15. SIV mac239 was used to generate
the SIV DD and DE constructs. The SIV DD construct was
used to generate SIV DM. Different SIV chimeric
constructs were produced in the PCR by varying
respective mutagenic upstream and downstream primers
corresponding to each chimera (Table 1). Each 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 SIVmac239 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
mg/ml Streptomycin) and passaged upon confluence.
Jurkat cells were cultured in RPMI 1640 (Invitrogen)
(10% FBS, 100 U/ml penicillin, and 100 mg/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-I NL4-3
orSF/mac239 and respective mutant proviral DNAs were
transfected into HeLa cells by employing FuGENE 6
transfection reagent (Roche). Briefly, cells were
seeded into a 6-well plate (Corning) at a
concentration of 0.5 x 105 per well the day before
transfection to reach 60 to 80% confluence on the day
of transfection. For each transfection, 3 ml of FuGENE
6 was diluted into 100 ml of serum-free DMEM followed
by the addition of 1 mg of DNA. After gently mixing,
the mixture of DNA-lipid complexes was gently added
drop wise into the cells containing 2 ml of complete
DMEM medium. Twenty-four hours post-transfection,
medium containing DNA-FuGENE 6 complexes was removed,
2 ml of fresh DMEM was added into the transfected
cells. At 48 h post-transfection, medium containing
viral particles was collected and clarified by
centrifugation at 2,000 rpm at 4C for 20 min in a
Sorvall RT 6000B centrifuge. Virus particle-containing
supernatants were then concentrated through a 20%
sucrose cushion in a microcentrifuge at 13,000 rpm at
4C for 120 min and pellets were resuspended in a lysis
buffer (150 mM Tris-HCl, 5% Triton X-100, 1%
deoxycholate, pH 8.0). The level of viral particle
production for wild type NL4-3 and point deletion
mutants was determined by p24 antigen capture ELISA
(ZeptoMetrix, Buffalo, NY). To examine the effect of
deletion or 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-Iinfected 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.[0124] To
address the effect of deletion or substitution on the
ability of DSB to inhibit CA-SPl processing, HeLa
cells were transfected with wild-type HIV-I NL4-3 or
SIVmac239 and respective mutant proviral DNAs by
employing the procedure described above. DSB at a
concentration of 1 mg/ml and DMSO control were
maintained throughout the entire culture and SDSPAGE/
Western-Blot for analyzing viral proteins derived from
these transfections were performed as described in the
previous paragraph. [0125] The 50% -Tissue Culture
Infectious Dose (TCBD50) per ml was used as a measure
of the infectivity of each deletion mutant. Mutant
viruses derived from transfections in HeLa cells were
used to infect U87 CD4.CXCR4 cells. Each virus stock
was tested in triplicate at a starting dilution of
1:10, followed by four-fold serial dilutions. Cells
were plated the day before infection at a density of
3x1 03 cells/well. On the day of infection, culture
media was removed from the cell plate and 90ml of
diluted virus was added. On days 1, 3, and 6 post
infection, virus was removed from plate and 200ml of
culture media was added. On days 6 and 8 post
infection, supernatant was collected for p24 ELISA
analysis. The virus dilution that caused 50% of the
culture to be infected (TCID 50) was determined
according to the method of Reed and Muench (Aldovini
A. and B. Walker 1990; Dulbecco R. 1988). 3. Results
[0126] Viruses containing sequential point deletions
within the Gag SPl domain (Figure 12) were
characterized for particle production, infectivity,
Gag processing and sensitivity to DSB. The results
from these experiments were used to identify SPl
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 wildtype 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
E365through Q369 resulted in a virus that was either
non-infectious or significantly impaired for
replication (Figure 13). In contrast, starting with
residue V370 and extending away from the CA-SPl
cleavage site, none of the characterized point
deletions resulted in a decrease in virus infectivity
(Figure 13). With the exception of viruses with
deletions at positions 1376 and M377 all mutant
viruses exhibited a normal or near normal Gag
processing phenotype (Figure 13). The results from
these three sets of experiments permitted the design
and interpretation of experiments to identify the
genetic determinants of DSB activity. [0128]
Sensitivity to DSB was determined in experiments that
characterized the effect of DSB on a late step in Gag
processing, CA-SPl cleavage. Specifically, these
assays measured the ability of DSB to disrupt CA-SPl
processing. As seen, e.g. Example 8, the DSB-induced
defect in Gag processing correlates with the ability
of the compound to inhibit virus replication. Results
from these experiments indicate that deletion of a
single residue at any of the six positions E365
through V370 significantly reduces the affect of DSB
on CA-SPl processing (Figure 14). In contrast,
starting with residue T372 and extending away from the
CA-SPl cleavage site, all of the characterized point
deletions are fully sensitive to DSB-induced
disruption of CA-SPl processing (Figure 14). [0129]
The SPl residues associated with DSB activity consist
of the contiguous residues E365 through V370. [0130]
Residues A364 through V370 were inserted into the
analogous position of the Gag SPl domain in the
DSB-resistant retrovirus SIV (Mac 239 isolate).
Additionally, the N-terminus of the CA protein of this
chimeric virus was modified by cumulative substitution
of residues found in SIV with HIV-Ispecific 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-I CA-SPl -specific
residues that needs to be inserted to rescue DSB
activity in the SHIVs extends from V362 to V370Table
1. PCR Mutagenesis Primers[0001] REPORTING TERMINAL
CAPABILITIES FOR SUPPORTING SHORT MESSAGE SERVICE
[0002] FIELD OF INVENTION [0003] The present invention
generally relates to wireless local area networks
(WLANs), and more particularly, t o a method and
apparatus for reporting terminal capabilities to
support short message service (SMS) over a WLAN.
[0004] BACKGROUND [0005] The current architecture for
supporting SMS over Internet Protocol (IP) on a
WLANuses a SMS proxy on behalf of the user equipment
(UE) at the IP gateway. The SMS proxy acts as a
terminal front end to the Signaling System No. 7 (SS7)
mobile application part (MAP) (i.e., the existing SMS
for global system for mobile communication
(GSMVgeneral packet radio service (GPRS)). The control
signaling associated with SMS is not currently covered
by the proxy function. [0006] SUMMARY [0007] The
present invention extracts the SMS data message from
the SS7/MAP format and sends the message to an
interworking WLAN(I-WLAN)UE using an IP-based
protocol. In the present invention, the SMS proxy
function in the SMS IP gateway performs all of the
functions performed by the SMS client in a GSM/GPRS
UE. [0008] A method for delivering a short message
service (SMS) message to an interworking wireless
local area network user equipment (UE) begins by
registering the UE with an Internet Protocol short
message gateway (IP-SMGW). A capability report is sent
from the UE t o the IP-SM-GW, the capability report
including the capabilities of the UE. ASMS message is
transmitted from a short message service center (SMSC)
to the IP-SM-GW. The capabilities of the UE are
evaluated at the IP-SM-GW to determine whether the UE
can receive theSMS message, and the SMS message is
delivered tothe UE via the IP-SM-GW if the UE has the
capabilities to receive the SMS message. [0009]
Amethod for sending a SMS message from an interworking
wireless local area network user equipment (UE) begins
by registering the UE with an IPSM- GW.Acapability
report, including the capabilities of the UE, is sent
from the UE to the IP-SM-GW,whereby the IP-SM-GW acts
as a proxy for the UE. A SMS message is transmitted
from the UE tothe IP-SM-GW. The SMS message is sent to
a SMSC via the IP-SM-GW. [0010] A system for
delivering a SMS message to an interworking wireless
local area network user equipment (UE) includes a
SMSC, an IP-SM-GW, and a capability report. The SMSC
transmits a SMS message for delivery to the UE. The UE
registers with the IP-SM-GW,the IP-SM-GW receiving the
SMS message transmitted by the SMSC. The capability
report, including the capabilities of the UE, is sent
from the UE to the IP-SM-GW. The IP-SM-GW evaluates
the capability report and delivers the SMS message to
the UE if the UE has the capabilities to receive the
SMS message. [0011] A system for sending a SMS message
from an interworking wireless local area network user
equipment (UE) includes an IP-SM-GW, a capability
report, and a SMSC. The UE registers with the IP-SM-GW
and send the capability report, including the
capabilities of the UE, to the IP-SM-GW. The IPSM- GW
acts as a proxy for the UE, and receives a SMS message
sent by the UE. The IP-SM-GW sends the SMS message to
the SMSC. [0012] BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Amore detailed understanding of the invention
may be had from the following description of a
preferred embodiment, given by way of example, and to
be understood in conjunction with the accompanying
drawings, wherein: [0014] Figure 1 is a block diagram
of a SMS system; [0015] Figure 2 is a flow diagram of
a method for delivering a short message to a WLAN UE;
[0016] Figure 3 is a flow diagram of a method for
delivering a shortmessage to a WLAN UE using SIP/IMS;
[0017] DDD Figure 4 is a flow diagram of a method for
sending a short message from a WLAN UE; and [0018]
Figure 5 is a flow diagram of a method for sending a
short message from a WLAN UE using SIP/IMS. [0019]
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] Hereafter, a user equipment (UE) includes, but
is not limited to, a wireless transmit/receive unit
(WTRU), a mobile station, a fixed or mobile subscriber
unit, a pager, or any other type of device capable of
operating in a wireless environment. When referred
tohereafter, a base station includes, but is not
limited to, a Node B, a site controller, an access
point, or any other type of interfacing device in a
wireless environment. Although the following
embodiments are described in conjunction with a UE,
the embodiments also apply to a WTRU. [0021] Figure 1
is a diagram of a SMS system 100. The system 100
includes a short message entity (SME) 102 which can
send or receive short messages. The SME 102
communicates with a short message service center
(SMSC) 104 that is responsible for the relaying and
the store-and-forwarding of a short message between
the SME 102 and a UE. [0022] Agateway mobile switching
center (GMSO/SMS interworking MSC (SMS-IWMSC) 106 has
two functions: a GMSC function and a SMS-IWMSC
function. The GMSC function receives a short message
from the SMSC 104, interrogates a home subscriber
server (HSS)/home location register (HLR) 108 for
routing information, and delivers the short message to
the visited MSC or the serving GPRS support node
(SGSN) of the recipient UE. The SMS-IWMSC function
receives a short message from a UE and submits it to
the appropriate SMSC. While shown as separate
entities, the SMSC 104 and the GMSC/SMSIWMSC 106 can
be integrated into a single entity. [0023] The HSS/HLR
108 communicates with an authentication,
authorization, and accounting (AAA) server 110 for the
WLAN. The AAA server110 contains information relating
to which UEs can access the WLAN, what services the
UEs are permitted to use, and accounting records for
each UE. [0024] In a non-IP based setting, the
GMSC/SMS-IWMSC 106 communicates with a MSC 112 and a
SGSN 114. The MSC 112 and the SGSN 114 both
communicate with a UE 116. The MSC 112 provides
functions such as switching, signaling, paging, and
inter-MSC handover. The SGSN 114 performs functions
such as routing and mobility management. [0025] When
routing a SMS message, the GMSC/SMS-IWMSC 106 performs
a MAP request to the HSS/HLR 108 to determine the
address of the MSC 112 or the SGSN 114 where the SMS
message is to be routed for delivery to the UE 116.
[0026] In an IP based setting, an IP short message
gateway (IP-SM-GW) 118 provides protocol interworking
between the IP client and the network for delivering a
short message. The IP-SM-GW 118 communicates with the
GMSC/SMS-IWMSC 106 using established MAPprotocols over
SS7, appearing to the GMSC/SMS-IWMSC 106 as a MSG or a
SGSN. The IP-SM-GW 118 accesses 



an IP address database 120 t o associate a mobile
station integrated service digital network (ISDN)
number (MSIDSN) with the IP address of a WLAN UE 122.
Although the IP database 120 is shown as a separate
entity, it may be located in the HSS/HLR 108, in the
AAA server 110, in the IP-SM-GW 118, or any other
suitable location. [0027] The IP-SM-GW 118 uses a
packet data gateway (PDG) 124 t o communicate with the
WLANUE 122. The IP-SM-GW 118 supports registration and
authentication of the WLANUE 122 for SMS services, and
supports security associates with the WLAN UE 122. The
IP-SM-GW 118 communicates with the WLAN UE 122 using
IP based protocols, maintaining the format and
functionality of the SMS message. [0028] When routing
a SMS message, the GMSC/SMS-IWMSC 106 performs a
MAPrequest tothe HSS/HLR 108 to determine the address
of the IPSM- GW 118. In addition, the HSS/HLR 108
provides an indication that the WLAN UE 122 is IP
based (e.g., communicates with a IP-SM-GW 118 instead
ofa MSC 112 or a SGSN 114), provides the SS7 MAP
address of the IP-SM-GW 118, and contains the
necessary logic to determine that the WLAN UE 122 is
connected via IP and return the address of the
IP-SM-GW 118 instead of an address for a MSC or a
SGSN. The AAA server 110 maintains the attach status
of the WLAN UE 122, as to whether the WLAN UE 122 is
IP attached. [0029] Delivering short messages to a
WLAN UE [0030] Amethod 200 for delivering short
messages to a WLANUE is shown in Figure 2. A tunnel
between the WLAN UE 122 and the home PDG 124 is
established (step 202). Following establishment of the
tunnel, the UE 122 registers with the IP-SM-GW 118,
establishing any necessary security association,
authenticates for support of SMS services, and
registers the association between the UE's MSISDN
(E.164) and its IP address (step 204). [0031] The UE
122 sends its capabilities (as a capability report) to
the IPSM- GW 118 (step 206). The UE capabilities
include, for example, memory size, terminal type,
screen size, and whether the UE supports session
initiation protocol (SIP). The IP-SM-GW 118 uses the
UE's capabilities to determine whether to reject
delivery of a SMS message and t o ensure that only SMS
data and notifications are transmitted over IP to the
UE 122. [0032] The SMSC 104 forwards a SMS message to
the SMS-GMSC 106 (step 208). The SMS-GMSC 106
interrogates the HSS/HLR 108 to retrieve routing
information for the UE 122 (step 210). When a user is
registered on a WLAN for delivery of SMS messages, the
HSS/HLR 108 returns the address of the IP-SM-GW 118
(rather than the address of the appropriate MSC or
SGSN), whereby the IP-SM-GW 118 acts as a proxy for
the UE 122 (step 212). The SMS proxy (i.e., the
IP-SM-GW 118) is able to reject the delivery of SMS
messages based on the capabilities of the UE 122
(e.g., memory size, screen size, or terminal type) and
the nature of the SMS data (text, animation, etc.).
[0033] The SMS-GMSC 106 delivers the SMS message t o
the IP-SM-GW 118 using protocols as if it was a
SMSmessage delivered to a MSC or SGSN (step 214).
Optionally, the IP-SM-GW 118 interrogates the database
120 toidentify theIP address and relevant security
parameters associated with the UE 122 (step 216).
[0034] SMS messages can be delivered by two methods:
notification and direct delivery. When the
notification delivery method is used, the IP-SM-GW 118
sends a SMS notification request to the UE 122 to
inform it that a SMS message is available for delivery
(step 218). On receipt of the SMS notification
message, the UE 122 responds to the IP-SM-GW 118 with
a notification acknowledgement indicating whether it
wishes toreceive the SMS message (step 220). [0035] If
the direct delivery method is used (steps 218 and 220
are skipped), or if a positive acknowledgement is
received from the UE 122 in response to the SMS
notification request, the IP-SM-GW 118 delivers the
SMS message to the UE 122 using one of several
possible protocols, e.g., wireless application
protocol (WAP), short message peer to peer protocol
(SMPP), mobile message access protocol (MMAP),
extensible markup language (XML), or SIP (e.g., an IP
multimedia subsystem (IMS) client) (step 222). If the
IP-SM-GW 118 rejects delivery of the SMS message, then
steps 216-222 are skipped, and the method 200
continues with step 224. [0036] The IP-SM-GW 118 sends
a delivery report back t othe SMS-GMSC 106 (step 224).
The delivery report either confirms that the SMS
message was delivered to the UE 122 or informs the
SMS-GMSC 106 that the SMS message could not be
delivered and a reason for the failure. The SMS-GMSC
106 sends a SM delivery report status to the HSS/HLR
108 (step 226). The SMS-GMSC 106 sends the SM delivery
report to the SMSC 104 (step 228). Error handling is
preferably performed using the mechanisms defined in
3GPP Technical Specification (TS) 23.040 v6.3.0
(2004-03), with the IP-SM-GW 118 acting as a front end
for the UE 122, although other error handling
techniques may be used. [0037] Figure 3 is a flow
diagram of a method 300 for delivering a short message
to a WLAN UE 122 using SIP/IMS. The UE 122 registers
with a serving call session control function (S-CSCF)
302 according to the IMS registration procedure (step
310). The registration information is also stored in
the HSS/HLR108. The UE 122 sends a capability report
to the IP-SM-GW 118 (step 312). The UE capabilities
include, for example, memory size, terminal type,
screen size, and whether the UE supports session
initiation protocol (SIP). The IP-SM-GW 118 uses the
UE's capabilities to determine whether to reject
delivery of a SMS message, by acting as a proxy for
the UE 122. [0038] The SMSC 104 forwards a SMS message
to the SMS-GMSC 106 (step 314). The SMS-GMSC 106
interrogates the HSS/HLR 108 to retrieve routing
information (step 316). When a user is IMS registered,
the HSS/HLR 108 returns the address of the IP-SM-GW
118 along with the address of the MSC. [0039] The
SMS-GMSC 106 delivers the SMS message to the IP-SM-GW
118, in the same manner that it delivers a SMS message
to an MSC or a SGSN, carrying the MSISDN of the target
UE 122 (step 318). The IP-SM-GW 118 uses the TEL-URL
of the target UE 122 to populate a SIP Request URI,
and then sends the SMS message to the S-CSCF 302 using
the SIP MESSAGE method (step 320). The S-CSCF 302 then
forwards the SIP MESSAGE (SMS message) to the UE 122
(step 322). [0040] Upon receipt of the SIP MESSAGE
(SMS message), the UE 122 responds by sending a 200 OK
message to the S-CSCF 302 (step 324). It is noted that
the 200 OK message is not a delivery report, as a 200
OK message cannot carry the information contained in a
delivery report. The S-CSCF 302 sends a 200 OK message
to the IP-SM-GW (step 326). [0041] The UE 122 then
sends a delivery report to the S-CSCF 302 using the
SIP MESSAGE method (step 328). Based on filter
information, the S-CSCF 302 forwards the SIP MESSAGE
(delivery report) to the IP-SM-GW 118 (step 330),
which extracts the delivery report from the SIP
MESSAGE format and sends the delivery report to the
SMS-GMSC 106 (step 332). [0042] The SMS-GMSC 106 sends
a SMdelivery report status message t o the HSS/HLR 108
(step 334). The SMS-GMSC 106 forwards the delivery
report to the SMSC 104 (step 336). The IP-SM-GW 118
acknowledges that the delivery report was sent to the
SMSC 104 by sending a 200 OK message to the S-CSCF302
(step 338). The S-CSCF acknowledges the delivery
report to the UE 122 by 



sending a 200 OK message to the UE (step 340). [0043]
Sending short messages from a WLAN UE [0044] Figure 4
is a diagram of a method 400 for sending a short
message from the WLAN UE 122. Atunnel between the UE
122 and the home PDG 124 is established (step 402).
Following establishment of the tunnel, the UE 122
registers with the IP-SM-GW 118 establishing any
necessary security association, authenticates for
support of SMS services, and registers the association
between the UE's MSISDN (E. 164) and its IP address
(step 404). The association information for the UE 122
is also recorded in the HSS/HLR 108. The UE 122 sends
its capability information to the IP-SM-GW 118 to
enable the SMS terminal proxy operation (step 406).
After sending the capability information, the IP-SM-GW
118 handles all SMS control messages for the UE 122
(step 408). [0045] The UE 122 delivers a SMS message
to the IP-SM-GW 118, using e.g., WAP, SMPP, MMPP, or
XML (step 410). The IP-SM-GW 118 extracts the SMS
message and forwards it tothe SMS-IWMSC 108 using the
standard MAP, as if the IP-SM-GW 118 was a MSC or a
SGSN (step 412). [0046] The SMS-IWMSC 106 forwards the
SMS message tothe SMSC 104 (step 414). Upon receipt of
the SMS message, the SMSC 104 sends a delivery report
to the SMS-IWMSC 106 (step 416). The SMS-IWMSC 106
sends the delivery report tothe IM-SM-GW 118 (step
418). The delivery report is sent with an indication
of whether the delivery was a success or a failure. If
there was a delivery failure, the SMSC 104 reports
back to the SMS-IWMSC 106 and the SMS-IWMSC 106 will
attempt to retransmit the SMS message. If the number
of retries exceeds a threshold, then a delivery
failure report will be sent to the UE 122. [0047] The
IP-SM-GW 118 sends the delivery report t othe UE 122
using a proprietary mechanism and/or protocols (step
420). In a preferred embodiment, the delivery report
is sent via an IP-based transfer, such as SMPP. The
delivery report either confirms that the SMS message
was delivered to the SMSC 104 orinforms the UE 122
that the SMS message could not be delivered and a
reason for the failure. [0048] As with message
receipt, the error handling for message sending is
preferably performed using the mechanisms defined in
TS 23.040 v6.3.0 (2004- 03), with the IP-SM-GW 118
acting as a front end for the UE 122, although other
error handling techniques may be used. [0049] The
implementation of new procedures in the I-WLAN UE side
is reduced, where only simple operations are performed
to confirm reception of the SMS data or to report a
corrupt message for retransmission purposes. [0050]
Figure 5 is a flow diagram of a method 500 for sending
a short message from a WLAN UE 122 using SIP/IMS. The
UE 122 registers with a SCSCF 502 according to the IMS
registration procedure (step 510). The registration
information is also stored in the HSS/HLR 108. The UE
122 sends a capability report to the IP-SM-GW 118
(step 512). The UE capabilities include, for example,
memory size, terminal type, screen size, and whether
the UE supports session initiation protocol (SIP). The
IP-SM-GW 118 uses the UE's capabilities to enable SMS
terminal proxy operation, allowing the IP-SM-GW 118 to
handle all SMS control messages for the UE 122. [0051]
The UE 122 submits a SMS message to the S-CSCF 502
using the SIP MESSAGE method (step 514). The S-CSCF
502 forwards the SIP MESSAGE (SMS message) to the
IP-SM-GW 118 based on filter information (step 516).
The IP-SM-GW 118 indicates that the SIP MESSAGE (SMS
message) was received by sending a SIP 202 Accepted
message to the S-CSCF 502 (step 518). The message
receipt information is forwarded by the S-CSCF 502 to
the UE 122 by a SIP 202 Accepted message (step 520).
[0052] The IP-SM-GW 118 extracts the SMS message from
the SIP MESSAGE and forwards it t o the SMS-IWMSC 106
using standard MAP signaling (step 522). The address
of the SMSC 104 is extracted either from the RURI of
the SIP MESSAGE or from the SMS content. The SMS-IWMSC
106 forwards the SMS message to the SMSC 104 (step
524).[0053] The SMSC 104 sends a submit report tothe
SMS-IWMSC 106 (step 526). The submit report is an
acknowledgement that the SMS message was received by
the SMSC 104. The SMS-IWMSC 106 sends the submit
report t othe IP-SM-GW 118 (step 528). The IP-SM-GW
118 sends the submit report to the SCSCF 502 using the
SIP MESSAGE method (step 530). The S-CSCF 502 forwards
the SIP MESSAGE (submit report) to the UE 122 (step
532). The UE 122 acknowledges receipt of the SIP
MESSAGE (submit report) by sending a 200 OKmessage
tothe S-CSCF 502 (step 534), which is then forwarded
tothe IP-SMGW 118 (step 536). [0054] Although the
features and elements of the present invention are
described in the preferred embodiments in particular
combinations, each feature or element can be used
alone (without the other features and elements of the
preferred embodiments) or in various combinations with
or without other features and elements of the present
invention.CLAIMS What is claimed is: 1. A method for
delivering a short message service (SMS) message to an
interworking wireless local area network user
equipment (UE), comprising the steps of: registering
the UE with an Internet Protocol short message gateway
(IP-SMGW); sending a capability report from the UE to
the IP-SM-GW; transmitting a SMS message from a short
message service center (SMSC) tothe IP-SM-GW;
evaluating the capabilities of the UE at the IP-SM-GW
to determine whether the UE can receive the SMS
message; and delivering the SMS message to the UE via
the IP-SM-GW if the UE has the capabilities to receive
the SMS message. 2. The method according to claim 1,
wherein the registering step includes the steps of:
registering the association of the UE's mobile station
number and its IP address; and authenticating SMS
service support at the UE. 3. The method according to
claim 1, wherein the capability report includes the
capabilities of the UE. 4. The method according to
claim 3, wherein the capabilities are selected from
the group consisting of: memory size, terminal type,
screen size, and session initiation protocol support.
5. The method according to claim 1, wherein the
transmitting step includes the steps of:forwarding the
SMS message from the SMSC to a gateway mobile
switching center (GMSC); retrieving routing
information for the UE from a home location register
by the GMSC; and forwarding the SMS message from the
GMSC to the IP-SM-GW. 6. The method according to claim
1, wherein the delivering step includes the IP-SM-GW
retrieving the UE's IP address from a database. 7. The
method according to claim 1, wherein the delivering
step includes the steps of: sending a SMS notification
request from the IP-SM-GW to the UE; 



sending a notification acknowledgement from the UE to
the IP-SM-GW; and delivering the SMS message from the
IP-SM-GW to the UE. 8. The method according to claim
1, further comprising the step of: establishing an IP
tunnel between the UE and a packet data gateway,
whereby communication between the UE and the IP-SM-GW
occurs through the tunnel. 9. The method according to
claim 1, further comprising the step of: sending a
delivery report from the IP-SM-GW to the SMSC. 10. The
method according to claim 9, wherein the delivery
report indicates whether the SMS message was delivered
to the UE. 11. The method according to claim 10,
wherein if the delivery report indicates that the SMS
message was not delivered to the UE, then the delivery
report also indicates a reason for delivery
failure.12. A method for sending a short message
service (SMS) message from an interworking wireless
local area network user equipment (UE), comprising the
steps of: registering the UE with an Internet Protocol
short message gateway (IP-SMGW); sending a capability
report from the UE to the IP-SM-GW, whereby the
IP-SMGW acts as a proxy for the UE; transmitting a SMS
message from the UE to the IP-SM-GW; and sending the
SMS message to a short message service center (SMSC)
via the IPSM- GW. 13. The method according to claim
12, wherein the registering step includes the steps
of: registering the association of the UE's mobile
station number and its IP address; and authenticating
SMS service support at the UE. 14. The method
according to claim 12, wherein the capability report
includes the capabilities of the UE. 15. The method
according to claim 14, wherein the capabilities are
selected from the group consisting of: memory size,
terminal type, screen size, and session initiation
protocol support. 16. The method according to claim
12, wherein the sending step includes the steps of:
sending the SMS message from the IP-SM-GW to a SMS
interworking mobile switching center (SMS-IWMSC); and
sending the SMS message from the SMS-IWMSC to the
SMSC.17. The method according to claim 12, further
comprising the step of: establishing an IP tunnel
between the UE and a packet data gateway, whereby
communication between the UE and the IP-SM-GW occurs
through the tunnel. 18. The method according to claim
12, further comprising the step of: sending a delivery
report from the SMSC to the UE. 19. The method
according to claim 18, wherein the delivery report
indicates whether the SMS message was delivered to the
SMSC. 20. The method according to claim 19, wherein if
the delivery report indicates that the SMS message was
not delivered to the SMSC, then the delivery report
also indicates a reason for delivery failure. 21. A
system for delivering a short message service (SMS)
message to an interworking wireless local area network
user equipment (UE), comprising: a short message
service center (SMSC), said SMSC transmitting a SMS
message for delivery to the UE; an Internet Protocol
short message gateway (IP-SM-GW), the UE registering
with said IP-SM-GW, said IP-SM-GW receiving the SMS
message transmitted by said SMSC for delivery to the
UE; and a capability report, sent from the UE to said
IP-SM-GW, said IP-SM-GW evaluating said capability
report and delivering the SMS message to the UE if the
UE has the capabilities to receive the SMS message.
22. The system according to claim 21, wherein said
capability report includes the capabilities of the
UE.23. The system according to claim 22, wherein the
capabilities are selected from the group consisting
of: memory size, terminal type, screen size, and
session initiation protocol support. 24. The system
according to claim 21, further comprising: a home
location register (HLR), said HLRcontaining routing
information for the UE; and a gateway mobile switching
center (GMSC), said SMSC forwarding the SMS message to
said GMSC, said GMSC retrieving the routing
information for the UE from said HLR, said GMSC
forwarding the SMS message to said IP-SM-GW. 25. The
system according to claim 21, further comprising: a
packet data gateway (PDG); and an Internet Protocol
tunnel established between the UE and said PDG,
whereby communication between the UE and said IP-SM-GW
occurs through said tunnel. 26. The system according
to claim 21, further comprising: a delivery report
sent from said IP-SM-GW to said SMSC, said delivery
report indicating whether the SMS message was
delivered to the UE. 27. The system according to claim
26, wherein if said delivery report indicates that the
SMS message was not delivered to the UE, then said
delivery report also indicates a reason for delivery
failure. 28. A system for sending a short message
service (SMS) message from an interworking wireless
local area network user equipment (UE), comprising: an
Internet Protocol short message gateway (IP-SM-GW),
the UE registering with said IP-SM-GW;a capability
report, sent from the UE to said IP-SM-GW, said
IP-SM-GW acting as a proxy for the UE, said IP-SM-GW
receiving a SMS message sent by the UE; and a short
message service center (SMSC), said IP-SM-GW sending
the SMS message to said SMSC. 29. The system according
toclaim 28, wherein said capability report includes
the capabilities of the UE. 30. The system according
to claim 29, wherein the capabilities are selected
from the group consisting of: memory size, terminal
type, screen size, and session initiation protocol
support. 31. The system according to claim 28, further
comprising: a SMS interworking mobile switching center
(SMS-IWMSC), the SMS message being sent from said
IP-SM-GW to said SMS-IWMSC and then to said SMSC. 32.
The system according to claim 28, further comprising:
a packet data gateway (PDG); and an Internet Protocol
tunnel established between the UE and said PDG,
whereby communication between the UE and said IP-SM-GW
occurs through said tunnel. 33. The system according
to claim 28, further comprising: a delivery report
sent from said SMSC to the UE, said delivery report
indicating whether the SMS message was delivered to
said SMSC. 34. The system according toclaim 33,
wherein if said delivery report indicates that the SMS
message was not delivered to said SMSC, then said
delivery report also indicates a reason for delivery
failure. 


