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gicaily distinct VI/V2 domains. Methods of isolating such proteins, and methods of using such proteins as immunogens, therapeutic
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HIV-1 ANTIGENS WITH DISCRETE CONFORMATIONAL FORMS OF THE VI/V2
DOMAIN AND METHODS OF USE THEREQF

CROSS REFERENCE TO RELATED APPLICATIONS

The present apphcation claims the benefit of U.S. Provisional Patent Application Serial
No. 61/697.979, filed September 7, 2012. The contents of the foregoing application is

incorporated by reference in its entirety.

GOVERNMENT INTERESTS
This mvention was made with government support under grant numbers RO A-46383,
ROl AT102718-01 and POl AT-0888610 from the National Institutes of Health. The United
States government has certain rights to this mvention.

FIELD OF THE INVENTION

The present mvention relates to a novel composition of recombinant HIV-1 Env proteins
that contain structurally and mmunologically distinet V1/V2 domams.
BACKGROUND OF THE INVENTION
Recent studies have shown a role for the V1/V2 domain of the HIV-1 ENV protein as a
target m HIV-1 vaccmes. A series of potent and broadly neuiralizing monoclonal antibodies
{MAbs) targeting a class of quaternary eptiopes that were dependent on several positions in the
V2 region were isolated m one study (Walker et al., 2009, Science 326:285-289; Moore et al,
2011, Joumal of Virology 85:3128-3141). These antibodies react preferentially with native
trimeric Env complexes. Further studies have shown that a small conserved sequence mn the V2
domain inferacied with «dB7 integrin, the mucosal homing receptor for activated T cells, and that
this interaction strongly enbanced mfection of those cells (Nawaz et al., 2011, PLoS Pathog
7:21001301; Cicala et al., 2009, Proc Nail Acad Sci USA 106:20877-20882). A thud finding
came from the analysis of correlates of protection i the recently conchladed RV 144 vaccine trial
conducted 1 Thatland, the first HIV vaccine frial that resulied m some protection agamst
mfection {Rerks-Ngarm et al,, 2009, N Engl J Med 361:2209-2220). Protection m this trial was
shown to correlate with an mereased titer of antibodhes that bound to a VI/V2 fusion protem |, but

not to any other factor analvzed, meluding avidity and fiters of Env-specific IgG and IgA, viral
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neutralizing activity or levels of Env-specific CDd+ T cells (Haypes et al., 2012, The New

England Journal of Medicine 366:1273-1286).

SUMMARY OF THE INVENTION

The present mverntion relates m part to solated and purnified polypeptides comprising the
V1/V2 domamn of a HIV envelope (Eov) protein having a structural configuration of a “C” forny,
as at least shown m Figure 6 and Figure 7. As used bherem, “HIV™ 13 meant to represent etther
HIV-1 or HIV-2, and any and all subtypes thereof. Upon review of the specification, it will be
understood that any such polvpeptide 1s encompassed within the scope of mvention which
possesses the ability present and mamtain the conformational mtegrity of the “C” form of the
VIVZ domam. It 15 disclosed heremn that this “C” form presents one of several structural
conformations based on an alfernative form of disulfide bonding within flus VI/V2 domain,
which dramatically impacts the mmunoreactivity of these proteins. To this end, an embodiment
of the present mvention further relates to a polypeptide which presents and mamtams the
conformational, antigenic, and immunoreactive mtegrity of the alternative “C™ form of the
V1I/V2 domain, meluding but not limsted to wherein the polvpeptide s native gpl20, or wherem
the polvpeptide nafive 15 gpl40, or wheremn the polypeptide 1s a recombinant form of gpl20, or
wherein the polypeptide is a recombinant form of gpl4d. Thus, another embodiment of the
present mvention further relates to such a polvpeptide maintanung the structural integrity as
discussed herein where the recombimant gpi20-based form comprises a portion of the gpl20
coding region, agamn, such that the anfigenrctty mmumunoreactivity of the V1I/V2 structural
configuration of the “C” form i mantamed. A specific, but non-limiting embodiment of the
present mvention relates to such a presented polypeptide wherein the ammo-ternunal sequence
represents a portion of MuLV gp70, mecluding but not limited to a polvpeptide presenting the “C”
form which has the amino acid sequence as set forth in Figwre 14 (SEQ ID NO: 2). An
addifional embodiment of the present mvention relates fo nucleic acid molecules encoding a
polvpeptide with at least 90% amine acid sequence dentity to a polypeptide which presents and
mamifains the conformational, antigenic, and nnmunoreactive integnity of the alternafive
“C” form of the VI/V2 domam, as well as related recombinant DNA molecules housimng such a
nucleic acid molecnle, and anv cell line transfected or transformed with any such recombmant

DNA molecule.

S



10

15

]
w0

30

WO 2014/039775 PCT/US2013/058433

The present mivention also relales to iselated and purified polypepiides conprising the
V1/V2 domam of a HIV envelope (Env) protein having a siuctural configuration of vet another
form, 1dentified herem as a "B” formy, as at least shown m Figure 6 and Figure 7, or m the
alternative, presented as both a “B” form and an “A” form ("B"“A” formy™). Again, upon
review of the spectfication, i wil be understood that any such polvpeptide 15 encompassed
within the scope of invenbion which possesses the ability to present and mamntain the
conformational mtegrity of the “B” form of the VI/V2 domain, or in the alternative a “B™/"A”
combined form. FEither form/forms as disclosed heremn will again presenf ome of several
structural conformations based on an alternative form of disnlfide bonding within this VI/V2
domain, dramatically mmpacting the mnmumoreactivity of these protems. As disclosed
munediately above m regard to the “C” forms, the present invention further relates to a
polypeptide which presents and maintains the conformational, antigensc, and mmunoreactive
miegrity of the alternative “B” form (or m the alternative a “B”/A” combined form) of the
V1/V2 domam, meluding but not hiuntted to wherein the polypeptide is native gpl2¢, native
gpl40, recombmant gpl20, recombmant form gpl40. a construction based npon a portion of the
gpli28 or gp 140 coding region. again, such that the antigenicity and mmmunoreactivity of the
VEV2 structural configuration of the “B” form {or in the alternative a “B7/A” combined form)
are maintamed. An addiional, but non-hnuting embodiment of the present invention relates to
such a presented pelvpeptide wherein the ammno-terminal sequence represents a portion of
MulV gp7¢. mcluding but not himited to a polypeptide presenting the “B” form {or a “B™/"A”
combined form} which has the amino acid sequence as set forth in Figure 14 (SEQ ID NO:2).
An additional embodiment of the present mvention relates fo nucleic acid molecules encoding a
polvpeptide with at least 90% amine acid sequence dentity to a polypeptide which presents and
mamifains the conformational, antigenic, and nnmunoreactive integnity of the alternafive
“B” form of the V1/V2 donwain, or m the alternative a combmed “B7/“A” form) as well as
related recombinant DNA molecules housing such a pucleic acid molecule, and any cell line
transfected or transformed with any such recombinant DNA molecule. It will be evident upon
review of this specification that combmations of an “A” form, a “B” form and/or a “C” form are

also contemplated heremn as relating to the present mvention.

The present invention also relates to utilizing the polypeptides of the present mvention,

mecludimg buf nof himited to polypeptides which maintam the conformational mtegrity disclosed
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heremn as a “C” form, a “B” form and/or a combmed “B/A™ form m methods of treating a HIV
positive subject which mvolves adiministerig to such a subject a pharmaceutical composition
conyprising any such polvpeplide disclosed heremn, or combination thereof, with such a
pharmaceutical composition optionally containing a pharmaceutically active carvier. It will be

the goal of any such treatment to result 1 a reduction m the HIV viral load of a subject.

The present wvention further relates fo utilizing the polypeptides of the present mvention,
mchiding but not limited fo polypeptides which mamtam the conformational mtegrity disclosed
heremn as a “C” form, a “B” form and/or a combined “B/A™ form tn methods of vaccinating a
human subject against infection or progression of HIV which comprises adnumsstration of a
pharmacentical composifion comprising any, or combination thereef, of such polypeptides
disclosed heremn, with the pharmaceutical composifion optionally contaming a pharmaceutically
active carrter, wherem adomnistration of the pharmaceuntical composition results in generation of

an mmmune response agamst HIV mifection.

To this end, the present mvention relates to any such methodology utilized to induce an
enhanced mmmunological response against a HIV antigen in a mammalian host, wherein the
mammahan host 15 moculated with a polvpepiide disclosed berem as a “C” form, a “B” form
and/or a combmed “B/A” form and, optionally, a pharmacentically acceptable carrter. Thug, the
present mvention also relates fo any such pharmacentical composition which comprises an

effective amount of such a polvpeptide and, optionally, a pharmaceutically acceptable carrier.

Another embodiment relates to methods of identifving an HIV antiviral compound, which
comprises the steps of: {a) combmung compounent (1) -- a test compound, component (11} -- a “C”
form-specific antibody, or a "B form-specific antibody and/or an antibody which specifically
recognizes a combination of the “B™ and “A” form, and component {1i1) -- a polypeptide of “C”
form, a “B” form and/or a combmned “B/A” form; (b} measuring the effect the test compound has
on the affinaty of component (11) for component {11} of step {a}; and, {¢) comparmg the effect the
test compound has on the affinity of conyponent (1) for component (i) versus the affinity of
utilize test compounds selected from the group consisting of a peptide, a protem, a non-

profeinacecus organic or morganic molecule, DNA and RNA.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Evidence of structural/imnunelogical heterogeneity of the V1/V2 domain was
seen for several rgpl20s npon sequential radioimnmnoprecipitations. {a) Analvses by sequential
mmunoprecipitations revealed that a substantial fraction (~25%) of three rgpi20s tested were
non-reactive with 697D, directed agamst a conformational V2 epttope. (I C108g is a2 mAb
isolated from an HiIV-infected churup that recognizes a glvcan-dependent V1I/V2 epitope
overlappimg with the PG9/PG16 site and possesses potent neutralizing activity agamst a himited
set of vunses. C108g also recognized only a fraction of Bal. rgpi20 contaming the correctly-
folded V2 domam.

Figure 2. To facilitate the structural analysis of the native VI/V2 domaim, this region of a
primary clade B Env {CaseAZ2) sequence was expressed as a fusion protein, joined to an N-
ternunal fragment of the MuLV Env protem, gp70. This fusion protemn system allowed the
expression of the VI/'V2 domain as a native glveosylated and disulfide-bonded protein.
Antibody reactivity with this VI/V2 fusion protemn was the only variable shown to have a
significant mverse correlation with risk of infection m the Thatland RV 144 vaccine.

Figure 3. Separation of the VI/V2 domam from the gp70 domain by cleavage at a
proteolviic site engineered befween the two domains shows that these regions form distinet and
independent folded domains.

Figure 4. The deglvcosylated gp70-V1/V2¢;a2 profein 1s resolved as a doublet by SDS-
PAGE under non-reducing conditions, mdicating distinet conformational forms.

Figure 5, The two VI/V2 conformational forms possess distinet smmmunoreactivities with
V1V 2-specific mAbs. Mabs 1solated from mfected huwmans and nuce immumized with rgpi20 all
specifically recognize the VI/V2 lower band form. Mabs from rats nopmunized with VIAR2
fusion protein recognize upper band or both bands.

Figure 6. Three V1I/V2Z conformers can exist, wluch differ m thew disulfide bond
patterns. Structure A was determined for the H XB2 stramn of HIV gp120 by Leonard et al., 1990,
J. Biol. Chem. 265:10373-10382.

Figure 7. Homogeneous conformational forms of the V1/V2 fusion protein were 1solated
by immuncaffinity chromatography and analyzed by mass spectrometry. The two forms were
fractionated by mmmuneaifinity on colunns comtaining lower band-specific mab 238, The flow-

through contained upper band forms, while the colunm eluate contained the lower band form.
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The upper band form contained pepiides at mass of 15373 and 2634 predicted for the C form,
while the lower band form contained the complex peptide with mass of 4206 characteristic of
forms A and B,

Figure 8. Analysis of alternate V1/V2 conformeric forms of the CaseA2 and Bal. VI/V2
fusion profemns. For the CaseA2 profein, rat Mab K10A11 (directed against a stfe m the gp70
carrier domam) pulls down both forms, mouse Mab SC-238 recognizes only lower form and
hueman Mab 3222 {fromm mnmunized Xepnomouse, which contamned only human Ig genes)
recognized predomnantly upper band form. The two forms were also seen for Bal VI/V2
fuston protein, although they were nor resolved as well. Again, K10A11 recognized both bands,
rat Mab 10/76b, directed agamst a hinear V2 epitope, recognized both upper and lower band
equally well, while chimp Mab C108g recognizes only the lower band form. The C108g epitope
was not well-expressed m this protemn, perhaps because of its glycan-dependence.

Figure 9. Analysis of reactrvity of human vaccinee sera with conformers of the gp70-
V1V 2¢geaz protem.

Figure 10. Tirations of HIV-1-positive human mnmmne sera show different patterns
against spectfic VI/V2 conformers.

Figure 11. Alignment of V1I/V2 region of sequences analvzed m Fig. 12, Indicated are
plasmid mumbers and corresponding names of Envs these sequences were obtained fron
Sequences are divided to mdicate different regions of the V1/V2 domam; the conserved flanking
regions, the V1 hypervariable region, the semi-conserved V2 region, the V2 hypervariable region
and the V2 flank. The sequences are arranged by decreasing size of the V1 hypervanable region,
and this order 15 reflecied 1 the gel shown n Fig. 12,

Figure 12. Analysis of conformational heterogeneity m V1I/V2 domam demonsirated by
SDS-PAGE analysis of deglveosylated gp70-fusion proteins {(+PngaseF, Non-Reduced). The
plasmid nmnber and sequence nanme are mdicated above each sample. Samples are arranged
according fo the list m Fig. 11, according to size of the V1 hypervariable region. The CaseA2
sequence {p3020} 1s repeated 1 each gel to serve as a standard.  Protein markers are also
mnchuded as size standards. All samples were deglvcosylated by treatment with PNGaseF before
analysis. The data presented m thus Fig. 12 represents gels run mn unreduced form, while the

bottom gels.

&
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Figure 13. Aualysis of conformational heterogeneity in VI/V2 domam demousirated by
SDS-PAGE analysis of deglvcosylated gp70-fusion proteins {+PngaseF, Reduced). See also,
Fig. 12 legend. The data presented m thus Fig. 13 represents the sampe samples analvzed as per
Fig. 12, but after reduction of disulfide bonds by treatmyent with DTT.

Figure 14. The CaseAZ gp70-V1/V2 sequence,

Figure 15, The sequence of P5635 plasimd.

Figure 16, The gp70-V1/V2 sequence of P3a35.

DETAILED DESCRIPTION OF INVENTION
The present mvention 1s based on the discovery that the V1/V2 domam of HIV Env-
based antigens possesses conformational heterogeneity resulting from alternative disulfide
bonding, which deamatically impacts the pmmunoreactivity of these protems.  In accordance
with the present mvention, the conformationally heterogenons antigens can be resolved to

provide HIV Env antigens with homogeneous conformational forms of the VI/V2 domam.

HIV envelope {Env) glvcoprotems, including for example gpl20 and pi40, are known m
the art and contain five constant and five variable domams. The V1/V2 domain comprises about
90 amino acids, mecluding four cvsiemne residues designated heremn as C1, C2, €3, and C4, with
C1 bemng the most N-ternunal and C4 being the most C-termunal. (Figs. 2 6, and 7). The HIV
Env antigens with homogeneous conformational forms of the V1/V2 domain provided heremn are
designated Form A, Form B, and Form C. In Form A, there 15 a disulfide bond between C1 and
C4, and a disulfide bond between C2 and C3. In Form B, there s a disulfide bond between (1
and C3, and a disulfide bond between C2 and C4. In Form C, there is a disulfide bond between

C1 and €2, and a disulfide boid between C3 and C4.

Forms A, B and C are present i natsve and recombinant BIV Env glycoproteins, and can
be 1solated from one another in accordance with the present invention. In particular, the present
mvention provides a method for solating HIV Env antigens with Form A, or Form B, or Form C
of the VI/V2 domam from each other to provide HIV Env antigens with a homogeneous
conformational form of the VI/V2 domam. In particular, the different forms in a native or
recombinant composttion of HIV Env protems can be separated from one another by
immunoprecipitation with antibodies that are specific for the different conformations. For

example, human Mab 8.22.2 {(He ef al,, 2002, J. Immunol. 169:393-605) 1s specific for Form C.
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One of skill m the art can identify anttbodies that are spectfic for the different conformations,
and can perform imnmmoprecipitation, including serial immunoprecipitation, by metheds known
w the art to separaie the different conformations. These forms can be fractiopated by
mmuneatfinity methods using monoclonal antibodies that are specific for one of the distinct
forms. The homogeneous forms mayv be obtamed either 1 the depleted fraction or by elution of

bound molecules.

Accordmgly, m another embodiment, the present invention provides a composition of
structurally and numupologically distinet HIV-1 antigens m which V1/V2 domams possess
alternate disulfide bond patierns, 1.e. Form A, Form B, or Form C, or combinations thereof, as
disclosed herein. The antigens include at least the VI/V2 domam, and optionally other domains
of the Env protein or other fusion partners. These antigens may consist of fusion glycoprotemns
that express the wolated V1/V2 domains as well as natrve gpl20 and gpid0 protemns that have

been fractionated so that they contamn bomogeneously folded V1/V2 domnams.

The antigens of the present invention are useful as antigens in mmnmnoassayvs io
characterize the specificity of antibodies directed against the VI/V2 domain m indfected or
mmunized people. Accordingly, the mvention further provides compositions comprising the

antigens of he mvention for use in such assavs.

The antigens of the present mvention are also usefl as protem therapentic agents for
mhibiting functions mediated by the VI/AV2 domain, and as mmunogens m HIV vaccnes.
Accordmgly, the present wvention huther provides pharmaceutical compositions comprising the

antigens of the invention.

Fornmlations of the compositions useful in certain embodunents such as polypepiides,
polynucleotides, or antibodies may be prepared for storage by mpung the selected composition
having the destred degree of punity with optional physiologically pharmaceutically-acceptable
carriers, excipients, or stabilizers (Renungton's Pharmaceutical Sciences, 18th edition, A. R
Gennaro, ed., Mack Publishing Company (1990)) in the form of a Ivophilized cake or an agneons
solufion.  Acceptable carners, excipients or stabilizers are nontoxic to recipients and are
preferably et at the dosages and concentrations employed, and include buffers such as
phosphate, citrate, or other organic acids; antioxidants such as ascorbic acid; low molecular

weight polvpeptides; proteins, such as serum albunun, gelatin, or nnmunoglobuling; hydrophilic



10

I
oy

30

WO 2014/039775 PCT/US2013/058433

polyviners such as polyvinyvlpyirelidone, amuno acids such as glveme, glutanune, asparagine,
argimine or lysine; monosaccharides, disaccharides. and other carbohydrates inclading glucose,
mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannidel or
sorbitol; salt-fornung counterions such as sodnun; andfor nomonic surfactants such as Tween,

Pluronics or polvethylene glyeol (PEG).

Compostiions fo be used for /v vivo admintstration shonld be sterile. This 15 readily
accomphished by filtration through sterile filtration membranes. prior to or followmg
tvophilization and reconstitution. The compostiion for parenteral adnunssiration ordmarily will

be stored mn lvephihized form or in solution.

Therapeutic compositions generally are placed into a contamer having a sterile access
port, for example, an mtravenous solution bag or vial having a stopper pierceable by a
hypodermic myjection needle. The route of admustration of the composition 15 m accord with
known metheds, e.g. oral, myection or mifuston by mtravenous, intraperttoneal, mtracerebral,
mirarmpuscular, mtraocular, iraarterial, or mtralesional routes, or by sustained release systems or
implantation device. Where desired, the compositions mayv be adonunistered contumously by

infuston, bolus injection or by umplantation device.

An effective amount of the compositions to be emploved therapeutically will depend, for
example, upon the therapeutic objectives, the rounte of administration, and the condition of the
patient. Accordmgly, it may be necessary for the therapist to tier the dosage and modify the
route of adnumsiration as reguired to obtan the optimial therapeuntic effect. A typical datly
dosage may range from about 1 pg'kg fo up to 100 mg'kg or more, depending on the factors
mentioned above. Typically, a chnician will admumster the composition until a dosage 13
reached that achieves the deswred effect. The progress of thus therapy i1s easily monitored by
conventional assays designed to evaluate blood glucose levels or other particular conditions of

interest i a particular subject.

Pharmacentical compositions may be produced by admixing a pharmacenfically effective
anount of protein with one or more suitable carrters or adjuvarts such as water, mineral oil,
polyethvlene glycol, starch, talcum, lactose, thickeners, stabilizers, suspending agenis, ete. Such
compositions may be i the form of selutions, suspenstons, tablets, capsules, creams, salves,

omtments, or other conventional forms.
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In cerfamm embodiments, compounds are fornwlated with pharmaceutically acceptable
diluents, adjuvants, excipients, or carriers. The phrase "pharmaceutically or pharmacologically
acceptable” refers to molecular entities and composifions that do not produce adverse, allergie, or
other untoward reactions when admmistered to an animal or a human. e.g., orally. topically,
transdermally, parenterally, by mhalation spray, vaginally, rectally, or by miracramial injection.
The term parenteral as used heren meludes subeutaneous tyjections, travenous, mtranwscnlar,
mtracistenial injection, or mfusion teclhmgues. Administration by infravenous, mtradermal,
uiiramusclar, mtramanunary, intraperitoneal, mtrathecal, retrobulbar, mtrapulmonary mjection
and/or swrgical implantation at a particular site 1s contemplated as well.) Generally, this will also
entatl preparing compositions that are essentially free of pyrogens, as well as other mnpurities
that could be harmful to bumans or ammals. The term "pharmaceuntically acceptable carrier”
mecludes any and all solvenis, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delayving agents, liposomes, capsids, nanocapsules, nucrocapsules and
the like. The use of such media and agents for phanmaceutically active substances 1s well known
m the arf.

The phanmaceutical forms suitable for injectable use mclude sterile agueous solutions or
dispersions and stertle powders for the extemporaneous preparation of sterile injectable solutions
or dispersions. The camrier can be a selvent or dispersion medium contanung, for example,
water, ethanol, polvol {(for example, ghycerol, propyvlene glyveol, and liqud polyethylene glveol,
and the hke), sustable puxiures thereof, and vegetable oils. The proper fhudity can be
mamtained, for example, by the use of a coating, such as lecithun, by the mamtenance of the
required pariicle size m the case of dispersion and by the use of surfaciants. The prevention of
the action of mucroorgamsms can be brought about by various antibacterial an antifungal agents,
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, # will be preferable to mclude isotonic agents, for example, sugars or sodium chioride.
Prolonged absorption of the mjectable compositions can be brought about by the use i the
compositions of agents delaving absorption, for example, alununum monostearate and gelatin.

In certam embodiments, the present mvention provides a method of treating a subject
comprising admnistration of a compostiion. As used herein, the term "subject” is used fo mean
an animal, preferably a mammal, meludimg a human. The ferms "patient” and "subject” may be

used mterchangeably.

10
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The therapeutic compositions may be admuustered by any route that delivers an effective
dosage to the desired site of action, with acceptable {preferably minimal) side-effects. Numerous
routes of administration of agents are known, for example, oral, rectal, fransmucosal, or udestinal
admimstration; parenteral debivery, mchiding mtramuscular, suboutanecus, ntramedullary
injections, as well as mtrathecal, wtrapertioneal, wtranasal, cutaneous or mtradermal injections;

mhalation, and topical application.

Therapentic dosing is achieved by monitormg therapeutic benefit and monitoring to avoid
side-effects. Preferred dosage provides a maxumum localized therapeutic benefit with minmum
local or systemuc side-effects.  Swifable human dosage ranges for the pelvnucleotides or
polvpeptides can be extrapolated from these dosages or from smnilar studies m appropriate
animal models. Dosages can then be adjusted as necessary by the chinician to provide maximal

therapeutic benefit for human subjects.

When a therapentically effective amount of a composition of the present mvention IS
adnumnistered by e.g., miradermal, cutanecus or subculaneous injection, the composition is
preferably in the form of a pvrogen-free, parenterally acceptable aqueous solutnon. The
preparation of such parenterally acceptable protein or pelvaucleotide solutions, having due
regard to pH, isotonicity, stabulity, and the like, i within the skill i the art. A preferred
composition should contamn, m addition fo protem or other active mmgredient of the present
invention, an wsotomic vehicle such as Sodmm Chloride Injection, Ringer's hyection, Dextrose
Injection, Dextrose and Sodium Chlonide Injection, Laciated Ringer's Injection, or other vehicle
as known in the art. The composition of the present invention may also contain stabilizers,
preservatives, buffers, antioxidants, or other additives known to those of skill in the art. The
agents of the wmvention mayv be formulated 1 aqueous solutious, preferably m phystologically
compatible buffers such as Hanks's solution, Rmger's solution, or physiological saline buffer.
For transmucosal admunistration, penetrants appropriate to the barier to be permeated are used i

the formulation. Such penefrants are generally known o the art.

The compositions of the invention may be i the form of a complex of the protem(s) or

other active mgredient of present invention along with protein or peptide antigens.

The composition may further contam other agents which either enhance the activity of

the protem or other active mgredient or complement ifs activity or use mn treatment. Such
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additional factors andfor agents may be mcloded m the pharmacentical composition to produce a

synergistic effect with protein or other active ingredient, or fo minimize side effects.

Techniques for formulation and admimistration of the therapeutic compositions of the
instant apphication may be found m "Remngton's Pharmacentical Sciences,” Mack Publishing
Co., Easton, Pa., Iatest ediion. When applied to an mdividual active mgredient, adonumstered
alope, a therapeutically effective dose refers fo that mgredient alone. When applied to a
combination, a therapeutically effective dose refers to combined amoumts of the active
mgredients that result in the therapeutic effect, whether administered i combination, serally or

sipilianeously.

The antigens of the present invention are usefuld for identifymg, for example by screenmg,
and for generating antibodies or anfigen-bimdmg fragments thereof that are specific for antigens

with homogeneous conformational forms of the VI/V2 domam.

Antibodies may fake the form of any type of relevant antibody fragment, antibody
binding portion, specific bindmg member, a non-protewn svnthetic numic, or any other relevant
termunology known i the art which refers to an entity which at least substantially retams the
bmdmg specificity/nentralization activity. Thus, the ferm "antibody" as used m any confext
within this specification 1s meant fo mchide, but ot be limited to, any specific binding member,
mununoglobulin class andfor 1sotvpe (e.g., 1gGy, IgGs, 1gGs, Igla,, IgM, IgA, IgD, IoE and Igh);
and biologically relevani fragment or specific binding member thereof, inchuding but not himited
to Fab, F(ab")2, Fv, and scFv {single chain or related entity). Therefore, 1t 15 well known m the
art, and 15 mcladed as review only, that an "antibody” refers to a glycoprotein compristng at least
two heavy (H) chams and two hight (L) chains mter-connected by disulfide bonds, or an antigen
binding portion thereof. A heavy cham 1s comprised of a heavy chawmn variable region {(VH) and a
heavy chain constant region {CHI, CH2 and CH3). A hight chain 15 comprised of a hight chamn
variable region (VL) and a hight cham constant region (CL). The variable regions of both the
heavy and light chams comprise framework regions (FWR) and complementanity determining
regions {CDR}. The four FWR regions are relatively conversed while CDR regions (CDR1,
CDR2 and CDR3) represent hypervariable regions and are arranged from NH.sub.2 ternunus fo
the COOH termnus as follows: FWRI1, CDRI, FWR2, CDR2, FWR3, CDR3, FWR4. The

variable regions of the beavy and hight chains contain a binding domam that mteracts with an
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aptigen while, dependmg of the isotype, the constant region{s} may mediate the bindmg of the
mununoglobulin to host tissues or factors. That said, also included in the working definttion of
“antibodv" ave chumeric antibodies, humanized antibodies, & recombinant antibody, as lmman
antibodies generated from a fransgenic non-human antimal, as well as antibodiey selected from
librartes using enrichment techuologies available to the artisan. Antibody fragments are oblamed
using techmques readdy known and avadable to those of ordipary skill 1 the art, as reviewed
below. Therefore, an "antibody™ 1s any such enfity or specific binding member, which
specifically binds the conformational epitope of the of the VI/V2 domain. as described herein.
Therefore, the term "antibody" describes an mmmuneglobulin, whether natural or party or wholly
synthetically produced; any polypeptide or profemn having a binding domam which 1s, or 1s
substantially homologous to, an antibody binding domam. These can be derived from natural
sources, or they may be partly or wholly synthetically produced. Examples of antibodies are the
mynunoglobulin isotvpes and thewr 1sotypic subclasses; fragments which comprise an antigen
binding donain such as Fab, scFv, Fv, dAb, Fd and diabodies, as disenssed without inutation,
infra. It s known i the art that 1t 1s possible fo manipulate monoclonal and other antibodies and
use techniques of recombinant DNA technology to produce other antibodies or chimeric
molecules which retam the spectficity of the original antibody Such techniques may evolve
introducing DNA encoding the mmunoglobulin variable regton, or the complementarity
deternuning regions {CDRs), of an antibody to the constant regions, or consfant regions plus
framework regions, of a different mmmunoglobulin. A hybridoma or other cell producing an
anfibody may be subject fo genetic mufation or other changes, which may or may not alter the
binding specifictiv of antibodies produced. Anfibodies can be modified 1n a number of ways, and
the term "antibody” should be construed as covering any specific binding member or substance
having a binding domain with the required specifictiy. Thus, this ferm covers antibody
fragments, derivatives, functional equivalents and bomologues of "antibody”™ ncluding anv
polypeptide compristng an pnmunoglobulin binding domain, whether natural or wholly or
partially synthetic. Such an entity may be a binding fragment encompassed within the term
"antigen-bindimg portion” or "specific binding member™ of an antibody mclhuding but not limited
to {1} a Fab fragment, a monovalent fragment consisting of the VL, VH, CL and CH domams; (11}
a F{ab"}2 fragment, a bivalent fragment comprising two Fab fragments hinked by a disnifide

bridge at the hinge region; (111} a Fd fragment consisting of the VH and CH domams; (iv) a Fv
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fragment consisting of the VL and VH domams of a swngle arm of an antibody (v} a dAb
fragment, which comprises a VH domain; {vi} an isolated complementarity defernuning region
{CDRY); {vi1) a "scAb’, an antibody fragment copfaining VH and VL as well as etther CL ot CH;
and {(vii) artificial antibodies based upon protein scaffolds, mcluding but not limited to
fibroniectin type I polvpeptide antibodies {e.g., see U.S. Pat, No. 6,703,199, 1ssued to Keide on
Mar. 9, 2004 and PCT Intervational Application Publication No. WO 02/32825). Furtherniore,
although the two domams of the Fv fragment, VL and VH, are coded for by separate genes, they
can be jomed, usmg recombinant methods, by a synthetic hinker that enables them to be made as
a single protein chain mn which the VL and VH regions pan to form monovalent molecules
{known as single chain Fv {scFv}). In one embodiment, the wvention provides a method for
generating HIV-1 Env proteins with structurally homogeneous V1I/V2 domains, and the use of
such uniform structures as antigens, mununogens and therapeutic reagents.

Polvclonal or monoclonal anfibodies for use m accordance with the present invention
may be raised by known techniques. Monogspecific mwrine (mouse} antibodies showing
specificity fo a conformatfional epitope of a target of choice may be purified from mammalian
anfisera containing anttbodies reactive agamst this region, or may be prepared as monocional
antibodies using the tfechnigue of Kobler and Mistein (1975, Nature 256: 495-497}
Monospectfic antibody as used heretn is defined as a single anftibody species or nmltiple
antibody species with homogenous bindmg characteristics, such as the mwouse monocional
antibodies exemplified heremn with the 13C3 sernies of nmionoclonal antibodies. Hybridoma cells
are produced by mixing the splenic lymphocytes with an appropriate fusion partner, preferably
nmiveloma cells, under conditions which will allow the formation of stable hybridomas. The
splenic anttbody producing cells and myeloma cells are fused, selected, and screeped for
antibody production. Hyvbridoma cells from anfibody posttive wells are cloned by a technique
stich as the soft agar technique of MacPherson {1973, Soft Apar Technigues, i Tissue Culture
Methods and Applications, Kruse and Paterson, Eds, Academic Press). Monoclonal antibodies
are produced 1 vivo by iyjecting respective hvdridoma cells mifo pristine primed muce, collecting

ascite fhud after an mterval of time, and prepared by techniques well known in the art.

Bevond species specific monoclonal antibodies described above, the antibodies of the
present mvention may also be m the form of a "chumeric antibody”, a monoclonal antibody

constincted from the variable regions derived from say, the murine source, and constant regions
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dertved from the unended host source {e.g.. human; for a review, see Momrison and O, 1989,

Advances in Immunology, 44: 63-82). For example, the variable light and heavy DNA sequences

from the rodent {e.g.. mouse} antibodv may be cloned ndo a mamnmalian expression vector,
These hght and heavy "chuneric” expression vectors are cotransfectad o a recipient cell line
and selecied and expanded by known fechniques. This cell hine may then be subjected to known
cell culiure tecliniques, resulting m production of both the hight chain and heavy cham of 2
chimeric antibody. Such chimeric antibodies have historically been shown to have the antigen-
binding capactiv of the onginal rodent monoclonal while significantly reducing immunogenicify
problems upon host admmstration.

]

A logical mmprovement to the chimernic antibody 1s the "humanized antibody,” which
arguably reduces the chance of the patient mounting an mmmune respounse against a therapentic
antibody when compared to use of a chimeric or full murme monoclonal antibody The strategy
of "humanizing” a murnme Mab s based on replacing amme acid residues which differ from
those i the human sequences by site directed mutagenesis of individual residues or by grafting
of entire complementarity determining regions (Jones et al, 1986, Nature 321 522-526). This
technology 13 again now well known m the art and i3 represented by numercus strategies fo
mprove on this technology. namely by tmplementing strategies includme, but not himited fo,
“reshapmg” {see Verhoeven, et al., 1988, Science 239 1534-1536), "bvperchimerization” {see
Queen, at al., 1991, Proc. Natl. Acad. Sci. 88:2860-2873} or "veneering” {Mark, et al., 1994,
Dertvation of Therapeutically Active Humanized and Veneered anti-CD18 Antibodies Metecalf
end Dalton, eds. Cellular Adhesion Molecular Definition to Therapeuntic Potential. New York:
Plenum Press, 281-312). These strategies all ivolve to some degree sequence comparison
between rodent and human sequences to determine whether specific amino acid substitutions
from a rodent to human consensus is appropriate. Whatever the variations, the central theme
mvolved in generating a humanized antibody relies on CDR grafting, where these three antigen
binding sites from both the hight and heavy chain are effectively removed from the rodent
expressing antibody clone and subcloned (or "grafted”) mto an expression vector coding for the
framework region of the human antibody. For example, utilizing the above techmiques a
humanized antibody may be expressed wherein the CDRI, CDR2, and CDR3 regions of the
variable light chain are prepared, and the CDRI1, CDR2, and CDR3 regions of the variable heavy

cham are prepared. Therefore, a "humanized anfibody" 15 effectively an antibody constructed
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with culy murime CDRs (minus any additional ymprovements generated by mcorporating one ot
more of the above mentioned strategiex). with the remamder of the variable region and all of the

constant regron being derived fron a human source.

The wvention also encompasses nucleie acid molecules encoding the proteins of the
mvention. Nucleie acid molecules within the mvention can be ¢DNA, genomic DNA, synthetic
DNA, or RNA, and can be double-siranded or single-stranded {1.e., etther a sense of an antisense
strand). Fragments of these meolecules, which are also considered within the scope of the
wmveniion, can be produced, for example, by the polvmerase chain reaction {PCR) or generated
by treatment with one or more resiriction endonucleases. A ribonucleic acid (RNA) molecule can

be produced by n vitro franseription.

As used herein, both “protemn”™ and “polypeptide” mean any chain of amino acid residues,
regardless of length or post-translational modification {e.g., glycosylation or phosphorviation}.
The polvpeptide can be a naturally occurning, synthetic, or a recombinant molecnle consisting of
a hvbrid with one portion, for example, encoding all or a porfion of a VI/V2 domain, and a

second portion being encoded by all or part of a second gene.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this mvention
belongs. Al publications, patent applications, patents and other references mentioned heremn are

meorporated by reference m their entirety.

EXAMPLES

EXAMPLE 1
Isolated V12 domain of HIV-1 Env exists in at least two struciurally and fmmunologically
distinct forms

The native VI/V2 domain of a clade B sequence {CaseA) was expressed by fusion fo
the C-ternunus of a 273 amino acid sequence fragment of the MuLV gp70 domam. This fusion
glvcoprotein  was  characterized by SDS-PAGE  under wvanous condifions, by
radicimmunoprecipifation experiments with a panel of mAbs dwected against V1/V2-specific
epttopes, and by MALDI-TOF analysis of immunologically fractionated forms.

The CaseA2 gp70-V1/V2 sequence is set forth in Fig. 14,

The sequence of P565 plasnud is set forth in Fig. 15
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Plasnud has 1 HundHI stfe at the KU site m the V2 region

CAG AAA GAA TAT GCA CTT TTT TAT AAG CTT GAT ATA GTA CCA ATA GAT AAT
{(SEQ ID NO. 49)

Q ¥ E Y A L F Y X L D I Vv P I D N
(SEQ ID NO. 50

This can be pmfated and a unigue HindII site can be inserted by silent mutations udo the highly

conserved KL site at the beginning of the V1 sequence

CCC CCC GUT AGC GTA AAA TTA ACC CCACTC (SEQIDNO. 31
P P A S ¥V K L T P L (SEQIDNQ. 52
CCC COC GOCT AGC GTA  AfAg Tt ACC CCACTC {(S8EQ IDNO. 6)

HindII

The gp70-VE/V2 sequence of P363 is set forth m Fig. 16.

The V1/V2 domam of a number of HIV-1 Envs was expressed i isolated form as a
disulfide-bonded glycoprotein jomed to the C-lermmus to a 273 ammno acid fragment of the
Friend MulV gp70 protem. The CaseA2 VI/VZ fusion protein was radiolabeled and
mmmunoprecipitated with monoclonal antibodies {mAbs) duected against a target tn the gp70
carrier domain by captwre of the antibody Fc regions with PANSORBIN®, a commercial
preparafion of crosslinked Staph A. The immunoprecipitated proteins were removed from
PANSORBIN® by boitling in the presence of 196 SDS, and analyzed bv SDS-PAGE before and
after removal of all of the attached N-linked carbohydrate substifuents both in non-reduced form
and after reduction of disuifide bonds with dithiothreotol {DTT). Under non-reducing conditions
a closely-spaced doublet was resolved on 10% gels at the position expected for the
deglvcosylated protem. These two bands coalesced uio a smgle band with shightly lower
mobility than the doublet after reduction, mdicating that the doublet represented different
disulfide-bonded conformeric forms. Analysis of samples imununoprecipitaied with a vartety of
mAbs directed agamst sites in the VI/VZ domain contained either the upper or lower band,

mdicating that these represented two antigenically distinet conformeric forms. Analvsis of the
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structure of the mmunolractionated forms by MALDI-TOF mass spectrometry confirmed that
these possessed distinet disulfide-bonded structiwes and allowed the assignment of the stractures
represented by the upper and lower band form.

I

These results demmoustrate that the solated VIV domam of HIV-1 Eov exasts in gt least

two structurally and mmunologieally distinet forms.
EXAMPLE 2
Heterogeneous forms of VI/V2 domains are not limited 1o the Case-42 seguences.

The biochemical method described above (SDS-PAGE of deglveosvlated gp70-V1/V2
proteins under non-reducing conditons} allowed good resolution of structurally distinet VI/V2
forms of the Case-A2 sequence. However, applving the suular method fo the Bal sequence
resulted m a smaller separation between the two bands, and a modified SF162 sequence gave two
bands that were barely distinguishable. Furthenmmore, for several other gp70-VI/V2 fusion
proteins {e.g., the ConC sequence, or the ThO23 clade A'E sequence) only a single band was
observed. However, sequential inununoprecipitation assavs revealed the presence of distinct
conformational forms, wmdicating that the diverse forms were present, but conld not be separated

bv gel electrophoresis.
EXAMPLE 3
Direct binding studies with vgpl 20irgpl40 proteins and functional studies

Evidence was also obiained for nnmunological heterogeneity m recombimant and native
gpi26 and gpld0 mmunogens. Sequential immwnoprecipitations with monoclonal antibodies
spectfic for distinet conformation epitopes in VI/V2 showed that these antibodies recognized
ondy a fraction of the meolecules {Fig. 1}. Native and recombinant gpi20 and gpl40 proteins
were recognized by MAbs spectfic for either the upper band-specific or lower band-specific
epitopes, mdicating the presence of both structures i these antigens. Finally, evidence has been
presented that MAbs reactive with either upper band-specific or lower band-specific epitopes
neuntralized viral mfectivity, mdicating that both forms were present m functional Env profeins

and suggesting that both contribute to viral binding and/or entry.

Analvses by sequential immunoprecipitations revealed that a substantial fraction (~253%)

of three rgpl20s tested were non-reactive with 697D, directed against a conformational V2
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epttope. (Fig. 1A). C108g 15 a mAb iselated from an HIV-mnfected chump that recognizes a
glvcan-dependent VI/V2 epitope overlapping with the PGHPGIS sife and possesses potent
nentralizing activity agawst a linuted set of viruses. C108¢g also recognized only a fraction of

BaL rgpl20 confaming the correctly-folded V2 domam. (Fig. 1B}

To facilitate the structural analysis of the native VI/V2 domam, this region of a primary
clade B Eov {CaseA2)} sequence was expressed as a fusion protem, jomed to an N-teruunal
fragment of the MuLV Env protem, gp70 (Fig. 2). This fusion protein system allowed the
expression of the VI/'V2 domain as a native glveosylated and disulfide-bonded protein.
Separation of the VI/V2 domam from the gp70 domamn by cleavage at a proteolvtic site
engineered between the two domains showed that these regions form distinet and mdependent
folded domams (Fig. 33, The deglveosvlated gp70-V1/V2¢qeaz protemn was resolved as a doublet
by SDS-PAGE under non-reducmg condifions, indicating distinct conformational forms (Fig. 4;
see also Figure 6 for three distinct and possible confirmations of the V1I/V2 domam). The two
V1I/V2 conformational forms possess distinet mmmunoreactivities with V1/V2-specific mAbs.
Mabs isolated from mfected humans and mice immuized with rgpi20 all specifically recognize
the V1/V2 lower band form. Mabs from rats mmnmmnized with VIAV2 fusion protein recognize

upper bad or both bands (Fig. 5).

Homogeneous conformational forms of the VI/V2 fusion protem were 1solated by
mmmunocaffinity clromatographyv and analyzed by mass spectrometry. The two forms were
fractionated by mmmupoaftinity on colunwns contaming lower band-specific mab 238. The flow-
through contamed upper band forms, while the colummn eluate contamned the lower band form.
The upper band form contained peptides at mass of 1573 and 2634 predicted for the € form,
while the lower band form contained the complex pepiide with mass of 4206 charactenistic of

forms A and B (Fig. 7)

Alternate V1I/V2 conformeric forms of the CaseA2 and Bal V1/V2 fusion proteins were
analyzed (Fig. &). For the CaseA? protem, rat Mab KI10A11 {directed agamnst a siie n the gp70
carrier domamn) pulled down both forms:; mouse Mab SC-258 recognized only lower form; and
human Mab 8.22.2 (from mumumized Xenomouse, which contamned ounly human Ig genes)
recognized predonunantly upper band form. The two forms were also seen for Bal. VI/V2 fusion

protein, althongh they were not resolved as well. Again, K10A 11 recognized both bands, rat Mab
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10/76b, dwected agamust a hnear V2 epitope, recogmuzed both upper and lower band equally well,
while chimp Mab C108¢g recognized only the lower band form. The C1d8g epitope was not well-

expressed m this protetn, perhaps because of 15 glycan-dependence.

Figure © shows an analysis of reactivity of hmman vaccige sera with conformers of the
ep70-V1/V2iear mrotemn. Tirations of HIV-i-posttive human mumue sera show different

patterns against specific VI/V2 conformers (Fig. 10).

The wide variety of vartous pg 120 VI/V2 seguence seguences exemplified herein are
aligned m Fig. 11. The respective SEQ ID NOQ., plasaud number and corresponding names of
Envs from which these sequences represent are provided within Fig. 11. The respective
sequences are divided to mdicate different regions of the V1/V2 domain; the conserved flanking
regions, the V1 hvpervariable region, the senu-conserved V2 region, the V2 hypervariable region
and the V2 flank. It 1s also noted that these sequences are arranged by decreasing size of the V1
hypervariable region, and this order 15 reflected m the gels shown in both Fig. 12 {{(+PngaseF,
Nen-Reduced)) and Fig, 13 {({(+PngaseF, Reduced - DTT). Figures 12 and 13 show an analysis
of the conformational heterogeneity 1 V1I/V2 domain, as demonstrated by SDS-PAGE analysis
of deglycosylated gp70-fusion protemns, m both non-reduced (Fig. 12} and reduced (Fig.13) form.
The plaspud number and sequence name are indicated above each sample m both Fig. 12 and
Fig. 13. Samples are arranged according fo the bsting of Fig. 11, described above, as according
to size of the V1 hvpervariable region. The CaseA2 sequence {p3020) 1s repeated m each gel to
serve as a standard. Protem markers are also mcluded as size standards. All saniples represented
i both Fig. 12 and 13 were deglveosylated by treatment with PNGaseF before analysis; again,
with the gels of Fig. 12 bemg run in unrednced form and the gels of Fig. 13 representing gels
showing samples analyzed after reduction of disulfide bonds by treatment with DTT. Many of
the samples demonstrate nwidtiple bands, simidar i complexity to those seen for the CaseA2
protein. These bands coalesce to a single form after reduction (boftom gels). In general, samples
with longer V1 hypervariable regions (lefi-hand gels} tend to display greated conformational

diversify than saniples with short V1 regions (right-hand gels).
INDUSTRIAL APPLICABILITY
The mvention has applications m the treatment and diagnosis of HIV-1 virus mfection

disease. All publications cited in the specification, both patent publications and non-patent
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publications, are mdicative of the level of skill of those skilled m the art fo which flus mvention
pertains. All these publications are herein fitlly incorporated by reference to the same extent as if
each individaal publication were specifically and individually mdicated as bemg incorporated by

reference.

Although the invention herein has been described with reference to particular
embodiments, ¢ is to be understood thal these emboduments are merely tHusirative of the
principles and applications of the present mvention. It is therefore to be understood that
numerous modifications may be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spuit and scope of the present

nvention as defined by the followmg clamms.
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CLAIMS
What s clamned is:

i An 1solated and purified polypeptide comprising a VI/V2 domam of a HIV
envelope protemn having a structural configuration of 2 “C™ torm, as shown m Figure 6 and

Figure 7.

2. The polypeptide of clamm 1 wherein the HIV envelope protein 13 natrve gpi20.

3. The polypeptide of clamm 1 wherem the HIV envelope protein 18 natrve gplid0.

4. The polypeptide of claim 1 wherem the HIV envelope protein is recombinant
eplZh.

3. The polypeptide of claim 1 wheremn the HIV envelope protetn is recombinant
gpldo.

6. The polvpepiide of clatm 4 wheremn recombnant gp120 comprises a porfion of the

epl20 coding region, such that the antigenieity of the V1/V2 stinctural configuration of the “C”

form s mamtamed.

7. The polypeptude of claym 1 which is a fusion protein comprising an amino-
terminal sequence divectly linked to a VI/V2 domain of an HIV envelope protein having a

structiral configuration of a “C” form, as shown m Figure 6 and Figure 7.

8. The polvpepiide of clatm 7 wherein the arnmo-ternunal sequence represents a

portion of MulV gp70.

Q. The polypeptude of claim 8 baving the amimo acid sequence as sef forth

Figure 14 (SEQ ID NO:2}).

10, Anisolated nucleic acid molecude encoding a polypeptide with at least 90%
anune acid sequence identity to the polypeptide of claun 9, wherein said polvpepiide maintains
substantial antigenicity of the V1/V2 siructural configuration of the “C form, as shown m

Figure 6 and Figure 7.

11, A recombinant DNA molecule comprising the nucleic acid sequence of claym 10,
12. A cell hipe transfected with a recombinant DNA molecule of claim 11

g
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13, A method of teating a HIV positive subject comprisig adnunistering o the
subject a pharmaceutical composition comprising a polvpeptide of claim 1, said pharmaceutical
conposition optionally contauung a pharmacentically active carrier, wherein adnunisivation of

the pharmaceutical composition results in a reduction m HIV viral load.

14, A method of vacomating a human subject agamnst infection of progression of HEV
which comprises admuusiration of a pharmaceutical composifion which conprises a polypeptide
of claim 1, said pharmaceutical composition optionally contaming a pharmaceutically active
carrier, wherem adnunisiration of the pharmaceutical composttion results in generation of an

unmune response agamnst HIV mieciion.

15, A pharmaceuntical composition, comprising: {a) an effective amount of a

polypeptide of clamm 1; and, (b} optionally, a pharmaceutically acceptable carrier.

16. A methed for mducing an enhanced mmmunological response agamst a HIV
antigen 1 a mammalian host, said method comprising moculating the mammalian host with a

polypeptide of claim 1.

17. A method of identifying a HIV antiviral compound, comprising: {a) combining
component {1} -- a test compound, component (i1} -- a “ form-spectfic antibody, and
component {11} -- a polvpeptide of claum 1; (b) measurmg the effect the test compound has on
the affinity of component {11} for component (11t} of step {a}; and, {¢} comparing the effect the
component {11) for component {111} i the absence of the test compound.

i

18 The method of clanm 17 wherein component (1) 1s selected from the group
consisting of a peptide, a protein, a non-proteinaceous organic or inorganic molecule, DNA and

19, Anisolated and purified polypeptide comprising a V1/V2 domam of an HIV
envelope protewn having a structural configuration of a “B™ form, as shown m Figure 6 and

Figure 7.

20, The polypeptide of claim 19 wherein the HIV envelope protein 18 native gpl20.
2L The polypeptide of claim 19 wherem the HIV envelope protem 1s native gpl40.
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22 The polypeptide of claym 19 wheremn the HIV envelope protew 1s reconibinant

gpl2

23 The polvpeptide of claim 19 wherein the HIV envelope protem is recombinant
gpldi.

24, The polypeptide of claim 22 wherein recombinant gpi20 comprises a pottion of

the gp120 coding region, such that the antigenicity of the VI/V2 structural configuration of the

“B” form 1s maintamed.

25 The polypeptide of claim 19 which is a fustion protein comprising an anuno-
terminal sequence directly linked to a V1/V2 domain of an HIV envelope protein having a

structural configuration of a “B” form, as shown m Figure 6 and Figwre 7.

26.  The polypeptide of claim 25 wherein the anmino-terminal sequence represents a

poriion of MulLV gp70.

27.  The polypeptide of claim 26 having the anune acid sequence as set forth in Figure

14 (SEQ ID NO:2).

28. Ansolated mucleic acid molecule encoding a polypeptide with at least 90%
anuno acid sequence identity to the polypeptide of claum 27, wherein said polypeptide mamtains
substantial antigenicity of the V1/V2 siructural configuration of the “B” form, as shown m
Figure 6 and Figure 7.

29 A recombinant DNA molecule comprising the nucleic acid sequence of claym 28,

30, A cell bine transfected with a recombinant DNA molecule of clamm 29,

31, A method of treating a HIV positive subject comprising administering to the
subject a pharmaceutical composition comprising a polypeptide of claun 19, said pharmaceutical
composition optionally containing a pharmaceutically active carrter, wherem admmistration of
the pharmaceutical composttion results in a reduction m HIV viral load.

32, A method of vaccmating a human subject against mnfection or progression of HIV

which comprises administration of a pharmaceutical composition which comprises a polypeptide

of clatm 19, said pharmaceutical composition optionally contaming a pharmaceutically active
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carrier, wheremnn administration of the pharmaceutical composition results in generation of an

munune respoise against HIV infection.

33. A pharmaceutical composition, comprising: (a) an effective amount of a

polypeptide of claim 19; and, (b) opticnally. a pharmaceutically acceptable cammer.

34 A method for mduncing an enhanced imnmmnological response against an HIV
antigen in a manunalian host, said method comprising meculating the manumalian host with a
polypeptide of clamm 19.

35, A method of identifying a HIV antiviral compound, comprising: {a) combining
component {1} - a fest compound, component {11} -- a “B” formi-specific antibody, and
component (i1} -- a pelvpeptide of claim 19; {(b) measuring the effect the iest compound has on
the affinity of component (11} for component (111} of step {a}; and, {c) comparing the effect the
test compound has on the affinity of compounent (1) for component {u1) versus the affinity of

component {11} for component (i1} m the absence of the test compound.

36 The meethod of clamm 35 wherein component (1} 15 selected from the group
consisting of a peptide, a protem, a non-profeinacecus orgamc or morganic molecule, DNA or

37.  Aniscolated and purified polypeptide comprising a V1/V2 domam of a HIV
envelope profemn having a structural configuration of a “B"/~A” combined form, as shown m

Figure 6 and Figue 7.

38. The polypeptide of claim 37 wherein the HIV envelope profein 1s native gpl20.

39. The polypeptide of claim 37 wherein the HIV envelope profein 1s native gpl4Q.

40. The polypepiide of clatm 37 wherein the HIV envelope profein s recombinant
epl20.

41, The polypeptide of claxm 37 wherem the HIV envelope protem 1s recombinant
ap gt

42 The polypeptide of claim 40 wherem recombimant gp120 comprises a portion of

the gp120 coding region, such that the antigenicity of the VI/V2 structural configuration of the

“B77A” combined form is maintained.

-2
¥ (]
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43, The polypeptide of claym 37 which is a fuston profein compristig ag anuno-
termmal sequence directly linked to 8 VI/V2 domain of an HIV envelope protein having a

I N
i

structral configuration of a “B"/7A” combined form, as shown in Figure 6 and Figuie 7.

44, The polypepiide of claun 43 wherein the amino-terminal sequence represents a

portion of MulV gp70.

45, The polypeptide of clamm 44 having the anuno acid sequence as set forth i

Figure 14 (SEQ ID NO:2}.

46, An isolated nucleic acid molecule encoding a polypeptide with at least 90%
anmino acid sequence identity to the polvpeptide of claim 45, wherein said polypeptide mamntans

substantial antigenictiy of the V1/V2 structural configuration of the “B™/"A” combined form, as

shown in Figure 6 and Figure 7.

47, A recombmant DNA molecule comprising the nuclere acid sequence of claim 46.
48, A cell hine transfected with a recombinant DNA molecule of claim 47.
49, A method of treating a HIV positive subject comprisimg adnunistering to the

subject a pharmiaceutical composition comprising a polypeptide of claim 37, said pharmaceutical
composition optionally containing a pharmaceutically active carrter, wheremn admumistration of

the pharmaceutical composition results in a reduction i HIV viral load.

50, A method of vaccimating a human subject against infection or progression of HIV
which comprises admuusiration of a pharmaceutical composifion which comprises a polypeptide
of claim 37, said pharmaceutical compostition optionally contamung a pharmaceutically active
carrier, wherem adounisiration of the pharmaceutical composttion resulis in generation of an
immune response agamst HIV mfection.

51. A pharmacentical composition, comprising: {a) an effective amount of a

-
T
B

. and, {b) optionallv, a pharmaceutically accepiable cartier.

polyvpeptide of clanm 3

32, A method for inducing an enhanced immunological response agamst a HIV
antigen 1 a mammalian host, said method comprising moculating the mammalian host with a

polypeptide of claim 37,
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53, A methed of dentifving a HIV antiviral compound, comiprising: {a) combining
component {1} -- a test compound, component (ii) -- a “B™A” combined form-specific antibedy,
and component {11) -- a polypephide of claum 37; {b) measurmg the effect the test comnpound has
on the affinity of component {11} for component {11} of step (a):; and, {¢) comparing the effect the
test compound has on the affinity of component {i1) for component {1i1) versus the affinity of
component {11} for component (111} in the absence of the test compound.

RES The method of clamm 53 wherein component (1} 15 selected from the group
consisting of a peptide, a protein, a non-profeinacecus organic or mnorganic nolecule, DNA and

RNA.

-2
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Vaccing sera, obiained from the AIDS Vaccine Evaluation Group (AVEG), weare from subjects immunized
withy the folluwing antigens:

Serumi#t Antigen Serum# Antigen

|, 12, 14 HIVAC + rgpl20 HIB in Alum %, 8,13, 16, 17, 1% 300 mg rgpl20 MN/IIIB in alum

7 300 mg rgpl20 MN in alum &, 20 300 rag ropl2D B/ o alum

10, 18 300 mg rgpl20 B in abum 4, 11 100 mg Q521 + 300 mg rgpl20 MN in slum
15 LWS {HIV-THB infected)

Lanes 1-3 contain rodent Mabs 5C-238 {lane 1}, KiG-A11 {lane 2} and KI98B3 {lana 3}

385 Cys-iabeied CaseAl V1/V2 fusion protein was immunopracipitated with sera at a dilution of 1:25 and precipitates
were digested with PNGaseF prior to analysis by SDS-PAGE under non-reducing conditions.

FIGURE g
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FIGURE 13
P565 plasmid {11,258 bp;j

TTGGGCTGCAGGTCGATCGACTCTAGAAL CocaaaacgegiatitcggacagacacacCCGLTE
GAAAGGACCCTATACCGICCTACTGACTACCCCCACCGCTCTCAAAGTAGACGGL
ATTGCAGCGTGGATCCACGCTBC}CC:ACGTAAAGGLTGCCGACAGCAGBATTGAGC
CACCAGCAGAATCGA&\ PG TTOAALSG g UAAAL 34

NN )
S

3

OOTAA SOTHOO CBTAAAATTAACCCC
ACTCTGTGTTACTTTAAATTGCATTGATTTAAGGAATGCTACTAATGCCACTAGTAAT
AGCAATACTACTAATACCACTAGTAGTAGCGGGGGACTGATGATGGAACAAGGAG
AAATAAAAAACTGCTCTTTCAATATCACCACAAGCATAAGAGATAAGGTACAGAAAG
AATATGCACTTTTTTATAAGCTTIGATATAGTACCAATAGATAATCCTAAAAATAGTAC
CAACTATAGGTTGATAAGTTGTAACACCTCAGTCATTACACAGGCCGGOGCCTAAT
AGATCGATTAGTTCAATTTGTTAAAGACAGGATCTCAGTAGTCCAGGCTTTAGTCCT
GACTCAACAATACCACCAGCTAAAACCACTAGAATACGAGCCATGATAAATAAAAG
ATTTTATTTAGTTTCCAGAAAAAGGGGGGAATGAAAGACCCCACCAAGTTGCTTAG
GGCGAGCTCGAATTCATTGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACT
TGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAAT
TGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATC
ACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAAC
TCATCAATGTATCTTATCATGTCTGGATCCTCTACGCCGGACGCATCGTGGCCGGO
ATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATG
GGGAAGATCGGGCTCGOCACTTCGGGCTCATGAGCGCTTGTTTCGGCGTGGGTAT
GGTGGCAGGCCCCGTGGCCGGEGGGACTGTTGGGCGCCATCTCCTTGCATGCACC
ATTCCTTGCGGCGGCBGTGCTCAACGGCCTCAACCTACTACTGGGCTGCTTCCTA
ATGCAGGAGTCGCATAAGGGAGAGCGTCGACCTCGGGCCGCGTTGCTGGCGTTT
TTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGA
GGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC
CCTCGTGCGCTOTCCTGTTCCGACCCTGOCGCTTACCGGATACCTGTCCGCOTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTC
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FIGURE 15 {continued)

GGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCO
GACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGT
AGGCGGTGCTACAGAGTICTTGAAGTGGTGGLCTAACTACGGCTACACTAGAAGE
ACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTIACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTITTITIGTTTIGCAA
GCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTITGATCTITICTA
CGGGGTCTGACGUTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTICACCTAGATCCTTITAAATTAAAAATGAAGTTTTAAATCA
ATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAG
GCACCTATCTCAGCGATCTGTCTATTICGTTICATCCATAGTTIGCCTGACTCCCCGT
CGTGTAGATAACTACGATACGGGAGGGUCTTACCATCTGGCCCCAGTGCTGCAATG
ATACCGCGAGACCCACGCTCACCGGUTCCAGATTTATCAGCAATAAACCAGCCAG
CCGGAAGGGOCCGAGLCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTC
TATTAATTIGTTIGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTITGCGCA
ACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTITIGGTATGGCT
TCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGITGIG
CAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTIGTCAGAAGTAAGTTGGCC
GCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTICTTACTGTCATGCCA
TCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATA
GTGTATGCGGCGACCGAGTTGCTCTTIGCCCGGUGTCAATACGGGATAATACCGCG
CCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTICGGGGCGAAA
ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTICGATGTAACCCACTCGTGCAC
CCAACTGATCTTCAGCATCTTTTACTITCACCAGCGTITCTGGGTGAGCAAAAACAG
GAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACT
CATACTCTTCCTTTITCAATATTATIGAAGCATTTATCAGGGTTIATIGTCTICATGAGC
GGATACATATTIGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTT
CCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTAT
AAAAATAGGCGTATCACGAGGCCCTGATGGCICTTTIGCGGCACCCATCGTTICGTA
ATGTICCGTGGCACCGAGGACAACCOTCAAGAGAAAATGTAATCACACTGGCTCA
CCTTCGGGTIGGGCCTITCTGCGTITATAAGGAGACACTTITATGTITAAGAAGGTITG
GTAAATTCCTTGCGGCTTTGGCAGCCAAGCTAGATCCAGCTTTITIGCAAAAGCCTA
GGCCTCCAAAAAAGCOTCCTCACTACTTCTGGAATAGCTCAGAGGCUCGAGGCGGC
CTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGLCGGAGAATGGGCG
GAACTGGGCGGAGTTAGGGGCGGGATGGGCGGAGTTAGGGGCGGGACTATGGT
TGCTGACTAATTGAGATGCATGCTTTGCATACTTICTIGCCTGCTGGGGAGCCTGEE
GACTTTCCACACCTGGTTIGCTGACTAATIGAGATGCATGCTTTGCATACTTICTGCCT
GCTGGGGAGCCTGGGGACTTTCCACACCUCTAACTGACACACATTCCACAGCCAAG
CTAGCTTGAATTAATTCCCGAGCCCTTCCAATACAAAAACTAATTAGACTTTGAGITG
ATCTTGAGCCTTTCCTAGTITTTIGTATTIGGAAGGGCTCGTCGUCAGTCTCATTGAG
AAGGCATGTGCGGACGATGGCTTCTGTCACTGCAAAGGGGTCACAATTGGCAGAG
GGGCGGLCGGTCTICAAAGTAACCTTICTTCTCCTGGCCGAGCCGAGAATGGGAGT
AGAGCCGACTGCTTGATTCCCACACCAATCTCCTCGCCGCTCTCACTTICGLCTCGT
TCTCGTGGCTCGTGGCCLCTGTCCACCCCGTCCATCATCCCGCCGGCCACCGCTCA
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FIGURE 15 {continued)

GAGCACCTTCCACCATGGCCACCTCAGCAAGTTCCCACTIGAACAAAAACATCAAG
CAAATGTACTTGTGCCTGCCCCAGGGTGAGAAAGTCCAAGCCATGTATATCIGGET
TGATGGTACTGGAGAAGGACTGCGCTGCAAAACCOGCACCCTGGACTGTGAGCCC
AAGTGTGTAGAAGAGTTACCTGAGTGGAATTTTGATGGCTCTAGTACCTTTICAGTCT
GAGGGCTCCAACAGTGACATGTATCTCAGCCCTGTTGCCATGTTITCGGGACCCCTT
CCGCAGAGATCCCAACAAGCTGGTGTTICTGTGAAGTTTTICAAGTACAACCGGAAG
CCTGCAGAGACCAATTTAAGGCACTCGTGTAAACGGATAATGGACATGGTGAGCA
ACCAGCACCCCTGGTTTGGAATGGAACAGGAGTATACTCTGATGGGAACAGATGG
GCACCCTHTTGGTIGGCCTTICCAATGGCTTTCCTGGGCCCCAAGGTCCGTATTACT
GTGGTGTGGGCGCAGACAAAGCCTATGGCAGGGATATCGTGGAGGCTCACTACC
GCGCCTGCTTIGTATGCTGGGGTCAAGATTACAGGAACAAATGCTGAGGTCATGCC
TGCCCAGTGGGAGTTCCAAATAGGACCCTGTGAAGGAATCCGCATGGGAGATCAT
CTCTGGGTGGCCCGTTITCATCTTIGCATCGAGTATGTGAAGACTTTGGGGTAATAGC
AACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAATGGTGCAGGCTGUCATACC
AACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTCTGAAGTAAGTAGCTTCCT
CTGGAGCCATCTTTATICTCATGGGGTGGAAGGGCTTIGTGTTAGGGTTGGGAAA
GTTGGACTTCTCACAAACTACATGCCATGCTCTTCGIGTITGICATAAGCCTATCGT
TTIGTACCCGTTGGAGAAGTGACAGTACTCTAGGAATAGAATTACAGCTGTGATAT
GGGAAAGTTGTCACGTAGGTTCAAGCATTTAAAGGTCTTTAGTAAGAACTAAATACA
CATACAAGCAAGTGGGTGACTTAATTICTTACTGATGGGAAGAGGCCAGTGATGGE
GGTCTTCCCATCCAAAAGATAATTIGGTATTACATGTTGAGGACTGGTCTGAAGCAC
TTGAGACATAGGTCACAAGGCAGACACAGCCTGCATCAAGTATTITATTGGTTICTY
ATGGAACTCATGCCTGCTCCTGCCCTTGAAGGACAGGTTTCTAGTGACAAGGTCA
GACCCTCACCTTTACTGCTTCCACCAGGCACATCGAGGAGGUCATCGAGAAACTA
AGCAAGCGGCACCGGTACCACATTCGAGCCTACGATCCCAAGGGGGGCCTGGAL
AATGCCCGTCGTCTGACTGGGTTCCACGAAACGTCCAACATCAACGACTITTCTIGC
TGGTGTCGCCAATCGCAGTGCCAGCATCCGCATICCCCGGACTGTCGGCCAGGA
GAAGAAAGGTTACTTTIGAAGACCGCCGCCCCTCTGCCAATTIGTGACCCCTITGCA
GTGACAGAAGCCATCGTCCGCACATGCCTTCTCAATGAGACTGGCGACGAGCCOT
TCCAATACAAAAACTAATTAGACTTTGAGTGATCTTGAGCCTTTCCTAGTICATCCC
ACCCCGCCCCAGCTGTCICATTGTAACTCAAAGTAGTTCATCCCACCCCGCCCCAG
CTGICTCATTGTAACTCAAAGGGATGGAATATCAAGGTCTTTTTATICCTCGTGCCC
AGTTAATCTIGCTTITTATTGGTCAGAATAGAGGAGTCAAGTTCTTAATCCCTATACA
CCCAACCCTCATTITCTITTICTATITAGCTTICTAGTGGGGGTGGGAGGGGTAGGEEG
AAGGGAACGTAACCACTGCTTCATCTCATCAGGAATGCATGTCCAGTAGGCAGAG
CTGCCACAGAGTGGGTGTATHTIGTGGAGGAGGACTITTICTICAGGACAGTTAAAA
GAGCAGGTCCACTGCTTGGATTGACAATTCCCCTATAGGTAGAGAGCTGCTAGTIC
TTCAGGTAAAACCAACTITCTATTCCAAATGGAAGTTAGGTGAGGAGTAGTGGGAG
GAGTTCATGCCCTCCATGAAGACAGCTCAGTGTATCACCTGACAGATGGGTAGCC
CTACTGTAAAAGAAGGAAAAGTTATTTCTGGGTCCTCCATTTATAACACAAAGCAGA
GTAGTATTTTTATATT TAAATGTAAAAACAAAAGT TATATATATGGATATGTGGATAT
ATGTGTATTICTAATTGAGGAAACCATCCTAGTTACTGGGTTTIGCCAAGTTTGAAGA
GCTTGGTTAACAAGAAAGGATCTCTTGAGTAGAGGTGGGGGTGCAGTACCAGGAA
AGGTGGTTATCTGGGGCTCAGCGCTTIATTACTATGIGGGGTTICCCTGCCCACTC
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FIGURE 15 {continued)

TGCAGGAGCAGATGCTGGACAGGTAGCAGGGTGGGACACCAGTGCTGCCACCAC
CTGICCCTGTIGCTTAGGCTAAGATGCATATGTATCCACACAGAGT TAGCAGGATGE
AGTTGGUTGGTCAACTIGAACATTGTTACTGATAGGGGTGGGTGGGGETTIATITIT
TGGTGGGACTAGCATGTCACTAAAGCAGGCCTITTIGATATATTAAATTITITAAAGC
AAAACAAGTTCAGCTTTTAATCAACTTTGTAGGGTTTCTAACTITACAGAATTGCCT
GTITGTTTCAGTIGTCTCCATCCACTTTGCTCTTGGAGGAACGGAGGACAGGCAGAC
CTGGAGTTAAAACATTTIGTCATITTGTGTCATAGTGTCTACTTICTCCCAGCAGAAT
ATTCCTTTICCTTICTTAGGAGTCCTATGGAGTTITTIGTITTTTGITITITIICTATTACGAT
AAACATACCCCACCTCCATICTGGCTTGCCCTGCTGTICICTGGITGTITIGTGTIGOC
TGICCGCAGCAGGCTGCCTGTGGTITICTCTTIGCCATGACGACTICTAATTIGCCAT
GTACAGTATGTTCAGTITAGATAACTCCTCATTGTAAACAGACTGTAACTGCCAGAG
CAGCGCTTATAAATCAACCTAACATTTATAAGATTTCCTCTTIGACTIGTITICTTIIGIG
GTTGGGGGAGGAAGAAAAAAAAAAGCGTGCAGTATTITTITGITCCTTCATTITCCTA
TCAAAAGAAAGGGGAGTGGTTCTGTTITIGTITACTCGCAAAATAAGCTAGCTTATCT
ATTGGCTTITCTITITIITTITTITTITTAAACGGGCTITITCTIGTACCTATAATTIGG
GGTAAGGTGTGAGAGTITTTTATAGTTTTTTIGAGACAGGGTCTTGGTGTATACCCTIG
GCTGGCCTGGAGCTAACTATGTAGACTGGGCTAGCCTITAACTTIGCAGTTCTIGCTT
TCAATTAGGGTTTATACATTTAGTCTITGGCAATICCTAGTICCACGTTTAATCICTTY
ACATITCAAAGCAGTGTTATCTGAAGAGTTCAGGCGCAGAGTCAATTCAATAGAGT
TACACAAAAACCTAAAAAACAAGTTTITAAATACCAAGTTATGTTGGCCTGGCCACTT
TTCACAGCTGTCCACAACTCAATGTGACAAGGCTACAAATTGGATATACTAGAATTT
CCTGGTGATTTGGAACCCCTGCTTCATTTCCOCGGAACCAGGGCTTITIGGTGACAGT
CCTAGCTTATCAGATTATTTAAAACAGTTACTCTICCTGCCCTTCTTICCTGAGACCT
TTGTCCAGCTGUCATGAGCCATCTACACAGTACTIGCTTCCCTGTTGAAGTCACTG
AAGGCACATCAGCCCAAGACATAAAGGCTTIGTCCCGGATTCACTAGCCTGGTGAA
CITGTGGTTCICTGATGTTITGICCTIGTITIGTIGTGATTTAGTCTCAAATITCCCAG
CCTGGTTIGAAAATCTGGGCTCCCAGCCTTCAATAAGGAGGACTACAGATATGTAC
GACTGAGCCTTGATTCCAGCCTCATGTTITATACGTCIGTGCTCAGCTCCCTGAAGG
TTCCAGTITGAAACTCAATAATCCAGGGGTCAGAAAGTCTTGATCTTATCCCCACA
GTATGGCACCAAGCCTGGCTGAGCCTTCTGACTTAGTCTIGCCCTGTTGCTATTTAA
GCACTTTTCTICACTAGGCTAAAAATAAAAGGAGCTTCCTCCTITGCCATGGCGCT
GTGCATGATAGGAAAAGGTAGCTATCTACTAGCATATTAACTCCACTGTTTIITGCTT
TGIGTGTTIGGTTTTTGAGGAAGGGTCTCAACTGTGTATCCCTIGGCTGGCCTGGCO
GGATCTAGCTTICGTGICAAGGACGGTGACTGCAGTGAATAATAAAATGTGIGTTIG
TCCGAAATACGCGTTTTGAGATTTCTGTCGCCGACTAAATTCATGTCGCGOGATAG
TGGTGTTTATCGCCGATAGAGATGGCGATATTGGAAAAATCGATATTITGAAAATATG
GCATATTGAAAATGTCGCCGATGTGAGTTICTGIGTAACTGATATCGCCATTTTITICC
AAAAGTGATTTTTGGGCATACGCGATATCTGGCGATAGCGCTTATATCGTTTACGG
GGGATGGCGATAGACGACTTTGGTGACTTIGGGCGATICTGTGTGTCGCAAATATC
GCAGTTTCGATATAGGTGACAGACGATATGAGGCTATATCGUCGATAGAGGCGAC
ATCAAGCTGGCACATGGCCAATGCATATCGATCTATACATIGAATCAATATTGGCC
ATTAGCCATATTATTICATTIGGTTATATAGCATAAATCAATATIGGCTATTGGCCATIG
CATACGTTGTATCCATATCATAATATGTACATTTATATTIGGCTCATGTCCAACATTAC
CGCCATGTTIGACATTIGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCAT
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FIGURE 15 {continued)

TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGLCLG
CCTGGCTGACCGCCCAACGACCCCCGCCCATIGACGTCAATAATGACGTATGTIC
CCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGS
TAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT
TGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTIGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGA
TGCGGTTITTGGCAGTACATCAATGGGCGTGGATAGCGGT T TGACTCACGGGGATT
TCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTITGTTTTGGCACCAAAATCAAC
GGGACTTTICCAAAATGTCGTAACAACTCCGCCCCATTIGACGLCAAATGGGCGGTAG
GCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGAT
CCAGCCTCCGCGGCLCLGGEGAACGGETGCATTGGAACGCGGATTCCCCGTGCCAAGA
GTGACGTAAGTACCGCUTATAGAGTCTATAGGCCCACCCCCTTGGUTTCTTATGCA
TGCTATACTGTITTIGGCTIGGGGTCTATACACCCCCGCTTICCTCATGTTATAGGTG
ATGGTATAGCTTAGCCTATAGGTGTGGGTTATTGACCATTATTGACCACTCCCCTAT
TGGTGACGATACTTTCCATTACTAATCCATAACATGGOTCTITGCCACAACTCTCTY
TATTGGCTATATGCCAATACACTGTCCTTCAGAGACTGACACGGACTCTIGTATITTY
ACAGGATGGGGTCTCATITATTATTTACAAATTCACATATACAACACCACCGTCCCC
AGTGCCCGCAGTTITTITATTAAACATAACGTGGGATCTCCACGCGAATCTICGGGTAC
GTGTTCCGGACATGGGCTICTTCTCCGGTAGCGGLCGGAGCTTCTACATCCGAGCCC
TGCTCCCATGCOTCCAGCGACTCATGGTCGCTCGGCAGCTCCTTGCTCCTAACAG
TGGAGGCCAGACTTAGGCACAGCACGATGCCCACCACCACCAGTGTGCCGCACA
AGGCCGTGGCGGTAGGGTATGTGTCTGAAAATGAGCTCGGGGAGCGGGCTTGCA
CCGCTGACGCATTTGGAAGACTTAAGGCAGCGGCAGAAGAAGATGCAGGCAGCT
GAGTIGTIGTGTTCTGATAAGAGTCAGAGGTAACTCCCGTIGCGGTGCTGTTAACG
GTGGAGGGCAGTGTAGTCTIGAGCAGTACTCGTTGCTGCCGCGCGLGCCACCAGA
CATAATAGCTGACAGACTAACAGACTGTTCCTTICCATGGGTCTTTTCTGCAGTCALC
CGTCCTTGACACGAAGC {Seq. ID No. 3}



PCT/US2013/058433

WO 2014/039775

91 F4NDI4

T

;

T
s

i)

2

o

% f

2
S 7 ped %
AL et 4 ol

S

e

ES
&
W

-

g % ol B 4 i il ’. . e &S 13 i P
Ty e B
v CAFY R PR
te
LELS
k2 ot L

e
A

3 B B L 3 i i 3 3 3] B 21 g o : i B3 i E I2
3 ETONNY NI WY M TE AEN AN T R T T e B T R AR T 41 CE g Wi N NS % 5 iy Mey T
3L W R REYM VIO LD WD 80D S50 &% SEEOOYNG LD 20L WYY WO0 D40 DOV ¥RL L83 209 94%

% % %7 # a L d 1 d A i = A
EYS O¥D D¥D WIDD RO SLS DO WOY 3 &

b & d 2 1 & b i T H A A % i & b o o d 3 S i
SO0 LBD DHME YRS ODY DY YWD DLD D00 Do wow TG LOLoDwe wwl OO0y YN LDL DbE TR 0L D08 Sgd
; : §

r




PCT/US2013/058433

WO 2014/039775

(¢ N (I OF
(v oN (1 0O48)

{panunuoo)

L5 B S S SRS

\
WY O%D DLEL LW LbE NI

T 1

P 3 4 51 b3 * »
P, T EET Ty vy CWwrE W T
A DLE DL AWD bW DYE WYL DDD

TR

v

TNy A
B LA

!

91 00l

P
% " " * B
DI W BN WY DET WRL DTL

57 % > 3
ki p by . nd
VY SRy R T 7
AU VAN Ui WY pIAN

TAT L L T e i YL 71 Y S P W A
PEARN ORI L A VT PR A et

7 i 23 K3 e

EA o ) -
by T ey R T T ”
it ot g VLA LN VLA R e

4 g o e Pt bl
P BV




“Intefnationar apphc’atio'n‘l\for.
PCT/US 13/58433

INTERNATIONAL SEARCH REPORT
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

N/
2. Claims Nos.: 9-12, 27-30, 45-48
because they relate to parts of the international application that do not comply with the prescribed requirements to such an

. extent that no meaningful international search can be carried out, s eciﬁqalg: .
Claims 9-12, 27-30, 45-48 are unsearchable because Applicant failed to submit a valid CRF to the ISA/225 mailed on 12 September

2013. Accordingly, the USPTO cannot supply a search for the sequences listed in this application.

3. I:I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows: )
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inveptlve'
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid

Group |: Claims 1-8, 13-18, drawn to a composition/method comprising an isolated and purified polypeptide comprising a V1/V2 domain
of a HIV envelope protein having a structural configuration of a "C" form and it's application for treating/vaccinating/inducing an
enhanced immunologic response in a mammal host against HIV infection and a method of identifying a HIV antiviral compound.

Group II: claims 19-26, 31-44 and 49-54 drawn to a composition/method comprising an isolated and purified polypeptide comprising a
V12 domain of a HIV envelope protein having a structural configuration of a "B" form or an isolated and purified polypeptide
comprising a V I/V2 domain of a HIV envelope protein having a mixture of structural configurations comprising "B" and "A" forms, as
shown in Figure 6, and their application for treating/vaccinating/inducing an enhanced immunologic response in a mammal host against
HIV infection and a method of identifying a HIV antiviral compound.

Continued in supplemental box ’

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
’ claims. . :

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: :

4. }X{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1-8, 13-18

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box Il . . .
The groups of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The inventions of Group I required V1/V2 domain having a structural configuration of conformer C, not required by Group I.

The inventions of Groups I-ll share a cofnposition/method comprising an isolated and purified polypeptide comprising a VI/V2 domain of
a HIV envelope protein and it's application for treating/vaccinating/inducing an enhanced immunologic response in a mammal host
against HIV infection and a method of identifying a HIV antiviral compound.

However, these shared technical features do not represent a contribution or improvement over the prior art, where it is obvious over US
2003/0105282 A1 (PINTER) [published 5 June 2003] in view of the publication titled "Analysis of the disulfide bond arrangement of the
HIV-1 envelope protein CON-S gp140 Delta-CFl shows variability in the V1 and V2 regions” by GO et al. (hereinafter "Go") [published 4
February 2011), in final view of the publication titled "N-butyldeoxynojirimycin-mediated inhibition of human immunodeficiency virus entry
correlates with changes in antibody recognition of the V1/V2 region of gp120” by FISCHER et al. (hereinafter "Fischer") [published
October 1996 in J Virol Vol 70 No 10 Pages 7143-7152].

Pinter discloses an isolated polypeptide comprising a V1/V2 domain of a HIV envelope protein (fusion peptide of gp120 V1/V2 domain
fused to MuLV gp70 fragment; FIG 2; para [0015]; showing 'A’ form [as depicted in instant application Fig 6]) and also showing
resolution of 2 conformational forms together (para [0032], [0037]; FIG 6; SDS-PAGE doublet due to two conformational forms under
non-reducing conditions but identical mobility under reducing conditions; para [0070]-" Case-A2 fusion protein prepared as described
above was purified by affinity chromatography on a Ni-NTA column, utilizing a His6 tag incorporated near the N-terminus of the carrier
gp70 sequence. The protein was shown by SDS-PAGE to be>90% pure. Case-A2 fusion protein exists in at least two conformational
forms. A radicimmunoprecipitation analysis of 35S-cysteine labeled Case-A2 fusion protein demonstrated the presence of two
conformational forms of the antigen, which differed both in their reactivity with different monoclonal antibodies and their mobility on SDS
gels (approximately 2 kD apparent molecular weight difference) when analyzed under non-reducing conditions (FIG. 6)"). The presence
of multiple structural configurations in V1/V2 domain co-existent in one solution is further taught by Go, who shows heterogeneity in the
disulfide bonding in the V1/V2 region and suggest that V1/V2 region does not have a single conserved disulfide bonding pattern, and
that variability could impact immunogenicity of expressed envelope protein (abstract and pg 579, col 1, para 4). Go demonstrates that
ESI-MS/MS can be employed to identify disulfide-linked tryptic peptide (Fig. 7) and in addition to conventional ‘A’ conformer, other
disulfide bonding patterns could also exist (Fig 5A shows conformer A and Fig. 5B show different disulfide bonding patterns). Since
Pinter teaches that different monoclonal antibodies can specifically distinguish between the upper and lower bands of Case A2 fusion
protein indicated in the SDS-PAGE (-DTT) (para [0070]); it would have been obvious for an artisan of ordinary skill to have used the ESI
-MS/MS to to elucidate the different structural configurations of V1/V2 regions, because Go teaches that variability in disulfide-bonding
patterns could impact immunogenicity of. expressed envelope protein.

In addition to structural characterization of V1/V2, Pinter teaches using the isolated purified V1/V2 for vaccinating/treatment to generate
an enhanced immunological response against the HIV virus (para [0012]; "The invention also features a method for stimulating the
formation of antibodies capable of neutralizing infection by an HIV viral isolate in at least one mammalian species, which method
includes immunizing a mammalian subject with a composition comprising a protein which includes a gpl20 V1/V2 domain of an HIV-1
strain”) . '

Finally, concerning a method of of identifying a HIV antiviral compound, Fischer teaches combining a test compound (abstract; N-
butyldeoxynojirimycin (NB-DNJ)) with an anti-HIV antibody directed against the V1/V2 domain (in part), and the HIV envelope containing
the V1/vV2 domain and comparing the effect of the compound on the affinity component on antibody binding to the target containing the
V1/V2 domain (abstract: "In this study we have examined the effect of NB-DNJ on the structure of recombinant gp120 (rgp120),
expressed in CHO cells, by using a pane! of 40 monoclonal antibodies. The Jevels of binding of antibodies to rgp120 produced in the
presence [rgp120(+)] and absence [rgp120(-)] of NB-DNJ were compared by enzyme-linked immunosorbent assay and surface plasmon
resonance (BlAcore; Pharmacia). The results showed an increase in the binding to rgp120(+) of antibodies directed against the C1 and
C2 regions and a decrease in the binding of antibodies directed against the V1/V2 loops compared with antibody binding to rgp120(-). A
decrease in the binding to rgp120(+) of antibodies directed against discontinuous epitopes was also observed”; pg 7146 Table 1; TABLE
1. BlAcore analysis of the binding of antibodies to rgp120(+) and rgp120(+) [note effect on V1/V2 affinity for antibody indicated]).

As the common technical features were known in the art at the time of the invention, this cannot be considered a special technical
feature that would otherwise unify the groups. The inventions lack unity with one another.

Therefore, Groups I-ll lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special technical
feature. o

Comment on Item 4:

Claims 9-12, 27-30 and 45-48 are held to be unsearchable because no electronic sequence was submitted in response to ISA/225 on 12
September 2013. )

Observation

The description in Claims 37-44 and 49-54 of a V1/\V2 domain having a structural configuration B/A combined form lacks clarity, and is
unsupported by the description. There is no "B"/"A” combined form shown in Figure 8 or 7, or elsewhere in the description, contrary to
the recitations in these claims. For purposes of this invitation, the limitation in question is interrpreted as "An isolated and purified
polypeptide comprising a VI/V2 domain of a HIV envelope protein having a mixture of structural configurations comprising "B" and "A"
forms, as shown in Figure 6." ’
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