FUSI ON PROTEI NS COVPRI SI NG CD4 M NI MAL MODULES AND METHODS OF USE THEREOF
RELATED APPLI CATIONS 5 This application clains the benefit of U S

Provi sional Application No. 60/578,151, filed June 8, 2004, and U.S.

Provi sional Application No. 60/578,211, filed June 8, 2004. The above
applications are incorporated herein in their entirety by reférence.
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BACKGROUND
The human immunodeficiency virus (H1V-1, also referred to as HTLV-IIL, LAV or
HTLV-III/LAV) is the etiological agent of the acquired immune deficiency syndrome (AIDS)
25  andrelated disorders. (see, e.g., Barre-Sinoussi, et al., (1983) Science 220:868-871; Gallo et
al. (1984) Science 224:500-503; Levy et al., (1984) Science 225:840-842; Siegal et al., (1981)
N. Engl. J. Med 305:1439-1444; Guyader et al.,, (1987) Nature 326:662-669).
The envelope protein of HIV-1, HIV-2 and SIV is a glycoprotein of about 160 kd
(gp160). During virus infection of the host cell, gp160 is cleaved by host cell proteases to
30 form gpl20 and the integral membrane protein, gp41. The gp41 portion is anchored in the
membrane bilayer of virion, while the gp120 segment protrudes into the surrounding
environment. gpl120 and gp41 are more covalently associated and free gp120 can be released

from the surface of virions and infected cells. Furthermore, upon binding to its receptor,
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appears to be the primary target for inducing a hunoral i1inmune response to
H V. However, it is known that antibodi es directed agai nst gpl20 do not
generally exhibit broad antibody responses against different H V strains
and do not induce production of neutralizing antibodies. See, e.g.,
Javaherian, K, et al. (1989) Proc. Natl. Acad. Set. 86:6786- 6772;

Mat sushita, M, et al. (1988) J. Virol. 62:2107-2144; Putney, S., et al.
(1986) Sci@Mciac Egv pdypeptitrund3g®s a migaifieant gruckral regrrangement] d8g)thier oc. Nat .

G‘gid 8 gc '9 7 Oigé&él?ﬁgnal aN%R% tﬁg@@RS cm%@cﬁ%dmg sﬁil} gmedprﬁﬁosu%lg)tf Ehg 20;&(%53 ’8: Sci .

Pal ker, T.binging sitg, ingthirn, (nzggé)vntal@wlmthe opt¢elll SeGeig. WAt Rge:al. 4E98) 936) .
Furt her NIy, A4 3PN | - rl&%n%%* i&hﬁg199§5t1\'f£995%564gr6‘39typ' cally generated in the

course of =~ HI Vinfection I t'hese anti bodi es do not provide
per manént ant i Eivwagpeass tode the mylawﬁarmsbrpmmbehl@iu@raltimlnlme regeonesrtadilgn of

"neutral i z{).0n lﬁémthat\éhﬁﬂé)ﬁlew&&gh% ﬁ&@o b %@E&?&lf}'exﬂﬁgﬁx’oﬁ'@ in the

host i nmune syst em assocl at e esl S. arre- Si noussi,
F., et al anifbbdB@FpeBedsepajest @ﬂf@em\/&mms R@it;bmpm@iucgplfodumw obrteutdlizing1985)

Nat L 6 2 1 d

31 GUESS (7 2%9%91)35 %{1 % J'aJaIﬁerlax\elg S%t)alﬁ(l%@ PI%L (NLO %ﬁ%@Scﬁﬁ%Z%}?ﬁ%n on)
Nonet hel ed¥atsuplhitaj M., mie(u%swm:@wa 2t1Wall4t‘rh’elfrpr,é's,@n¢le(1@86)|§pmx| sting 20
neutr ajy ziag %Qtl'ﬁ?giu?ﬁe F?{O’%t élnfeb%ﬁll’r{cﬂt Marlaﬁdéps%?%ﬁ g4t bloglahteel v have a

pr ot ect| ve e achin e incomng virions and
reduci ng dvatthevesy @nilPfy PrdweNatl anftcéé’tu U4 }8319m9 971 rNpet, Pebl, ksl 4188 pfevent t he

Sot ence 5280 BRAGROAN PAKLT. L by BOME IEL Ml Sea S8 B Ssne B Lot
A): 587-598; RNuthewidrgmithagtndualivng ao8@les Al DFidRS gereatad iRGE cout@(os) 689 698;

Bol ognesi é—gg)nﬁgctmg% I‘i:{;[ma%lhe ef%ﬁ_é@ "4 ngtl Qowde'\/%ﬁln §nt%n§v1§ai]' F.

et al. clence Kerar’ e ories (])Pfc po entl aI Iy
ef f ectiSve paR ¢ dul to thie [ggnezation bﬁhhbmsahhame edaejasf’ v1lu8|e1lltanf5|aedlto th‘e)generxlarrpl e, In

nost i nfec ual s t| ve f bodi es that
interfere d\?ﬁi“ﬁ r}g laogglmmlfnbs ef‘zﬁsoma(tf Cﬂﬂg‘ Sésen I 5egr1t| Ff gl(?ousé‘ée, e.g.,
Kang, C. - \F,,ctzit(19ib3l)Scze;ﬂc9921)86|Br&7¢ RcNatHGurdicaﬂ etSc(l981JS¥kztur8&oﬁdﬂ11 6175;
McDougal 1 3 | 34;.2937- ocl onal
ant i bodi esﬂ%zﬁg s g’(ﬁté} @@gf?" Qsrapy afites; 7]12 §isfe R ]Gt s T ARG g6 ! 6874)
PA14 (Tr kQLcmdetu) 3au 572( mompnemewss @lis ww'sl@b):bﬁ?c&h&&})e ;aerdn&l%ﬂi p@lesiBtingex hi bi t
neut r |2|n a qal.. - (,1995 Vol .

06: 6608 6t gRlibaglibon M una $ShdughPkeniyhae R haentiebBior o ey
anti bod| eSnm& hedtachirerio tie 1lﬁbmdlgt\{h‘ldnb6ncﬁ'emhmgﬁkjnﬁ63nn&g&pﬁ‘ mfecﬁiqt}dbng regi on
after Virol.

o G676, adbas cIRYPY P coi st Saictos TR pSbe Mlie! BBk Higtimet t he oD4

(1992) Science 255:456-459; Burton, D.,R. and Montefiori, D. (1997) AIDS 11(suppl. A):
587-598; Montefiori and Evans (1999) AIDS Res. Hum. Ret. 15(8):689-698; Bolognesi, D.P.,
25  etal. (1994) Ann. Int. Med. 8:603-611; Haynes, B., F., et al. (1996) Science ;271: 324-328.
Several categories of potentially effective neutralizing antibodies have been
identified. For example, in most infected individuals, a subset of broadly reactive antibodies
that interfere with binding of gp120 and CD4 have been identified. See, e.g.,, Kang, C.-Y., et
al. (1991) Proc. Natl. Acad. Sci. US4, 88:6171-6175; McDouggl, J. S., et al. (1986) J.

30 Immunol. 137:2937-2944. Monoclonal antibodies, such as IgG1b12, 2G12 (Mo et al. (1997)
J. Virol 71:6869-6874), PA14 (Trkola et al. (2001) J Virol. 75(2):579-88) and 2F5 also
exhibit neutralizing effects. See, also, Trkola et al. (1995) J. Virol. 69:6609-6617; D’Sousa et
al (1997) J. Infect. Dis. 175:1062-1075. Other antibodies are believed to bind to the



bi nding site region, which is exposed only upon binding to CD4, several

groups have attenpted to generate neutralizing antibodi es by adm nistering

conpl exes of Env bound to 5 C4 (e.g., soluble CD4, referred to as "sCD4")

or to C4 mnetics (e.g., CDAM33). See, e.g., Martinet al. (2003) Nat
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The present invention solves these and other problems by providing fusion proteins
comprising a CD4 Env-binding region (CD4 minimal module) in a non-CD4 scaffold
(backbone). The overall structure of the fusion protein mimics the conformation of native
CD4, thus presenting the CD4 minimal module in a form that is known to bind to Env.

25  Binding of CD4 to Env induces a conformational change in Env that appears to expose
epitopes to which neutralizing antibodies are more readily generated. Thus, by using a CD4
minimal module within a non-CD4 scaffold, the fusion molecules described herein allow for
the production of useful antibodies against CD4-Env (including neutralizing antibodies and
other immune responses), while reducing or eliminating unwanted immune responses to non-

30  Env binding regions of CD4. Also provided are complexes of Env with the fusion proteins
described herein, as well as antibodies directed against these fusion proteins.

Thus, in one aspect, the invention includes a fusion protein comprising a CD4

minimal module and one or more heterologous polypeptide sequences. In certain



pseudot ubercul osis). The CD4 mnimal nodule is preferably a human CD4
sequence. In certain enbodinents, the fusion protein further conprises one
or nore additional 5 polypeptides, for exanple immunonodul atory pol ypepti des
(cytokines, etc.), and/or one or nore Env pol ypeptides. |In another aspect,
the invention includes conpl exes of the fusion proteins described herein
and an H'V Env pol ypeptide. Preferably, the conplexes are forned such that
cryptic epitopes are exposed in the Env pol ypeptide. The H V Env

pol ypept iatdodingnisibe fisicselegons pelppepidasequenne() teesd siycteplysirhilaiie ong of e. g., using
f or mal deydelogions b ALels], A btfork foafbns orlaR iVRLih Biypep RGN y&a, COMPI ex

spont aneouslpé under s blle conditTions. I'n an aspect, the invention

i ncl udes paetoluderawpsot TereClah midnplgnadnlp isafrefeigbly @bamanChf sgguencei  cont ai ni ng
fusi on prahshBs Shd REFuOErELn alkh i i jthe CD4- encoding
pol ynucl ecot iﬁge‘ g&e!ﬁ'aen(’:es _aSr e p?ntsgrteglﬁﬁllkggfgr e%&gﬁ{gg@“% thin the

s equenteobpemidesn drsyempheinmainemofwajery polyreptides (¢telanes eic )paidjpyept ¢rdes, for
exanpl e had verall configuration of the fusion protein is
simlar fﬂ({)&?ﬁg‘fﬁ%ﬁeﬁgdtclgve CD4. Optionally, additional sequences can be

i ncl uded i n t hreanothef aspecp thstinyentiordieeudes baebl¢res efi the fupign priatsins dededbedany of t he

| | .' : e . .
el o abii bR ARAT BhPROlyIHE, ToARSG Y Ehpfles AORHURIMBAET o0 ¢ opes
are exposionen areleupdsed/in sl By eplypetide. 2The HAY oy palppdptide and Sp¥airoteinisan | nvent i on

B RN e e T

i mrunoge rind/ocompowmpkk spogtafiepusijrendec suitpble emdivines. or nore adj uvants. In a still
further aspec t i v i.on. l:Nne; | LS t he

pol ynucl eot i dtclansané)%gf%Eecggfefg%ﬁtl%%ggﬁggg?]' 51 ° %@?%ﬂ#ﬁ%%? %)ﬁ'cl eoti de
sequencesnai potexopriping fisinprapies ddstribed hendiedintcortain ambwimertsetie €%- conpat i bl e

w th expr j: [ . | ect : le, a
ol 1 ey bop bR Eafl B kel oot R of a0 iy e BSTP & B
cel | s)5 amcalmgzhe badrblogoms (p.g., IEB®n) polyeptidsy, foremampis eh tiaethk ofaall. |

Tri chopl usj I .cells): I (o =\ ell; a plant
cell; anﬁ"hﬁ%‘gg‘eﬁrﬁ’“g%?g%{‘ %"3‘“@ gsls n?l}agtoﬁga?mgﬁ%a?lgé éie)ﬁ 6@&%@? é%ﬂq?grng% t he group
consi st i ngqwhcayaar byihdigled irGe fvivo picteds desdabxalrhicteic KuethdrswheB-agebfthe T-cel | s,
stemcells ro Itor ||l s _therepf: rinmar [l: an | rtalized
st andPRReu REORERt Pber S e bOREE B sy R B blerer) domelle {TIPY |

i ncl udes = Hj&rEnveelypeptidy suek dtaoeryfiarepitipes draexposedanthe Enapolgpepfidct , conpri si ng
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to any of the polynucleotides and/or polypeptides described herein. In certain embodiments, the

immunogenic compositions further comprise one or more adjuvants.
In a still further aspect, the invention includes a cell comprising any of the
polynucleotides and/or polypeptides described herein. The polynucleotide sequences are
25  preferably operably linked to control elements compatible with expression in the selected
cell. The cell can be, for example, a mammalian cell. (e.g., PERC.6, BHK, VERO, HT1080,
293, RD, COS8-7, and CHO cells); an avian cell (e.g., EBx® cells); an insect cell (e.g.,
Trichoplusia ni (TnS) or S19 cells); a bacterial cell; a yeast cell; a plant cell; an antigen
presenting cell; a lymphoid cell selected from the group consisting of macrophage,
30 monocytes, dendritic cells, B-cells, T-cells, stem cells, and progenitor cells thereof; a primary
cell; an immortalized cell; and/or a tumor-derived cell.
In another aspects, the invention includes a gene delivery vector for use in a

mammalian subject, comprising a suitable gene delivery vector for use in said subject,



control elenents conpatible with expression in the subject. In yet another
aspect, the invention includes a nethod of producing antibodies that bind
to cryptic epitopes of HV Env, the nmethods conprising the step of

adm nistering any of 5 the pol ypeptides described herein to a subject under
conditions that allow production of antibodies (e.g., neutralizing

anti bodi es, nonocl onal anti bodi es, polyclonal antibodies) in the subject.
In certain enbodi nents, the antibodi es produced in the subject are then
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production of a polypeptide in said subject. In other embodiments, the methods comprise (a)

25  administering a first composition comprising any of the polynucleotides described herein in a
priming step and (b) administering a second composition comprising any of the polypeptides
described herein, as a booster, in an amount sufficient to induce an immune response in the
subject. In any of the methods described herein, the vectors may comprise non-viral vectors
or viral vectors. Exemplary viral vectors include, but are not limited to alphaviral vectors,

30  retroviral vectors, and lentiviral vectors. Further, the polynucleotides and/or vector may be
introduced, for example, using a particulate carrier (e.g., coated on a gold or tungsten particle
and said coated particle is delivered to said subject using a gene gun) or encapsulated in a

liposome preparation. In any of the methods described herein, the subject can be a mammal,



for exanple a human or non-human manmmal and the introduction can be
intramuscul arly, intranucosally, intranasally, subcutaneously,
intradermally, transdermally, intravaginally, intrarectally, orally and/or
i ntravenously. The follow ng enbodi nents are enconpassed by the present
invention: 5 1. A fusion protein conprising a Cb4 m ni mal nodul e that binds
to HV Env and one or nore heterol ogous pol ypepti de sequences, wherein the
tertiary structure of the fusion protein exhibits structural simlarity to
native CDibregamplgahumas 'ponpqslnmaeimrrmfal mdalitermtloduvﬁ\t@rceﬁbt intrgn@D4anty, ni mal nodul e
conpri ses; t p claim1l or
claim 2, tré@g{oﬁﬁgﬁgﬁ %ra P S%%?ang 6 het er aﬁggﬂaéﬁwyblég%ﬁg@gwar e obtai ned
from Yerslﬂﬁﬁ@ctﬁﬂbbenaﬁﬂw@rsntrammsln 15 4. The fusion protein of claims3,
having a sequ .on protein of any
of the clai mseg}ﬁ Ol%?%ﬁﬂebpdlggﬁsra%seﬁﬁaﬁg%ﬁ@the gresexﬂg‘t’efély ogous pol ypepti des.
20 6. Yhe f usilbm fision pioteiomypiriaings ©D4 wheimel modulteetha dihids todily Edvetnér ol ogous

pol ypepti t ypept i des,
Finomoddr oy Sk BRGELE ol B fichiel e/ AL sl ot Ble iV PUET 0
prot ei n oprotsliregxtribBs stmteraéslmllamtta@kﬂmwbﬁal het er oI ogous pol ypeptide is a 25
viral polypeptide and the virus is HV. 8. The fusion protein of claim7,

wherein the polypeptide is an HLV Env pol ypeptide, 9. The fusion protein of
cl aim 8, wher el.rilke fisioklipxot&inof gaimylpehkréid theciMpninges mghild GomBBeor gpl 20. 10, A

poI ynygl eotde encading,the fusion protein of any of claims 1-9. 6 11. A
pol ypepti de conpl'eX conprising an HV Env pol ypeptide conpl exed to the

fu5| on protein of any of clains 1-9. 12. The poI ypepti de of claim 11

pherein the Eny fRLURRILOR A0y TN 25 Sl S cPrE RS0

fixative or via cross pepti aim ereln t he
fixative pdpmptidessrefobiaimad frnm Ye#stnia bercipatsyipesini de of claim 12, wherein the
fixative conprises formalin. 10 15. The pol ypeptide of claim 11, wherein
the Env pol ypeptide and CD4 protein conplex spontaneously.

15 4. The fusion protein of claim 3, having a sequence shown in FIG. 7 or FIG. 8.

5. The fusion protein of any of the claims 1-3, further comprising additional

heterologous polypeptides.
20 6. The fusion protein of claim 5, wherein the additional heterologous polypeptides
are selected from the group consisting of viral polypeptides, immunomodulatory polypeptides

and bacterial polypeptides.

7. The fusion protein of claim 6, wherein the additional heterologous polypeptide is a

25  viral polypeptide and the virus is HIV.
8. The fusion protein of claim 7, wherein the polypeptide is an HIV Env polypeptide.

9. The fusion protein of claim 8, wherein the HIV Env polypeptide comprises gp140
30 orgpl20.

10. A polynucleotide encoding the fusion protein of any of claims 1-9.



16. The polypeptide of claim1ll, wherein the Env pol ypeptide conprises
oligoneric 15 gpl40. 17. The pol ypeptide of claim1l, wherein the Env

pol ypepti de conprises gpl20. 18. The pol ypeptide of claim 11, wherein the
fusion protein is shown in FIG 7. 20 19. The pol ypeptide of claim 11,
wherein the Env pol ypeptide and the fusion protein are cross-1linked using
for mal dehyde. 20. An i mmnogeni c conposition conprising a fusion protein
according to clainms 1- 25 9. 21. An .imunogeni c conposition corrprl sing a
pol ypept i de cdipfeRlyRERiEF Sﬁ“ﬁ@e"t%’mpﬂﬂﬁg stV Envipglypegide sompigeeditgibeinogeni ¢
conposi t i RRicABRRIAMLY dklfmalgs 20 or 21, further conprising an adjuvant. 7
23. A cell conprising the pol ynucleotide of claim10, and wherein said

pol ynucl eoti de sequence is operably linked to control elenents conpatible

Wi th expression, irke pdlﬁﬂpt%ﬁ'&@ltal?rdllcelhéremﬁle%v mﬁepﬁ@é and¥DFprdiecRaf3, Wherein
the cell is a mammualian cel . . The cel fp im23, wherein the cell is
sel ect &d wmﬁ%@n@racfu@tlms}wwﬁéjnmg BHK VERO, HT1080, 293, RD, COS-7,
and CHO cells. 10 26. The cell of claim25, wherein said cell is a CHO cel | .

27. The cell of claim23, wherein the cell _is an insect cell. 28. The cell
of claim 27, ek pelynsatideet Flaing 12 herein thrrfixehissiomtises Fﬂrmelvhs) or Sf9 insect
15 cells. 29 The cell of claim 23, wherein the cell is a bacterial cell.

30. The cell of claim23, wherein the cell _is a yeast cel]l. 20 31. The cell
of claim 23, wieltq pelynsatideattplaing 12 wherainthedinative comprispp frwalin. of cl ai m 23,
wherepfp the cell is an antigen presenting cell. 25 33. The cell of claim 23,

wherein the cell is a I)ﬂ/@hm d cell selected fromthe group consisting of
macr ophage, nokodYa Rdypeptédech! plaine 11 whersin the Brwpolypeptide#ndi GD4 gretéim cel |'s, and
progeni togongﬁgxls.ﬁm;tg;,g&g@f 34. The cell of claim23, wherein the cell is a
primary ce

16. The polypeptide of claim 11, wherein the Env polypeptide comprises oligomeric
15 gpldo0.

17. The polypeptide of claim 11, wherein the Env polypeptide comprises gp120.

18. The polypeptide of claim 11, wherein the fusion protein is shown in FIG. 7.

20
19. The polypeptide of claim 11, wherein the Env polypeptide and the fusion protein
are cross-linked using formaldehyde.
20. An immunogenic composition comprising a fusion protein according to claims 1-
25 9.
21. An immunogenic composition comprising a polypeptide complex according to
claims 11 -19.
30 22, The immunogenic composition according to claims 20 or 21, further comprising

an adjuvant,



30 35. The cell of claim23, wherein the cell is an inmortalized cell. 36.
The cell of claim 23, wherein the cell is a tunor-derived cell. 35 37. A
gene delivery vector for use in a nmanmalian subject, conprising a suitable
gene delivery vector for use in said subject, wherein the vector conprises a
pol ynucl eoti de according to claim210, and wherein said polynucl eotide
sequence is operably Ilinked to control elenents conpatible with expression
in the subject. 8 38. A method of producing antibodies that bind to cryptic
epi topes of H2¥ &kl comprisingghernotigudentige ofxiladvy 10+ad whegingpid adni ni stering a
pol ypept i glayReeiad ket idpebly Hhitdd e&ubpelanag%ﬁﬁétggwlﬁr expREGidihons S

that all ow production of antibodies in the subject. 39. The nethod of claim
38, furthtesdesitgeelsi ng the step of isolating the antibodies produced in the
subject. 10 40. The method of clains 38 or 39, wherein the antibodies are
neutralizing antibodies. 41. The nethod of clains 38-40, wherein the

anti bolli es ar @4nbimoellef alkim?i, wherdinde. cell k% Maumaliaecalet hod of cl ai ms 38- 40,
wherein the anti bodi es are pol yclonal antibodies. 43. A nethod for

produci ng a palypeptide including HV Env pol ypepti de sequences, conpl exed
Do oA protel e TEEiel SEebRbt COREP e AGS ERCEMETS [ EHE COBVTEEOF cf af e
23- 36, unBEK, ¥BRaiHTBHE8, 298 R rffutiangCERIcdlipol ypepti de. 20 44. A met hod of
i nduci ng an i mmune response in subject conprising, adm nistering

conposition acgordin 0.cl a 20-22 in a nt sufficient to i nduce an
irmunzbrespongé'Jrrlen':e ﬁ%cgﬁ%?%gﬁﬁmﬁgmiggﬂﬁaE%ﬁﬂ%g'of DNA i nmuni zation of a
subj ect, conprising, introducing a gene delivery vector of claim37 into

sai d subj ect wWidghe @O clain®?s whilah thedeR isGampadticdll.e Wi th expressi on of said
expression cassette in said subject. 46. The nethod of claim45, wherein

said gene delivery vector is a nonviral vector. 30 47. The nethod of claim
45, wherein safdThewllef clain b mhereindes cgld isrpither Tskorleiga{®3) ea¥P insect 48. The
met hods of callkai m 47, wherein said vector is coated on a gold or tungsten

29. The cell of claim 23, wherein the cell is a bacterial cell.

30. The cell of claim 23, wherein the cell is a yeast cell.
20
31, The cell of claim 23, wherein the cell is a plant cell.

32. The cell of claim 23, wherein the cell is an antigen presenting cell.

25 33. The cell of claim 23, wherein the cell is a lymphoid cell selected from the group
consisting of macrophage, monocytes, dendritic cells, B-cells, T-cells, stem cells, and
progenitor cells thereof,

34. The cell of claim 23, wherein the cell is a primary cell.
30
35. The cell of claim 23, wherein the cell is an immortalized cell.

36. The cell of claim 23, wherein the cell is a tumor-derived cell.

35 37. A gene delivery vector for use in a mammalian subject, comprising
a suitable gene delivery vector for use in said subject, wherein the vector comprises a
polynucleotide according to claim 10, and wherein said polynucleotide sequence is operably
linked to control elements compatible with expression in the subject.



1

35 particle and said coated particle is delivered to said subject using a
gene gun. 49. The nethod of claim45, wherein said vector is encapsulated in
a |liposone preparation. 9 50. The nethod of claim45, wherein said vector
is aviral vector. 51. The nethod of claimb50, wherein said viral vector is
a retroviral vector. 5 52. The nethod of claimb50, wherein said viral

vector is a lentiviral vector. 53. The nmethod of claim45, wherein said
subject is a mammal . 10 54. The nethod of claim53, wherein said manmmal is a
human. 55. A nethod of generating an i mune response in a subject,
conprising transfecting cells of said subject a gene delivery vector of

claim 45, undgg ﬁgﬁ@‘?&d' ¢ %duélﬁba%ltlgo%ﬁegkﬂat fnlﬂ?to% d9§|§ilo HI?’eE'fg Miciting an

polynucleotlde an tion sal ereb
i munol ogMehid SF%“&H&)‘%‘E&I ?Se%%fl d pol ypept i de 56 The met hod of claim 55,
wherei n sai d ‘éeindtering a @olypapiide bordig tad¥]. or Sldim Phie anebjba dndd caldiom 56,

wher ei g sgi, llgﬁ?;og{mm o@lgdtfb&ﬂésqgthlé§ﬁ g2 particulate 20 carrier. 58. The

nmet hod of cl al ereln sald vector is coated on a gold or tungsten
particle and said coated particle is delivered to said vertebrate cell using
a gene gun. 2395%he Mbrbodedtchuind 3§ ffurteacamibiding v etep bhisslating thewtibedidss

encapsul apgglckdlindhd ubesome preparation. 60. The nethod of claim 535, wherein
said vector i1s a virdl vector. 30 61. The method of claim55, wherein said
viral vector is a retroviral vector. 62. The nethod of claim6l, wherein
said ¥Wral vedfoithd wethod efividims F8adr 39.e¢terain the @gibodibrareratutrelizing ¢l ai m 55,
wher ei n sgiilofasb) ect is a mammal . 35 64. The nethod of claim 63, wherein
said mammal is a human. 10 65. The nethod of claimb55, wherein said
transfecting is done ex vivo and said transfected cells are reintroduced
into said subjécihe Bghodrpfclaims Hot), phereinghoranti®dicgpargmednacleedl antibediessf ecting i s
done in vivo in said subject. 5 67. The nethod of claimb55, where said

| MMUNGs T ESPONSS. Irge l%etﬂé‘ci@{ c"fgimé W%her@in the antibodies ate polyclonal antibodies.

43, A method for producing a polypeptide including HIV Env polypeptide sequences
complexed to CD4 proteins, said method comprising,
incubating the cells of claims 23-36, under conditions for producing said polypeptide.
20
44. A method of inducing an immune response in subject comprising, administering
composition according to claims 20-22 in an amount sufficient to induce an immune response
in the subject,

25 45. A method of DNA immunization of a subject, comprising,
introducing a gene delivery vector of claim 37 into said subject under conditions that
are compatible with expression of said expression cassette in said subject.

46. The method of claim 45, wherein said gene delivery vector is a nonviral vector.
30
47. The method of claim 45, wherein said vector is delivered using a particulate
carrier.

48. The method of claim 47, wherein said vector is coated on a gold or tungsten
35  particle and said coated particle is delivered to said subject using a gene gun.

49. The method of claim 45, wherein said vector is encapsulated in a liposome
preparation.



response. 68. The nethod of claimb55, where said i mune response is a
cellular imune 10 response. 69. The nethod of claimb55-68, wherein the
gene delivery vector is admnistered intranuscularly, intranucosally,

i ntranasal ly, subcutaneously, intradermally, transdennally, intravaginally,
intrarectally, orally or intravenously. 15 70. A nethod of inducing an

i nmune response in a subject conprising (a) admnistering a first
conposition conprising a polynucl eotide according to claim 10 in a primng
step and (b) admi nistering a second conposition conprising a polypeptide
according to a . 0, i.n t sufficient to induce
an i nmune res§|8nIsrgésfn6%8?1éfczad%jazc@ep%%%gmﬁ%fl ﬂig%}%@&s'rgl aim70, wherein the
first conposition or second conposition further conprise an adjuvant. 25
72. The met hod10Themathod di:laimtse wdiereid $a&i fijal ®ttoc® @pasivirhionctbur t her conpri ses
a seqgyence encoding an HV Gag pol ypeptide. 73. The nethod of claim 70,
wherein the second conposition further, conprises an  H YV Gag pol ypeptide. 30
These and ot he¥: g%%ﬁh%ﬂfﬁ%al@fsoiwr%ﬁfde‘ﬁ‘ia VRO AIIGH VIR VES!Peadi | y occur to

those of skill in the art in light of the disclosure herein. BRI EF
DESCRI PTI ON Ofs3 Thife IRV ﬁ%ﬁw&%ﬁ@samu(;&%ﬁ? a A1) depicts the primary
am no acid sequence of a human 'CD4 prot el n (GenBanl ¢ Accessi on No.

NP_000607). 11 Figure 1B (SEQ I D NO 4) depicts the prinmary am no acid
sequerfe of a Hufbamebod of adkimaB, wheckin sid ranguel & 2AN(EEEQ | D NO. 2) depicts the
primary am no acid sequence of an invasin protein from Yersinia

t uber cul osi s ( Banh fceSS| on Nos. AAA27632 d A29646 é 5 Figure 2B (SEQ
| D NO: 5) depl ‘ﬁf‘i’ rgﬁ?eya“agrf%ﬁmélﬁ’ieaesg‘@’d%@ﬁé J?fft MPPEBent  (residues
737-75 1) of tthesfctnmasclh off padt @ibjectsitpsvmdeliverfyagior R¢laif Hunelcp@ndigi@ | D NO 6)

depi cts thg: ﬂéﬁhﬂﬁl’éﬂéxﬁr@asi‘éﬁ 0Pt aaw@ﬁ@awpr@mwoama pol{ pephiddthesbp84- 595) of

the | 1yas ellcﬂerg%;[l ?mmunoq

ogical responsle saldA\ polypeptide.
56. The method of claim 53, wherein said vector is & nonviral vector.

57. The method of claim 56, wherein said vector is delivered using a particulate

20  carrier.

58. The method of claim 57, wherein said vector is coated on a gold or tungsten
particle and said coated particle is delivered to said vertebrate cell using a gene gun.

25 59. The method of claim 57, wherein said vector is encapsulated in a liposome
preparation.

60. The method of claim 55, wherein said vector is a viral vector.

30 61. The method of claim 55, wherein said viral vector is a retroviral vector.
62. The method of claim 61, wherein said viral vector is a lentiviral vector.
63. The method of claim 55, wherein said subject is a mammal,

a5
64. The method of claim 63, wherein said mammal is a human.

10



Figure 2D (SEQ ID NO 7) depicts the primary am no acid sequence of a
fragment 10 (residues 503-595) of the invasin protein shown in FIG 2A SEQ
IDNO7 is also referred to as Domain 1 (Dl1) of invasin. Figure 2E (SEQ I D
NO 8) depicts the primary am no acid sequence of a fragnent (residues
596-694) of the invasin protein showmn in FIG 2A. SEQID NO 8 is al so
referred to as Donmain 2 (D2) of invasin. 15 Figure 2F (SEQ ID NG 9) depicts
the primary amino acid sequence of a fragnent (residues 695-795) of the
'3”‘(’%3')” Pr ot eigs, ?H@ié{_@thbdﬂoﬁlagn (Sgéwhelﬁggl\lagﬁré%%&igg%_c%{@@ct\ﬁﬁ‘d(ﬁﬁ_rsﬁﬂj to as Dom_a:jn
of . inyasin. Figure . . . epicts e primary am no aci
sequence Bf" &F?geéﬁﬁﬁ?relnt(?déqudﬁggné§‘é’16§§8) of the invasin protein shown in
FIG 2A. SEQID NO 10 is also referred 20 to as Donmain 4 (D4) of invasin.
Figure 2H ( SEQs! PhiNethdd df ARI5SWohetdhsal BN ingiH ddfe AGIHD i8S wBRE. Of a
fragnent (residues 503-694) of the invasin protein shown in FIG 2A. SEQ ID
NO 11%includes DI (SEQ ID NO 7) and D2 (SEQ ID NO 8). Figure 21 (SEQID
NO 12) depi ct $7t Abe pethadplelamiShovhees Widdemyestewonse ina hiragadmmnungs (resi dues
503-795) eakpdnke invasin protein shown in FIG 2A SEQ ID NO 12 includes D
(SEQID NG 7); D2 (SEQID NGO 8) and D3 (SEQ ID NGO 9). Figure 2J (SEQ ID
NO 13) depicts the primary am no aci d sequence of a fragnent (residues
503- 888) of t S iTH%ﬁ@ihﬁdﬁgfé%“éﬁﬁ: wliseRsid immupeaespepse isEesliuRr KEpurs i ncl udes DI
(SEQ 1D Nfaspbhse.D2 (SEQ ID NO 8); D3 (SEQ ID NO9) and D4 (SEQ ID NG 10). 30
Figure 3 (SEQ I D NG 3) depicts an invasin-encodi ng pol ynucl eoti de (GenBank
Accession No. ML7448). Figure 4 is a schematic diagram depicting a C4
mi ni - protein ifvol veamehopfraim SHoRditverin heenesalve YN eRT ISpdalnisE™ddar ker
gray) cor ingsipaessdisrly,ontragsicehails intarB8130 fubBEfRebBly, InPratd@nadllia rehsismsaly,uct ural | y
stabi | i zegbynetnhly RERRRAAE Ry dr Mtrithbisde bridge between Cys 16 and Cys84.
Figure 5 i1s a'schematic di'agram conparing tertiary structure of CD4 (top)
with Pnvasin (bottom. A CD4 mininmal nodule is shown in darker gray. 5
Fi gure 6, panélls Adnethol & indrrieg scimemse respondeipiacubjeq cetprisgtgur al sinmilarity
between vari C{H)Sadir@ﬂktgn?% acﬁrstgaﬁli(%ﬂ%%l 'c%ig%ﬁ‘%n@ 2 pbBRleofidS RRWRINg kd Usikur al

siml arit){ bet ween re ues 1- right) and residues 737-751 of
i nvasin (I&PAPIIBE P 8dshows structural simlarity

(b} administering a second composition comprising a polypeptide according to claims
20 1-9, as a booster, in an amount sufficient to induce an immune response in the subject.

71. The method of claim 70, wherein the first composition or second composition
further comprise an adjuvant,

25 72. The method of claim 70, wherein the first composition further comprises a
sequence encoding an HIV Gag polypeptide.

73. The method of claim 70, wherein the second composition further comprises an
HIV Gag polypeptide.

30
These and other embodiments of the subject invention will readily occur to those of

skill in the art in light of the disclosure herein.
BRIEF DESCRIPTION OF THE DRAWINGS

35 Figure 1A (SEQ ID NO:1) depicts the primary amino acid sequence of a human CD4
protein (GenBank Accession No. NP_000607).

11



bet ween residues 78-109 of CD4 (left) and residues 576-603 of invasin
(right). Figure 7 is schematic depiction of an exenplary fusion protein as
described herein 10 conprising a CD4 mnimal nodule (dark gray) in a single
protein with fragnments of invasin. Figure 8, panels A-D, are schenmatic
depictions of additional exenplary fusion proteins as described herein
conprising a CD4 mnimal nodule (dark gray) flanked by polypeptide
fragnments of invasin. Residues 737-751 of invasin are depicted with stri pes.
Resi dues 584- FognradB (SHQWA NsHderiets Bisipamany amingrpgidsagienseor abuman/eli n

f ragment syffigsinglags. 503- 15 888 or fragnents thereof) are |ight gray.

DETAI LED DESCRI PTI ON The practice of the present invention will enploy,

unl ess ot her wilHgurE g4 (55@@5 NO:Dolapiets theprapry petinpos il ssquepecafen mvasieni stry,

viral immygpb den?%’mm!’linab%%&ko@{s (@éxfﬁa@ngcc%&%n%srﬁﬁRmﬁ%}?& é%t echni ques

within the skill of Such techniques are explained fully in the
literafure. Sé?eg“fé 2& (SEQ IIENOQ)élP@Pit@Bwpmnﬁmamm@sacld%qm@wfé@am@t|vb| ecul ar

Propertie h Nel son L, M and Jerone H K

H V Prot og%sllcgugﬁpl ﬁl H%QI%Q? 1}9{?% ne, vol. 17, 1999; Sanbrook, et

al ., Ml ecul arFlgllroﬁCr(QEQﬁD ngh@dﬁm@f@ﬂv mnwaquo@si@ewcer@ alfagibett Labor at or Y,

1989); F.} sd%9§5§3«e§95?6f8tﬁt{ﬁ1ragﬂrp?cﬁ%m st I's in Mlecular Biology, Geene
es

Publ i shin socl at ersci ence w York; and Lipkow tz and
Boyd, ReV| ews Hlﬂ!l@éﬂdﬁE@ﬂDMﬂﬂ) depietyitetpriparyolingrsgl stqyenesdntiagiptit] ey- VCH, New

York, jhlew,X ‘?Jugs %p]sgz}%%g of thé in {?gﬁltpl Héin &ftb;xrﬁlq? kitaba, %EQ%&%\‘I’Q 7 %J&;?fﬁﬁ Reg!fication

and the a Si ng orns I ncl ude
pl ural re@@(&nﬁl@lﬂhl)@émvam content clearly di ct at es 30 ot herwi se. Thus,

bol ypept | des, aiTe PRSP N, BRHDE e e B el gl 0 ©F Tore
appl i cat i @eridues §IbebHM pefghainvasingirdtein sm::'{mrilaﬂé} 2AnSB@ ID I‘é@é 1Srmsoeti“yrr¢dmor por at ed

by refere ety. 13 Definitions |In describing the present
i nventi on%q?%nl'ﬁ?ahﬁic}o‘f%% I{erms will be enployed, and are intended to be

defindd as i ndiigaedd (BEQ ANWNOE9) Hhgcts merpsmarp@inmmeaptdl sd@yciceanid fragmat ei n" are
used Lt ChERTIPERtlon DRLE) Bk en ol GG, B! XERNDAO BT AR BRI oS dues.

The ter ms eNCONPASS mers - and the
| i ke. Suchs pohaip?d@Di)démvedm be der| ved from natur al sour ces or can be

Zigﬁ 22:: gﬁd OrFlél?l‘%%@éSE@QbWO:P(S)%g}lﬁgtg 91'3 p;li-rrﬁgry ATHNG acfatlil sequence of agrggrﬁ)en%t
{residues 796-888) of the invasin protein shown in FIG. 2A. SEQ ID NO:10 is also referred
20 to as Domain 4 (D4) of invasin.
Figure 2H (SEQ ID NO:11) depicts the primary amino acid sequence of a fragment
(residues 503-694) of the invasin protein shown in FIG. 2A. SEQ ID NO:11 includes D1
(SEQ ID NO:7) and D2 (SEQ ID NO:8).
Figure 21 (SEQ ID NO:12) depicts the primary amino acid sequence of a fragment
25 (residues 503-795) of the invasin protein shown in FIG. 2A. SEQ ID NO:12 includes D1
(SEQ ID NO:7); D2 (SEQ ID NO:8) and D3 (SEQ ID NO:9).
Figure 2J (SEQ ID NO:13) depicts the primary amino acid sequence of a fragment
(residues 503-888) of the invasin protein shown in FIG. 2A. SEQ ID NO:13 includes D1
(SEQ ID NO:7); D2 (SEQ ID NO:8); D3 (SEQ ID NO:9) and D4 (SEQ ID NO:10).
30 Figure 3 (SEQ 1D NO:3) depicts an invasin-encoding polynucleotide (GenBank
Accession No. M17448).
Figure 4 is a schematic diagram depicting a CD4 mini-protein involved in gp120

binding. The CD4 minimal module (darker gray) corresponds to residues 15-85 of SEQ ID

2



nodi fications of the polypeptide, for exanple, glycosylation, acetylation,
phosphoryl ation, 10 etc. A polypeptide as defined herein is generally made
up of the 20 natural amno acids Ala (A, Arg (R, Asn (N, Asp (D, Cys
(QO, dn (Q, Qu (), Ay (Q, Hs (H, Ile (I), Leu (L), Lys (K, Met
(M, Phe (F), Pro (P), Ser (S), Thr (T), Trp (W, Tyr (Y) and Vval (V) and
may al so include any of the several known am no acid anal ogs, both naturally
occurring and 15 synthesi zed anal ogs, such as but not limted to

honoi sol @il ad isatradteraldy siabilized byrie prebeneradf alisufide pridigedietreiemeys! 6 and

S- et hyl cyskgei ne, S-(prop-Il-enyl)cysteine, honoserine, ornithine,

nor | euci n€, norvaline, honoarginine, 3-(3-carboxyphenyl)al ani ne,

cycl ohexyl al akigwee S i anokimatic dipprpacompainatertthry srueirdgf GPAGamrivih aci d,

canavani J(Bottoth 28 PR ARL A ol j ke. Further exanpl es of
pol ypept ?ﬁveaséég%t%og{)t ﬁlat W|@P{l@?{r?gmgggsg%%ﬁ?ﬂa%%ggr%esent i nvention are set
forth bel ow. Tigure 6ypanelpéprd Batte stheroatichdspigiegsstpriotad simdlatiy pvesi ng

non- nat ur al. G o ' i1ke - E0E ' ot limted
o pept of i BEGH DR ERLLAE pehdlHEuR SRR WP el T et T

ol i gonmer HACTHr(gglht) ayidiresidies/27<H 1 iofingasinu{eftlr RanglBistame seucaipdl sintirityenzymat i ¢

and chem i , K 2 ytd ¢ Studi es of
Honol ogou%%%gg%@%?g'@%gngk]lgfsntaln? 6‘%"%"%59§¢3n%ﬁ§>‘gat6@3%‘%‘t‘)'o i goners. Bioorg.
Med. Chem Lethigur¢ T9%4hematly depRBi6ir o RGiGRImplidy fichicaghsoteif aglddséribeédreisi de chai ns
can be, i ncoar into th e i ir r . neludin | ar.., reactive
ond ovbn HRPETRES EPe el HoaReBh R ey b R i VAR AR Bl O
Kent, S. B. HFigarbBgmneld-IHareEtlidneiie ddpichtshvd dddithonal dxemplasdasiat | on of

Pept oi ds i ) ituted glyci J. by S mer . $oli d, Phase

Synt hest soma b bt Bink S gemhip mSHGTRARIEL B 1000, o
Gol dsm t hpolyReptididragiBents ddmmasinl Besidies T7-7&1 oVmedsar aradapictdd wil. stripgsnt hesi s

of N- (subst i t ut ed) cine Peptoj.d. Ljbrar,i . t hods,. Enz L..(1996), 267,
937 aa7. IRy S ol B ghaed o Bl oo URT R RSP 7D &
Zucken$ anggs oRfragdentstbareqiparatigiogragf Unpr ot ect ed Heterocyclic Side Chains into
Peptoid 14 A igoners via Solid-Phase Subnmononer Synthesis. J. Am Chem Soc.

(2003), 125, 8841- 8845; Uno, T., Beausoleil, E., Goldsmth, R A, Levine,
B. H & Zuckemmanep Beschipridew Subnononers for Poly N Substituted d ycines

(Peptoids). Tetrahedron Lett. (1999), .40 1475-1478].. .The ility to
efficiently i ne6PP&YEL thﬁp(}ﬁsﬁ'éf‘v?fﬁio P gploge prfess O T”J’Ifeeﬂ?lﬁﬁt%g allows 5 rapid
synt hesi scoafenbibgalim@ibdCof@ldtgn eirbstigd {ifl dunsBibegy hendcaRt bidlogedndi ty t han
nat ur ept.i.des hus,. t he .pepti de f th resent inventi.o .g., C™M
it B PNGdE i ar e SO gl Sull SPEE st PRARIIBimy  nol ude
one or nomehdiaphardSee, e.g., T.E. Creighton, Proteins: Structures and Molecular Properties

(W .H. Freeman and Company, 1993); Nelson L.M. and Jerome H.K.. HIV Protocols in

Methods in Molecular Medicine, vol, 17, 1999; Sambrook, ¢t al., Molecular Cloning: A

Laboratory Manual (Cold Spring Harbor Laboratory, 1989); F.M. Ausubel et al. Current

25  Protocols in Molecular Biology, Greene Publishing Associates & Wiley Interscience New
York; and Lipkowitz and Boyd, Reviews in Computational Chemistry, volumes 1-present
(Wiley-VCH, New York, New York, 1999).

Tt must be noted that, as used in this specification and the appended claims, the
singular forms "a", "an" and "the" include plural referents unless the content clearly dictates

30  otherwise. Thus, for example, reference to "a polypeptide" includes a mixture of two or more
polypeptides, and the like.

All publications, patents and patent applications ¢ited herein, whether supra or infra,

are hereby incorporated by reference in their entirety.
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By "geonetry," "architecture,” or "tertiary structure"” of a pol ypeptide or
protein is mneant the overall 3-D configuration of the protein. As described
herein, the geonetry can be 10 determ ned, for exanple, by crystall ography
studies or by using various prograns or algorithnms that predict the geonetry
based on interactions between the am no acids nmaking wup the primry and
secondary structures. By "wild type" or "native" pol ypeptide, polypeptide
agent or polypeptide drug, is meant a naturally occurring pol ypeptide
sequence, and its corresponding secondary structure. 15 An "isolated" or
“purifiedp pratein or polypeptide is a protein that is separate and discrete
froma mhofe organismw th which the protein is normally associated in
nature. |t is lagpwsriging the preaant inventicastn fddavdrgtrpy willdewmplbed, ardaows | evel s of

purl ty. T%Pénﬁ@déo%ed ‘"%?5‘%*@@?4‘@0% sPntaining a purified protein will be one

in which at [east re erably at | east about 40-50% nore
prefer&bl y, atTHegesis ”mmgptldisa%%rotan'thrmd intarelfangeablly yrergin td daote anpout 90% or

e of &b b BbBLPRLEL T Bk Do SRUFRO SR o bbIpiBE, difEisPr Ol el . 11

questi on pr ot and "mni Ch4
protei n" amuiimens e thabiler Gh@"@é}@bﬁt}dei a@n bedaived ﬁommytupd)kqa@@pmoaebet hat
interacts th env f erabl C fu nal..epitopes (e.g., cryptic
epi t opes) S%hets)l?‘e(ﬂ“Tecg‘tnﬁma@fr&aug t}hé{% | n'gcﬂdggj %tc ﬁ?pss%?ndl ng si tes( s) are
exposed. moddicatEnChy the mlyppptmbeﬁommmmle@ywsylﬂss, acktglatién phosplendstionf r agment 25
of 0 [ ntcl udi ng truncations and deletions. In addition, the term
enconpasseés’ functional and structural honol ogs of CD4 fragrrents i.e.,

pol ypepti des thAablypppidss defiveedderngintis generplil)tmqubsup of the&A nkinmal qmm siigs. The am no

(1085 - Core S8R T ok P BLbEa BT RS AR o s Fi
ﬁo m() lSESSI %)[\Qsi)(), Mt (efy] dPhé (R),rPro {HeSdr ), hr encwmass'r)frlqm:anumw)and structural

3 t ti.d hat
AT S T A E O T
Bi ot edh. 2bftkkizedlandlogs, Mich as ®it natl limifed @i oisBieoghed, yﬁ&ﬂ&neﬁll( 1):93- 100d Vbt a et
| . 1999) P . tl. d. | . A .96 6. As noted above,
? he (CD4 p?‘rﬁitgﬁ%‘ﬁcg@fﬁqp’t”@é@?“ﬁ’e§'gl?crq1y#ﬂ§;clp%g2(ﬂ')88J[ Wa%ﬁte‘% AN9EM% ept 0i d"
rmljeg\ul g; ornﬁtﬁi}he ewﬂém%ne ngﬂﬁ?l?\@?d?dﬁr%imﬁﬁ 3g3- cﬁmﬁybhdmgll)anggrte?m flues Sutc'hf a; Phe43
I an or 0Ol, ds a ur el a- n notl
T hcor por af Ry lalBie, TS e Tiefse) lwg“dg‘.*ﬁ%%%ﬁ#&“ga%%a Vaine, 2,3° Y

Frnoc- 3- anﬁﬁ%rﬂ:)pﬁ)@fobﬁ)aylﬂﬁilhwedi’kerEﬁrﬁﬁis&ﬂﬁpleﬁyf ofgpaptidohgyepe piak ¢l filds meant a
nmol ecyl.e der.ived from an. envelog rotein, 5 preferablyfromHIV Env. The
envel GPe B?edf'&er?r%?"tf-ﬂ"?}’t’f“a‘é?sﬁtfg'§/ PFotein of about 160 kd (gpl 60). During

virus infecti omedbmt Hhepaesiiscifiihdes RIRE cotprilRavadatibIp Oxbrmg bbptREOt eases to

like molecules, including, but not limited to peptoids. Peptoids are an easily synthesized
class of peptidomimetic oligomer that are highly diverse in structure and are stable to
enzymatic and chemical degradation (Miller, S. M. et al. Proteolytic Studies of Homologous
25  peptide and N-Substituted Glycine Peptoid Oligomers. Bioorg. Med. Chem. Lett. (1994), 4,
2657-2662). Hundreds of different side chains can be incorporated into the peptoid structure,
including polar, reactive and even heterocyclic functionalities [Zuckermann, R. N., Kerr, J.
M., Kent, S. B. H. & Moos, W. H. Efficient Method for the Preparation of Peptoids
[Oligo(N-substituted glycines)] by Submonomer Solid Phase Synthesis. J. Am. Chem. Soc.
30 (1992), 114, 10646-10647; Figliozzi, G. M., Goldsmith, R., Ng, S., Banville, 8. C. &
Zuckermann, R. N. Synthesis of N-(substituted)glycine Peptoid Libraries. Methods Enzymol,
(1996), 267, 437-447; Burkoth, T. S., Fafarman, A. T., Charych, D. H., Connolly, M. D. &

Zuckermann, R. N. Incorporation of Unprotected Heterocyclic Side Chains into Peptoid
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formgpl 20 and the integral nenbrane protein, gp4l. The gp4l portion is
anchored in (and spans) the nenbrane bilayer of virion, while the gpl20
segnent protrudes into the surrounding environnment. As there is no coval ent
attachnment between gpl 20 and gp4l, free 10 gp 120 is released fromthe
surface of virions and infected cells. Env pol ypeptides may al so include
gpl 40 pol ypepti des. Env pol ypepti des can exist as nononers, diners or

mul timers. By a "gpl 20 pol ypeptide" is neant a nol ecul e derived froma gpl 20
region of the Env polypeptide. Preferably, the gpl20 polypeptide is derived
from H V Biligomérhea Solid@traye Submonanadydhssqlenc Ehob. Sgp 12003), 425 8p4loxi mat el y 511
am no aci t C of 15 t The

pol ypepti g§45 n%l:(rt Zsﬁg?sspeéﬁ’;é)r%ﬂgﬂ @‘dﬁb Il\?-vf algce% %?lfldclz(gsy Iﬁéﬁﬁtso i ncrease

t he appar Satimambmes dbrdolyWidiSgbstitutdd Gl?mwrﬁ?egmldsje mmhm@nmaﬂ(mpl, éths. The anm no

id f | 2 i f t
"ot er sper Lt (7 Fh TR oE S BERGAN stk b S TR 16
cyst ei fe rapal uilissid of biohemerf! 021@01ﬁérs whii far meeqhienicsl dba‘ersﬁth ﬁlaHhMudaH B.2
h ft ti 13, of
Sppr oxi P BT T e RRReL T RS e o ¢ o CPA HMB PP B Bnce ar e
common t odem&t polyfeptideat fugibis theggpibaydeuyie Raesr. mdi-lapeﬂwmer vari abl e domai ns

contai n extensjve am nq,, supstjtutions, ons, and del eti ons.
Despite this i BSPT IR’ ﬁﬁbgecmir? Hotertiapy Str“&tHTZ C’iﬁﬁ%tﬁlfé’épt&e&lér ve the
virus's ahiehitfhe dvé)rabBﬂ[lﬂcohﬁgﬁrhlﬁm\dfﬂﬁlproteﬁmeﬁ@&crﬁ%herﬁn t@é@&etrpﬁﬂn}bﬁept i de"

i ncludes Qoth .single su i nd/ lt| rs. 25.Env pol ypeptides (e.qg.,
gp1.20. Bgpdaermiie. D DeTpE ResrialoReSly st AP RiBE o R BREATSEE of 4

anti - par ahlg@ﬂlthﬁl@ﬁﬁf prédiél She(geomery KisedDn ifteFactidts Bitleed thedinind ddaks nfaling a

(3-sheet. trudl_rlgﬁ fror&gone gtalr of the (3-strands (p-2 and (3-3) are two
| oops, V1UBHE PUBarygRds ry sSHe®ESoccurs at approximately anino acid residue

119 (Cys) to apy nmdagped of ﬁﬁhﬂu@og«g%u&eTb@l}pepMu dgent (OB pSlyREGAY Budis
approximately am ng acid, resjdue 1 to am no_acid residue 201 30
(lle), r efméettgdapplligssuying pakDoRy ‘F?W“?%@%‘F?COHE%?B‘?%“@FC%BWBWCH&? ely amino

aci d pesi tAnOEkalatea?&"fla@mh" brotelrfst ipBlySepd®hs 6 n tha@b sthardie ahddikiBe 2. (see,
e.g., Watt et al J. Mirol. 69:5723-5733; Stamatatqgs et al. (1998)

J Virol. ﬁ?mmlwlema@)smww@a#%mﬁew poranally asspriptedyin pptuigs It(‘%a@ﬁure%ds ((3-20

and (3- 21}nat ﬁe@erm%@@téspl‘&@ﬁ of%ﬂidi@lek‘él@@ ;.fﬁhgp ﬁy?&ﬂ a«f @%nﬁﬁ%mﬂ@ﬁ’ Sdnthi@gg "the 16
bridging sheet snall | oop dg s fromabout amno acid

resi due 422uriffad nxteipy ll!a'i’ﬁ 496 "aYthélh Fté‘é‘ﬁt @it 35% prefstaplyahlepst alpont 40r58%t ends from

about am %r@ﬁbi@raﬁ@sdﬂj&dﬁ @ 7584 e)ndhf%st%‘i‘éfélﬁbl?ﬁi 1@aswo%mob@% &%ré Byr). In
variant SF162, the Met-426 is an re%il resid |'oop" extends

from éﬂouflleéWWOtﬁ}élllﬁth? enResicion pill ed)mtf"ﬁrﬁé)ﬂl‘&ﬁtl%29 (Lys) , 5_ relative to
HXB-2. Ali gnmegqg, o, WBB4 TiNP0ia6 » oS PRHANS GRodle F R cHERL L e, gp160 of any

used interchangeably to refer to any polypeptide that interacts with env , preferably such that
functional epitopes (e.g., cryptic epitopes) in or near the CD4 and/or chemokine receptor
binding sites(s) are exposed. Thus, a CD mini-protein can be a less than full-length fragment

25  of CD4, including truncations and deletions. In addition, the term encompasses functional
and structural homologs of CD4 fragments, i.e., polypeptides that expose the cryptic epitopes
on an Env protein, The amino acid sequence for human CD4 is incorporated herein from
Maddon et al. (1985) Cell 42:93; and Littman et al. (1988) Cell 55:541) and shown as FIG. 1
(SEQ ID NO:1). In addition, the terms encompass functional and structural homologs of

30  CD4 fragments, i.e., mimetics and/or polypeptides that expose the cryptic epitopes on an Env
protein. See, e.g., Martin et al, (2003) Nat. Biotech. 21(1):71-76; Vita et al. (1998)
Biopolymers 47(1):93-100; Vita et al. (1999) Proc. Natl. Acad. Sei. USA 96(23):13091-

13096. As noted above, the CD4 proteins described herein may include one or more
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H V variant can be determ ned relative to other variants, such as HXB-2, as
described for exanple, in WO 00/39303. Furthernore, an "Env pol ypepti de" or
"gpl20 pol ypeptide" as defined herein is not limted to a pol ypeptide
havi ng the exact sequence described herein. Indeed, the H'V 10 genone is in
a state of constant flux and contains several variable domains that exhibit
relatively high degrees of variability between isolates. It is readily
apparent that the terns enconpass Env (e.g., gpl20) pol ypeptides from any
of the identified HV isolates, as well as newy identified isolates, and
subt ypes afeptoife swldcyles. fresamube pepiwip ks oidf Do binding tesidvestecitaaPbet3 are given
herein wi gy A@%@mmgeﬁ@dﬁﬁﬁ £Brtnef RO loe @SN ALY by dolpiGuyd 10 view of
the 15 teachi ngs of resent disclosure and the ar¥ can determ ne
cor r espon#¢tergp @gumgsamlm wichweh aa—ﬁmc@ammmnl«fxarb@yyethﬂcsmp@@teae H Vimb, H VsF2,

HI V-1sF162, HIpGlesy B&}ypﬁhdg"p‘é’ medtt Mﬂoﬂzculé'ﬁe\fv@d flom alll'%n\écllo Mn%éﬁv , HV-1UA4,

other HI V-1 strains di verse subtypes(e , types fhrou h G and
0), H ¥- 2 p@fqr@lmfsotmﬁﬂv Bhv.e fbeenyalopsfyeisin @éHbV 1 i gly@awitenaﬁﬁﬂbwt\yﬁ@ and
sim an d ( oEdi t i on
i o BRI GRE S ko G St LSt L o1,

and D. M If(nmpwuﬂe@é the higegry!; mfthWQWm grd. TEd‘gl?‘llm@rt(Oﬁllse&ndlsorCCBN(alﬂl\/l Kni pe, PM
Howl ey, %rtf?e- endishe b A)F%thr%& wgf?e‘e’tgg'%pleﬁgégﬁ%ﬁ Pithies 1{1%&3 for a

descrlptl hese an rél using tor exanple, sequence
conparis oaurmuo@namurmnegt ABhasTs rmrdvadenhastaghnokes bativise dp hadraoil g4 lo free

i dentific 4 f gram such
a5 thol ARp70R Bieo Aoh I Rhco e bkl Wit B Wl Rolbldes v BB,
regi ons). mfhlde g}dﬂ&ablymwm dov dolmrzfubmae@mﬁ‘asumommimed ofnwitimps! ypept i des

can be based 0?% 1 %I p\é d\é}@éﬂd%n S meﬁgqlﬁole%ﬁ]l@ ldLrYVed tfl%ﬁl 156 regi{d}{ 8Pt% ypepti de”

(e.g., "gpl20 asses prote e addi tional
nmodi f i cat Eonpolymptidee Pnﬂetrahl;e. tl&r&pﬂﬁ]w@pemmlm c&svcakfcblm HHhEhv Thepenagl

del
dgl ?Leﬁgts %m%%% gégﬁugrcggpwﬁ éﬁ’tﬁ"elgttg@c? i %%élgggl slth%%Hy?re{J%dg&Xacm dent al ,
such d$§ t hvantghotddalipes ITjne p@;lgpﬁptndengextemwdv mmdtﬂed by tHinked glsmzsylatianrto exanpl e,
f th
it the EnYncPe% RS :ﬁgp%rgrﬁ nlloﬁefg':ufhw?gﬂ ?t(flle mP)lCCL?ng ﬁ% P&Bnl?o%?fhle%{rﬁdo aﬁe ability to

nmodi fi cations nus Muno
17 elicit sa;mela:nbf Qﬂd@/cdnmd'wseelatmely b@sg@&cqumnsdeérspesseahmm fiost. Simlarly,

if the p0| e(,ra an aalines "i‘he.posz ogs oggu I]:'Q rTe 0 u{elf l(([}et %p@?(?%nrga such capability

must be re al ne ¥ pol ypepti de
(e.g., gpi@@en&s oﬂhﬁé HﬂedealQhwablaﬁemmxBuhaSaxﬁxaamtm(pnqjﬂxmedllmftm fusi on

t i bed he The E
pol ypebt | qeiy B8 FRbtel el Seuge Ep o AR g Somlitn b o =

not all, gp120 sequences. The hypervariable domains contain extensive amino acid
substitutions, insertions and deletions. Despite this variation, most, if not all, gp120
sequences preserve the virus's ability to bind to the viral receptor CD4. A "gpl120
polypeptide” includes both single subunits and/or multimers.

25 Env polypeptides (e.g., gp120, gp140 and gp160) include a "bridging sheet”
comprised of 4 anti-parallel B-strands (B -2, B -3, B -20 and (3 -21) that form a pB-sheet.
Extruding from one pair of the B-strands (B-2 and B-3) are two loops, V1 and V2. The B-2
sheet occurs at approximately amino acid residue 119 (Cys) to amino acid residue 123 (Thr)
while B-3 occurs at approximately amino acid residue 199 (Ser) to amino acid residue 201

30 (lle), relative to HXB-2. The "V1/V2 region" occurs at approximately amino acid positions
126 (Cys) to residue 196 (Cys), relative to HXB-2. (see, e.g., Wyatt et al. (1995) J. Virol.
69:5723-5733; Stamatatos et al. (1998) J. Virol 72:7840-7845). Extruding from the second

pair of B-strands (3-20 and B-21) is a "small-loop" structure, also referred to herein as "the
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conpl exed Env (e.g., gpl20) pol ypeptides result in exposure of epitopes in
or near the CD4 binding site, while allowing correct folding (e.g., correct
geonetry) of the Env pol ypeptide. Additionally, nodifications (e.g.,
truncations) to the V1 and V2 |oop regions may al so be made. Although not
all possible V 1IN2 nodi fications have been exenplified herein, it is to 10
be understood that other disrupting nodi fications are al so enconpassed by
the present _invention. The term "fusion nolecule" refers to a nolecule in

whi ch t wobidsingshest spadlipen" InKB2) B8 expnds fiomabent a@Wlaétﬁier%Vd‘@é%ll ently or

| f
ol ecul 0. Cap) & g Sei AL o FRUGEHIE D, ANCBE ol EhoBAELE RRTGERL AHEC 0T e
herein, th\éil)ttealﬁnnpeclér@duoﬁaﬁﬂyr)ohe@uhé SE th?pthe Metrd26GD4an ﬁtrmﬁRdmsidﬂBdul es and
at | east TR@%mQﬁEo%goétx%%é’?oﬂQQau% @9&:&’(&936& &? f(TxEYﬁ‘d'legp &g&i' es incl ude,

but are not I'im usi on fusi on between
a CD4 pol yepetive tod€XBrdd Adigmmoent Ghle ar:po¢ mMu@egs o Rav Mmephderﬁméﬁ(b@f@n)aci ds (for

exanpl e, ﬁl\?’%iaﬁ{é&n ﬁ@h&ez&%ﬁ‘i’é}ﬂﬂe Eokb(?hefr*déﬁa% SUWEI éled%%l\%he@uused in

reference to pro | es, the
terns "fusxamplqomd\t/@loﬂ/B%iB "fu5| on poI ypept| de" refer to polypeptides in

whi ch CD4 A i afbfl, BPAUEIE SRty ac B sARIAI0, RANENERF AR, One o

nor e het er ol ogous pep i Xpressed in a S|ngle pr ot ei n.
The CD4 phm}tpquotalpdlep@)ldﬂwmgehc ethcaﬂdqaehc@dcscn@dmaremm’rdesd die:sHINy t he

?ﬁgﬁr %{54 8&%@% 1} RSBL'of o?'c‘?éné?ant t’l\"%’lﬁé %oﬂ}aﬁﬁs@%«e%ﬁ‘@ﬂgkﬁ%omalns {}‘Sug{x Bl 090 -

|ng fusion 25
nol ecul es ralutllvbiy G4 degrevs nﬁVambﬂiqd besweelasoldtes clt 1slneadllhmpenem; thatmlwl terhe prot ei ns or

fragments _or derivative reo V|n Strygture to
native CDT. °F8F> eXai répﬁ":’ﬁ’? 3bre ldes 8 er E*%“‘g{r% ﬁso \/%sr‘i‘ﬁ & conmpati bl e
tertiary sd:wlymcteumfedumtaltaschmdfsulagnmoﬁtlsese)fsol\a(&s sDcscmntlonudife;trmjhmbﬁe&urps otein

st A LAR RS NERA SO0 I BTk RS, 2, (S50 10
Nos. 36 A&éﬂmﬁ‘g’s 2f mmplreshﬁgﬁ%osumd the m_t tannigteexanpdresspoatling reptmm int gheof i nvasin
oxt endi ng FY SHBOLE: e e BVPestL s0e T doaBath o pomadiobt s, due.
599; ar eg]il‘vmc@)_(st ¢fivilng, fthoMiFbiottinafromdivase shbtypesté.glumb®pes, Aahratighut  am no
about ani o BT B3GR PP RO U A FEIEBEL Ao
aci d resi fueunldidacatiny(SIani (fae,al, Vitokgy BueE&BE (W K. waklik edha98§)par ent t hat
ome S 55 e BRSSP T )
occur r i ng Edition Fields, ANy B8 Kinips Piveifovdey, Editors, 1996, Lippincott-Raven, Philadelphia,
PA,; for a description of these and other related viruses), using for example, sequence
comparison programs {e.g., BLAST and others described herein) or identification and
alignment of structural features (e.g., a program such as the "ALB" program described herein
25  that can identify p-sheet regions). The actual amino acid sequences of the modified Env
polypeptides can be based on any HIV variant,
Additionally, the term "Env polypeptide" (e.g., "gp120 polypeptide") encompasses
proteins that include additional modifications to the native sequence, such as additional
internal deletions, additions and substitutions. These modifications may be deliberate, as
30  through site-directed mutagenesis, or may be accidental, such as through naturally occurring
mutational events. Thus, for example, if the Env polypeptide is to be used in vaccine

compositions, the modifications must be such that immunological activity (i.e., the ability to
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5 substituted with non-naturally occurring residues such as peptoids. By
"binding" is neant the ability of a fusion nolecule to specifically interact
with an Env pol ypeptide such that interaction results in a confornmational
change in the Env pol ypeptide that | eads to exposure of Env epitopes to
whi ch neutralizing antibodies are nore readily generated. 10 Normally,
fusion proteins are capable of secretion into growh nediumin which an
organi sm expressing the protein is cultured. However, for purposes of the
present i rlighin aptibody sespinspl thpehipepiels) ivayt ladt.sSimiblerly, #abe/grigdptides aracel | ul arl y.
Secretion,i r Jedia is .readily determ ned using a nunber of

det ection b? g%ﬁrﬁ%q@%%&“?ﬁ%f’%ﬁf’ﬁ&h °%"."“g‘.",hy“6%ﬁ?§%’ég§}1°§m de gel electrophoresis
and the |like, @md,d hwndifed &gy pallypeptidel i aguins pslypdptides(e \¥é gp BX0ras béfoked | ng and 15

i Munopr ecj.pi L a scri.bed in, e .g.. | rnati.onal Publication
o e oapBih HicRRaARBE Ko BB R B Bl Ry ing G APPSR ey 1 s
produceéd ‘desttibaidetelin| e [Eyv polydeptide ayi e nianomekiomrioligamdrioe Gerdrdlly, ei t her

associated with one cell..s in, associatj.o ith the
lexm%%v their&sl?wpr esent 20

com Nl §O)OfIthEId rls ltinelJ(ChuaS gpitopes in,OF near
endop! asmeatpltERTRER bz Fovphfe il g ot eProp RER
i n the solbiling st Mhilé atowingaireatoldiih . g abyr e ptanctay) offthet Bre polvpeeidé. | nvent i on
may al so

be ..secreted.into grow h nmediu I as sufficient,amunts of
t he pol ypéabdtditi%@{yr@ﬂ‘ﬁﬁ??nmbsr(g‘g'e%mW%“%tﬂ%‘ﬁgj @gﬂlgl%%d?ﬁl?%ﬂayta%&becan be
purified iz Akhdugh s all psssibs VigV2 modifitagioeshave e exdagtifibeheedin,. it il
"1 munogeni ¢ l ecul e” or."inmmunogenic conposition” refers to a nolecule
that B it Erdreses et pcr sl MR REE LA Sy R TE R s capabl e of
ei t her el iigiehiiong an i mmunol ogi cal reaction in an individual to which the

protein is adm.nistered or, in,the diagnostic. . context, is. capable of
Peacting wi tn SR Fobdre ol sis i MErdaib MO ES e SRER By - epi t ope®
i's meant andléculs on lifltedaRpigBrotatenif bodonsp edéntly CTHS setinlt okiasleodan be cel | s 30

respond, renderi .%dﬁue rméﬁcul i ncl pydi.ng such an epit c paﬂhe of
el 16 t1 ng "Svame SHTE BaF Lmolpet, b g b ilEs R rEce AR iRTIFe} e T H
anti bodi ess pged $ier8in, théltedin Biferk Ging alblecHl@ BaphRising UD4tEiRiAal Siodd1&Qnd 8@€hst
i nt erchan eaFI with "antigenic determnant” or "antigenic  determ nant
ite. s An SBprpEELEAOTE b PoBRPS, Firbmancinicomsuibuie tet Upied &
conf or mat ifedlonlfdlypetiee fér@ximisle, aFisioaRRtweee N €NApblypeplile #AiatnoREDAONSI sts of at
| east 5 sucp amn ao &l({:l ds ar]d, ”%rﬁ) usual |y, lconsdo%t s.of at ] east 8-10 such
ani no aci FOYPRASHIRIGH BN qater A i( Qe’?ﬁﬁ’ﬁ‘l’ apuclgcaeidgngedinghe 85198 i no aci ds are
known i n tgagpatide)d Weheh MEddUR Referboé tog¥@emRd @mplisib@¥ne or more CD4 minimal
20  modules, the terms "fusion protein” or "fusion polypeptide" refer to polypeptides in which
CD4 amino acid sequences (e.g., Env-binding sequences) and one or more heterologous
(non-CD4) polypeptides are expressed in a single protein. The CD4 polypeptide(s) may be
flanked on one or both sides by the heterologous peolypeptide(s). Non-limiting examples of
heterologous (non-CD4) amino acid sequences that can be used in constructing fusion
25  molecules with CD4 minimal modules, as described herein, include proteins or fragments or
derivatives thereof having a similar tertiary structure to native CD4. For example, suitable
heterologous proteins having a compatible tertiary structure include fragments of Yersinia
tuberculosis protein invasin. A wild-type invasin amino acid sequence is shown in FIG. 2
(SEQ ID NO:2). See, also, Isberg et al. (1987) Cell 50(5):769-778; GenBank Accession Nos,
30 AAA27632 and A29646. Non-limiting examples of fragments of invasin useful in
constructing fusion proteins as described herein include a region extending from about amino
acid residue 506 to about amino acid residue 599; a region extending from about amino acid

residue 737 to about amino acid residue 751; a region extending from about amino acid
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crystal | ography and 2-di nensi onal nucl ear magnetic resonance. Furthernore,
the 5 identification of epitopes in a given protein is readily acconplished
usi ng techniques well known in the art, such as by the use of

hydr ophobi city studies and by site-directed serology. See, also, Geysen et
al., Proc. Natl. Acad. Sci. USA (1984) 81:3998-4002 (general nethod of

rapi dly synthesi zing peptides to determne the | ocation of inmmunogenic
epitopes in a given antjgen); U S, Patent No. 4,708,871 (procedures for

i dent i fyi ﬁ%jldaﬁg'f‘ﬁdﬂé?ﬁ%%mngy agil) FpeiuRR03; #1g/or 3 rreiqgiexisprling fem 3 Lit #BHL) . and

Geysen et agh resid3AaH hisdut AHIMD HEPISiBYe 5(9$9&60m Bésap%@;%mmaﬁ ohé &Ghde que for
i dentifyi nghﬁ?eptl des with high affinity f gi.ven anti body). Anti bodies
1

that recdgifiuserap healicrdss epmpamgdo wHitpe fPrc@ﬁ‘PPlP*i Ry dleleton 2addifig & i nmunoassay

showi ng t hgosaftibds! Furtlerm@Bnd L& Hiturlly BcOfifig hilifio BEiD HsiillethaydROL her
antibody to a target antigen. A "cryptic epitope” refers generally to an

epi t opé tﬁ%h““i“&edé’)ktbéi‘g’e'ﬂatkb"ﬁl’yo‘icﬁT‘&%Wﬁ@P% Ser e BeRRIAS ons of the protein. 15 A
"functional epg} %?duﬁ’@a‘ BEaht the atiity 8P4 mgﬁlﬂommeedépsdmém@mtémm ﬁhl ch

prevents or limts V infection’ In a particular enbodi nent,
ant i bodi edinupelypretide suFl hiptrintemetion Krsaiises 2 confarmstionst chepgsoRIREYs, t he

ant ' bodi €SolypeptidErhll: lead€td éib&sufmf ARGitHRI RONRISH nedRaliZid ARG 'aﬁ:@xlnoré esponse”
or "immune response” as used herein can include the Tdevelopnent in the

subj ect ofreadilhgaweietgl. and/ or a cel lul ar i nmune response to the Env (e.g., 20

gpl 20)1gpol y pepiibaRiIMeiord 116t ROAY BRREIE HEseh 3t 8D GRwih MheiuMas #hREaL OMPOSI ti on.
Antl bodies elicited in an immne response may also neutralize infectivity,

and/ or medrRniEMaMIPSSHE e PESep isciiied. dioveven o EyPerepRiTBrRpTESCEENTENEd ot oxi city
to provideg,gr Aﬁi@ﬁklﬁ%&ﬁl@%e rmé?édzlﬁtgacelh@aﬁ‘ty SEMH%tQ?{O@\% mb@agt i vity may be

determ ned | andard |mrunoassa”% such as a tion assays, well
known i n t¢pdilpdatermpsd THes & ayrpher f iemyech@guqas:e@iudm ign PPlpedryleraide ant i bodi es

obt ai ned ngf%r@)cQﬂ;hBreE’inaNocﬂlQH?é et ARRECh QRIS ERALANABA biARgIR] | aS. the

foll ow ng ybrid (chineric) anti es see or “exanpl e,

W nt erlet lemunqplegmﬂythnasaaveasmrﬂzmnmIntametlmalS’ublnatlernNo N¥O 4, 816, 567) ;
(i) F(ab'gkgssnd F(ab) fragments; (iii) Fv nolecul es (noncoval ent

het er odi mers, see, for exanple, Inbar et al. (1972) Proc. Natl. Acad. Sci.
USA 69: 2659- ZGBZOIYWPGid‘E(?rg i aph20eor oer Exv., POKYP%JG?) IBproéumiﬁ'lmmkhgarLy4096) (iv)

P oc. - nat 1oL IR fféi\@%%g%%%&é%%%@ﬁ@*ﬁ%P.f RSB o ant] body
fragnme nt @@ﬂwﬂmw@ thf( ridpplumiarsticudun E6R)iob thd yoted Apparites of whea, it if preseak anpl e,
230: 1501 207 i ST ol e peliiectt e B ARUA oy Blon b °CUb) Pohed 21
Sept enber s¢@gdd intogwivith meNumi sodmg abodiicent anourtsvif begobpertidesremais Fv  pol ypept i de
chains t h%’fzsjﬂﬂ With'iq%heoéeil gﬁ)crﬁ%zlt ﬁu@}t> La%rl!)e purified from cell lysates using techniques
described herein.
An "immunogenic molecule” or “immunogenic composition” refers to a molecule that
25  includes at least one epitope such that the molecule is capable of either eliciting an
immunological reaction in an individual to which the protein is administered or, in the
diagnostic context, is capable of reacting with antibodies directed against the HIV in
question.
By "epitope" is meant a site on an antigen to which specific B cells and/or T cells
30 respond, rendering the molecule including such an epitope capable of ¢liciting an
immunological reaction or capable of reacting with HIV antibodies present in a biological
sample. The term is also used interchangeably with "antigenic determinant” or "antigenic

determinant site.” An epitope can comprise 3 or more amino acids in a spatial conformation
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dormains at their Ctermni, separated fromthe sFv by a hinge region; see,
e.g., Pack et al. (1992) Biochem 31:1579-1584; Cunber et at. (1992) J.

| mmunol ogy 1498: 120-126); (vii) 5 human anti body nol ecul es; and, (viii) any
functional fragnents obtained fromsuch nolecules, wherein such fragnents
retain specific-binding properties of the parent anti body nolecule. Thus,
the term"anti body" refers to a pol ypeptide or group of pol ypeptides that
conprise at |east one antigen binding site. An "antigen binding site" is
formed frgrnudfe thegpitapedCageraly, antepitergrcoesifteof dolest hsuchrmine agids andogre

mol ecul e( §duafip c&@fsfpotfgtrl@a%f ﬁj'IWRQ%EHﬂ@laCII?é Q@étﬁkgis oﬁd&e‘?ﬁlﬂm%% af®p 1 nternal

surface shape and charge distribution conplenentary to e features of an
epi t ope ofordprmatin @@mmom;dg rre navovis theppeteand inslugd, fefiesmele, X©¥ m an

ant i body- ek ﬁfﬁmlfﬁmcgﬁ&aﬁﬂ&%Q ghéémeseganée tﬁ.rtmo&etﬁeor med froma

heavy- and charn mai n , respectively), which form
hyper var i mhfeﬁclam epilmes naEiven pigtedn is eeadifyt dcgmplighaddising | tﬂcmﬁe‘lei?fdﬂ erm

ti bod I I
ant 1 bod SO E R aith kW he b B i pBEbic DMEL SR ABMIROM BBl 1L ol s,
Fab pr ot eiSers alsafigyssh n‘gdlePdtyanthAccafnSmdé%H(é%84) B.h”?&r@%%&@'al metfwdiof ndi ng
P gands ant P PR Aol B AR deSoGo 3 EhEMoethe IBEMa g o) oot ed
manmal (eaglgen)nﬂﬁséqtemmm,ﬂ% &jd)énrpccd@es fooidewifyieg andjchergicalisnaynthesezehawi t h an

j h t f th
| Tunogen B8 RIS IRAAG RS BSh LA IR Sy e um T om Lhe
ser um contta¢hmiqugfop oleytity me abptdes witiddgteaTnity fare $10v sopbadypeAnbadicsith ant | bodi es
o ot her DA ant BOBR LG aNRaaNh b COMAREANSE ML hedilior

i mrunoaf fini romat for
pol ycl onalonamtlb@b'rtfablaclethk hmﬂmg Dﬁanbﬂha wtlquygeaatafgotranﬂéerexdaﬁqmm'p evpEr and

| k
(8 e L AMSRRIE IR 0 b ARSI B G
nonocllénal ant Abbditesaldpiteet etragan apitope Haltlieitd antpaly. whidhepregperieomal
et hodol Ogﬁé}é gﬁv TRkLing H%ﬂ:%clﬂ{ﬂraérqb%@xhegoﬁ' leé(leJ“a}éfﬁ%ﬂgf%?cge ﬁbc;rdYé?l | known.

| mort al ody-produci tan be crea usi on, and
al so by 30n ahérembodimbmis, qhmtxmdwhcasedl, eledttan ALISksponset | on of B Iyrrphocyt es

1 onCo0E, ARy fiop ABMRAGE! Bl RO L B ’193-1?;’ v
MONOCL ONAlde valdpinB@mh S sulijiEat 3f aCfutrioral HidERIaIBE.M@ES 1mdt(mﬁme$]x)n:etto e Eny &%80)
VS LSRLER 8ot s Bty Al Bbindi 9% 121
elicited in an immune response may also neutralize infectivity, and/or mediate antibody-
complement or antibody dependent cell cytotoxicity to provide protection to an immunized
host. Immunological reactivity may be determined in standard immunoassays, such as a
competition assays, well known in the art.
25 The term “antibody” as used herein includes antibodies obtained from both polyclonal
and monoclonal preparations, as well as, the following: (i) hybrid (chimeric) antibody
molecules (see, for example, Winter et al. (1991) Nature 349:293-299; and U.S, Patent No.
4,816,567); (ii) F(ab’)2 and F(ab) fragments; (iti) Fv molecules (noncovalent heterodimers,
see, for example, Inbar et al. (1972) Proc. Natl. Acad. Sci. USA 69:2659-2662; and Ehrlich et
30  al. (1980) Biochem 19:4091-4096); (iv) single-chain Fv molecules (sFv) (sce, for example,
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883); (v) dimeric and trimeric
antibody fragment constructs; (vi) humanized antibody molecules (see, for example,
Riechmann et al. (1988) Nature 332:323-327; Verhoeyan et al. (1988) Science 239:1534-
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4,493, 890. Panel s of nonocl onal antibodi es produced agai nst HCV epitopes can
be screened for various properties; i.e., for isotype, epitope affinity,
etc. As used herein, a "single domain antibody"” (dAb) is an anti body that
is conprised of an HL domai n, which binds specifically 5 with a designated
antigen. A dAb does not contain a VL domain, but may contain other antigen
bi ndi ng domai ns known to exist to antibodies, for exanple, the kappa and

| anbda donmi ns, Methods for preparin art. See, for

exanpl e, \Niiha U PRk bubiicaione, SRS PR P CHIMIE P
conpr i sed Mhi-Mkbeid oY knistl B (%, sﬁﬁ?m&e tidThAhd 184t ikNRMRIigdfkriddtfohgen bi ndi ng

domai ns. Exanpl es of these types o i bodi es and nethods for their
prepar at i GAmaRYRtEeE frrtcrming epatgted frogiae sky by a hinge rsgioppsee, o, Pagkghd, 467), and

i ncl ude t heog2f BiobiRW NGLS75:9534€% AABr R al. (\1@9“2??%ﬁhﬁ‘ol@é}lﬂ4bgqh@$26)*($ﬁ)9rS to
antibodi es that are tetramers or gg es thereof, conprising |ight and

heavy chaihHgamitibedydneeqydesand.(vidyam *@ﬁlﬁﬁmﬁnmvbm“@QﬁPW@HWat|on and whi ch

may or mayndiRhlel) Merehi Ve Shnehis NfAH GecABLWRRE pldpErtiEd\GHitRSpardnfantiBodyer t ebrat e
anti bodi es, the am no acid sequences of the cﬁalns are honol ogous with those

sequences'W&WH@ in anti bodi es produced in vertebrates, whether in situ or in

vitro (for exyml e chi 4bedyIRERS s Op\é%aﬁ#aeartg%mﬂpe@?e;ﬁaesltml ude, for

exanpl e, purlfled pol ycl onal ~ anti bodi s "and monocl onal "anti bodi es, nethods
for the prepaint: st o apfigapinding sie oy ariggn binding site” formmgdifiomdhant i bodi es”

are anfy bagiukg oWﬂ@QﬁlaﬁE%ﬁ%n%ﬁn%ﬁ%ﬁ?hﬁie%ul&%@{“o‘?ﬂ%%e Wrdesiodafigdignce to

manmmal i an ant T body chains and represent novel” assenblies of them So that
two di f f siesithantinteraplsurizce shapeendsihargp Histribytion femplementpry to e feayepsefate. 10

hybrid antgi, l@ﬁ’ifypg df an%ﬂﬁ%éﬁa\'wﬁwh aﬂfovw)g @ﬁe\éﬁic%ﬂﬁmlg 't(gim'm ¢ Qﬁtﬂ:ﬁd@ﬁrﬁ: gw pgous to

t hose found i n an antibody railsed agal nst first antig e a second
pai r of cHeianggearhindingraise oG brsforroed frays @ heawyrmad/prlighhchain filcr.m@iy(vﬁaanded 25

aga| nst a \:gg?e]@»ﬁéin@éﬁ)' @91913{ forr] & p%r\Fa?iﬁMJ: foapd tﬂattc{ﬂﬁntﬂﬁé)lgedflﬂé'en% | ence”

i.e., the ant 1 gens  si nmul t aneous h rids can
al so b® fd?rﬁé'dnttbspiiﬁgn@memiheutdmiah@, pelgclenat antleQshmbmwl aﬂ@ﬂdWBrl c

ant | bo o5 f6l 8iibebs kL ARGER| R CybORABOARLA sl linaihal ns are

fusi on protelns. yplca one portion o e am no aci guences of the
chain is wtlbtdmllmg@mscascﬁ, tb@bmélggohnmpmgnaﬁqm@n@e@o|antlans Beguibdytoder i ved

froma par a particular class, while the remaining
segnent O#ﬁﬁﬁgﬁﬁﬁgﬁpﬁ%hﬁﬁmﬂ$ ogous to the sequences derived from anot her

speci es and/ or Ifpbbsional aetibaliies/are ti¢sired; arstlediddonamand] (ng.ohiousetrkbbiti ggat and heavy

‘2323' NSydM Mg, ehd)3s WthieAft Siith G LR Rnoglni Aty S8arflE e BHoLd GRS, SPeci es of

Serum from the immunized animal is collected and treated according to known procedures, If
serum containing polyclonal antibodies to an HCV epitope contains antibodies to other
antigens, the polyclonal antibodies can be purified by immunoaffinity chromatography.
Techniques for producing and processing polyclonal antisera are known in the art, see for
25  example, Mayer and Walker, eds. (1987) IMMUNOCHEMICAL METHODS IN CELL
AND MOLECULAR BIOLOGY (Academic Press, London).
One skilled in the art can also readily produce monoclonal antibodies directed against
HCV epitopes. The general methodology for making monoclonal antibodies by hybridomas is
well known. Immortal antibody-producing cell lines can be created by cell fusion, and also by
30 other techniques such as direct transformation of B lymphocytes with oncogenic DNA, or
transfection with Epstein-Barr virus. See, e.g., M. Schreier et al. (1980) HYBRIDOMA
TECHNIQUES; Hammerling et al. (1981), MONOCLONAL ANTIBODIES AND T-CELL
HYBRIDOMAS; Kennett et al. (1980) MONOCLONAL ANTIBODIES,; see also, U.S. Pat.
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vertebrates, while the constant portions are honol ogous to the sequences in
the anti bodies derived from another species of vertebrates. However, the
definition is not limted to this particular exanple. A so included is any
anti body in which either or both of the heavy or [light chains are conposed
of conbi nati ons of sequences m m cking the sequences in 5 antibodi es of

di fferent sources, whether these sources be fromdiffering classes or
different species of origin, and whether or not the fusion point is at the
vari abl e/ ¢onst 176 helLAvIALY, 4,42 TR 4,444 88754]961’3%117&)41 é’??t,ii)Opﬂ o2l f32; adt | bodies in

whi ch nei t4h4‘:‘9 ‘%’(ﬂ gﬁnegs o%t ant%clcglggag# E?dle\:é%]r:éd%ceg )?gamﬁg i—I&Q/ egmo%eﬁ g?nl%e%%en%g tibody

sequences. ruc anti bodi es
whose var |fa:bAaeous¢>ngen1ek1a,s far sbighe episype effihityg eiaf Rls nsﬁiylefem a ésn;g&rdonmui ar

it s on, ey §RRES B RAPS wh FEhvBReRab i f*%raé%t‘f%%le%%gé%gf%%by a

parti cul arwithanikesigmtedraatizgeam dAb]ddidsebt @nainl . denaig butensoanhiothedi es”, whi ch

f t t [ urall d
erere L B9 Ry S b s A RS Bl e
t echni quesipmaint, iNxaithide Sor paeparing daldeskrgnach thear@ lealfdsr col@Bple,SWlard htaﬂ,act eristics.

15 The po i bl S@v?g&%? ns are many, and range fromthe changi ng of one or
nore am n conpl ete redesign of a region, for exanple, the

constant regi onnulﬁa&@g@ﬁa Isole téiRprizesf Vi ind VIegintdins, asw@ERMal knotve attain
desired cel | ul rocess characteristics . changes i conpl enent
fixatibh, ?ﬁeéﬁéi’é? (Slﬂm@\h“fﬁ‘ ?Péﬁff’r“gﬂgée ty&?ﬁd’fﬁ’l“ﬂ%cpesé‘fﬂgggf% trfghtﬂ"c‘fl ons. Changes
in the vaprrdpaxiah@a @ %h &R RaAKE abﬁsd@dgf ch Pdt 10, 4,306, 4478, anB il @le

characteri stl ¢s. . The ant |bodg can ineered to aid the speC| fic

n
delivery dployifgFercipapisy’y @feaﬂﬁe@deea" lﬁg%eeliltfb%@% PhargiranersQ@yue site. The
desired a'a%%&@&ds%eo@&:ﬂmp@slﬂﬁﬂféﬂt 4 thﬂ@Wﬁatﬁs&ﬂm S @RallyaggRbAaharybi ol ogy,

e.g., reco i nant tech nlques site- dlrecte ggne3|s etc.  Yet another

exanpl e ar@HEYRAIOR AR WhihRaY s dpay et %F%fhle%frl ebpeendie CEH%H sed of a

heavy- pﬂwalaa&éwzﬂbammbeﬁbﬁtlﬁhma abiaWiiedces s oﬁsinure BemolSi R With 8@son of a
second heavy chai n. 25 This type of anti body escapes antigeni c nodul ati on.

See, e.g. Se@eéﬁ?ﬁf%‘n@n %F’bOdNéP'i?Fl%"eé%"e”?@?Qtes( 1o#ber in $IRQrif i €9'so wi t hin t he

definiti orhxaﬁpxanﬁ htPidbifas) Alefebrite RntitbHBOMEINES foP bxATMd, Emﬁea@elycﬁm ' Fab”
region refers to those portions of the heavy and |'i ght chains which are

roughl y edjtifodies aft monpelog) antigeigs methgds ﬁeéthgéra%ﬁe% w%are(s‘@ﬁ?qudse t he
branch porigpn of the heavy and |ight chains, and mhlch have been shown to
exhi bit inmunol ogical binding to a specified 30 ant i but which lack the
ef fect¥ Fc porklysd antifodiss ar%@#*b%@s VSt eBgat A Sepprashy on@&xagpsaﬁ one |ight

chain (corpprhy tKHﬁMaﬂ% dn ﬁll%d}zcha':h?s %képre%&tﬁ&fefﬁ&@%b%&@ﬂﬁé?ﬂ o g (e 2H and
2L chains éreferre to as F(ab)2), which are cagrhlil byid sel ectively
ybyid a

reacting wiffsien autigsnsrepredipitablaty @@’rtet@mea@nanggegater Fia:bdlaaqpnm@' i es can be
di vided i njrfe 34 BsSlight ARHs 28 AR oloBous RPHEse found in an antibody raised against a first

antigen, while a second pair of chains are homologous to those found in an antibody raised
25  against a second antibody. This results in the property of "divalence”, i.e., the ability to bind
two antigens simultaneously. Such hybrids can also be formed using chimeric chains, as set
forth below.
"Chimeric antibodies” refers to antibodies in which the heavy and/or light chains are
fusion proteins. Typically, one portion of the amino acid sequences of the chain is
30  homologous to corresponding sequences in an antibody derived from a particular species or a
particular class, while the remaining segment of the chain is homologous to the sequences
derived from another species and/or class. Usually, the variable region of both light and

heavy chains mimics the variable regions or antibodies derived from one species of
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23 described above, i.e., "vertebrate Fab", "hybrid Fab", "chineric Fab",
and "altered Fab". Methods of producing Fab fragnents of antibodies are
known within the art and include, for exanple, proteolysis, and synthesis
by reconbi nant techniques. "Antigen-anti body conplex" refers to the conpl ex
formed by an antibody that is 5 specifically bound to an epitope on an
antigen. Techni ques for determ ning am no acid sequence "simlarity” are
wel | known in the art. In general, "sinmilarity" nmeans the exact am no acid
to am no sgicbraisamidleitesanstmt pagtions are hemolozps y/the prauensss latthetah@b@pﬁpr opri ate

pl ace, m@érﬁe@ﬂbxﬂ%n&ﬁér@ﬁec%Sf\}eijc‘é‘ﬁ}ﬁt’escﬁﬂo Oer, B%Sﬁ%gﬁlﬁor?ls% hited (0@ cal and/ or

physical properties such as charge or rophobi ci t so-termed "percent
10 si m | apirtigularekpmple ddsolieslulled érany mdbM)e!tl\né@h eitlres chmipafrtbdlep‘ol grpept i de

sequences i TRGAN UGS bal of S AEIIE OGE] finGhdh ADGgALAG, aC! d sequence

|dent|tyasoa termning the

nucl eobi dentibedjericiffapént sdueesyRietherghest Imtrceg@nfeom idfsring ¢lgssasiondiffersBNA

i nt er medi ?ﬁ%ﬁ s@f‘%‘i’ngfilleﬁrﬁirvme@%ﬁ& n%nﬁeﬁm Hgoﬁ‘t‘iéﬂtr?e%ﬁ%]&/@on%ﬁ&%‘éﬁ  hereby, and
conpari ng a’secon G| general, “1déntity

ref ers toThds, dis pexsilde tomm:lhmxd@hetson which wherdbe @nstantinnothaeridble oegiom no aci d
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respecti vely! y. e po ynucl'eo uéen conpar ed by
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two aligned se nces d VI pl he l.engt.h of the.shorter uence and
nul tiplied by ) tere?ré?t%’ §F nlﬁg}ffpfs ig aﬁhbgﬂlg?E'wﬂc?'gﬁesequences is
provi ded bg;tuﬂalmeodcmmg ahmnﬂbldggque:&bgmvdrthlﬁmtaﬁntﬁﬁujz hasdpeh WéitseUtibaing Advances in

lied Mathe 2- 489 is algo n, be ex .ended to use
L peot T BBt DR e i o B0 B br et § Sl e B By o
At | as 16f ?h@;ﬁcﬁblﬁleSaﬁmﬁﬁ%m@r@daﬁrﬁmgétﬂd:hﬁhe Mafgind e bf med amind aSﬂdpta;I
3: 353-358,, National, Bi onedi cal _Resear.ch Foundati on, \Ashi ngton USA,
o mor ol SO e B SRt N XAl che SR PR BT TETE P #T56) | An
i mpl ement adgic@Nin@knerdl o Sttad @RIréd RMMulkOFrodesiCh@hderatit e, gnelhap@@ﬁn de sequences is

i1 by B GRetorRegR AT i P ATEr b Lo FE U RSP o descr i bed

in the W sgaasdvlk rS@iﬁhleathﬁ IrAaa{oya&brSanRg@lbmmgBﬁa}gcrtamlwmhwdmlbc}d@rc@ﬁ a 8 (1995)
(avail abI from %netl nput er @P % Eer equal |y
sui t afle toradd eaqee'e‘ipéﬁlf"ﬁg ‘tfﬁ Obeévleefrﬁu ftinnt rpedrc Sl arity

bet ween s ﬁ@kﬂ@ ﬂ%?h@de&rﬁ%ﬂ&ﬁﬁ’dnls ¥an be made by known techniques in molecutar biology,
e.g., recombinant techniques, site-directed mutagenesis, etc.
Yet another example are "univalent antibodies", which are aggregates comprised of a
heavy-chain/light-chain dimer bound to the Fc (i.e., stem) region of a second heavy chain.
25  This type of antibody escapes antigenic modulation. See, e.g., Glennie et al. Nature 295: 712
(1982). Included also within the definition of antibodies are "Fab" fragments of antibodies.
The "Fab" region refers to those portions of the heavy and light chains which are roughly
equivalent, or analogous, to the sequences which comprise the branch portion of the heavy
and light chains, and which have been shown to exhibit immunological binding to a specified
30  antigen, but which lack the effector Fc portion. "Fab" includes aggregates of one heavy and
one light chain (commonly known as Fab'), as well as tetramers containing the 2H and 2L
chains (referred to as F(ab)2), which are capable of selectively reacting with a designated

antigen or antigen family. Fab antibodies can be divided into subsets analogous to those
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known in the art. 24 For exanple, percent identity of a particular

nucl eoti de sequence to a reference sequence can be determ ned using the
honol ogy al gorithmof Smith and Waterman with a default scoring table and a
gap penalty of six nucleotide positions. Another nethod of establishing
percent identity in the context of the present invention is to use the
MPSRCH 5 package of prograns copyrighted by the University of Edinburgh,
devel oped by John F. Collins and Shane S. Sturrok, and distributed by

Intel || GeAwseiiked abgvgcie. (YsiabrateiRab i laRrid By, "chimegiadahi aid Saliered Fab"- packages, t he

Smi t h- Vat efeiREs GH pakfukih mw@a@nkﬁts%mxﬁ&ﬁa ad1@b@n dehAuhd ort dABRNRESES are used
for the scoring table (for exa open penalty of 12, gap extension

penal ty ofxagE, p@?ﬁelyalsgaé)sserheé% Tec‘lﬂﬂbj?ﬁﬂﬂﬁ Digdes generated, the "Match"

val ue refl ect S"A%Qge@ﬁ%l%ﬁ}%@m?ﬁ?%fe}sﬁo the @srhﬁéx RthdR) 4 aRiREYy #aBisf or
calculating the percent id or simlarity between sequences are

gener aPl ysn@ﬁmlthumeawmmpg%w #§gehe al i gnment program BLAST, which can
al so be used V"%‘etcfl'? g\ﬁg?dﬂhétexﬁﬁﬁlﬂ%@ﬁﬂ)%md EQlientX iRARity B RANARN iBRASTP can be

used with the P defaul T parameters: genetic code = standard; filter
= none; sbrtalgeacralpinlarieimsans the Rt aminpaeid teamipe apd cormparisonBf OBUNG2;

Descri pti polyée%Banﬂ%%Eﬁfgﬁﬁﬁé %ﬁ%wﬁeré-ém% %s%%%ncﬁ% BRASE Simfiar

non-redun ant + GenBank CDS translations +
Swi ss pr othdnrical agiernphigsicel profertiRs smditaa thasgeof hydnepbebipito gk samisrmesdlipireett ound  at

the 1 alot OWgl o185 Bt AUGABRAY nolhdoRtk cMEDCRIy BB AGULREL - DT/ BLAST. - One

of skill In art can rea determ ne th search paraneters to
use for aTeginigaes fgednﬁemm@gmncl?lhecldbmlmW@WHGWrmt@xﬁwmrewelt he search

par anet er?n&@ym‘(}%ra)& AEFERde 40! gjoﬁ%tﬁ ﬁdci’eﬁu fse e MGHAEA b Y gnte' on. Thus,

for exanple, a representative e e present inventi woul d
i ncl ude anusudtylth@@Dl]ébimmedletelanddethlavmrmthe(ammmamguwsnce mepotiesbot | des, wherein

(i) the X, I%Pe%%la%'%gpeaﬁlf%lh‘f‘s%iag&?né‘ﬁkﬁﬁo i erﬁv?e}inﬁe.%ﬁg%eraﬁo‘%e ﬁg“ﬁeke%sytgt oY

cont i guous nutl eot erive rom any e sequences cri her ei n,
(i) Aseqaabscimucleatidd tq micieptide cirrsmglceatdecr antihaacidcoregeatentoodwnucl eot i des and

up to 5008@8@% e%ﬁ&%s%??dl}aﬁét‘?c{ees&?ﬁhé@ %g&liﬁ er than or equal to 8 nucleotides

and up to nuc rab 10-12 nucleotides and up to
5000 nucl eoti deso oamate pelpmicleotide quteﬁws ednlbg caiBp2€] byudetespiningdlsir up to the

number of «DUeLEALIAPCS 10055 ARl dllnd s Lhlchect ARNL GRAUERRSRadgoCT | Ded hereln

(e.qg., see dence Ing ‘a nt eger val ues
falling V\ndetbmmnmglmemﬁpﬁmnué@mty ’bé‘ﬂe parcengidstity3 e seguaricesy whethee npa¢iy pept i des

o0, PO LSRS08 DB T BT e SR B g o0 el o o

two aligned sequences divided by the length of the shorter sequence and multiplied by 100.
An approximate alignment for nucleic acid sequences is provided by the local homology
algorithm of Smith and Waterman, Advances in Applied Mathematics 2:482-489 (1981).
This algorithm can be extended to use with peptide sequences using the scoring matrix

25 developed by Dayhoff, Atlas of Protein Sequences and Structure, M.O. Dayhoff ed., 5 suppl.
3:353-358, National Biomedical Research Foundation, Washington, D.C., USA, and
normalized by Gribskov, Nucl. Acids Res. 14(6):6745-6763 (1986). An implementation of
this algorithm for nucleic acid and peptide sequences is provided by the Genetics Computer
Group (Madison, WI) in their BestFit utility application. The default parameters for this

30  method are described in the Wisconsin Sequence Analysis Package Program Manual, Version
8 (1995) (available from Genetics Computer Group, Madison, WI). Other equally suitable
programs for calculating the percent identity or similarity between sequences are generally

known in the art.
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greater than 90-92% nore preferably greater than 95% and nost preferably
greater than 98% sequence (including all integer values falling within

t hese described ranges) identity to 25 the nol ecul es described herein (for
exanple, to the claimed sequences or other sequences of the present

i nvention) when the sequences of the present invention are used as the query
sequence. Conputer prograns are also available to determne the I|ikelihood
of certain 5 polypeptides to formstructures such as R-sheets. One such
program descrFdyesanidy, pérpgnt identithef a pakicBlar puctegtidamefusncedo etrgemncgnd pol ypept i de

secondary SLUNELHI 6, GRIGHLA B0 AN RO obAhhaP st BB eCONdar Y

protein str ure can predi rimary amno aci sequence,
f or exanpldefaulsscagngeide sidm gap psiaitly oftix mcleatids mﬂdom iAgnthergnethel ¢fr ot ei n

sequence tgt(l%éﬁéi p%gen{ lggntlf'}; %%lrleaéonéfct qg ﬁxte% e?cng ﬁwgnti’o&:l:sstb D& tﬁ%gﬂbﬁ Operati ng

Envi r onmen rograns aval ing G oup
| nc., WKNbntpackage oﬂar@rams@apmm)ed by e Waiveryisy d:chiisalbufghpdeedemlbmgo}gleﬁ:ondar y

structure e descri thods
e " 5S4 88L Sl ST o LA L. P ARE A

11: 681- 68&yorh this smt( df%ck)ngd?r the Smnth-lmgennalﬁalgo?ﬁhn? 76 beanmloRaSWhm deghult ( 1993) J.
Mbl ec. Bi ol al so be

i ned. . by.
hybri di z at® ?%We(%?s af)e Lfs 85 %88?0“8!5_'% %Brﬁf?g?lme ShefPoPET %e"qﬁ';%?rl ?Jcﬁgﬁ]eét? %sbqne dupl exes
bet ween heemiltpgburs:, arrﬂglgepnsﬁ si€)o Fromwhel ddvy gedergied, ttha)‘Matuh”tvhiue reﬂects

si ngl -str“anded S ific nuc e digested
Fr agmeit s EUeiGe ERAT-o SR Eeins A SulbdR RSP B P8P afbnekt

ho(r)ml oogousa ctwleen ﬁqmdﬁc@hhqenemwknowhm m?quemmstheaygreneht pograratBLASTS t about
about 5oL bR OISR RS AGrTABRC SHOVR F NS Thsrbbtl oo,  as
dfat erm Pechswsmnghé fwomiag Befbhslt meboneters: Adnetisade gefaﬁdaild fﬁtﬂb@?}(ﬂﬁiﬂtlﬁhd? hgm)l ogous
also refers, to sequences .0 entit t he specified DNA or
ol ypept | B8 uRIER O N 16 St BEORH B o Ebiy 2 rearrs S it sgous can
be i demst i fmedldsaoim Sambﬁegﬂ?&ybﬂﬁr?hmméneank ERpBIU -TTBDBJHBUJBH Gér(B’anle;(arrpl e,
stringent I tions, .as define or t arti ar stem 2 i ning
appr opr i ate HIASIFRANS 2 SME PERLTRYT gP‘Hi‘ilgtHBJﬁ\;M[F il§o fﬁ‘&se@m qmsEAn pelound ¢ gee
ﬁwgr; di ?gtmlb glﬁwﬂoﬁﬁngaﬁterz\et?g%}é?nh ' uegiuémg}ogrﬁg@rsgnmgﬁggﬂt ﬁatAGl : codes”

sel ected prot epHe g{sgﬂlé H’ﬁGFQP%’%Q%ﬁ’gieteg’B’éﬁfBﬁBrép?rﬁ Ch ReTaEtERER PR (i n the
case of DN\enadiflerdce ahd @o@€lpropram. h&r@%@l@fhe@%pa&dﬂ{e&rﬁnam@’mwl de in

vitro or in viyo en placed under_the_ control of apProprlate regul atory 30
f 8|

sequerifes o256t Ha shaperce gt auesiionc Sosniyr e@aplserigseataie nbedinegt ¥y a start

codon at ttheprésent invention would include an isolated polynucleotide having X contiguous

nucleotides, wherein (i) the X contiguous nucleotides have at least about 50% identity to Y
contiguous nucleotides derived from any of the sequences described herein, (ii) X equals Y,
and (iii) X is greater than or equal to 6 nucleotides and up to 5000 nucleotides, preferably

25  greater than or equal to 8 nucleotides and up to 5000 nucleotides, more preferably 10-12
nucleotides and up to 5000 nucleotides, and even more preferably 15-20 nucleotides, up to
the number of nucleotides present in the full-length sequences described herein (e.g., see the
Sequence Listing and claims), including all integer values falling within the above-described
ranges.

30 Generally, the polypeptides and/or polynucleotides of the present invention can or
may include related sequences having about 80% to 100%, greater than 80-85%, preferably
greater than 90-92%, more preferably greater than 95%, and most preferably greater than

98% sequence (including all integer values falling within these described ranges) identity to
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(amno) termnus and a translation stop codon at the 3' (carboxy) term nus.
A codi ng sequence can include, but is not limted to cDNA fromvira

nucl eoti de sequences as well as 26 synthetic and sem synthetic DNA sequences
and sequences including base analogs. A transcription term nation sequence
may be located 3' to the coding sequence. "Control elenents" refers
collectively to pronoter sequences, ribosone binding sites, polyadenylation
signals, transcription termnation sequences, upstreamregul atory donmains,

5 enhancerke mepeplasigescribed herejifas lxamlle, xths ¢laimpd pragencercor pier epvenegsiscri pti on
and transhgd d@BniQhveRtidhP Phitne SYUERER HR pRestif filverfih lare DR as el quetyy these
control elenents need al ways be present so long as the desired gene is
capabl e ofs¢414%g transcri bed and translated. A control elenent "directs the

transcription” chp@eGRibkdie SEAMERG bl BetGilide HNARIRNAf BRLMTEr ase wi |1 bind

the pronoter sequence and transcribe the coding sequence into nRNA, 10

whi ch iSs trbypentidests fametiudtureosuch as (pefiestp e steh pragrewetdsdyiped hagein,gelibng
sequence. .\Ope ' " .1 0 I wherein the
conponent sAs% E"g) saé]r‘%)}bdgégglraga @@ﬁéeﬁ’té%er%%’gg%& g@&g@%@kﬁxkg%ﬁ}dﬁgﬁ E}: taﬁ%nual

functi on. IThddtione stndaly peltemetniciire apbe piodigted frodale trimagy awide agd sequence are
capabl e of__effecti t he ex SSj.on he i sequence when RNA

pol ymer as esecﬁjgg%r %eog @%{“ 4 Q‘Pﬁlgg E%ﬁet"} %WStaelfg{éur?%uﬁ? %n%%ggrgg%%’? pr%e o e|"83uous 15 with

t he codi ngelstedtogheeysta sinlctmg(eas, using Woteawiat Qr@rating Edviroementi{ MOB3 X pr essi on

t her eof, Thus

for. anpl e intervenin nt r.ansl.at ed ranscri bed
sequenlcoes péoagﬁal%seavﬁlrlaggeélf?gp %%F\l}v%r%lﬁ? C@!“&%“}“%me"r%?m 8?“651(%%3%%&8&%% t he codi ng
sequence dbthertniethods affppddéting eguslagestroamresdre Hesciited, foosaxamplesiedatmpet dbl y
| i nked" t di se ( Reconbi nant used herein to describe a
nucleic a }%W%Sﬁ‘l £ g#gg'gg%ésgglewgFte%'t(fg(?gfgf’m}ﬂ‘éﬁ%ﬁ{l%,Bpocfﬁ\lA,
sem synt heltli68]-684; Ieyin(1907) Rro@ird Erign] 0AF1c6; day Rustiet al6(1953) I tAdolecOBiadi N Or
mani pul at ggﬁagéé%%l s not associated with all or a portion of the

pol ynucl e h which it is associated in nature; and/or (2) is |inked
to a pdl ynucl ebtbindbgptdiatsotbh détertiiigd by Gybridiiatdn dfipolyBucleotidesdnden nat ure. The

OB PR A% 9265 L0 OB S B B O MEEEBERLL 0" @
" Reconbi nayith Magd-sieedeliSpecifidaslase), hisd size deintifation vt Higtsteldgineritg.el |
o L Mot RSB oot g, RLRSALYSL L I creolganiar o
i nt er changeaklencéithy eSHiBit attleast®bhtBOWE5e) petfabibeat 16kt aba 0% eME madgsed as
o1 B 2t SFRIPLIN. VAR OLE of BLICE L anel l, ChA 20, gl e Lhe
that the piagemindfusidg GieABHDIPHRAT A4 useDnetdh, lsuskamtifIRhoneREsEaAlsb kaferbe
conpl etel yto Isg;%g}cle.g s%low{ng ccrnrrlr?]glgtg ?Clﬂgg% tc?tE]e :I;prf!ci 1?([1 Bﬂ]ACor %lyéeg%ic?el segll\leﬁ\ce. DNA
sequences that are substantially homologous can be identified in a Southern hybridization
experiment under, for example, stringent conditions, as defined for that particular system.
25  Defining appropriate hybridization conditions is within the skill of the art. See, e.g.,
Sambrook et al,, supra, DNA Cloning, supra; Nucleic Acid Hybridization, supra.
A "coding sequence” or a sequence that "encodes” a selected protein, is a nucleic acid
sequence that is transcribed (in the case of DNA) and translated (in the case of mRNA) into a
polypeptide in vitro or in vivo when placed under the control of appropriate regulatory
30 sequences. The boundaries of the coding sequence are determined by a start codon at the 5'
(amino) terminus and a translation stop codon at the 3' (carboxy) terminus. A coding

sequence can include, but is not limited to ¢cDNA from viral nucleotide sequences as well as
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conplenment to the original parent, due to accidental or deliberate nutation.
Progeny of the parental cell which are sufficiently simlar to the parent
to be characterized by the relevant 27 property, such as the presence of a
nucl eoti de sequence encoding a desired peptide, are included in the progeny
intended by this definition, and are covered by the above terns. By
"vertebrate subject” is neant any nenber of the subphyl um chordat a,
including, wthout limtation, humans and other primates, including

non- hunan sythetia pedsesisenthetic DNA bidnpersAae seqame%pﬁé(ﬁnmavalﬂg& mdnkey speci es;
farm ani Mo @Ringdll duens b 105833 o BREbAFRGAEL SCS; domest | ¢

manmal s such as dogs and cats; |aboratory aninmals™including rodents such as
m ce, rats and'Guirglelemspigsrefans qobiectivelntol pueineter sdanepess.irbosamid Wndirgpitgame bi r ds

SUC 85 ClGKRASdh Y A B AR SR bl IS mafigese, and

the like. T erm dc not denote a particular age. Thus, both adult and
newbor A i setiapeedy andshebile, whick pellsetively pryide for tholmsesptiopandisagativacérn, a
"bi ol ogi cal 4 l e i I Gl d froman
i vi duar PR e B el Sl NGBS oBlrol LA, k) bR e cer i
fecal matangmas thadesired gdve ifccapahle Wikeing irangeribsd padetrantleted.d, | ynph flui d, sanpl es
of the skin, e ch.et] : n SKI Dge Ll.at i i nal, and
geni tourinary %%glg{ag%le]ggﬁm %tsdsg{e%ﬁfa\g;ecgwbr o%ﬁl%d}tnﬁgéﬁg{sc? tr"?%:é/eeﬂﬁ% li}h?ﬁAum and
gastri ¢ nupclymarase willbind thegprivmeater seijdenge dpll badcenlel thessodmg gepwsnceitopdiNes  and al so
sanpl of .t h.vi . I I I ut not limted to
condi tq i%onfewglic'ﬂrlméﬁg%%tparn g?ﬁ{i %n?&n%é P élg%%?%}%&rdgﬁt%&gk g&c%?g&g%eg tissues in culture
medi um e.g., Qmuhbyilinked" refenskd an arrangdmews|of elemepowbantis theThmperentyse " | abel " and

“detectab ldgscti lrfl:' coﬁfr‘?%ugﬁgdos;o%ts ;I’b V}g:pl{oﬁl? ﬂ&l&lgus(ﬁgl tign.o'i“hug,ec%ﬁt%l ieféﬂ'fe ts 2.0 i ncl udi ng,

but not limted 1o, sot opes, uorescers, chem |l um nescers,
enzynes, opmahiynked st qoding sequemncz presappdleaf effecting tha zxpressiom bf the casling,

chr onmophor, t i i ) j.otin or

napt ong) eierRenen RITR jyuleplaf e preffi Snel Bt el PAPRBA LG R onithie 170
porti di t hvethdlxf cotlinateqience,ap diviges tiky Birétiobitd diregt the epressorethereoll. Thtifhdordet ect abl e
range. Particul ar, exannl |.ahel s . may. he us Lth fhe invention
et ude. st Horigh RS need R bk e O W FSsteb Vel g

unbel | i f eponeter Fepuase pgtithe badingmeiuengandthe promotee stqperss cdl/ADRMe

bet a- gal act 0sj dase r.seradi sh r oxi dase, gl ucose oxidase, alkaline
phosphat ascgnszdr%f‘%u?péegggl.lm%/agg?/ﬁlg\fv&ﬁ%eq"ﬁgwpresent i nvention concerns fusion
prot ei ns conpr 'Rdcomgbifiind' aviusdd-heredt toiderstibe aomnipicexidsnabfeult Ivears  usi on pr ot ei ns

W th I_ﬂOV %Ql\)lfmpc?el:o}/iﬁ)ee giaxgo%%c, C%A\’}%érxljisy%%eg& %rh s?/glt?letcx)g orlrarg%lkvivl'ﬂ&, by virtue of its
origin or manipulation: (1) is not associated with all or a portion of the polynuclectide with
which it is associated in nature; and/or (2) is linked to a polynucleotide other than that to
which it is linked in nature. The term "recombinant" as used with respect to a protein or
polypeptide means a polypeptide produced by expression of a recombinant polynucleotide.

25  "Recombinant host cells," "host cells," "cells," "cell lines," "cell cultures," and other such
terms denoting prokaryotic microorganisms or eukaryotic cell lines cultured as unicellular
entities, are used interchangeably, and refer to cells which can be, or have been, used as
recipients for recombinant vectors or other transfer DNA, and include the progeny of the
original cell which has been transfected. It is understood that the progeny of a single parental

30 cell may not necessarily be completely identical in morphology or in genomic or total DNA
complement to the original parent, due to accidental or deliberate mutation. Progeny of the

parental cell which are sufficiently similar to the parent to be characterized by the relevant
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and using these fusion proteins and conpl exes. Wthout being bound by a
particular theory, it appears that it has been difficult to generate

i mrunol ogi cal responses agai nst Env because 28 the CD4 binding site (and/or
the CCR binding site) is buried between the outer donmain, the inner domain
and the V 1/V2 domai ns of Env. Thus, although deletion of the V 1/V2 domain
may render the virus nore susceptible to neutralization by nonocl onal

anti body directed to, the CD4 site, the conformation of Env prior to CD4

bi ndi ng” mEYPPETFEGhES By PESENcE 86 nusiertids seanence epeadingadntiied PeRRE™S ul | | ength or

near full .h(ﬂm@aIihtﬁmogeaygmndsa)b)udais@emébnoand&%)aered@M%ﬁbv&&maduce t he
conf ormat i onal changtﬁ_ I n I nmune system &]Yﬁ%munt S.a .esponse to

t he non-bound PB¥rYet %teé‘fbl@b'hsm?ﬂlﬁényl“{‘%@eb?fég"eﬂ‘? Phorei: prldinges fusi on

proteins ivithel 1Gkitafidng BirRaHs Sn Obth&PAimbldd incing Goh-Burin\prisiivesRAdyAREPt | des are
contained in a fum&fr)\ protein. The overall structure of the 10 fusion

protei N pre&fERmsE A thprapes,andpqnkey spesicsciarm arimals SYsh aneattle sheer.Migs, i ncl ude non

bi ndi ng Clgdatepid 1RRES dbhigskic MYanRld sGét as dONRARY Bs; 1IHOMRE, dBEN9NSRAing TUS, the
non- CD4 het erol ogous regions are selected for structural S|mlar|ty to

native CD4°d§ﬂE§/5Eﬁh % wice siapd gipga pigsibids inpydingsdomertisnwiibang samg bis

I munonmodul,@f RleMicfeds hikeys addtRer ghiiRREouk YFdOMuRE, Rb&E, RAd (He RS, eT}i?e term
confornatl onal change in Env that exposes one or nore epito

cryptic 15080t dereis p patﬁcwﬁrqﬂéaifhttSh@ﬂtaéult MMWhgmsmql‘edua\mﬁer #dtt@mﬁ al | ows
the geper abi@ey. of an imune response (e.g., a neutralizing antibody
response) to Env without the unwanted i mMmune response to CD4. Various forns
of the differeds Eibyainneriicogical pample’ mfernid aonampesdpipedluikisdatad may be

combi ned. (@ LM Tudelih G5 thiked BrOPEARIE Bob pllif REGACRL | Nvent i on,

Env pol ypepti des are conpl exed f usi on roteins co rising a Cb4 mni mal
nodul e i n TeAEe pritgbk ApgewWe bi éi’rifr?hﬂlilé)d}'l’@ﬂh HS SERRcs %&%b@p@ﬁwland expose

epi topes thglidat bﬁhéskﬂxel‘gsﬁl?zjtérg 1ﬁ'tgstiﬂ£]tdn9%gdlﬁ)§rmag§tr5mes ARl Fofequence of

CH is knowmn (F strlctural’ studies on ve shown that this
mol eculde itke &a@m@m ugd alfdcﬁﬁﬁtflemﬁ%ﬁé,é‘#arﬂuﬁﬂéwa,lﬂnﬂmm@ s Hulorgans, biepsiesdonai ns

(three co . i he bi ndi ng
of gp120 rh][h@hflé%s r feé%:g%l' gir%eceh cmhﬁg(fhgg@%g# lgl#dr%ul ongwﬁg‘ﬁ%agdgﬁénﬁ&t he Env

prot ei n. Howkaesulipg fipm tblmmwth qf oflplapd efsussimerlyregngdiving glg.. tesempingnti nt er act i on

w th gpl2 (1989) Cell 30 57(3):469-481; Truneh et al. (1991)
JBI ol Chegceﬁﬁ%%%§?%9p4@%%§48). Mut ati onal anal yses,

The terms "label" and "detectable label" refer to a molecule capable of detection,
20  including, but not limited to, radiocactive isotopes, fluorescers, chemiluminescers, enzymes,
enzyme substrates, enzyme cofactors, enzyme inhibitors, chromophores, dyes, metal ions,
metal sols, ligands (e.g., biotin or haptens) and the like. The term "fluorescer" refers to a
substance or a portion thereof that is capable of exhibiting fluorescence in the detectable
range. Particular examples of labels that may be used with the invention include, but are not
25  limited to fluorescein, rhodamine, dansyl, umbelliferone, Texas red, luminol, acradimum
esters, NADPH, beta-galactosidase, horseradish peroxidase, glucose oxidase, alkaline

phosphatase and urease.

Overview
30 The present invention concerns fusion proteins comprising CD4 mini-proteins,
complexes of these fusion proteins with HIV Env polypeptides, as well as methods of making
and using these fusion proteins and complexes. Without being bound by a particular theory,

it appears that it has been difficult to generate immunological responses against Env because
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anti body conpetition experinments conbined with the know edge of

t hree-di nensional structure of CD4 have shown that a region honol ogous to
conplenmentarity determning region 2 (CDR2) of inmmunoglobulin in D plays a
major role in gpl20 binding (Ryu et al. 29 (1994) Structure 2(1):59-74,
Sullivan et al. (1998) J Virol 72(8):6332-6338). Indeed, structure
resolution of gp 120: CD4 conplex confirned that the CDR2-like | oop of CD4 is
central in CD4-gpl 20 interaction (Choe & Sodroski (1992) JAch|r | mune

Defi ¢ Synéhe CIB{ pydinzpae apd/or the £4Rrkanding: sita) is byripd beyvem; the puter domaip, the

37(30) : 10616r dABRDhd the @N%é}hi&%ﬁw'ﬁm§talid+&lgﬁaaetﬂﬂ%w@xsm d&RLi?0, i n

conplex with CD4 and the portion t he neutralizi ng nmonocl onal anti body
17b ( Kmnglaétrerdw the(wggsyorwsqﬁptéﬂ@@:aetmsza@smw mopaglpnelndkody diected tpar ge

surface ( Yh%?cﬁtz%te e SRRAMG R ER peh td &4 pi'n@ﬁ%mﬁyogé reln?-ﬁrgﬁtlgﬁﬁlr ession (800

A2) on gpl20 interface |$ conprise esi dues contrl buting to
gp120 Sbi mesperge. vﬁwthermomwhﬁyﬁhﬂcm@@r gear mllémgth%@‘h&quc solpblbé?mcxﬁgc

"t er act | 9Req FifubARIEoRA AN SOER, BXibus LbhaisbMoBRg ace makes the

reproduction of suc unctional epitope into a SR e a chal I enge,
and expl airgsgonshit thii fohibowd gortions vFeDHevel opnent of smal |l nol ecul e inhibitors

of gp 120-CD4 TISLE ‘“tﬁf?ﬂeg[ ﬁﬂnyé{h{)rﬁprgvsl ré'ﬁnsm(xﬂp?c?téhs 15'%[%‘1’1'1%@%@1‘1@01”519@% £00.

However, in e nu residues pr 20 ChH4
i nteracti domdsme\éE@ p@}tmnlm@sar@nontMmdnmmélsm@gmlmrﬂsw@remtnshm@fdhq hat only a

|t er 1200 HRgr H A pRRA R it (Kb Mol SREAGY Gt nd B A 1 L €1
bi ndi ng o?augplgm)flteplt@mthamgcpjelt nmtedllmmuwc@phaempﬁms,ahsnnna@b@ar L odbecGlo
(e honi TR ol e ERLE RS oh 0 Bl o B A e o e o
1|20 pr ot eiahilifyrio mat haimnRAMogens andier iinmupnmdmffltonvfm mg@l‘mscthwetﬂlasiwqganmlds to

1996) J.
Pt cot Rl Bk BRU Al BaREUL ERY bl Bk BERLE b MEEC oty 21 (S00)

certaild epplttcmpﬁm drimedr thfr@l)éklpasgesitcmhmmm tﬁn\allwtneagmemn@eof ahitmms to its
CD4 receptor n r [ |soI ates. See,
6.5, he SRTIBGdy * oS NE e R BEheR e B bR R B a8 i
67(7) 397 8esp&B8Y0.ClMovever , cr oss-clade primary 25 isolate neutral i zi ng
ant i body respogses_usin ecent or / e [. xed, Env_have been
attributed to ?rg)uf ﬁ%%um%gfté%ﬁ‘gf? eme"ﬁ’&ih E&aghﬁ Pu%nlggrh% y 'fl%{;her Tl8ise et al
(1999) Scibencmebingd83: 357- 362 Addl tionally, attenpts to eval uate gpl 20- CD4
conpl eyes as potential vaccine candidate for inducing high avidity and
primar’y isolate neutralizing antibodi es have been

CD4 Minimal Modules

In the practice of the present invention, Env polypeptides are complexed to fusion
proteins comprising a CD4 minimal module in order to change conformation of the Env
polypeptide and expose epitopes that elicit neutralizing antibodies.

25 The amino acid sequence of CD4 is known (FIG. 1) and structural studies on CD4
have shown that this molecule is composed of four extracellular immunoglobulin-like
domains (three containing disulfide linked loops). It is also known that the binding of gp120
to its receptor (CD4) induces conformational changes in the Env protein. However only
domain 1 (D1) of CD4 is critical for its interaction with gp120 (Arthos et al. (1989) Cell

30 57(3):469-481; Truneh et al. (1991} J Biol Chem 266(9):5942-5948). Mutational analyses,
antibody competition experiments combined with the knowledge of three-dimensional
structure of CD4 have shown that a region homologous to complementarity determining

region 2 (CDR2) of immunoglobulin in D1 plays 2 major role in gp120 binding (Ryu et al,
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30 thwarted by the concern that an i nmune response coul d be generated
against CH4 itself thereby raising autoi nmune and safety issues. (D Souza et
al. (1997) Jinfect Dis. 175:1056-1062, DeVico et al. (1995) Virol ogy
211(2):583-588). 30 Thus, the present invention makes use of |ess than
full-length CD4 proteins or derivatives thereof that are contained within
fusion proteins conpri si ng non- Ch4 proteins or polypeptides. The fusion
proteins preferab y bi an Env protein via the

| exed_t o
CD4 mi ni mal9%bdticrre ?(ﬁ) 3967‘1 §PWV%%ﬂﬁ%t’sﬂ’Of F?ég)él?ﬁz A% n@resdodul e portion

of the 5 fusit@e redi@idN df ggmmmcﬁ&ﬁnpﬁ%&ﬁinﬂﬁd ﬂﬁatrtﬁes(tlﬂl@-ﬁkelfé Sfeh4 SEQ 1 D NO |
or a nolecule that exhibits structural simlarity t m ni mal nodul e

(e.g., a CoRrahinddid-gplaQ inksacion fdge &oﬁodmélse&}ﬁa%hi%uw'rw Reficdydr(2003) Nat .
Bi ot ech. Zybhi-Zio, é%che@t%ﬂ?l@gg)%ocﬁé%tbacggw1@@6 pg25ydet ermi ned as

descri bed hereln shown in ni protein conBr|S|ng resi dues
e

15-85 of SEQ |m‘oaranhscS&P%ﬁn&bﬁﬁﬁﬁéﬁlépynﬁwmwvwﬁﬂﬁndc’ﬁ #p 120 bi ndi ng
pocket . rbo;csznaféqhb&ﬁa%mgM§clm amllsudgmlyb Mhlg%t mg}ﬁaﬂ% uk@@d ¢ay-65d)e presence

of a disulfide bridge between s16 and in the art can
readi |y ddpdiasHat alsrgssuriese (73equetibedomaimb 1 el hbipds t@tﬂﬂ%ﬁ&wp@ﬁwnd/ or anino

aci d_sim |@gd Ay oﬁggfz*oe@énmmerﬁeé iseBfHesoeneibRedonthai i fpivh ew of the

speci fi catl on. Fur %wé t hese honol ogs (structural Or Sequence), can
be furt herbindingrgtimixedhydmpbebierslertiosiatie. iobpading intesgotions: The fasgasime@ndind/ or

functign. Jﬁﬁx‘bleﬁﬁ?d?ﬁh?mt&m&ﬂaléﬂhgrepﬁﬂd@c?tfohBF@ch’Hxﬁct:oﬂﬂ%héﬁ%ri&oé@ﬂélpr del etions

can be made to tthe mni-proteins such that the gpl20 binding structure is
preserved r@@leféhﬁéh@@dge Arf/explaing Fe diffz it @€d¢‘@@PlH§éPﬁ$m41Hﬂ@1PFéllepr actice of

the inventiapcaf P?mcéﬁmn?@i ctihn. xsi it Beﬁbiﬂg%o#oﬁ?ﬁéﬁﬁg@ Otﬁ&vé&’ﬂ‘hhes' S is

conduct ed under c&ndi tions at al ow and pro ICI ent fol ding of
t he m ni - pipise oithe lange oumber ohfeeduea picepnt mmaﬂ%fﬁ%mtemgnwuafmp, gndiessls epi t opes

in or neary @&eé@%ﬂ%%@ﬂe&%&%& hathM @mllcﬁlesﬁl'? aﬁ&:ﬁfuﬂ&hﬁ can be

synt hesi ze er condi tions t uce rof S spectrum
sim|als tcﬁntnigmt tlesf pr@eis; pr@tnmsrperfaee cﬁlackﬁmaeﬂtilvbails(h9ﬂ5)t-ﬂqen¢e326|7(ﬁé9€s)éélrence 25
Het er ol og (Non-CD4) Polypeptides In order to inprove the stability of CD4
m ni mal nodul es as described herein, the miniml nodules are expressed as

f usi on prot ei nUpbnt tindinhref gl to@‘@&sutéwmén@ésiﬂembmstalsngpmaf tobapati bl e

i el oAt e ibIe A elfpE Ronlilg by h® ok AR OO B ponses
t 0 non- Envall{i 393} FrgeBO7(1a)g! 186< 180, Bideed, ﬂmlwtmmslem@nlb@ DllOtcgi fam lpbt ur al
sim | aid U YstrhBs Wp!)cg[);i}ﬁ%n%icv\\ﬁ{h%eéaﬁe%iigiéirfgq)r@éry isolate neutralizing antibodies
(Mascola et al. (1996) J. Infect. Dis. 173:340-348), monoclonal antibodies that appear to
recognize certain epitopes that are exposed on the Env surface once it binds to its CD4
receptor have been shown to neutralize diverse primary isolates. See, e.g., the antibody
designated 17b (Thali et al. (1993) ] Virol 67(7):3978-3988). However, cross-clade primary
25  isolate neutralizing antibody responses using receptor/co-receptor complexed Env have been
attributed to the immunogenicity of the gp41 fusion domain, Lacasse et al (1999) Science
283:357-362.
Additionally, attempts to evaluate gp120-CD4 complexes as potential vaccine
candidate for inducing high avidity and primary isolate neutralizing antibodies have been
30  thwarted by the concern that an immune response could be generated against CD4 itself
thereby raising autoimmune and safety issues. (D’Souza etal. (1997) J Infect Dis.
175:1056-1062, DeVico et al. (1995) Virology 211(2):583-588).
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perform ng searches of structural databases, as described herein. In order
to mnimze the risk of undesired autoimmunity, it is preferred that the
het er ol ogous sequences be obtai ned from non-hunman or non-primte proteins.
In addition, 31 proteins exhibiting high honology to human proteins at the
amno acid |evel are preferably not used. An exenplary protein having a
simlar overall tertiary structure in one or nore regions to CD4 is shown
in FIG 5. In particular, invasin (FIG 2, SEQID NO 2) from 5

Yer si ni apseudothysghepreest igvdntion mekep gselof kees thrrchildengthsld proteinsar to CD4.

Y - N- | : f |1 d

by {1 ve eneradan RFLFHaOEt o &bl SR fkint (ARFERERLALO AR L o b

are pr edorpolypaptitigs. (FBC‘étswamdmil}mﬂferbidyéindmwﬂ@emﬂmm@mmﬁmllr@mn vithe fifth

domai n hagy fnﬁﬁﬂﬁaﬁ%%gu@. ﬂe%bgﬁkm%én‘?s qlﬁgm{a?ﬁa'ogﬂ & porli&l &lged to Ctype
n-addi ea

| ectin- I|ke onmal n fonto cbn ormati ona ures he non- CD4
por ti orf( s)fusidn prdien Eorsprons pnind edidiresidan 1 HES5 BT ENOf logr aghdlenulecthatr act er i st i cs,

for exampley LRGSRty cAbHHARTRE W Acnd MAMRTRAULALD

characteristics ance 2] ceF ul ar
i nmune r espanBes M@eles-:taé(yloﬁ) NﬁrBthdaal(élﬂaTﬁ) Crogunl mmlmtDpealgn Lab | nmmunol .

1(2): 235 %ét?ahmncﬁnag 'dgscﬁ{)ﬁd%ereiré ]F%gsl%wﬁ] G, I\@g CD& 5‘\7]% Ha}otég zor%é%smg es?duegm nogeni ¢

nature of 1T nvasin m serve t o adjuvan response to the
exposed En-8pf SEI@H@NO\bm-aImafst ¢oimp@t@y<hnpﬁesthmfthefgpamndlmg prckctnka& n are

shown jin Fldgﬁcal, é%ét:l? B‘%ﬁéﬂgg‘go“m‘] g;l'.t#)dlezed %3? glg ?e%enae ?f lsul Je b‘?'é NO 2 (shown

in Fl 0 2B"an ace eS| aeues 1-14 of
nati ve CDLysResilysid. 584- 595 of SEQ | D NG 2 (shovvn |n FIG 2C and SEQ ID

NO 6) may be used ace_res 8 of natlv Q ). O her
fragnents of |§v%%ffs%m grte s can rﬁad lgsgtﬁmlmrll%ffm'a%ac SnﬂuencT l(‘%ie}(h%r?gm dues 503-595
of SEQ I DsN@hRal asdﬂomnmmacﬁdl ﬁmllaﬁy turtble SBQMimNM od)iles desambead hﬁre(nDQv1eweS| dues

596- 694 of 1.D_NO hown G 2E and S | D NO in 3 (D3,
resi dues é’?gg] e lfS?nonS%Hﬂ? }Ztgesgh Wogsr{arﬂfgﬁ%—se%e&c%é)@ PBRJIE% and
domai ni34 (rkdjfied.e Suchunesliffc@ton 8th afect sBitQurk BndeD fdhctiad) Gium examifid, ent@c;and SEQ I D
NG 10). FI . 2H, 21.an 1, 12ad13 vel y),
Show bonbisiatMEs: SHIEET gt Erage: Bt g aGReRs Sk ARES )
i ncl udi ng lﬁ)ldu@@dudﬁ&e(d-‘;h&erv&d-breﬁh?@cédD NG 11); D, D2 and D3 (FIG 21 SEQ | D
NGO 12); and D,1, ,_and, D4
appar ent t hat 6%%&% ?Bgdﬂ@ﬁct”ges Pﬁf Egréglcﬁﬁfghe foye 188??‘? '?fr?lhe‘?'ﬁﬂllt t he
fragment s syaRdizeR)PrbRrably, the bfntHesints corﬁddete&undteMBdltndmym@n@w adprét@dte ve i nvasin
(e 9. ’20D| elﬁ?o){entb t%ldfirllgaor}l%l‘leedmlj%}{pr%)%in ill‘:l%:(?)) a%gl%gr{atigﬁ 1)nét bﬂ&? gp120 and exposes

epitopes in or near the CD4 binding site. For example, the mini-protein can be synthesized

under conditions that produce a circular dichroism spectrum similar to that of CD4, in spite of

mutations in the native sequence.

25 Heterologous (Non-CD4) Polypeptides
In order to improve the stability of CD4 minimal modules as described herein, the
minimal modules are expressed as fusion protein within heterologous sequences exhibiting a
compatible tertiary structure to native CD4. In this way, the binding of the CD4 minimal
module to Env is enhanced while reducing unwanted immune responses to non-Env binding
30  regions of CD4. Proteins exhibiting structural similarity to wild-type CD4 were identified by
performing searches of structural databases, as described herein.
In order to minimize the risk of undesired autoimmunity, it is preferred that the

heterologous sequences be obtained from non-human or non-primate proteins. In addition,
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30 fragnments used may al so include additional residues, for exanple linkers
or the like. Furthernore, the fragnents nmay include one or nore additions,
del etions and/or substitutions (e.g., peptoid substitutions) as conpared to
wild-type, so long as the overall tertiary structure remains the sane. 32
Accordi ngly, fusion nolecul es were designed conprising the CD4 m ni mal
nodule in a scaffold provided by various fragnents of invasin. FIG. 7 and
8 show exenplary fusion proteins disclosed herein. See, al so, Exanple 1.
The pr ot eipotgisexhibiting Blghomokgicto bdman prowins afthe awing mid level a prefemblpus t he

foll ow n%ﬂgﬁj Jypeptides: residues 737-751 of invasin (replacing 5 residues
1-14 o resi dues 15-85 of CD4 (CD4 m ni mal nodul e); residues 584-595
of inva3| n (répkeoipteyy pegichwisg 86indidr ofralMjiary sindturesiaiaesm@e6 to 986 of

invasin (r g%%n?f’o ?%4 is sﬁ {fﬁsfﬁi’_gsg Irél"ﬁ?m&flar a)ém (IIE;Ier m%&ﬁ?ﬁ%%@% her exenplary

protelnth ter nnus 1o oW ng
pol ypept i dészma]sswctmésrcﬁa?is 4 bn t-likeravGhéteatur¢ simphrate IO, tesirdues 1- 14 of 10

O QP BB PER i 0 S s el SRR e Ml o1 des

584-595 of i nvasin Acing Testduey oW~ as s |ppled
bars); andiomaiss ﬂlJeI§5)51D& first fﬁnﬁaomﬁms (vlats IDA) arg pieddrbingntly)f) strakde@andidve hows
term nus the

th . t t d
ol | owi ng ok JeppRButny e b a S0kl ke A R i cuos 1. 14
of 15 CD4¢latetEqniCctypdlewm—hkaiorﬂames) resi dues 15-85 of CD4 (dark gray);

d 584-5 I
<1 ppl D bar s Mot BPH:Butedl R5-Ba4* 57 RS br R R & ec
shows anotdaebe sebeetaqbfoabghemhatfaaerﬁmtdwair exermdlammmnogehmhy Ndjuearmlcmmldto@ C

t erm nus the f ol Ido %g f)t'ldes esi dues. 737-7 t vlgJ | n (repl aci ng
resi dues 1TTH QPN ‘a° § ¥t 8&"5% NSRRI RSY I 8§ 'BE:‘& °18°%85 of
(dark graymmuneasa;prdms M%Q%rlﬂfeau et\aa$]9|94)(crlemxagnmmzwnau33) 286-29& of Ch4,

shown as 5 t gra

G aD s ok S 0T i PR A EPLAY Hip o iufonl et AR by REL errm s
Eo Cl- 13er nemei mmeaﬁt?ieﬁmfgr@wn%pﬁddme%E;g&pd?;%s 737-751 of |_n\d/asu n15 o
rep acl ng res S (0] | Cle W | S).. Iresi aues -
O B0 (dar i NGy i Earthles EBasiats Ve e o Blde P 1ab Guoe o6- 08 of
CD4, showrindhsie $dsidngd Bd-%sabsaﬁQ mﬁormmuﬁs F@@Btaﬁd 888 IDING:syasich (| i ght

?Ir, Zézmnfi @a&ﬁfgﬂﬁeﬁqg%glacé }es&%es 1- 19 of n tlgg{?%gt Rc51 ues §8qa§95 0?8138 [i[%rf I nvasin

(shown in FIG. 2C and SEQ ID NO:6) may be used to replace residues 86-98 of a native

20 CD4). Other fragments of invasin that may be used include domain 1 (D1, residues 503-595
of SEQ ID NO:2, shown in FIG. 2D and SEQ ID NO:7), domain 2 (D2, residues 596-694 of
SEQ ID NO:2, shown in FIG, 2E and SEQ ID NO:8), domain 3 (D3, residues 695-795 of
SEQ ID NOQ:2, shown in FIG. 2F and SEQ ID NO:9), and domain 4 (D4, residues 796-888 of
SEQ ID NO:2, shown in FIG. 2G and SEQ ID NO:10). FIGs. 2H, 2I and 2J (SEQ D

25 NOs:11, 12 and 13, respectively), show combinations of polypeptides comprising fragments
of invasin, including D1 and D2 (FIG. 2H, SEQ ID NO:11); D1, D2 and D3 (FIG. 21, SEQ
[D NO:12); and D1, D2, D3, and D4 (FIG. 2], SEQ ID NO:13). It will be apparent that other

fragments may be used and, in addition, that the fragments used may be in different orders

than they occur in native invasin (e.g., D1 may be flanked by D2, D3 and/or D4). The

30  fragments used may also include additional residues, for example linkers or the like.
Furthermore, the fragments may include one or more additions, deletions and/or substitutions
(e.g., peptoid substitutions) as compared to wild-type, so long as the overall tertiary structure

remains the same,
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substituted with other pol ypeptides exhibiting simlar structural
characteristics. 30 The fusion proteins described herein may al so further
conprise additional non-CD4 polypeptides including, but not limted to,
antigeni c pol ypeptides fromone or nore pathogens (e.g., viruses such as

H 'V, HBC, HCV, HAV, RSV, influenza etc or bacteria), inmunonodul atory

pol ypepti des such as cytokines, chenokines and the |Iike. For exanple, 33 the
fusion protein may include the Env pol ypeptide to which the CD4 m ni mal

modul e is capitspelingly, Bisipdinadpculeniverp designad/conwrising gl D4 mingrel prodeleim can

function - 1 p i reveal ed
by "cou i Aoty Pl Regm R R GOTOE b SSHRPRRAERN ARER [OVED,

f usi on pr ottsing, distlopeddierpirp | ee, ofre, Exempisrie To¢ praisin shpwh in FiSoT incigds frof Rev, Tat,
Vpu, Vpr, p\ i L i I her, v td . The Env
pol ypepti gl\eégrggé%sitgg%%%g ﬁﬁé&c%lrlrdgﬁ g&ﬁég@% ?(%réjae%g? gsﬁgtég%@é}egga?lin ed from
an envél opasidpesol- ¥4 of CIyhoksdugh | 385 ol iR HICR4mrivimawodide)exgsidins v84-53%d envel ope

Cei e ) . Dur | .
it et on TSP (EPlicha BydPe SORIHS, B scaats 1 il hfine 0%, 0 form
gp120 andresidecs Wt43gro&CDAkbr ane protein, gp4l. The gp4l portion is anchored
in (and spans)p e, TRITATAN ert%ké@}ﬁ{/ P%fteiﬁ’n!hgt'h% de%/,\/@r'c)lneN-.tt&%inugf%JCz-o segment

g environment. here

protrudes into the surroundin i'S no coval ent

at t achnenterbmusbe follpp i3 0lyacmidem kiidudsr78 @ 7glpof 11R@sin §repletinpesiduct A drhof he sur f ace
of virjon n infe ) %] R . | | de gpl40
pol ypelp())t i gjgg : &Llp?eélgg {hasﬁ{)%gh%glgﬁle?ré%tg 2&W‘L%%E@Eaﬁgﬁ%ﬂ%%%?%eﬁgé’?rg‘g%glnt of the
conpl ex i greplacimpreaidus 86198 af AD4rshowr as spppddddnrsk dndrehidaisFihtos595 phiavdsiv

pol ypept i glfhfﬁra onent is an oligoneric Env pol ypeptide. The primary
sequence B R Env pol ypeptide precursor of H V-1s2 (hereinafter "SF2")
strain i s knowiG. & ehove.agotherkguplay froafin thaitirehnad, ifomal-tdPnbiu ©al-i on 20 No.

W04/ 037847, . Th 20 ami no .acid se %.ncl.u i .| eader uence)
extends  FIOIABB a BN SRR T e e R e BB ea 184 i s
appr oxismatOBl4ydepittdd-withrdiripds); ghiges $§-8a 01 OD4 Glarkgsay);rediduas B84cinfwbimvisin nost, i f
not all, 120 seque . ) est ed 31 helr na hqeg hypervari abl e
omai ns’ o ROATHE BRRERGr R oGS AR S Cenerl AR biRna la PaRL %S
del et i ons (&t peyween strains. Despite this variation, nost, if not all, Env
pol ypepti de 25 ences eserve the virys's ability to.Dbi to the viral
receptor CD4. E‘?}fg ﬁ éngsétp&bﬂﬁﬁ?ﬁﬁw pr °f%f5‘§mc e fep }g'éed’ﬁg’r'fﬁg’s of Env
pol ypept i de@maius & Yolldwhgvtyipgpides anidhes Beyel sfiimesin (@platiny Rsidies 1auker
vari an{s, ch as HXB-2, _sdscr'gd{: exa b.e .'ng@ g/ 9303. In other
embodi en Db TR GIFHeBE S Bt L SEhteEs E-POeRS P Eny, | or
exanpl e  (replacing residues 86-98 of CD4, shown as stippled bars); and residues 503 to 795 of invasin

(light gray).

FIG. 8D shows yet another exemplary protein that includes, from N-terminus to C-
terminus the following polypeptides: residues 737-751 of invasin (replacing residues 1-14 of
25 CD4, depicted with stripes); residues 15-85 of CD4 (dark gray); residues 584-595 of invasin
(replacing residues 86-98 of CD4, shown as stippled bars); and residues 503 to 888 of invasin
(light gray).
As noted above, it will be apparent that that one or more invasin fragments can be
substituted with other polypeptides exhibiting similar structural characteristics.
30 The fusion proteins described herein may also further comprise additional non-CD4
polypeptides including, but not limited to, antigenic polypeptides from one or more
pathogens (e.g., viruses such as HIV, HBC, HCV, HAV, RSV, influenza etc or bacteria),

immunomodulatory polypeptides such as cytokines, chemokines and the like. For example,
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ol i goneric gpl40 (o-gpl40). 30 The Env pol ypepti de bound or conpl exed to the
fusion proteins described herein can be derived any known H V isol ates, as
well as newy identified isolates, and subtypes of these isolates.
Descriptions of structural features can be given herein with reference to
SF2 or HXB-2. One of ordinary skill in the art in view of the teachings of
the present disclosure 34 and the art can determ ne correspondi ng regions in
other HIV variants (e.g., isolates HVIIIb, HV-1sF162, H V-IsFiro, H VLAv,
H VI, .Al, tlﬂellﬁ)tMmp;rotHhmab«d:msthp E]nlvpblypnpzlde totwhigh thdl OPAmgtima imyduic fsr om di ver se

subt ypes( a‘.éng'éle o§ Wt{lf}{g ef[% ’thls wg ?%n pﬁ')gel ah.ﬂlﬁqc}{ér?assa%rﬁkf 32%4%9 rrglll verse

subt ypes uci Sinman | munodefi cl ency Virus
(SIV). ( Smedu]Sccan]ge\g to koot :m}ypes%al&ﬂbﬁ ¢lb4f1b1(ldmg( Adiipidna KHBholyp &8 Blps

Fundanent ditio N, | | d ds. 1991);
Vi r ol ogy,ﬁ@?f ﬁ?‘é‘r‘?d( ﬁ‘éﬁ”‘m PﬁﬁF"g%Rﬁ Al “eﬁ%/ﬂ’%ﬁg%[?é"f PEBE e 1996,

Li ppi néot RemRameﬁpu IPp: Ivaﬁaelmhumgeﬂaﬁﬁagimntsmet&eﬁcrl ption of these and ot her

rel ated viruses), using for exanple, sequence conparison prograns (e.g.,
BLAST and others described herein) or identification and alignnment of
structural fedinwBdydeptides, a progr am 10 such as the "ALB" program descri bed
herein that c ci d sequences

identify .(3-sheet
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from approximately amino acids 1-509. The polypeptide contains approximately 24 N-linked

glycosylation sites that are common to most, if not all, gp120 sequences. As suggested by

their name, the hypervariable domains contain extensive amino acid substitutions, insertions

and deletions as between strains. Despite this variation, most, if not all, Env polypeptide

25  sequences preserve the virus's ability to bind to the viral receptor CD4. Further, alignment of

the amino acid sequences of Env polypeptide of any HIV variant can be determined relative

to other variants, such as HXB-2, as described for example, in WO 00/39303. In other

embodiments, the Env polypeptide comprises an oligomeric form of Env, for example

oligomeric gp140 (o-gp140).

30 The Env polypeptide bound or complexed to the fusion proteins described herein can
be derived any known HIV isolates, as well as newly identified isolates, and subtypes of
these isolates. Descriptions of structural features can be given herein with reference to SF2

or HXB-2. One of ordinary skill in the art in view of the teachings of the present disclosure
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for the gene(s) encoding the polypeptide. The gene can then be further

i sol ated using 30 standard techniques and, e.g., restriction enzynes

enpl oyed to truncate the gene at desired portions of the full-length
sequence. Simlarly, the gene(s) can be isolated directly fromcells and

ti ssues containing the same, using known techni ques, such as phenaol
extraction and the 35 sequence further manipulated to produce the desired
truncations. See, e.g., Sanbrook et al. supra, for a description of
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The CD4 moelecules (e.g., CD4 mini-proteins), non-CD4 heterologous proteins and

polypeptides, Env polypeptides and fusion molecules of the present invention can be
25 produced in any number of ways all of which are well known in the art.

In one embodiment, the polypeptides are generated using recombinant techniques,
well known in the art. In this regard, oligenucleotide probes can be devised based on the
known sequences of the polypeptide of interest and used to probe genomic or cDNA libraries
for the gene(s) encoding the polypeptide. The gene can then be further isolated using

30  standard techniques and, e.g., restriction enzymes employed to truncate the gene at desired
portions of the full-length sequence. Similarly, the gene(s) can be isolated directly from cells

and tissues containing the same, using known techniques, such as phenol extraction and the
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vari ous conbi nati ons, pol ynucl eotides encoding CD4 mni proteins and
het er ol ogous 30 sequences. Non-limting exanples of such conbinations are
di scussed in the Exanples. Nunerous cloning vectors are known to those of
skill in the art, and the selection of an appropriate cloning vector is a
matter of choice. Exanples of reconbinant DNA vectors for cloning and host
cells which they can transforminclude the bacteriophage 2, (E <col:), 36
pBR322 (E. colt), pACYCl177 (E. coli), pKT230 (gram negative bacteria), pGVI
106 ( gr asmqnegeaturther ranqpuktaddd profuca iRl desigd anmaabymt Szece. gaBangrpak)et alp MVE290
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t ransf ect Iant cel For a.de t| on of such
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cells are firsg ecte d L VIEro W t@ég vacg| ni a virus L?cg i nant that
encodes t H@T%]érf‘%srq ﬂ?ﬁ greing he mappnt e gintplsiacateriSee, st iRt d&k (3P W) ays
exqui si t e pgRegipfiéibisy Plofbcblb &r Fufictiond] GelidnAé:s 26ildd@8d Smith, Methods Enzymol.
20 (1983) 100:468. Primer extension is effected using DNA polymerase, the product cloned and
clones containing the mutated DNA, derived by segregation of the primer extended strand,
selected. Selection can be accomplished using the mutant primer as a hybridization probe.
The technique is also applicable for generating multiple point mutations, See, e.g., Dalbie-
McFarland et al. Proc. Natl. Acad. Sci USA (1982) 79:6409.
25 Once coding sequences for the desired polypeptides have been isolated or
synthesized, they can be cloned into any suitable vector or replicon for expression. As will be
apparent from the teachings herein, a wide variety of vectors encoding polypeptides and/or
fusion proteins can be generated by creating expression constructs which operably link, in
various combinations, polynucleotides encoding CD4 mini proteins and heterologous
30  sequences. Non-limiting examples of such combinations are discussed in the Examples.
Numerous cloning vectors are known to those of skill in the art, and the selection of
an appropriate cloning vector is a matter of choice. Examples of recombinant DNA vectors

for cloning and host cells which they can transform include the bacteriophage A (£. cofi),
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tenpl ates bearing T7 pronoters. Followi ng infection, cells are transfected
with the DNA of interest, driven by a T7 pronoter. The pol ynerase expressed
in the cytoplasmfromthe 30 vaccinia virus reconbi nant transcribes the
transfected DNA into RNA that is then translated into protein by the host
transl ati onal machi nery. The method provides for high |evel, transient,
cytoplasm c production of large quantities of RNA and its translation
product(s). 37 The gene can be placed under the control of a pronoter,
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expr ossi of veRrdrei ERRTEARh de A a SRR R o ERGTEAE R an

appropsi ab&o4xS5rand Wo3/8T6681. 20 | n sonme cases it may be necessary to nodi fy
t he codi ng seq 0t hat attached to th ont rol uences
with the appr o%fninl ‘ﬁ%% t“i”éﬁ?"g e}flfm 1l eXprasSIoR ST RS g ﬁﬁﬁﬁf’?j’b@rthe ?rgadi ng
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t he sequ encodlng the protein, by insertion of a sequence, and/or by
substituti Bf one or nore nucleotides within the sequence. Techni ques for
modi f yi ng nucI Bl@litledlﬁes‘s%ﬁuﬁmﬁf‘can Slscde uadhl taprodideahdiproeint ddcribel Ageimesi s, are

KPR SRR FRGER RS WM TR TR
pra. The
ex pr essi ORenteCF@Ma deseriptiainf oscGydtanststad 8§, Dorta @Bl s BpedAl@ofygstoscel | . A
nUber Of . 1. and Hackland et al., drch. Virol, (1994) 139:1-22.
Viral systems, such as a vaccinia based infection/transfection system, as described in
Tomei et al., J. Virol (1993) 67:4017-4026 and Selby et al., J. Gen. Virol. (1993)
25 74:1103-1113, will also find vuse with the present invention. In this system, cells are first
transfected in vitro with a vaccinia virus recombinant that encodes the bacteriophage T7
RNA pelymcrase. This polymerase displays exquisite specificity in that it only transcribes
templates bearing T7 promoters. Following infection, cells are transfected with the DNA of
interest, driven by a T7 promoter. The polymerase expressed in the cytoplasm from the
30 vaccinia virus recombinant transcribes the transfected DNA into RNA that is then translated
into protein by the host translational machinery. The method provides for high level,

transient, cytoplasmic production of large quantities of RNA and its translation product(s).
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appropriate host cells for use with the above systens are al so known. For
exanple, mammalian cell lines are known in the art and include imortalized
cell lines available from30 the Anerican Type Culture Collection (ATCO),
such as, but not limted to, Chinese hanster ovary (CHO cells, HelLa cells,
baby hanster kidney (BHK) cells, nonkey kidney cells (e.g., Hep &),
Madi n- Dar by bovi ne kidney ("MDBK") cells, as well as others. Manmali an
sources of cells include, but are not Iimted to, human or non-hunan primate
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attached to the control sequences with the appropriate orientation; /.e., to maintain the proper
reading frame. Mutants or analogs may be prepared by the deletion of a portion of the
sequence encoding the protein, by insertion of a sequence, and/or by substitution of one or
more nucleotides within the sequence. Techniques for modifying nucleotide sequences, such

25  as site-directed mutagenesis, are well known to those skilled in the art. See, e.g., Sambrook
et al., supra; DNA Cloning, Vols. 1 and I1, supra; Nucleic Acid Hybridization, supra.

The expression vector is then used to transform an appropriate host cell. A number of
appropriate host cells for use with the above systems are also known. For example,
mammalian cell lines are known in the art and include immortalized cell lines available from

30 the American Type Culture Collection (ATCC), such as, but not limited to, Chinese hamster
ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (e.g.,
Hep G2), Madin-Darby bovine kidney (“MDBK?”) cells, as well as others. Mammalian

sources of cells include, but are not limited to, human or non-human primate (e.g., PERC.6
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product, for exanple using a tissue plasm nogen activator (TPA) | eader
sequence, an interferon (y or a) signal sequence or other signal peptide
sequences from known secretory proteins. The secreted pol ypepti de product
can then be isolated by various techniques 30 described herein, for exanple,
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, d d
oTovecs i ARER IR o et Sacp b oG ite, Clnidh BB Bl B ohe ques
such as butanseaial polpmdrphl, Kmyvmbuwmy‘r@momy@gm@paylacﬂsmehzegmhammdu

chromat ogr.a si.ze-excl usion chro 0 ctr HPLC, 20

noadS BB DU STt e oGP Hpy et o e iszce. PRRLHIFEbD! ot i on,

and the | il bacuEﬁfruﬁxmﬁﬂlmvem@S invhidB Gtef @i, .@hfe.ﬁhdmzp’igfltlhgf dphd r acel | ul ar Env
ent.i on i nvpl ves af.fini rification, such

ggl %SEP%?{%%%;C# Ofyﬂ?y’g'%ﬁ?% 3 E’Z‘HH@}"”%@T’% pgﬂ‘fﬁ’er Eﬁ@glgfitgéi aﬁ?c anti bodi es, or
by | ectinrathdphisiayi.chr omat ography. Particularly preferred lectin resins are
RN TSR e TSRO M SR M
(LCA or invention are produced by growing host cells transformed by an expression vector described
above under conditions whereby the protein of interest is expressed. The selection of the
appropriate growth conditions is within the skill of the art.
In one embodiment, for example for the production of an Env polypeptide, the
25  transformed cells secrete the polypeptide product into the surrounding media, Certain
regulatory sequences can be included in the vector to enhance secretion of the protein
product, for example using a tissue plasminogen activator (TPA) leader sequence, an
interferon (y or o) signal sequence or other signal peptide sequences from known secretory
proteins. The secreted polypeptide product can then be isolated by various techniques
30 described herein, for example, using standard purification techniques such as but not limited
to, hydroxyapatite resins, column chromatography, ion-exchange chromatography, size-
exclusion chromatography, electrophoresis, HPLC, immunoadsorbent techniques, affinity

chromatography, immunoprecipitation, and the like.
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lentil lectin), Pismm sativum agglutinin (PSA or pea |lectin), Narcissus
pseudonarci ssus agglutinin (NPA) and Al liumursinun: agglutinin (AUA). The
choice of a suitable affinity resinis within the skill in the art. After
affinity purification, the polypeptides can be further purified using
conventional techniques well known in the art, such as by any of the 30

t echni ques described above. Relatively small polypeptides, i. e., up to about

50 amino acids in |en can_be onvenjently synt hesi zed m cally, for
exanpl e by any “6?"%\?%}:’%{41’“?%%? Ened H:S{IS g @gruvzﬁgoeﬁns ghefd @ 3’59!&'”l led in the
peptide acfrtmechamcgﬁﬂ@h@Iwhmhﬁs%@aewusfy@dl&eﬁmaIp@wpéph@esqegugﬂkt)lsaﬁstanﬁlamyaddl tion of
one or nore amno acids to a ﬂrow ng{mﬂél tide chain. Norpmally lger t he

amino or"tagh byegslluGr BGfFIRGeaR He bejop F78o%ing Ef’”il@“"p‘}‘?)fr%tt@d"’e sui tabl e

protect i ng ngtnfbadde, eldl @y tiRV 1Rk eﬁ&eﬁéheﬁis od@rgamaédweﬂ@ s@dfﬂtﬂﬁt 16ukhgt ST @R then be
either_attached to an i q%rt solid ized in solution by adding

the nekt RARPERHISEFGUENSE @%@&ﬁ@ﬁb@%ﬁ%@e Qfﬁbl“d'bwﬁrlﬁﬁ%%raﬂvcnsbeelam no or

car boxyl ) e gr muRinirifedioy A E@&aﬁ&&sed  ProfYber Appesadh, {(E.ONG Hahddanadls! Aigaf, Or t he
formation_of an amde |inkage. The protecting group is then renoved from

the newy Edfad@W) ani no acid residue and the next am no acid (suitably

protected) i s pohgAmBROREoRRIGSARIEN foAlsh Rith iRPresciRSiveREbraRmIEe aci ds have

been Ilnked in the proper sequence, any remaining protecting oups (and
any sol i dbuafsper imitedto: §@11¢aal%wa%t@sgrywﬁwggaﬂp@dﬁwﬂ@aéﬂ%lda%uw@geﬁ are renoved

10 segyentdaghdny f1@£zeQW‘dléé'l@cgﬁén}’expto@lvé Qélgﬁxf)regm bdntial sk ViReRtehORith By sinple
modi fi cation of thi gener al procedure, IS possible to add nore than one

am no aci Hflcafnzamﬁsllﬂﬁélldc“tg REotgRseupTHaS LR, WeUl‘P@WI@WéIl)éOZW elsalpl i ng (under

condi ti Ont?eaWn?QndjfBe Hé%tof'a@tgl%gﬂtgﬁdga'vérﬁé suEl’?ﬁEtb‘ﬁE §a}lts AodiRnUoBEY RApldid, pept i de
w th a proper I\é’é rotected dirpeptide to form af ter deprotecCtion,

pent apept Taten, andeCIHAPS. JThe\particulas faghnidse used to disruprdhereglls isdirgaly h ase Pept i de

Synt hesi s arany and R
B. Merri flpét?e égalilhﬁiréggned%?cr?gg&h Oﬁﬁgcelwﬁgﬁ]gy}%hﬁﬂéﬁoé% g‘%u}dg%??mgu tors E. Goss

and JI15 |ve¢vétm¢@p@¢tlonve¢d ang pre(mmmsed Press, New York, 1980), pp. 3-254, for
S0l 1 Brace, Pagliey SIS SRINGE R B0elly ROARRIN, P11 ToLpl oS o
Mei enhof eentrifemtion, mmsthmpaqeﬂelsﬂy mn@c%poéypesm #reﬁ-lr@er Birigedgsing Vol . 1, for
R S S
benzyl ox ywh@@ﬁVdrOﬂ(l@M?Phymxefﬂxelemm]nrdimapbﬂ'ﬁ)ectr@hﬂre&d|HBH(} ophenyl ; benzyl
|( S élbér n?i %H} Q{t %XAI@R% ;ﬁ% %rlo%gt;? gﬂ Wblnni/ gn%%%ip%%%ﬂr;{%ﬁ ﬂ?é!s g%r opyl!,
acetyl, o For example, one method for obtaining the intracellular Env polypeptides of the
present invention involves affinity purification, such as by immunoaffinity chromatography
using anti-Env specific antibodies, or by lectin affinity chromatography. Particularly
preferred lectin resins are those that recognize mannose moieties such as but not limited to
25 resins derived from Galanthus nivalis agglutinin (GNA), Lens culinaris agglutinin (1.CA or
lentil lectin), Piswm sativum agglutinin (PSA or pea lectin), Narcissus pseudonarcissus
agglutinin (NPA) and Allium ursinum agglutinin (AUA). The choice of a suitable affinity
resin is within the skill in the art, After affinity purification, the polypeptides can be further
purified using conventional techniques well known in the art, such as by any of the
30 techniques described above.
Relatively small polypeptides, i.c., up to about 50 amino acids in length, can be
conveniently synthesized chemically, for example by any of several techniques that are

known to those skilled in the peptide art, In general, these methods employ the sequential
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25 nitrophenyl sul fonyl and the |ike. Typical solid supports are cross-I|inked
pol ynmeric supports. These can include divinyl benzene
cross-1linked-styrene-based polyners, for exanple, divinylbenzene-

hydr oxynet hyl st yrene copol yners, divinyl benzene-chl oronet hyl styrene

copol ynmers and divi nyl benzene-benzhydryl am nopol ystyrene copol yners. 30 The
pol ypepti de anal ogs of the present invention can also be chemcally prepared
by other nethods such as by the nethod of sinultaneous nultiple peptide
synt hesi sadditien of enepr morgqmipgacisdy t% grewingaeptide phrind Nagpally, witier the 9@80

82: 5131- 5d3rbordi §rou5 ot fﬁ@tﬁrs{\Qnmo a&@&’p?&&ted%} agﬂfﬁbﬁﬂ%t&'ﬁng gr%;?' TheCONpl exes Env
and the CD4 m ni mal nodul e-cont al ni n | ecul es described herein can be
conpl exedprtsetad vaieriwyc%&mlmw cap thea Pfﬁlﬁiﬂha‘f@ﬁlﬁéén greipers soliggwppamer t he f usi on
ol ecul e @ifzeq GAFRLGGhR 8 i€ LRT Ik b Bfifntn@ly 1 xatives,
such as forn%lhe P %%gngg mﬂPJ??#a d (i 5%#4% " ﬁ’other
enbodi frentaminogpr om)rﬁrcptp@tuebh peasentes mdqgoondlnmsmt phlayt Eor ﬂmffsmhilancéd to the
envel ope d r envel ope
exposed a%*?%éﬁ@%ﬁg 9®a§§¥£9§9£é@ﬂggfﬁghﬁﬂgyﬁ¢ﬁﬂﬁg&w@%ﬁ%gﬁggﬁqgﬁutopes t hat
are nor neesidye and theagsicwsndyicl, (sifitebly gxcdaepsidis thon adidad, and saforthbdfgr theesponse can
be nounte o { 1.1 -linked with
Env to nagﬁFa|n‘?£%n§§%%?%BgML aﬁﬁﬂ%ﬁh@#%%ﬁ %%gyéﬁﬁrﬁg g&%%ﬁ?he Env protein
f or i mmungreegsi(or apy sPdsapportof scidgbese synghebig rcmhmqmaarc uegd) aropvédr vacci ne

I ' . ,
cortr afer SBfenul BLGALH By, SUABUEHEPPRAFRS, BEYiohle RRERHAESGMSP 00 s
descri bedgdmeuae;vrncedmd/ ibis possibledo advomere Erau onqwhlym@ixi atddsne tb p gowingai n
enbodi ”e”Erﬁa o 6xe 5{} BOLY u@ﬁr%)(}x ogxrd ﬁlchloéo P{%cédﬁ%é %aPJe%%j . 15 Thus,

co- transfec T on can be ac Or QRS 6r U Ch by using
separate pm@cttd)trs)epndebythms)mpgl)apreuectgd ép&padﬂ: torforlrhafterhielanmtimlm of t he Env and

the CD4 nmini te idn i e | f,done U i a S|ngle
vect or, bef"ﬁap ﬁes§can 2 hgrgl1%%% g3 [9%0% MIP ase Pepfide Bgl enent s.
anot hés e(Hock Creniical CheRahtord, :Ialmw&‘4m&1dcm Haranymdﬂ éh Obdtifig)d, The Bepeidese s can be

i i duaRo R PSR SidBinel o  Go AR AT GR B VR m Bt MER . 0

spont aneohisw Y o&s $989), ape3-254, for ecmdtpﬂme pepsthleelymmm techifiqies;anp MeBedangan be for ned

by m xi ng thelln vi dual pr ot |ns |ch Irl'ﬁ]e bee pr oduced

separ at el P%%gﬁﬁ—g%ﬁ?ﬂ? 3) FEEITEP ven by mi xi ng

cul t ur e npitieandfer, By, Jhe haﬁiﬁescahdlmsesmmm H‘iql_me/opnpfoeclaesioalhalu&omeen

cul turﬁd %‘ﬁ‘ee& I nternational Publication No. WO 96/04301 for a description
c es

of su@

Typical protecting groups include t-butyloxycarbonyl (Boc), 9-
fluoreny!methoxycarbony! (Fmoc) benzyloxycarbonyl (Cbz); p-toluenesulfonyl (Tx); 2,4-
dinitrophenyl; benzy! (Bzl); biphenylisopropyloxycarboxy-carbonyl, t-amyloxycarbonyl,
isobornyloxycarbonyl, o-bromobenzyloxycarbonyl, cyclohexyl, isopropyl, acetyl, o-

25  nitrophenylsulfonyl and the like.

Typical solid supports are cross-linked polymeric supports. These can include
divinylbenzene cross-linked-styrene-based polymers, for example, divinylbenzene-
hydroxymethylstyrene copolymers, divinylbenzene-chloromethylstyrene copolymers and
divinylbenzene-benzhydrylaminopolystyrene copolymers.

30 The polypeptide analogs of the present invention can also be chemically prepared by
other methods such as by the method of simultanecus multiple peptide synthesis. See, e.g.,
Houghten Proc. Natl. dead. Sci, USA (1985) 82:5131-5135; U.S. Patent No. 4,631,211,
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25 Antibodies Antibodies, both nonoclonal and pol yclonal, which are
directed agai nst Env-fusion nolecule conplexes epitopes (and cryptic
epi t opes exposed by binding of CD4 to Env) are particularly useful in

di agnosi s and therapeutic applications, for exanple, those antibodies 30
whi ch are neutralizing are useful in passive inmmunotherapy. Mnocl onal
antibodies, in particular, may be used to raise anti-idi otype ant i bodi es.
Anti-idi otype antibodi es are inmunogl obulins that carry an "internal inmge"
of the anti gdmvdfusiondroteinCampleRes agent agai nst which protection is desired.

Techni ques f orgdf AhHREDARNAA! okl AR ARERRA] REREEHIAPUR fon the art.

See, e.g., Gzych (1985), Nature : MacNamara et al. (1984), Science
226: 1325, cupnlexen ieagyasiety i wme@sc)ertam embmﬁm, Eny g} thopsion mpleee agnt i - i di ot ype

anti bodi eg,an.alism {)ﬁ i Bfebhost- ﬂﬁkl{ljé %@ﬁtﬁﬁxaﬁv@g/ QEh A BINRhReOT H V. An

i rmunoassay for viral anti exanple, a monocl onal anti body 5
direct éd famalingdglutyrajdehude wgmﬂdﬂﬂm Inaltlwonﬁrqdmmtsn a @D4moinipetidmedntaaning bodi es

di rect od KRR SRLKORS B vl pY | GAkioDObNRARGHGriTONRRLA0ALy BRL | Dodi es

directed towards epitopes O t viral polypepti onal
ant i bodi esn\diomwe@dtaommdsurfahe ystagrposing crapttcn agaserved ppifoped thatate ant i bodi es

direct ed Laugn Ll anenl: il Ak LISR.S eBoR @Y BBl aRsobpgTonoC! onal

and pol yc ona ant | nmunoassay based, for
exanpl e, upomalamdpbtqomammg nmlecules e tross-lgdied winEmop nedireinihe hxpioppe oissays.

Prot oggl s Ry cﬂuL"Bi% ep t(%{g:s ﬁ:’%ﬁé@gﬁmﬁﬁ%ﬁ%h@ﬁ&wg %s?g orget] iR

|nnunopreC|p| atn o Invol ve antbody or
pol ypepti dm’topéﬁkferﬂaada@ eapphuyome for exanple, fluorescent, chem | um nescent,

radi oacti ve, adcpgon S Jfa Y néaexf%mgfg%wo Lﬁecrpbrygrg co—txelgl V\ﬁmgh ll?I fr om t h_e

probe are al so TRAOWN ﬁ‘p(f 'sSa ze biotin
and avi di wjth asrdtremeenosdihgthefusidn ﬁmtblmeldscabﬂmereimumﬂ/homymre Iénrch as ELI SA

assays. An_enz - Ssay ELI SA) an be u ed to nmeasure
o hor aMRTBHES, AR s BROIE FR PSRt e wRtbr 8 e i Lo

conj udét i @huspo- mskﬁmﬂn‘nn bemccamilivid eahnerarutrargencmﬁ eahy as‘ﬁﬁgsbmleye and uses the
bound enz act.i vit titati Y b asur e anti body, the
known ant x‘é}g‘ﬁs ?rbyfuis’l%éa SPge 5&3‘8“'?&8% g”t% ?nv aﬁgﬁhﬁ Eﬂe TR e By pl astic
cup), i ncubmdisng Ws'bhptowﬁ Iﬁﬂj’nﬂlﬁmdghslhgw?@tor\fnﬂﬁl@d&;s chinbadriveebly aditigle

anti -i mmunq

ot ISl oBil g, LEbg) St U an ST, S04, Mached e, Bnevies
hor ser adi s@jugiResush BapRsenbERzl¢Rece i iudilidud) oxpidsib®cdsiifies alivedl by
20  individual control elements. Following expression, the proteins may spontaneously associate.
In another embodiment, the complexes can be formed by mixing the individual proteins
together which have been produced separately, either in purified or semi-purified form, or
even by mixing culture media in which host cells expressing the proteins, have been cultured.
See, International Publication No. WO 96/04301 for a description of such complexes.
25
Antibodies
Antibodies, both monoclonal and polyclonal, which are directed against Env-fusion
molecule complexes epitopes (and cryptic epitopes exposed by binding of CD4 to Env) are
particularly useful in diagnosis and therapeutic applications, for example, those antibodies
30  which are neutralizing are useful in passive immunotherapy. Monoclonal antibodies, in
particular, may be used to raise anti-idiotype antibodies.
Anti-idiotype antibodies are immunoglobulins that carry an "internal image" of the

antigen of the infectious agent against which protection is desired. Techniques for raising

;,’(
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phase is neasured by addi ng the specific substrate, and determ ni ng product
formation or 25 substrate utilization colorinetrically. The enzynme activity
bound is a direct function of the anount of antibody bound. To neasure
antigen, a known specific antibody is fixed to the solid phase, the test
material containing antigen is added, after an incubation the solid phase is
washed, and a second enzyne-| abel ed anti body is added. After washi ng,
substrate is added, and enzyme 30 activity is estimated colorinetrically,
and r el atast-idiotypgantijediescrinewn irathe et SeRelzy Srayaa(1 98 Nowetiddé:7¢:.an be produced

by adm ni i fRsi I-B¢ t a , a rabbit,
a goat, O@B@ah{é%seggﬁgg?ﬁm@?e r g#%‘sﬁlef‘a?r%%f‘%agg aﬁfﬁ%,?‘.ﬁ@ nﬁxﬁ%ll ngg Zg and the
ant i bodi ebhesgantipdipiypé¢ adibédicrmaytadsobe asafid fdyyreatient aes/angikmnosipefddivpi t ation with
43 ammoni um sy f. hr r%gnx f A inity
chronatograph%ﬁlﬁ#@%ﬁ%&%h%gﬁgggxg%éﬁﬁg?%gggn 5%8@3@8?%%P%%P§%{ona| antisera
are kndbwndiiepted toavasis f . viriepitepe cna@imbamtiorbafdhoasclatial atibedlesxtpacterstowands t opes
exposed by..hi ndi of Env. __can so b r ced. . | B cells from
= hanmal - PR 0L 39 Rt ger B oo Bt Rfe L PEPRMERR IR oot exas
descr i bedditfecwiviralqgatypbgidés ipagclovat imtibbdies dixaedtbeard-AT saendiat anvigen, nouse

nmyel oma cells t r oduce hybrid . bri domas produci nti bodi es
specific ?O&C?Ong%fiﬁ%{iﬁjgeg %g%b%g%»&ar%n%ﬁcr 'rﬂiaﬂtilgﬁfl%?ré‘i e B’iaﬂ% Q?o Env can be

i denti fi eslonssiong amt polgdlontldnShodiand i sol ated by cloning in sem -solid agar or
by li n@ati ng dilution. C nel%n@rgdgciﬂ t he desired slpteci fic :%mti bodi es are
i sol ated by akQFHBIASIEYAINEPCRF mE¥ PRAKP 3‘?“1%“%%?%‘&&%’5} 108; ' H&F monocl onal  and
pol ycl onadeactiohios kandwizh dipe eshwdPragasln fky gp, fod penpla s sofd@suppeartsl @ |y usef ul

for detecti nl% the[nglresence of P.Aanti ens | sa S a serum sanpl e

! . n UC,
from an ch TR p RS RRR oA N O Ao Bt e BF Rk S SR B hen ey uti il ve
one aPti bmﬂgpeptlm’e.’ﬁ&\lﬁfcmma?m&,i flbﬂé‘kiaﬂﬁlg, Mrdgma&&ﬁdﬁmyneﬁagt, adiokltive, @At | gen may
use, for exanple, nonocl onal .. anti bo i rect towards an H V epitope, a
Corrbi et O THeCHish AT AR GBI Al SEes it B LA e o BEBRES of e v
or Enys CDYF whidhi afedssd¥® tick niéiR bhavtin afidavidibl Shdéhzpat-J4pelpd btenedifsdoc| onal

anti bodies directed to ds epitopes of different polypeptides, polyclonal
ant i bodi e$"HNPEEREFVE RA #95%Ssame HI V anti gen, pol ycl onal anti bodi es

directed t O\Narp_ﬁlﬁen%inﬁd‘-mﬂ@mmhﬁn\és@ﬁénk SENSELBA) darciRidRthafrddithgonocl onal  and
pol ycl onal anti bodi es. | munoassay protocols may be based, for exanple, upon

20 conpet MHRYLr apfitody poreeationgnt himnethod fepsndhurcp seuugatigy ef apepsgne teor - exanpl e,
| abel ed aginkLd¥tigen BR8h AB&ySar¥Biesdifo bdufd enﬁ?ﬁﬁ@miei’ty id HphREARB abel.

chem [ um nescent, or radi oactive. The polycl onal or nonoclonal antibodies
may f &Pt h&} mprsuigsaiibody thedepyn antissy isdixeq 9giselif phase (e.g., a microplate or plastic

cup), incubated with test serum dilutions, washed, incubated with anti-immunoglobulin
labeled with an enzyme, and washed again. Enzymes suitable for labeling are known in the
art, and include, for example, horseradish peroxidase. Enzyme activity bound to the solid
phase is measured by adding the specific substrate, and determining product formation or
25  substrate utilization colorimetrically. The enzyme activity bound is a direct function of the
amount of antibody bound.
To measure antigen, a known specific antibody is fixed to the solid phase, the test
material containing antigen is added, after an incubation the solid phase is washed, and a
second enzyme-labeled antibody is added. After washing, substrate is added, and enzyme
30 activity is estimated colorimetrically, and related to antigen concentration.,
Polyclonal antibodies can be produced by administering the fusion protein to a
mammal, such as a mouse, a rabbit, a goat, or a horse. Serum from the immunized animal is

collected and the antibodies are purified from the plasma by, for example, precipitation with

43



protein conpl exed-Env by i munoaffinity columms. The antibodi es can be
affixed to a solid support by, for exanple, adsorption or by coval ent

| i nkage so that the anti bodies retain their 25 inmunosel ective activity.
Optional ly, spacer groups may be included so that the antigen binding site
of the antibody remains accessible. The i nmobilized anti bodi es can then be
used to bind the target froma biol ogical sanple, such as bl ood or plasna.
The bound proteins or conplexes are recovered fromthe colum nmatrix by,
for exanpingnoriun idfatre followgHhy cBEoniditeprpbs presrabijaafbitiechaenatdgnaphapeut i ¢
Applicati ‘ i I l, t hese fusion

nol ecul esP%tﬁar."g&? fgrgJ ?)dr?g{l“ §l %\?\A&t %ﬁ'éﬁ’%“@?aqgh‘gé%?reeg‘gﬁw !nﬁi\l/é; ‘ion or the

pol ynucl eot i dé@owddhaigntfohdacsedlmpt;ed egamsbepitongs exposedrby dindinglv€ €Défto Binagnosti ¢ and

Lher apeut 1 o EPES8eq MOUmEX S I0l Honl (5 A SLN A0kl dnRGlghe0t 1 des or

ant i bodi es gener & AVarT ety of assays,
to det &r m.peantBng- (ﬁﬁfb@amtaa apflescilxdtherein cambe fosediveth/ fonexaowpleE Tpewditeiens i n a

ctatus ornaSHBEBrhgesR fells s RSB rililc bR B RnEIs I T
presence gitognkkizedi eien ﬂéﬂcnhmpeotmmt lhnd thEnean be ddegtifiedyping ROA or BbISypept i des
and, converse ens reag ener at ed .t hereto, can be
det ect ed ugl gg(ésdt L@% & Flcgéts? af%r Oé lm%r?g dq%h?&&%ﬂ @‘Fi“& ﬂ? echni ques,

i ncl ud| ngdesirgdnspenifksadiyaiies mehscﬂzsed:hymemeﬁmm of shirgemitfg. r eacti on, or sandw ch
type says a i nc e t are stern blots;
aégl u na%ll on%"gg?cg E%WOF'IQB% |agqu bwﬁ'ﬁlﬁi?rﬁtdg‘act'fdgﬂgﬂﬂ%gﬁoé’yss Auch as

ELI SAs; b;bamﬁiduMlgl‘mBafmirfortdy@em'x’gsﬁeq;tssende&d hz@igmlimﬁmw Such as a serum sample
i munoel ectr o

t at Th ti . |1
el ude. + EVBAT PG SHAPER RN St CBU SeegrT U baReo o o Y

radi oact i ateevend] aﬂtbbymtmxrdnﬁtnehﬁamr IV R GniyaSe, f@lfex@igl§h nmet hods for
detecting the e ant t he anti body

f 0 el ween igen
or " ant | bomPBC reanRbeY R A g P ot S EROL BRI ' the sesays
such as nidibedie dirdttesBwardleRPEcTBEe BV or BneCDY infigimalabdule htiining

pol yvi nyl ¢chl ori de, |n sheets or, m crotiter I'ls; tyrene latex, in
beads or ﬁ‘?‘@?ﬁ? lygegHids, mgpeslo alﬁ&?‘?ﬂﬁ%?i’?%dﬁ@”%ﬁféf@ﬂ% l-gdlf%f?ﬁtl zed paper; nylon

menbr anespolyp%ﬁﬁdey%Eﬁ]oﬁﬁ&ﬂﬁwd@@ﬂir&fé@ tdwakdB the Exié BV hﬁ’tngeﬂi b6l g&l@ﬂldld support is
first reactlgd w th the bi O'@?rg' cal sanple (or the gp 120 rot ei ns),

washed antftipplics dieredigypesditfernt %B@dﬂ&s%r?ﬁﬁé%bj%@epémowoe%}ﬁﬂ%u ni ng

ant i bodi egdlycloraPitib&ibs. Mh&ioal¥dp Ploltgolt May RIBAVR, AR YxAA, Bwand | i gand, a
secondary binder npiety is added. under suitable binding conditions, such

Chat | Che SUGHGRS JIrist R 08 SOAich Pe 81525 $8B8 a GXRRPle, Bbeled antibody.

The labels may be, for example, fluorescent, chemiluminescent, or radioactive.

The polyclonal or monoclonal antibodies may further be used to isolate Env or fusion
protein complexed-Env by immunoaffinity columns. The antibodies can be affixed to a solid
support by, for example, adsorption or by covalent linkage so that the antibodies retain their

25  immunoselective activity, Optionally, spacer groups may be included so that the antigen
binding site of the antibody remains accessible. The immobilized antibedies can then be used
to bind the target from a biological sample, such as blood or plasma. The bound proteins or

complexes are recovered from the column matrix by, for example, a change in pH.

30 Diagnostic, Vaccine and Therapeutic Applications
The fusion molecules and complexes comprising these fusion molecules (e.g.,
complexes with Env) of the present invention or the polynucleotides coding therefor, can be

used for a number of diagnostic and therapeutic purposes. For example, the proteins and
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selectively with the bound |igand. The presence of the secondary binder can
then be detected wusing techniques well known in the art. Typically, the
secondary binder will conprise an 25 antibody directed agai nst the anti body
| i gands. A nunber of anti-human inmunogl obulin (1g) nolecules are known in
the art (e.g., comercially available goat anti-human I g or rabbit
anti-human Ig). 1g nolecules for use herein will preferably be of the 1gG or
| gA type, however, IQE_M may al so be appropriate in some instances. The Ig
nol ecul ePOlAYFlEpEdesonaf 1b9dle%wfra@é@@@s{)t§e Wetan bt Qe eYEHOTRSBYY | such as

hor ser adit§ BetffifhAReBncc D HAABR afiiodRFd 03 EnPRbRIM S AGbRgitsassple & kal i ne
phosphat ase and_urease;l_g?r_mfg‘% ot hers, using nethods known to those of skill
én

in the arfidinte diagpesiyni| io) pediseassstafug b as meappe Af [GPEESE{® generate a
det ect abligmusizgial - 45 I n anot her enbodi nent, a "two anti body sandw ch"
assay can be used to detect the proteins of the present invention. In this
t echniSque, t h&s8eird ghouy Hisgresences of euibeding rgac e with haEwHe.s. 6p128bre of the

?Ete i b?gisﬁﬁlsygéﬂtﬁ&t &, BIRRRL afeli¥ns(Eeclve withintEdlles 5@@%&%@&9@99@. exposed to

l'e. Antibodi'es are again added and the reaction visualized
usi ng ei tdespte@udng sapdard pleggropBoretcand immunediagrastigteghnioype iretidisgcond ant i body,

such as ARl STUPBCLARUAIA, HRDSLERIU A R A MopstaX| dase,

al kaline p ase or urease. Assays can also cte sol ution,
such t hatinalids, but peginoidingitedith svestan bints; pésbiination testre prryne-fabelad eshpl exes under
preci fy tarﬁéd%dqﬁ%}léa'sﬁ ésucﬂQ@Est%l tﬁbth?a%ﬁi% ?@%L@;@Ei&@ﬁqub%& sbe separated
fromthe test sanple, fér exanple, by centrifugation. e reaction mixture
can 10 beémawadelecdphorssididmaumpprecipitations etes Errcreactipnsssetydndidegenealingdy - ant i gen

conpl exe i d S, s those
i rmunodi Z%Hr%gsss p %cﬁqrr%%lﬁ%arg %&E@@?ﬁ@g@&gﬁ%@%@ﬁ&%ﬂéﬁggﬂ rr%?é%?gfsg%gd scri bed herein,
pr oduced ragleqttes.cir btherdnelnuly &r dotectmgthelfordiation ¢fa comples betptantbsantigem be provi ded

in kits, w H J r i d ot her necessary reagents, in order
to conduca}%?%%ggga@gbﬁésé%g%?iﬁggeﬁegibove. The kit can al so contain,

depenth ng on Sal5l supmris aart becstdin thermsuapomsisanitugeliylosn naipben¢ abet s and ot her

packaged . nt i i (L8 [:S.. i . Standard
i mrunoas é@?‘?%é‘d?z%ﬁ’g'g’ F{%g{é& °g{e°§‘8‘§*i"b§‘8"‘a zj\gglgHtfggﬁeﬁsbéﬁggh%%é%&e’g%si ng these
Kits. Thebeadsmpmgoretiteraintespull yvingdidme flhatils; diazoidetd papet;hnglop aleybeptes; des can al so
be used in. ci ne sitions, individually or in conmbination, in e.g.,

pr ophyl acatCtll‘(’:a\{e iq).egc!g’,anﬁ%%glr%%vent 20 infection) or therapeutic (to treat HV
fol | ow ng i nf @gpicadly)thysudidismgsrt isiiret reed wite sheddoiogiaupmpdea(onthx gpir26s of one or

o R RSB En R  oBH SREE ASSR R GREST 0 e
vi ral applied. After washing to remove any non-bound ligand, a secondary binder moiety is added
under suitable binding conditions, such that the secondary binder is capable of associating
selectively with the bound ligand. The presence of the secondary binder can then be detected
using technigues well known in the art. Typically, the secondary binder will comprise an
25  antibody directed against the antibody ligands, A number of anti-human immunoglobulin
(Ig) molecules are known in the art {e.g., commercially available goat anti-human Ig or rabbit
anti-human Ig). Ig molecules for use herein will preferably be of the IgG or IgA type,
however, IgM may also be appropriate in some instances. The Ig molecules can be readily
conjugated 1o a detectable enzyme label, such as horseradish peroxidase, glucose oxidase,
30  Beta-galactosidase, alkaline phosphatase and urease, among others, using methods known to
those of skill in the art. An appropriate enzyme substrate is then used to generate a detectable

signal.
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i sol ate. The vaccine may al so be adm nistered in conjunction wth other
antigens and i mrunoregul atory agents, for exanple, inmunogl obulins,

cyt oki nes, |ynphoki nes, and 25 chenoki nes, including but not limted to
IL-2, nodified IL-2 (cysl25-serl25), GWCSF, IL- 12, -interferon, |P-10,

M Pl and RANTES. The vaccines nmay be adm ni stered as pol ypeptides or,
alternatively, as naked nucleic acid vaccines (e.g., DNA), using viral
vectors (e.g., retroviral vectors, alphaviral vectors, adenoviral vectors,
adeno-associaﬂedmmmrahmuénmmnsywommmmbmmmwmara%ep@mbsuﬁﬂt@dqaiﬂposones

part ' cl esgr%\%%t%%gth@%}e&np lr{%n 1011 ﬁ%lgteghn q% Qﬁeeéoﬂd 31;1Ptp8rt H%afcgdw tWIt[] %lle replicon

particles in and nucl eic
aci d, whi atmormof the antltrm;estIHreded agamsmvt(esg ,r@120)ewsqhe:bandrthedleﬁ1mccbuotthevehl cl es.

The vacci ven nnre tration
o | omed 1) Rt o RREIEE g BBAT adon® b W Enchify B Bt Pl PPl Theoame
conposhti ﬂ:lactmamr tingadabeled Stene dntibsdyt, bueh py dnraatidinchuasglobdlin lahdedowigh or nor e
boost s. anot her erent conpositions can be used for
prining aﬁ?:f eﬁacfl(‘)séltper%lgbsﬂ %%B%Ph%‘fha{?ﬁeroélureﬁsfsed systems have been devel oped
for del | ver y aﬂmja}ad:m didoHe rcaiduoted inGblutitis btehmaambdnrmphﬁmﬂ add antitodiesranmal i an
cells. @ etro%lruses rovi i conveﬁkg @Iatforg1for nucl ei c
aci d del i V&FP FXeUrE TP ?ﬁf@ﬂ E\obns he BECipRied comRlex S 5 ect or and
packaged bmsepahtwﬂbm e t@asdniptd, &8 exemphgbi @ﬁhﬁugnu&s Toe oaadtidnmixhee @nt . The

' ' ivered to cells of t e subj ect

recon&bnagt vbru gan theg be |sol t ed aE g(b

ei t her Vi n°%ANga2uio ggterme ePrﬁ\SCH%FrﬁSé Sense O AP FLipeNEOTPIERES IDG aMple

descri beda s oPRdn@dH nl¥ehod§ ,s&:h%s & imMuhdd@liznoshio thefRos drBeribed 8529, Bi OTeCh
7:980-990; M Jer, A D 1990) Hum  CGepe Ther. 0.Scarpa, et a

(1991) Viral . Hseonoexcsdeseripgdy gem pipdugpd asdpsgigsd %@Pbecorm pdiesi@thg ' sci . USA

90: 8033- 86plex@R) Qarﬁﬁrﬂr&deﬂ\&ﬁ kigs, anKlsuligsre ﬂstﬁ&:a&%)an@b'ﬂhér neédRsaty ref@nBlin Devel op.
3:102-109. A nunb of adenovirus vectors have also been descri bed for

nucl ei ¢ aff arta@?q%ﬂfymunqaﬁﬁavw desSF PP s d 8¢ liheaniise Aoy peredifgdnt he host

genong; age @Qeﬁbu!ilhﬁﬁﬁxu@cfé"s&y SbedCARARAC AEIHAG OfFRY ﬂaa)ékég@d%ag’éhﬁlaﬁa Abfgals he risks
associated with_insertional nutagenesis (Haj - 15 Ahmad and Graham (1986) J.

Vi rol . 57(geYyashpytlerpandithe jge). gptandagdjgopgyoagsaysysychas thoserigacribedabove, o) ¢ t er eder ,

et al., ($9Mudiésin gﬂjﬁer 5:717-729; Seth, or al., (1994) J. Viral.
68: 933- 940; Barr, e 1994) Gene Therapy 1:51-58; Berkner, K L.

(1988) BioTec hThee;measxeeztyi polymygleptidgsencedinghe polyppyidrisy can o bedsed imher |
4: 461- 476} pcc el dirhioRiRias! aﬁdwvcﬁam;omn @dﬁﬁ)ﬂﬁﬁé}ﬁ $RCE %realyrébﬁcbt?e g%‘r@veﬁftect or

systens have been 20 devel oped f nuclefc acid delivery
admi ni28t r Edcton) onflrapesgic ge ge@éﬂ%@“%@&dﬂ&gﬂ@ﬂbﬁ@@@% a b@wce@ﬁr@n t echni ques

vel | knowgdifist Bkt of omE6r mére 91 the Moffied1BHERSteitO&r nricblid #ddknand

encoding the proteins), such as Env (e.g., gp120) proteins derived from more than one viral
isolate. The vaccine may also be administered in conjunction with other antigens and
immunoregulatory agents, for example, immunoglobulins, cytokines, lymphokines, and

25  chemokines, including but not limited to IL-2, modified IL-2 (cys125-ser125), GM-CSF, IL-
12, -interferon, IP-10, MIP1 and RANTES. The vaccines may be administered as
polypeptides or, alternatively, as naked nucleic acid vaccines (e.g., DNA), using viral vectors
(e.g., retroviral vectors, alphaviral vectors, adenoviral vectors, adeno-associated viral vectors)
or non-viral vectors (e.g., liposomes, particles coated with nucleic acid or protein, including

30  viral replicon particles). The vaccines may also comprise a mixture of protein and nucleic
acid, which in turn may be delivered using the same or different vehicles, The vaccine may
be given more than once (e.g., a "prime" administration followed by one or more "boosts") to

achieve the desired effects. The same composition can be administered as the prime and as
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5,139, 941; WD 92/01070; WD 93/03769; Lebkowski,et al. (1988) Ml. Cell.
Biol. 8:3988- 3996; Vincent, et al., (1990) Vaccines 90 (Cold Spring Harbor
Laboratory Press); Carter, B.J., (1992) Curr. Opin. Biotech. 3:533-539;
Muzyczka, N., (1992) Curr. Top. Mcrobiol. 25 Iinmnol. 158:97-129; Koti n,
R M, (1994) Hum GCene Ther. 5:793-801; Shelling and Smth, (1994) Gene
Ther. 1:165-169; and Zhou, et al., (1994) 1 Exp. Med. 179:1867-1875.

Anot her vector system useful for delivering polynucleotides is the

ent eri cal hy ongeyiiH ket dn @r@&@ﬁ@nbﬁmmbé%@rwg@mp&%@nﬁé@n brassed fobed by Smal |,
Jr., P.A oriflhg@hd bobddnp: Patent No. 5,676,950). 30 Additional viral vectors
whi ch w IF find use for delivery and adm nistration of nucleic acid

nol ecul es i nclABenbenefsdrableased systemns bave beve dpesioredfer Asjivery apdl pdmiaistrationc| udi ng

vacci ni a yg ic afk Liad; j . j d@yi poxviruses,
such as tﬁfer{ug %ng% o%%%éﬁgébﬁﬁ%&hx%%@nSélguggg%@%%gﬁggh%gﬂﬁ?gggf or delivery of

nucl ei & agdndeniesnt platfarador meleisrasidrighvervsystams. pisiected sugenses eampbe ésetadg i mrunogens
from ManTRld AkcRRAIYAaNEa B kerotRA L0 GORhEhnigRl RAAE ¥f: delTRAR! LY when

adm nistered to non-avian species. 1he us n avi pox vector is

parti cul arscgmbinait visusicen then beuiselpiedand deliviered toeetisafl thaswbispleaithersn siveoexnenber s of
t he avi poy;,, g : J y i I u i Vi an

Speci o5 an PR BUE Bk-A0lkl BlREY Rl B R B N e or

pr oduci ngarddiasmbi, NEPRP) BioTqebxA980tPI8 sMiler AUMOMAS0) iFfunt Genecaltier. drddl4enpl oy geneti c

reconbpnati.on, | 6@ Vil o} i,on of
Voo ara il o3 ERIFVLBE AR A0 B3R CR e OB ARG o3 as.

Mol ecul ar ¢8H3eR§aT; end/Barisolasyriesnd hemis (1998) Gude {gn. Gaser.dPivadep.ic102déb.or s
described in I = | , - 6869 and
Wagner, et al .%?‘%gé‘?a“%ﬁ%’?bs ﬁﬁgoﬂs%%@ladg]o&ggld& sg&bﬁ%&%ﬁgggcg%ge&v 03, can al so
be used f Enlikeuctr®irgseawhigh dhe¢gratemio the haatgenoms pdabviones febsisber s of t he

Al phaviru as, . but.n I M L Vect.or riv .om the
Si haoi o, - S Roso Rl G Bl i ok R EREL SRl Bl G s T
al so flb ndAtmed asl Gratiama{198€)ck &irel. $70267H; Regtr gt ab(d9%0li Hirod 67:83lilef¥2f nucl ei c

acid nol ecul es, For ription of. .. Stndhis-yi riye §¢fors see,

e. g, Dub%%%d,e“&al'a@?%?1%{5’9g%“”%ﬁ"’(ﬁsr%f‘.%%?%o%f‘[sgg";gq%%’gggé%%ggs; VO

9|6/ 17\(}\17) Zé)gr;.ﬁl;Bsrs,gémhlem%%m%fﬁ,m&gpﬂ ESI-_SﬁilﬁﬂrkhbrS[;blgg}%ﬁﬂ;égtglﬂzi'echﬁﬁﬂlﬂéﬂéSl. _ See

al so ) : . Publ.icat : . Viral replicon
particl es*¥a 1clb§?ﬂ.sgg§izp I e%@?‘ﬂ/ﬁéﬁgﬂé@ﬁi nistration of nucleic acid and
pol ypepti de noAdtitichaly, vdrivis adeaspdseciatal YA 4 Vpveceplysems hparbeercl es, i ncl udi ng

G T TN G T VN R
descri pti oshsofictalueingiechidiGues apll keawn ip et CSee, ¢Sy SU.8MateREN0s. 6,103,414 and
5,139,941; WO 92/01070; WO 93/03769; Lebkowski ,et al. (1988) Mol . Cell. Biol. 8:3988-
3996; Vincent, et al., (1990) Vaccines 90 (Cold Spring Harbor Laboratory Press); Carter,
B.J., (1992) Curr. Opin. Biotech. 3:533-539; Muzyczka, N., (1992) Curr. Top. Microbiol.
25 Immunol.158:97-129; Kotin, R.M., (1994) Hum. Gene Ther. 5:793-801; Shelling and Smith,
(1994) Gene Ther. 1:165-169; and Zhou, et al., (1994) J. Exp. Med. 179:1867-1875.
Another vector system useful for delivering polynucleotides is the enterically
administered recombinant poxvirus vaccines described by Small, Jr., P.A., et al. (U.S. Patent
No. 5,676,950).
30 Additional viral vectors which will find use for delivery and administration of nucleic
acid molecules include those derived from the pox family of viruses, including vaccinia virus
and avian poxvirus. In another embodiment, avipoxviruses, such as the fowlpox and

canarypox viruses, can also be used for delivery of nucleic acid molecules. Recombinant
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WD 02/099035; U.S. Publication No. 2003/018262; WD 96/37616; U.S.
Publ i cation No. 2003/0119182; WO 03/023026; and WD 05/016961. Nucleic acid
and pol ypepti de nol ecul es can al so be delivered without a viral vector. For
exanpl e, nucl eic acid and/or polypeptide nol ecul es can be packaged in

| i posonmes prior 25 to delivery to the subject or to cells derived
therefrom Lipid encapsulation is generally acconplished using |iposones
which are able to stably bind or entrap and retain nucleic acid. The ratio
of co n de n@émbxmmses,@xpriegsing immp@enﬁtfrmmmemmaﬁmrp}thbgms wid Knogemercafeky be ar ound

1:1 B"\'écme%ﬁl%HP ena tégr%ls’terg fo no -fgfléglfs nl:cwgl Q’hc u ggf aan gv?p‘()h%‘é‘étc?rﬂs the use of

Ilposones as carrire nucftei ¢ aci and Sl ei ght,
(1991) Bi ptiduiarly Bﬁsarplbiym hmmnand @ﬁerhﬁﬁﬂna]harﬂ.imm& sumuhmemgers pf the awabo& (1983),

e a2 Bl cond O RS RE re RO B o i SRALADLANEN Bk Byl 1@ P eset

i nvention®inc 1oni poOSI hegatively
char gell) mlt‘mtnvreiumammabareq@ﬂs aMeuhm fonprdducmgtacmnbmant ammaMs arplndwncul arl y

preferredl §%yln?'c %IQOS P qJ%n di at d tracellular

del i very Rd™ot" B SLRicY ECIE%‘F He'ron a@ esgee aPT’§ PP o Acad. Sci .

USA 84: 74ﬂr3dmmeofvamvm(swsmeg ewoal/;lzssemwmnm and\o ngtm'aﬁ Sci. USA

86: 6077- 6081) uri.fied transcripti (1990) J.

Biol. Chem 26% %@qﬁgé’)&a(’rs ri;"‘lﬁ'lfﬁgti g?fé?l‘“r ‘iﬁlmené{%ﬂﬁfj%%’fﬂi’%d’%ones are

rN ead:\ll_ y aM&xihlanoeltel (Fog) £>Bad113d7NAlem N[8%886-8509iaad walgm,?e) gllr QMLPmEtArf]az! Crad y

osones are avail.abl e upder e trademar

U1 por At 1 et T B 5Bl el BF S A e S Sdru ey P BBy ot

( 198|7) br‘r OIC Niahters oAGRA Ipiavirus s, Séh Zﬁg&-ggﬁl}hﬁl}egtdgémgs aaﬁhme fGmal | é )

avai |l abl e S an r hi nger). er

cationic hFﬁﬁ@ﬁﬁé%m@gﬂgwﬁt%g%@gwggf Af Freg ?99ﬁW§FrH§f é?%ﬁls usi ng

}\jgclhm 2 ueslraavg&dtmmg%ml;g@ ﬁgidr?rllgtéatﬁ@m%f%gbe% amdm&ef ales. Eftor i@es’%hption(oi9f78) hPr oc.
tl. Acad. ,Sci or ti of the

synt hesi sg@ﬁblwﬁewdzeﬁ?rém &y Pyt e@&?ﬁémyvaﬁ&ﬁ%?@ &%ﬁne)

i pOSQ)5YE595/0@9H1W@@BM?O@”U@PQB@M N4t 3] anhlw@sp@tem\x@sesg epdidey avail abl e,

such as, from Avanti_ Pol ar AL), or can be easily

prepar ed H& R 428035y and S| %\‘@P%a“ﬁ%}\r%rqog?/gw% uch materials include

phosphati dyl cligd jePBaonGaRkRS &ﬁrbglused@&%ﬁw ardalim BN FXu8C ad®
di ol eoyl phosphati dyl choline (DOPC), dloleoylphosphatldyl gl ycerol (DOPG,

di ol eoyl pwatpmw metepulpo | EoRFrrEPlepEpy Tusdprlivan ptdsssinclypag dimeiicer i al s can

al so be ?@‘ﬂlmwemoﬁ BT M RS IRITRRYPS AdtdamehisfBGSY drakidleit Bei@RRY Opri ate
ratios. hods king |Ii posones using these materials are well known

i n t hé0 ar polypertide molesylspeEor @lssceipignaf alphavimms Tepligonantisle S¥stams|ses C€MLVs) , snal |
uni I amel | §fp 02/099035; U.S. Publication No. 2003/018262; WO 96/37616; U.S. Publication No.

2003/0119182; WO 03/023026; and WO 05/016961.
Nucleic acid and polypeptide molecules can also be delivered without a viral vector,
For example, nucleic acid and/or polypeptide molecules can be packaged in liposomes prior
25  to delivery to the subject or to cells derived therefrom. Lipid encapsulation is generally
accomplished using liposomes which are able to stably bind or entrap and retain nucleic acid.
The ratio of condensed DNA to lipid preparation can vary but will generally be around 1:1
(mg DNA:micromoles lipid), or more of lipid. For a review of the use of liposomes as
carriers for delivery of nucleic acids, see, Hug and Sleight, (1991) Biochim. Biophys. Acta.
30 1097:1-17; Straubinger, et al., (1983), Meth. Enzymol. 101:512-527.
Liposomal preparations for use in the present invention include cationic (positively
charged), anionic (negatively charged) and neutral preparations, with cationic liposomes

particularly preferred. Cationic liposomes have been shown to mediate intracellular delivery
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20 vesicles (SUvs), or large unilanellar vesicles (LUVs). The various

| i posone-nucl eic acid conplexes are prepared using nethods known in the
art. See, e.g., Straubinger, et at., (1983) Meth. Inmmunol. 101:512-527,
Szoka, et al., (1978) Proc. Nail. Acad. Sci. USA 75:4194-4198;

Papahadj opoul os, et al., (1975) Biochim Biophys. Acta 394:483-491; WI son,
et al., (1979) Cell 17:77-84); Deaner and Bangham (1976) Bi ochim Biophys.
Acta 443:629-634; Ostro, et 25 at., (1977) Bi ochem Biophys. Res.

Cont nun. 76f E8BiddNIA (Flgnes et ale(1981) Proq Mort gicapnSeoc USABS: I7413~Mélﬂml@hﬁ USA

76: 3348- 3 I . USA

76: 145- 140Agme ﬁgf\(bgeg??g’{o?w‘%ﬁigg%;erSél(g%%g 105 Bt AR <, ocm and
Papahadj ob@@f&ﬁ@ebs(eigvgwﬂﬁb S BiolNachetn, 265c1d89-BH02), dpmcrisnad f9®- 4198; and

Schaef Ri dd : | d
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to the indivi dl‘l'l@'hpésgﬁl@ééﬂnr&gmgm ARRR4HA! R8clesIMINAR shall 6AnieRES are
typically large, slow zed macronol ecul es such as proteins,

pol ys&Bchyssice U\bw09;ﬂaa&ftwr@ala%liaageswbéﬁ%m&q\iaem&dipagomepw ivefidc ani no
aci ds, a%&ﬁpxa@s dle pl@?&ﬂ@& YR riethddi Hlo%n%ﬁl@%ﬁagéseéSS’tﬁﬁbﬁﬁerOét'al disal ets or

i posorres) I nactive virus partic

Meth Immunol 101:512-527; Szoka, et al. (1978) Proc. Natl. Acad. Sci. USA 75:4194-4198;
Papahadjopoulos, et al., (1975) Biochim. Biophys. Acta 394:483-491; Wilson, et al., (1979)
Cell 17:77-84); Deamer and Bangham, (1976) Biochim. Biophys. Acta 443:629-634; Ostro, et

25  al, (1977) Biochem. Biophys. Res. Commun.76:836-842; Fraley, et al., (1979) Proc. Nat!.
Acad. Sci, USA 76:3348-3352); Enoch and Strittmatter, (1979) Proc. Natl. Acad. Sci. US4
76:145-149; Fraley, et al., (1980) J. Biol. Chem. 255:10431-10435; Szoka and
Papahadjopoulos, (1978) Proc. Natl. Acad. Sci. USA 75:4194-4198; and Schaefer-Ridder, et
al., (1982) Science 215:166-168.

30 The nucleic acid and/or polypeptide molecules can also be delivered in cochleate lipid
compositions similar to those described by Papahadjopoulos, et al., (1975) Biochem. Biophys.

Acta. 394:483-491. See, also, U.S. Patent Nos. 4,663,161 and 4,871,488,
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20 Such carriers are well known to those of ordinary skill in the art.
Furthernore, the Env pol ypeptide may be conjugated to a bacterial toxoid,
such as toxoid fromdiphtheria, tetanus, cholera, etc. Adjuvants may al so
be used to enhance the effectiveness of the vaccines. Adjuvants for use
with the invention include, but are not limted to, one or nore of the
followng set 25 forth below. A M neral Containing Conpositions M neral
cont ai ni ng conpositions suitable for use as adjuvants include mneral salts,
such as al um Themsddit scimtdi/qr@blmbaptidesraéle@lesﬁagal‘smbtem:apmlated,caldudm tayi ner al
salts such a X] o] ides

hydroxyph%léaﬁ "3?‘63 o’rqaﬁlcu osp lﬁfs E¥M§ °¥ ?rﬁc'%m(% ?et% §e thSS% dgr('aw’f:ihapters 8
& 9 of Vaﬁommelyﬁethylgmthacry(lat@ﬁﬁymeeﬂss w&ba/sexhlbroﬁartmamianved ﬂoﬁBN 030644867X.

Pl enum ),

tur s |f ere ner al m xture of a
phosphat ep%?‘n%mé&( 9(11y h%c ‘od\%[“h%léﬁ{hde RN ;(/IP %J P ga’r{efg%éeg%l 'of the
phosphat eQ199_WPwrni [Res. lcﬁﬁpmmNRGEaKP rRgala (W9 B)Wi Wiakdlegcaparl d(D).197-2 el |
cryetal | | B TOE RS rosE! Pk IS 080 B RS AT B PRp B ) o0,
particl e mhanufetuddd if ﬂietpr{s\ﬂﬂ)@@f élﬁrgﬂ:d ﬂ&érgen&l suh e aniomiR] drsatl’ﬁﬁjc derrdems,ltided such
that the dose .of Al e n and I n one
enmbodi ment*® Fi'?écralf"’lﬁtr‘ﬁ i'[fasgéfﬂf;ei‘ﬁ'f”ﬂﬁ/%?ﬁ “‘?@“‘&I%Hﬁftéﬂoﬂm"%‘ﬁ?ﬁgﬁo Yssium sulfate
(Al K(SO4) aﬁa)nple%lc&iﬂ:axﬁlhlémr%ﬂ][f&dﬁﬁéd Wiéh an&iﬂ(éme&?geﬁth%ﬁcl'ffﬁr med in-situ bydrri Xi ng
an ant ate hu um titrati on an
preci 6btag‘?"6‘#°ﬂg 13mpaeniyy pgm &g(&g A?R/ migeragiclesiseth hydr oxi de.

Anot her exegrmleayrcmm@wmmﬂm@@mcguaﬁhswtseé $. ammmzbydm»hmeﬁdj uvant 10
(A (OH)3) or crystal I | ne al um num oxyhydr oxi AIQOH), which is an

excel | ent VAbesaFpanRcludepagiopgorg gl@rr{*%fe@walwea&cmabaﬁswas@mﬁﬁf‘éqhvleso%m/ g.
Al ternati Yeher, sahxse\r,%@mp&@as@h&& eAa@lmh\éﬂyltauxmaﬁb R%)m&,g sa&wweuﬁg or

hydr oxyphosphat e, I ch caontains phosp ate groups in place of sone or all

of the hy@PBsiInggEeninHITTaTREuPRANIs, A d1e 1 & mayjbg pigsent inssugh ¥Rficdesd. Preferr ed

al um ngm phOSD@é’én@er@é%ﬁﬁ‘éﬁ'&lEﬁprd@&@%Qﬁ% ANEEISIR 1B BoATBY iRBRURILANR SOl uble in
acidic, basic 15 and neutral nedia. |In another enbodinent the adjuvant

conpr i ses PRSPl ibrskias hroLpHathe indhdduabieerivingths sRpposikPricuitEke a nore
parti cul ag,gabadiysratly AR 8Qf1y refdBo1BEd MYERh0IDARS Sucl8floklins, @amount of

al um num phosphat’e t han aium hum hydr oxi de, such as a ratio of 2:1, 3:1,
4:1, polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids, amino acid

copolymers, lipid aggregates (such as oil droplets or liposomes), and inactive virus particles.
20 Such carriers are well known to those of ordinary skill in the art. Furthermore, the Env
polypeptide may be conjugated to a bacterial toxoid, such as toxoid from diphtheria, tetanus,
cholera, etc.
Adjuvants may also be used to enhance the effectiveness of the vaccines, Adjuvants
for use with the invention include, but are not limited to, one or more of the following set
25  forth below:

A. Mineral Containing Compositions
Mineral containing compositions suitable for use as adjuvants include mineral salts,
such as aluminum salts and calcium salts. The invention includes mineral salts such as
hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates, orthophosphates),
30 sulfates, efc. {e.g. see chapters 8 & 9 of Vaccine Design... (1995) eds. Powell & Newman.
ISBN: 030644867X. Plenum.), or mixtures of different mineral compounds (e.g. a mixture of
a phosphate and a hydroxide adjuvant, optionally with an excess of the phosphate), with the

compounds taking any suitable form (e.g. gel, crystalline, amorphous, efc.), and with

50



5:1, 6:1, 7:1, 8:1, 9:1 or greater than 9:1, by weight al um num phosphate to
al um num 20 hydroxide. Mre particular still, alumnumsalts in the vaccine
are present at 0.4 to 1.0 ng per vaccine dose, or 0.4 to 0.8 ng per vaccine
dose, or 0.5 to 0.7 ng per vacci ne dose, or about 0.6 ng per vacci ne dose.
Generally, the preferred al um num based adjuvant(s), or ratio of nmultiple

al um num based adj uvants, such as al um num phosphate to al um num hydr oxi de
is selected by 25 optim zation of electrostatic attraction between nol ecul es
such t hat adsdrgticarie thgerit(8deing psfeamed. ﬂqudsﬁraleom&iraingeomsittihes majjalbpdat at the

desired pﬂbmxﬁaﬁéd a@)égjgﬁfcg,ofme#mamgb%ﬁ@;ﬁﬁ adj uvant (iep = 4) adsorbs

| ysozyme, ild al bum n be the target, alum num

hydr oxi de adj W@mﬂumdwdndxé)emlmm sudh thinigthe dose alt)Al "Ab bewert (. Yaidy 0 mg et r eat ment
al um % mydroxi de with phosphate lowers its isoelectric point, making

|t a pref red 30 adj uvant for nore basic antigens. 51 B. Q| -Enul sions

Q | - entul si on doopesibbdiorst thealtmibhre bhsd adjsentds aladj(slvaitus pomsimrde but are not

limted el 59 %. S 0. 5% Tween
80, and 0§ gg}e éﬁkﬂé&g@) wf}é’rarlr'h (rigtlﬂean %Sh g alr%nfoéTrn 8% Sét}l f% ? Dé@!gl %m ng‘“

m ?Ir of [ ui mlphtapl)ate ISefer m@@hm&ﬂa&wed&qeltmxmnd 5reEipﬂla:tmn uﬂfﬁhﬁ)amﬁumm ed

i nfl uenza_vacci nes, W. ants: experience with the M59-

adj uvant e%inr{}%é%’i]ﬁ}édr?mi? 3?4‘1\ t‘)ﬁ%ﬁ 19: 2673-2680; Frey et al,, "Conparison
of the saf ety Anothed aembiaiylaﬁLymmamﬂamdrm;mgamlmhmymdfydmx%wuﬁdj uvant ed

i nfluenza i\ne a on- nt ed vaccine in, non-elderly
naul £ 20 “AIREPRGF e300 SRR P AR A BOH WS 8 A5 Pl Bspn: " ¥ e
FLUADTM i hﬁvlngemméacvafemsfapprdxmm 5(E)uﬁAgnAttermacﬂy,rammxﬂﬁn Bﬁtrsplnamﬂdﬁwhry preferred
adj uvant s mcro enul si ons Preferred m cron

o | 1 ne ol BEC RGBS y G irbBo s ST apa s bR e PR P AR PSP

oplt i onal | %/rall@)ﬂﬂh'& aydrong gmpsi/df@mnﬁdmulﬁ}tdﬁxﬁj;e aljfirants presiieb. E&Sfeﬂcd(S) (l;I/bn‘; cr $n

oi | -i n-wat er ont ai ni oW v sq oW v Tween
S0TM ( por SGRYETPRF B BRBIE i SRR A8 By PR AR O o8 5o dpan S5W

(SO: b:1$anaﬂdrnFlmae@lIEm lagd C)Ioltl otnal l yi E 1;5 2- (1! | m t oyl I
aceyrmrarry- al any |so uat m nyl - L-al ani almtoyl-sn-gly
cero-3- huydr Sk§HEE pReRsHB g 2 yvagfmpgﬁqsﬁ@h@k;ﬁfplwyhosp eaéEarrpl e, the

submi cr ongl@hihuihMydyakigé. In @mékeﬁjaﬁiam&mmdmem Mr&2,'thé Adpi@niak b gRakr Publ i cation
No. W90/ 14837; US Patent Nos. 299, 884 and 6 451, 325, and Clt et al.

"NF59 -- BRnef aawammalpqa@hafedwn@ﬂmamsawrm w6 ath f2tiagf 2ibark Hlor Human
Vacci nes" 5 1y, Nachri@ Dsrzgrga%er theR ©: 190wkt aﬁﬂﬁhuﬁﬁbﬂéﬁ;ﬁﬁe tARRMAAEN 20 (Powel |,
or

M F. and Newma Pl enum Pr ess 1995 p. 277-296). I\/F59

20 hydrox1de More partlcular Stlll aluminum salts in the vaccine are present at 0.4 to 1.0 mg per
vaccine dose, or 0.4 to 0.8 mg per vaccine dose, or 0.5 to 0.7 mg per vaccine dose, or about
0.6 mg per vaccine dose.

Generally, the preferred aluminum-based adjuvant(s), or ratio of multiple aluminum-

based adjuvants, such as aluminum phosphate to aluminum hydroxide is selected by

25  optimization of electrostatic attraction between molecules such that the antigen carries an
opposite charge as the adjuvant at the desired pH. For example, aluminum phosphate
adjuvant (iep = 4) adsorbs lysozyme, but not albumin at pH 7.4. Should albumin be the target,
aluminum hydroxide adjuvant would be selected (iep 11.4). Alternatively, pretreatment of
aluminum hydroxide with phosphate lowers its isoelectric point, making it a preferred

30  adjuvant for more basic antigens.
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contains 4-5% w v Squal ene (e.g. 4.3%, 0.25-0.5%wv Tween 80TM and 0.5%
w v Span 85TM and optionally contains various anounts of MIP-PE, fornulated
into submicron particles using a mcrofluidizer such as Mdel 1I0Y

m crofluidizer (Mcrofluidics, Newon, M). For exanple, MIP-PE may be
present in an anmount of about 0-500 g/dose, nore 25 preferably 0-250 g/ dose
and nost preferably, 0-100 g/dose. As used herein, the term"M59-0" refers
to the above subnicron oil-in-water enulsion |acki ng MIP-PE, while the term
MF59- MTP #ledtt&sulgiorsor nul ation that contains MIP-PE. For instance,

" MFS9- 100" co @fllaénﬂﬁs&p&rﬂmmw%s BFtabR fordRS & adiatsSRc 10}, bdVERS ot 1ALt her

subm cron oil-in-water enulsion for use herein, contalns 4.3% w v squal ene,

0. 25% 30 W/ squalenserpi@ GmNsionn guch ay BEHHMo Spraleng 85k Bvieendi: and W&l SpamTP- PE.  Yet
anot her —sgibpd 611804 i éubh&r%@ﬁaﬁfcle@ Mhsd @ﬁrdfﬁldyélé%ee%é%/ W @5150APs

cont ai ni ng 10%5 ual ene % Tween T l'uronic ocked pol ymer L121,
and t h¥ - NioRda, ¢ Tlsmadmvemt@& mﬂutmaz@dmnwtvothaww adjusniscexperiapeivih bn MEYE75- MTP

denot es %j lc‘\i/E&éd Jagé EérJn’ ?BJC&@ 19" %3%@65 FMIJ; et al> u@&nﬁ@%ﬁoﬁ 6%82[%@%400 g

MTP- PE per cron - |'n'- wat er énmul si on ing the
sane and tolershilifyo sid mulhlmbgangitagmwﬁfa’-mmma@mﬂummyaccpepmd gew; for use in the

voso/ 1465 Bystel FRERE e RoELR, LbenE ARSI R L0
adj uvant (s@rA)theatiivanido the FeU4 DY édilnciizs vawhtnmmt subhfAyacning. aI so be used as
ad) uvgts, |0 PRl BYERH00 achufs £ SARANLG, GRMLALORT, SIRGNA | or mul at{ ons,

may al so be us ins are ous group of sterol
gl ycosi dewbramdmtmll-mevamnmu!dlogd fycums hdem atdsamalme@vafeomndlsnoms dphienalipr k, | eaves,
st ens, root% and even de rg{g e ofllg ant SBfC' es. Saponi ns

f
i sol at ed T oM en: ary”f%aapkou{)“fs flﬁlgﬁ%aﬂ PE® YEBEREO BT S5UPPRe have been

wi del y Stwdiammgaasmdq/wq@aneﬁe,osamto%mmexcm @bsoxeahdae®biehal | y obt ai ned
fromSm | ax ornata (sarsapri phi | | apani cul at a bri des veil), and

Saponar i aeTpicEEh ARl r- 7(5510%311?"’(5‘&55”( %B‘E?c‘ir‘i‘ilcﬂe jadartionadyi ati ons i ncl ude
purified for mi-ahi9NNany$ Wlﬁbgﬂﬁmﬁﬁ%-alﬁﬁné@hb 'ﬂﬁpdhhi%)ﬂitsaﬁ %fy&%ﬂ& gtions, such as

| SCOMs. Saponi n ‘conpositions have been gurl usin h Performance Thi n

Layer Chigsraxudpsbphopimyretylaging (MED-TES duf GW@%]% thg sy Pé?ﬂfoéirlﬁﬁ}‘rﬁt?é Li qui d

Chr omat 0gLaRAh 1afdwh BE" rbﬂﬁ’&g@)an;eﬁﬁasaai Pl?OllQMfoh Nbeﬂrofgm@éavoﬂg pufe‘ﬁtmst hese
t echni ques have been i dent Including Q57, G17, C18 Q§21 H A

QH B and 393384 ppa$, éj]aﬂﬁyandﬂﬁt@t gla DS P - Resigsan, EvAluatlon of a Safe and Potent

Adjuvant for Human Vaccines" in Yaccine Design: The Subunit and Adjuvant Approach

20  (Powell, M.F. and Newman, M.J. eds.) Plenum Press, New York, 1995, pp. 277-296). MF59
contains 4-5% w/v Squalene (e.g. 4.3%), 0.25-0.5% w/v Tween 80™, and 0.5% w/v Span
85™ and optionally contains various amounts of MTP-PE, formulated into submicron
particles using a microfluidizer such as Model 110Y microfluidizer (Microfluidics, Newton,
MA). For example, MTP-PE may be present in an amount of about 0-500 pg/dose, more

25  preferably 0-250 pg/dose and most preferably, 0-100 pg/dose.

As used herein, the term "MF59-0" refers to the above submicron oil-in-water
emulsion lacking MTP-PE, while the term MF59-MTP denotes a formulation that contains
MTP-PE. For instance, "MF59-100" contains 100 pg MTP-PE per dose, and so on. MF69,
another submicron oil-in-water emulsion for use herein, contains 4.3% w/v squalene, 0.25%

30  w/v Tween 80™, and 0.75% w/v Span 85™ and optionally MTP-PE. Yet another submicron
oil-in-water emulston is MF785, also known as SAF, containing 10% squalene, 0.4% Tween

30™, 5% pluronic-blocked polymer L121, and thr-MDP, also microfluidized into a
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met hod of production of QS21 is disclosed in US Patent No. 5,057, 540.
Saponin forrmul ations nay also conprise a sterol, such as chol esterol (see
W96/ 33739). Conbi nati ons of saponins and chol esterols can be used to form
uni que particles called 25 Imunostinulating Conpl exes (1 SCOVs). | SCOVs
typically also include a phospholipid such as phosphati dyl et hanol am ne or
phosphati dyl choli ne. Any known saponin can be used in ISCOWw. Preferably,
the 1SCOM i ncludes one or nore of Quil A QL4A and QHC. |SCOMs are further
descr i becubmicrmEmubioIF7SANOE) deaqtdsianaviicl S forowlagarr 8ot incipdds M, bueh as t he | SCOVB
may be d L nal detergent(s). See WDX00/07621. 0 30 A

revi ew oﬁ%{%gﬂd;‘goyéngﬁ%ng‘&s%pom n based adjuvants can be found in Barr,

et al., "I SCOS’Bbranorbncmﬁlhmwa&a@mnmmsbmsthdisaﬂ:]namag\ﬂ)s ameddanced Drug Delivery
Revi ews (1998‘)} ?t 71. See a @ﬁl apder,. et al " ?t ake and adj uvant
activity '0f™%8 %'I"l"alaéﬁe\’}g’rsgﬁh as%%‘t&%}m & [OSERNP g SOMRRNHONS, A anced Dr ug

Del i vefy dReiribedvn c{efhﬁ%hnte&%h&%l?ﬁﬁBatmn%. WO 1T ine §SataniMilgsus Li ke

Particl es Rs) Mir s and Virus Like Particles (VLPs) can al so be used
as adj uva%éggflggiﬁ’é%@é)zgﬁctur es generally contain one or nore proteins from
a virus opti omlﬂp;eta:mamidrsed]uwnt (CROELd Ateshlot FRuRl’ papspMIAA) inthy alfbey are
general 'y non- ggah non replicating and 5 generally do not contain any
of the nafsiWe m’“ﬁ‘%‘ viral proteins may be reconbinantly
produced or i sol at ed from whol e viruses. These viral proteins suitable for
use | n virosqmes of VLPs include proteins derived frominfluenza virus
(such’%s ®A orSalN’AGM ForpieigBest i s B virus (such as core or capsid proteins),

Hepatitis E Visapthin RBRSARSES, wasfu@@b&@a@ibsaajuvmw& orftd A2Y b hiddFologOt - and- Mout h
Di sease virus, Retrovirus, virus, human, Papilloma 10 virus, HV,

RNA- phage%oupcsfgtem%aaé%(%@ﬂ tatsrpewl ghypasides thatjare f@wdﬁﬁggé)arkf kavshage, AP205

phage, ar@eﬂs)/ro()&léﬁh‘e@ﬁ oGk of & ﬂrﬁ!l%%%@ﬂf plt ﬂké]&@lsﬁpoﬂhﬂ; 1soMLeE’$roﬁ:rtﬁe di scussed
further in W003/024480, W03/ 02448 Niikura et al., "Chinmeric

Reconbi nafk ddpalvitinig sqpovgriq polingjtyeg hP&er‘i“leé‘*éY gudigfasgdigvanita SBRORBS Vehi cl e
Presemt i ngn kb 8t Qﬂnrﬁ&blhlﬂﬂ%%lned\ff'oﬁm"ﬁgﬁ oknéfaQeaksapRi3; G h3oA pakiBRFaet al .

"Papil l omarivurs-Li ke Particles |Induce Acute Activation of 15 Dendriti c
Cel I s", J@U?%e\’l‘-‘ﬂ)oimdlWP@&V’“{@G&%P 5l cSaparn adjpyagt fprmgptions includece| |yl ar

| mune xﬁg@ﬁﬁﬁulﬁﬁoﬁ%ﬁaﬂaﬁﬁ% sm‘ébf foff¥ond Guld as'T'@@(bME'y Vol unt eer s

| mmuni zed with Reconbi nant irus-Li ke Particles", Journal of
| nf ect i ousPPRIB e@mwlt@mgs beemamfﬁ,@m%@lgh&’nﬂor@@me?huebayat "Human

Papi | | O”B(Yl{rbxﬁ&'to%a}% 15‘1‘?:) BRf RévelsE: Plﬁ'éeeﬂgﬁf’ér Bce I Qéu?d cﬁrmgg%ls when

Coadm ni st ered |a co e Ent ért oxi n NMutant
20 (RP-HPLC). Speciﬁc purified fractlons using these techmques have been identified, including

Q87, QS17, QS18, QS21, QH-A, QH-B and QH-C. Preferably, the saponin is Q$21. A
method of production of Q821 is disclosed in US Patent No. 5,057,540, Saponin formulations
may also comprise a sterol, such as cholesterol (see W096/33739).

Combinations of saponins and cholesterols can be used to form unique particles called

25  Immunostimulating Complexes (ISCOMs). ISCOMs typically also include a phospholipid
such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used
in ISCOMs, Preferably, the ISCOM includes one or more of Quil A, QHA and QHC,
ISCOMs are further described in EP0109942, W096/11711 and W096/33739. Optionally,
the ISCOMS may be devoid of (an) additional detergent(s). See WO00/07621.

30 A review of the development of saponin based adjuvants can be found in Barr, et al,,
“ISCOMs and other saponin based adjuvants”, Advanced Drug Delivery Reviews (1998)
32:247-271. See also Sjolander, et al., “Uptake and adjuvant activity of orally delivered
saponin and ISCOM vaccines”, Advanced Drug Delivery Reviews (1998) 32:321-338.
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20 R192G or CpG', Journal of Virology (2001) 75(10):4752-4760. Virosones are
di scussed further in, for exanple, Guck et al., "New Technol ogy Pl atforns
in the Devel opnent of Vaccines for the Future", Vaccine (2002) 20:B10 -Bl6.
| munopot enti ating reconstituted influenza virosones (IRIV) are used as the
subunit antigen delivery systemin the intranasal trivalent | NFLEXALTM
product {M schler & Metcal fe (2002) Vaccine 20 Suppl 5:B17-23} 25 and the

| NFLUVAC PLUSTM product. E. Bacterial or Mcrobial Derivatives Additional

adj uvant s\ fétosrdhees load Viensi ke Rawtiakis(Voly) al derivatives such as: (1) Non-toxic

derivatives ofy;: i: I I ivati

el ude Nonoph SRt e f R LR pepy BRAROLG A SR B el s o
3dMPL i s strugtiues gemerally c@itaiiecr®-ca mpreaireldingiioomo p ivsydpoiondlly cppbidedorwi th 4, 5 or 6
acyl at ed I f.err - I i y . De- | at ed
rm%ophos pt&%@]ﬁléc} \IN@IJ ;gfi l%iﬁlog&gi g@?ﬁ%&é‘%g&@ﬁa%%gﬁﬁ]&h &1%111%@0;?/' apgtrti cl es”

of 3dMPL generalisndd ot entainydnytof theaativstvirali gewonfel Theyiediproteirswghi ba 0. 22 mi cron

menbr ane §o§rﬁ1ilﬁﬁtlg?r§§@ etf'ar)rﬂigdlat‘% @0% wﬂ&@fn‘u%és’ th%sE \%Irgg) oqgf:d s“f’%ziljlevtg?uslend ude
nmonophosphory [ Amim cs. SUCh as. am noa y fUeosam ni de phosphat e
deri vat i viegiresogres ¥ 1F2Inclife grojoisisoreddiomahflueh2:080) (BeloarIfa MEMAhen: Lett

9:2273- 78.... (2)-.Li.pid A Derivatjves. .Lipid. A derivatjves include
der vat | JEBR I igys Bieh pf e Rl By iPudi R MY AR 174 1 o
descr i bedvifusrRogavirny [Feotiand-Muugd iseasd viak, Retrd s, Nofdalkavirhighwdal Repdlomawi t h a

Potent i al .for e duce Protectiv sponse W t m ni st ered
wth The wyheide FRA S s ORRREE R sea SRS SR PR et e por oz ¢ o
pr ot ei n qfhafd, astDdfsunin ab estrgltdisposon/ag pioted p(l L 00y a2 iti2dBed RARE in and Paj ak, et
al" "The i 4 nduces, both the mgratign a t tion of
mur i ne el BRI D S8 GRS Bc Ro S R R R Ol
| Mmunost i ik Bdrtitlys a0 b Qe WadoRt Vel Présamidp 6delgiBpabdesy, Vadiogp (200¢2)eot i des
sui tabl e r as_adj pygnts inclu ucl eotide sequences cagntaining a CpG
ot 1 (o 2Rt TR B ot e e e SSRE E r Shed by guanost me
alnd I il51kFIdcdthé@Cell%hQSm‘hﬂbehﬂﬁmfﬂﬂogyml)ﬁaﬁﬁmﬁpﬁhfo@et&ﬂ.!‘&]&dﬁﬁi‘ IRNAner
ol i gonucl eot i des nt aj.ni, ali oni 5 or ly(d sequences have al so
been s hov%esf’?flsffeto ?’ﬁf?ﬂ'i‘n B@’Elr‘ﬁ?ﬂﬁeﬁ? .R()'r}%gl %a@?% Vg’gﬁ%’%ﬁ%‘ﬁ‘ﬂ%‘%‘?mﬁlﬁbot i de
godlb }‘ | cat R&@BmbAMRIHPYS 1(5]1],11C‘t’lir@ssl .i@ﬂmd hw’%mﬂiaf Eifecﬂ'ﬁlﬁi]jiis&ﬁ'% (Zwos) and cgn be
oubl e-str.an r single-stranded, Ootionally, t uanosi may e
repl aced i&ﬁtﬁ%gﬁﬁéﬁipﬁerﬁ@h man Papilgmpgvrisu a’é‘ﬁ?&dﬁ}ﬁg’é’ﬁﬁ&e Eg.g‘é‘elﬁandi nal | a,
et al., Oral Immunogens when Coadministered with Escherichia coli Heat-Labile Entertoxin Mutant
20 RI92G or CpG”, Journal of Virology (2001) 75(10):4752-4760. Virosomes are discussed

further in, for example, Gluck et al., “New Technology Platforms in the Development of

Vaccines for the Future”, Vaccine (2002) 20:B10 -B16. Immunopotentiating reconstituted

influenza virosomes (IRIV) are used as the subunit antigen delivery system in the intranasal

trivalent INFLEXAL™ product {Mischler & Metcalfe (2002) Vaccine 20 Suppl 5:B17-23}

25  and the INFLUVAC PLUS™ product.

E. Bacterial or Microbial Derivatives

Additional adjuvants include bacterial or microbial derivatives such as:

(1) Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS)
Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL

30 (3dMPL). 3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6

acylated chains. A preferred “small particle” form of 3 De-O-acylated monophosphory! lipid
A is disclosed in EP 0 689 454. Such “small particles” of 3dMPL are small enough to be
sterile filtered through a 0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS
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"Di vergent synthetic nucleotide notif recognition pattern: design and

devel opnent of potent 20 i mmunonodul atory ol i godeoxyri bonucl eoti de agents
with distinct cytokine induction profiles”, Nucleic Acids Research (2003)
31(9): 2393-2400; W02/ 26757 and W99/62923 for exanples of possible anal og
substitutions. The adjuvant effect of CpG oligonucleotides is further

di scussed in Krieg, "CpG notifs: the active ingredient in bacteri al
extracts?", Nature Medicine (2003) 9(7): 831-835; M uskie, et al.,

" Par ent erdativaines intlodesadnopHdsphidrl) GERIA @imi¢si¥ueh agahincatics pladsegings i n mce with

Vi or obi oRIGHP 20097 35+ §9C1A5. R deRrA LI DR RNt nE L 251 TBae. US

Pat ent N®278, 239, 116 and US Patent No. 6,429, 199. The CpG sequence may be

directed to T hasth TTCGIT... See Kandi nal | a, et

oo o O T i et AR A der A e nel e SET A e 6T 4R 25Bo Bt ol

[ nduct5| OrEst’erdaBMQbh S¥REIEI- 174 QIG- DMASIescriBedfoh &0k pal in Sﬁﬁ‘dltﬁtey?l-rf‘@l]?lsaﬁl gns
ecitTlC or 1 nducl ng

2003 654- 6 G b
g Thi ) nnﬁﬁe’ﬁg éﬁ)&ﬁ%wﬁ%gwe%f %’@iﬁ%eﬂgg%ﬁ g?’%/"t??gi’ﬁs PORSE Witk peci fic for
i nduci ng Adninkeld wiﬁsmr}mem @qehmaal mgn&t@w;,l@&.ﬁqe@ﬂ@lm@a&o&n@m are

di scussed i n Bl ackwel | A 55 I nduced Monocyte

| FN- ganme PR 9 Plafr@dp%lﬁeégfwf’iﬁaqﬂrr@d%i)@%h LR gandHaiy, %91 “Pharsmacyt oi d

Dendri ti cadfgfaht @eitm muéf%ﬁltml atidn and FERARRon of 2RHRD dehdi LN 4A61- 4068;
Krieg, "FromA to RENDS i n I mmunol ogy (2002) 23(2): 64-65 and

Voo 1/%9593%", ﬁ%ﬁéﬁ%@ﬁ%&%@‘*boe is a CpGA ODN. 5 Preferably, the CpG

ol i gonucl eot i ¢8 fnsusRBRlEAEALE or%&lehhﬁ& ltnhﬁun%stm%ﬂﬂo %h?&nﬁ@l@@t!d@i e for
receptor recognition. Optiona , G ol i gonucleoti de sequences nmay be

att ached saitablehier yse asadmm Htcbldp avqhomiierﬁﬁﬂmwé Fentainisg a Co@ gpotiéleanyl e,
Kandi mal | @y,c8tc Rhtaining %ﬁam&ﬁmte%amﬁlt: i%ed téy%&ﬂ@l&' dn@nhuahkegt i des affect

i mmunostinulatory activit Kandi mal |l a, et al.

"Tol | -1 i kehosphate housh. @ctemidemhift $t@nd®fRNPe@rcs@ammbﬁh@ﬁdowm@&mhédmmmjct| on by
10 noyel 33%@%@%@55@9%%] lsobe%h?m%% ﬁ%hlnﬁ%gtma%;ansact' ons_(2003)

31l(part agat et a ent a- hexadeoxyrl bonucl eoti des
as potent i nmihefipdisicart miyde mgbm@ma@@mwm@gsm agpRsgetotzipaie W03/ 035836.

4) ADP-r t t acteri al
AoP- 1 boiS il RO eh D5 Al A it SihafE] DERUIHE S S maEe used as
adj uvant she rﬂﬂm%éwabbly@nalowuqhm Zbdw}&f!ﬂeazsgtdmsme%beﬂ%omnﬁlla colli (i. E.

coli heat. i " T" . The

use of detdogtP en%ﬁ%g étgdglné 1|-prrlec\:(f0 E(}%h g[nu%r?and%veg)% nte}é'tflot%? el descrl bed

i n WOBB/ litdikboandlasy pmodcm@rlalnualdqtuvagms wmh dmalcm@ﬁﬁmdﬂtielﬁ er abI y, the
profiles”, Nucleic Acids Research (2003) 31(9): 2393-2400; W002/26757 and W099/62923

for examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides is

further discussed in Krieg, “CpG motifs: the active ingredient in bacterial extracts?”, Nature
Medicine (2003) 9(7): 831-835; McCluskie, et al., “Parenteral and mucosal prime-boost

25  immunization strategies in mice with hepatitis B surface antigen and CpG DNA”, FEMS
Immunology and Medical Microbiology (2002) 32:179-185; W(98/40100; US Patent No.
6,207,646; US Patent No. 6,239,116 and US Patent No. 6,429,199,

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or

TTCGTT. See Kandimalla, et al., “Toll-like receptor 9: modulation of recognition and

30  cytokine induction by novel synthetic CpG DNAs”, Biochemical Society Transactions (2003)
31 (part 3): 654-658. The CpG sequence may be specific for inducing a Thl immune
response, such as a CpG-A ODN, or it may be more specific for inducing a B cell response,
such a CpG-B ODN. CpG-A and CpG-B ODNs are discussed in Blackwell, et al., “CpG-A-
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adjuvant is a detoxified LT nmutant such as LT-K63, LT-R72, and LTR192G The
use of ADP-ribosylating toxins and detoxified derivatives thereof,
particularly LT-K63 and LT-R72, 20 as adjuvants can be found in the

followi ng references: Beignon, et al., "The LTR72 Mutant of Heat-Labile
Ent erot oxi n of Escherichia coli Enhances the Ability of Peptide Antigens to
Elicit CD4+ T Cells and Secrete Gamma Interferon after Coapplication onto
Bare Skin", Infection and Imunity (2002) 70(6):3012-3019; Pizza, et al.,
"Micosal {rdeesdddenocyiol N garins-Indesible/ Rroieined) Rypductionsis 8eglatakbynucosal

adj uvant sy | : - 1;; Pi I 281 63 and LTR72,
t wo wcosgasﬁﬁﬁﬁb&;ﬁﬁng%?cgéa%bﬁggégﬁ %&%dll t{ﬁ&r%%g (ﬁﬁo?’fm?) %ﬁﬁeld‘iﬂ-g crobi ol
(2000) 29B¢igg, SFromssian Ci¥e’h AREDBS Kelmwnawelogy (2002) 232 @neScantianeous

| mruni zat | ' b2l o008 RiE9sybAt | ng Exot oxins, Subunits and
Unrel ated A JI‘{J@\:/S%%. g@;?e?%bﬁ;g{gﬁ on %%89\ érgrjrﬁhi ty (2000) 68(9):5306-5313; Ryan

et al.$ "Mt amrefereblyBscGp® obfrinaclewids is bemtrudtedsbol timt thiEGX emd iAadcesaibleEhf ect i ve

Mucosal i . I i werv,.of cel | ul ar. Pertussi 0.Vacci ne:
o T erent VPN alifhn, DRTHaT XG5 ¥idhndibde Kol n e RR il @00 T8
and Th2 Beahbstd fomf ‘Bomusemes’dSdenfouexatnple( K8A9MalB /4 2R ) SG2ddrp@B0turdar t i dos et

i ant L TREPCHERe R S i dioa R il € B8 B0 B8Rk pomees o

i nt r anasaKkndieallal, el ifTaBdiks seodpnett odudpion dEstognitionumiodytokin®d Gnduetidn. by ( 1999)
67(3)5209-216; Peppol oni..ef .at S NMutant s of t.he richj.: |

pos 10 reePunBERT oS PAS) BisnemistHo80H Sritasti by i Ll Do F Bt

?el i v)ery Bhagdagal, Y€l pentacad ne&dt(oaﬁ%hucielz(iaes:aaﬁ&cﬂ%mmﬁmdacciiﬁliam@det at].c, .
2002) "Intran | oquni Zak i | ' nza vaccine and a detoxifie

mut ant of *§f8%t ﬁﬁgbi(?@,. ‘@S&Sgﬂﬁfw‘&%@éﬁﬁen chia coli (LTK63)" J. Control
5 bRel ease (2003) ABB@&?Q)aﬁg‘i@%x&? E);ea’ddelmmﬁéd{]aeaivlami FleROL @a?@fi?]lammo Sc :Bd bun
substituti.ons, I.s preferabl; sed. on the_ alignnents of t subunits
of ADP-ri B@gsy’laa?a HEns idﬁ@x'flsff &’TT"@I“’FHthﬁ"f[%Wé%iué a5 pdigyantsy I?r?ékﬁr > M crobi ol
(1995)15 15{(1@ )pickdif Bddiled frol £ Bb® 8@ 8sdoy @sat tamildbnesdhRsL YR sholéla Bicaaglhesi ves and
nmucoadhesi ves nay‘(‘)ﬁ”so be uqisd a,g adjuvants. Suitable bioadhesives include
esterifi 8 BRS¢ The PE hPetPy M%gbt(%laﬂwow%ﬁn}uce%éwvants iCont. Rele.

70: 267- 27 Bdscibed M WTBIN @51 1408 aSphedhtetd ad§ ARG It WUOBL2IBT PiéRtdbUemeOf pol yacrylic
aci d, pol%w nélF al cohol , pol yvinyl pyrollidone, | ysacchari des and
P -

d
car boxymefdiyya8eis p detgeicd LTmptapisonet ay Iﬁ@rPV‘%@aﬁé‘é%ﬁi’?%f“ﬁﬁ? %4l so be used

as adj uvapp-rifdsjikitig kdk¥RRhd dloxifeddierivhivebdiéod 1AGRuIE LMK ARALTIRGh €S
M croparticles nay al so be used as adjuvants, Mcroparticles (i.e. a
parti éPe @fadjuvantsCan be found in the following references: Beignon, et al.,, “The LTR72 Mutant of

Heat-Labile Enterotoxin of Escherichia coli Enhances the Ability of Peptide Antigens to
Elicit CD4+ T Cells and Secrete Gamma Interferon after Coapplication onto Bare Skin”,
Infection and Immunity (2002) 70(6):3012-3019; Pizza, et al., “Mucosal vaccines: non toxic
derivatives of LT and CT as mucosal adjuvants”, Vaccine (2001) 19:2534-2541; Pizza, et al,,

25  “LTK63 and LTR72, two mucosal adjuvants ready for clinical trials” Int. J. Med. Microbiol
(2000) 290(4-5):455-461; Scharton-Kersten et al., “Transcutaneous Immunization with
Bacterial ADP-Ribosylating Exotoxins, Subunits and Unrelated Adjuvants”, Infection and
Immunity (2000) 68(9):5306-5313; Ryan et al., “Mutants of Escherichia coli Heat-Labile
Toxin Act as Effective Mucosal Adjuvants for Nasal Delivery of an Acellular Pertussis

30 Vaccine: Differential Effects of the Nontoxic AB Complex and Enzyme Activity on Thl and
Th2 Cells” Infection and Immunity (1999) §7(12):6270-6280; Partidos et al., “Heat-labile
enterotoxin of Escherichia coli and its site-directed mutant LTK63 enhance the proliferative

and cytotoxic T-cell responses to intranasally co-immunized synthetic peptides”, Immunol.
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--100nmto --150min dianeter, nore preferably -'200nmto -30gmin dianeter,
and nost 20 preferably -500nmto 10min dianeter) formed frommaterials

t hat are bi odegradabl e and non-toxic (e.g. a poly(a-hydroxy acid), a

pol yhydr oxybutyric acid, a polyorthoester, a polyanhydride, a

pol ycaprol actone, etc.), with poly(lactide-co-glycolide) are preferred,
optionally treated to have a negatively-charged surface (e.g. with SDS) or a
positively- charged surface (e.g. with a cationic detergent, such as CTAB).
25 H. Li ploio(198Y 6F3RAMA-2K; Béppbiopics dnEMienivof the Eesherichin aolitheat-ldbdle use as

gdbli\éagggeﬂr&?iﬂﬁzsc%%eggg S{i%@lgt?%%ﬁ%tfg@ %‘g%bgﬁlﬁ?r?gﬁgﬁ%ip #gT‘?%%@E%%%%xyet hyl ene
Est er For R} Z5i128asnd\dietet dn 2002 riramasslsmmnuizaide with linfbrymtvagdireraed 2t her s and
Pl yOxy et Ayl 08 51t ea YR ERBR o RHERN RETU TS FLELES [ ol ude

pol yoxyet hyl'ene sor |tan ester sur |na i'on"w h an oct oxynol
(W00 17 21RE&Fase RO028P (1 - B 26poTY dduperidal/ teéemmcafok ynine tabid substimtidig iest er

surfactan i nati ' | e n ni;C sur f act ant
such as a%gfelagp%g%ﬁgﬁ%ﬁ%%“&ﬁo{%ﬁ ana%teﬁyg?nr%éggﬂb%ﬂ %J]eatt'%&eng éett hers are
sel ect ed fortbin Déreenighirli otrl niglof Micrpbiol (mﬂsymy)etllﬁy-llda(rve 9-lauryl ether (laureth
9), polyoxyethyl ene-9-steoryl ether, 5 polyoxytheyl ene-8-steoryl ether,

pol yoxyet hyl ene- 4-1 auryl ether, pol yoxyethyl ene-35-1auryl ether, and

pol yoxyet Ryl e%aﬂaestvaumyﬂMmohﬂremej Pol yphosphazene (PCPP) PCPP formul ations
are dg cri bed, Andr i anov ion of 10

N
hydr o mcr OBS}?)aﬁé?g‘ésa% ng"ggl?fgjﬁl‘%?f mahalsq be ‘%fﬁ‘gﬁfgjuﬁ%ﬂt@ %ﬁi’g%ﬂ%z ene sol utions",
Bi omat er i bibsihe{ &9 %Md&%&ﬁﬁd hﬂdnﬁanlclﬁncaﬁdroamefbe (Sihghadr al. (20PNt €bMr. Rel ease from

Pol yphos ces" Revi 1998 1(3):185-196.
XD ooPBEtE 56 Hats) bERRsoatnsoRes such o osrives B s oCRERPR A ST one o
ﬁtﬁlgg\é ?n][ Spdlflvni)hl glcbhpy @atympl pyﬂﬂﬂldéﬂke pﬂl%fi:cchagdestand carboxymethylcellulose.

N acet o1 - SRR it gre A AR e e wévwd%wnt*%ﬁg

N-acetyl nwcmmhr_-;d& al anyl -d-i sogl utam nyl -1 -al ani ne-2-(1"' -2’

di pal m t oyl - sn-gl ycer o- 3- hydr oxyphosphor yl oxy) - et hyl am ne MTP- PE). 20 L.

| nudazoqui nol i ne Conpounds. Exanpl es of im dazoqui noline conpounds suitable
for use agj uvantmpiiaelkyde

Microparticles may also be used as adjuvants. Microparticles (i.e. a particle of
~100nm to ~150pum in diameter, more preferably ~200nm to ~30um in diameter, and most
20  preferably ~500nm to ~10pum in diameter) formed from materials that are biodegradable and
non-toxic (e.g. a poly(u-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a
polyanhydride, a polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred,
optionally treated to have a negatively-charged surface (e.g. with SDS) or a positively-
charged surface (e.g. with a cationic detergent, such as CTAB).
25
H. Liposomes
Examples of liposome formulations suitable for use as adjuvants are described in US
Patent No. 6,090,406, US Patent No. 5,916,588, and EP 0 626 169.

30 1 Polyoxyethylene ether and Polyoxyethylene Ester Formulations
Additional adjuvants include polyoxyethylene ethers and polyoxyethylene esters.
W099/52549. Such formulations further include polyoxyethylene sorbitan ester surfactants in
combination with an octoxynol (W001/21207) as well as polyoxyethylene alkyl ethers or
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I m qui nod and its anal ogues, described further in Stanley, "Im quinod and
the i m dazoquinolines: nmechanismof action and therapeutic potential” Cin
Exp Dermatol (2002) 27(7):571-577; Jones, "Resiquinmpd 3M', Curr Opin

I nvestig Drugs (2003) 4(2):214-218; and 25 U. S. Patent Nos. 4,689, 338,

5, 389, 640, 5, 268, 376, 4,929, 624, 5, 266,575, 5,352,784, 5,494,916,
5,482,936, 5, 346,905, 5,395,937, 5,238,944, and 5, 525,612. Al.

Thi osem car bazone Conpounds Exanpl es of thiosem carbazone conpounds, as well
as net hodsstafsuff@tans iradanbinatiomantuit deattuohe additicanichosdondresui-fagarit eich@ospounds al |
sui tabl e f% sl%mlﬁiq%%éants in the invention 30 include those described
in W04/ 68358 sem car bazones are particularly effective in the

stimul ation ofPrlaﬁamairpoﬂ}equmeaﬁlethh’sanedelammfmnctheaﬂloweiglgeoﬁpor t he production
of cyt oki ne; ch TNE- 5 . Tr ounds. Exanpl es of

t rypt ant hPPH 6’%’8@985’? E’“ryg%th%fgla}“eg?yr?ﬁkyﬂ%%&’y ?8‘}5?&)‘3 $ng, manufacturing,
and sctee pb}m@{ﬁmylemmtﬂmealpblysxybmalahce4-iamfyl ether, psyogéthiart33-laylt he

i nvention _includ 2@ ? in W04/ 64759. The tryptanthrin conpounds
are parti EﬁFa?qdfogo’@Fg‘é@P? PA¥  stinul ati on of human peri pheral bl ood
nononucl ear cel I s for the production of cytokines, such as TNF- a. The

i nventi on conprbg)e conbi nati ons of aspects of one or nore of the
adj uvant s d’ ?SP Beedpb For exanple, the follow ng adj uvant conpositions

may be used |nPCFPthldMﬁ@ﬂsIdr@ﬂescr1de (far)exam B8R Ainfriaabde@N, ‘Prdpatafontt er enul si on
(W)99/ Zgégm%z a saponin + a npon-toxic LPS derivative (e.g.
S

3dMPL)! GHFORIESSoY c?efrvawgaﬁsteelygmphazm}utmsa» Bemaedls ¢ LPS

derivati vergog) 9(1-3dbBl) s d‘ndéP hod ast“%elm Reléadd fréin PAPHHYsphabhe Manfe2l) + 3dMPL
+ 1 L-12 (optlonaIIY +ast e 57659); 15 (5) conbi nations of 3dMPL
1l

V\DQ
with, for ASXdped @'ﬂ‘e‘aﬁ‘ﬁﬂ )&—(3%1?15\]/\%[& emul si ons (See European patent
appl i cations 0835318 0735898 and 076123 1); (6) SAF, containing 10%
Squal ane, 0.4% Tween 80, 5% pluronic-block polymer L121, and thr-MP
either m éfré@r‘{}ivéé’ef@'éf”l nto a subm cron enul sion or vortexed to generate a

l'ar gerjsparti cl g,giy %@oﬁ%ﬁ%%pﬂ&ps&tﬁle Eﬂrlﬂ!}eﬂ?a@%dﬁ%é%‘%he%ﬁmlﬁé%g‘) (R bi

| mmunoche cont ai ni ng 2% Sgual ene . 2% Tween 80, one or nore
bact eri al Ncasetyl-waremyk mhpssorghlemmﬁr@r@»fﬂa@pN@émlr@mwgmmlH-alanyl -d-

isoglutamine (nor-MDP), and N-acetylmuramyl-l-alanyl-d-isoglutaminyl-1-alanine-2-(1'-2'-
dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE).

20 L. Imidazoquinoline Compounds.
Examples of imidazoquinoline compounds suitable for use adjuvants include
Imiquimod and its analogues, described further in Stanley, “Imiquimod and the
imidazoquinolines: mechanism of action and therapeutic potential” Clin Exp Dermatol (2002)
27(7):571-577; Jones, “Resiquimod 3M”, Curr Opin Investig Drugs (2003) 4(2):214-218; and
25 U.S. Patent Nos. 4,689,338, 5,389,640, 5,268,376, 4,929,624, 5,266,575, 5,352,784,
5,494,916, 5,482,936, 5,346,905, 5,395,937, 5,238,944, and 5,525,612.

M. Thiosemicarbazone Compounds
Examples of thiosemicarbazone compounds, as well as methods of formulating,
manufacturing, and screening for compounds all suitable for use as adjuvants in the invention
30  include those described in WO04/60308. The thiosemicarbazones are particularly effective in
the stimulation of human peripheral blood mononuclear cells for the production of cytokines,
such as TNF- a.
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nmonophosphorylipid A (MPL), trehal ose dinycolate (TDM, and cell wall
skeleton (CW5), preferably MPL + CA5 (DetoxTM; and (8) one or nobre mnera
salts (such as an alum numsalt) + a non-toxic derivative of LPS 25 (such
as 3dPM.). (9) one or nore mneral salts (such as an alum numsalt) + an

i mmunostinul atory oligonucl eotide (such as a nucl eotide sequence i ncl udi ng
a CoG notif). 0. Human bnnunonodul ators 30 Human | mmunonodul ators suitable
for use as adjuvants in the invention include cytokines, such as

i nt er | euk-igypt@hyin Gamppunds| -2 1 L-4, 1L-5, IL-6, IL-7, IL-12, etc.),
interferons (Rafpled &Rﬁgtfaﬁtﬁﬁl?c&ﬁ')poul{@qs%nQgﬁelﬁé?ds%@i?'orﬁmaﬂﬁﬁr ating factor, and
tunor necrosis factor Alum num salts and MF59 are preferred adjuvants
for use whehachyies rabiceeening fueprpeundsatisuitdle fopie pridivants dxtihaBveatien

bi oadhesi n del i vered

vacci nes, M?ﬁ%ﬁhgggﬁgégﬁ %g@%ﬁﬁﬁzﬁ'fﬁ%E@%ﬁF@ﬁféh&?-g%fgg?b% %yabove cited

pat ents, ¢ftecévetin thp plimdationed bumancbejipheral hloodmphankielear cgllsdpithé producpor at ed by
referencef% ok éﬁkhgff&ﬁ uIIy herein. Typically, the vaccine conpositions
are prepare as rnjectables, either as liquid solutions or suspensions;
solid forns sUht albmmﬁmaysbb cinpoise cambimtionsud pgads ofrone oy mbiegdithd vehi cl es
prior to jnj i [ERat V. _be
et si 1 i SRR 2R B RE s Tk WP TR AR BB T oo o
discussedmabmmemnThe vaccines will conprise a therapeutically effective

anmount She EW%HQQQdﬁg%E”ﬁa&ﬂ%gﬂ%cs§ﬁRﬂb§?ﬂhﬁg fusion protein conplexes,

or furQheﬂ conp Xes 0 es nducl eoti de sequences encodi ng

the sane, (2ant lab@ﬂhﬁhie@] r@zupdam-tbkﬁews dePmN Q¥ eSIdMId.)aey ot her of the
above- nené“ﬁ%&ﬂ %onponents as needed. By 15 "therapeutically effective

anmount P3%n anount that will induce a protective immnol ogica
response {r351 ”&%adéﬂin"{fe ECT(;S'ZS%)WB&%%Q LPS d fi%‘{@g%&fﬁ)w AbiBlestlrdr, Whom i t i s
adm ni stered. Such a response wll generally re iA the §evefopnent in

the subj e@ ofasaponmdege@Ily - 3ddPL trllhyl2 doptiiomdly st stelpal Pigv ORRIB 258Xl | mrune
response (o the vaccine such. a_response  incl udes .but_is not
i o é§)onéoﬁ?’nﬁl?P%Ofo?fdmew'fhoﬁrBW% Q6P Ll SRR EHTRTPEISS0 of
ant i bodi egursﬁe@mp@ayalqﬂ:citMSomrsomgs%dobﬁams such as i mmunogl obulins A,

Db EfE Gor M the proliferation of B and Tﬁaznphocytes t he EFOVISIOH of
activati off) grigWik ¢pnsining Hi% Senelang D404 Breenisgridh Buronicibinslimelymst Lldl. cel | s:

expansi ony finNAHP &itndr ffiElotiuidBtPRES S Bhicton&flulsion PRHRE EYERERXI ¢ T Cel .

larger particle size emulsion.

20 (7)  Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2%
Tween 80, and one or more bacterial cell wall components from the group consisting of
monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS),
preferably MPL + CWS (Detox™); and
(8)  one or more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS

25 (such as 3dPML).

9 one or more mineral salts (such as an aluminum salt) + an immunostimulatory

oligonucleotide (such as a nucleotide sequence including a CpG motif).

O. Human Immunomodulators
30 Human immunomeodulators suitable for use as adjuvants in the invention include
cytokines, such as interleukins (e.g. 1L-1, IL-2, [L-4, IL-5, IL-6, IL-7, IL-12, efc.), interferons

(e.g. interferon-y), macrophage colony stimulating factor, and tumor necrosis factor.
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Preferably, the effective amount is sufficient to bring about treatnent or
prevention of 25 disease synptons. The exact anount necessary wll vary
dependi ng on the subject being treated; the age and general condition of
the individual to be treated; the capacity of the individual's inmune
systemto synthesize anti bodies; the degree of protection desired; the
severity of the condition being treated; the conplex selected and its nbde
of adm nistration, anong other factors. An appropriate effective anount can
be readily det&danmhmsblﬂsymd)ms%efre préfesied hdjuvants fdr@seawith infectablérflapeat i cal |y
effective _a n.a.relatiy hat gan be

et or m nadeTRY GuGIPTT Rt plpiPeteS il B P B e e

vacci nes deliyerdievaeddes/mth sstaghl wictihesor wi t hout viral vectors, as described
above, by inj tro her a onv nt i onal r|n 60 gun
such as the A eeanFerﬂké 6@[2@% eﬁbf’\’Fe‘r‘S? tf%%@%f@ﬁ d‘F}B‘gHﬁSI%SGf es, Inc.
Oxford  dopgtapaiied B?,erlefe\/@bélas@ifseﬂblﬁhlﬁﬂ[y@leﬁ&ﬂ |s of the epidernmis is

particularly preferred as this node of adm nistration provides access to
ski n-associ ated | ynphoid cells and provides for a transient presence of DNA

in the recipi efficalBohbviteial einfositbdSraiedaf apRRtialles cBid abRull | nj ected or
ot herwi se adm ni stered eit her subcut aneously, epidernally, |nt rader mal |y,

i nt r amuccORIIPRS 08 SHspensions; sl fprms spitablefpy splutipgyiny of sp§pERYiQR inj rﬂrrdarﬁ*er Ft oneal 1y,

i ntravenquil ¥, injedtmh |n¥1y alRb bé ftgacdil Tae brdpdration Glsh Riay BDERGsiBEd @dni ni stration
i ncl ude oral and, pul nonar adm ni strati gon, suppositories, needle-Iess

i nj ectd oﬁnc%ﬂsﬁﬁ%ﬂﬂ'ﬁﬂ%’ﬂlﬁ%¥°&ﬁ‘&‘a?9€§ﬁ@ﬂ‘&nh§fe°t afiicreed 49Ms. Dosage treat nent

may be a singhfe dR8BesSHNIMbGe ihetipBllchilyiiRefleamof RedUIFRy-cH@ Adni ni stration
of nucleic acids may also be conmbined with admi nistration of peptides or

ot her subBigwd Bgduleigentaining Bisippprotein emplexes, prfarhes exeplerss gf thefe conj unction with

the pref ed'oﬁﬁa@xépﬁquf:l'e@hde%@%h%@&ﬁrlétﬂ@ga?&f antibddidsRirkQe P thgder st ood that the
f oregoi ng description as as the exanples which follow are intended to

i |1 ust r at@mpieesiad any gihar Of ﬁea@ewenwc@ pREHORGEReS ngpded1 BYQx her aspect s,
adVﬁ“E%%he@‘a@Qutf&Plﬂ' Jffe&%'a%&n%mbﬁl ah'&ﬁoﬁﬁﬁﬁﬁwi‘ﬂﬂn&u‘&@a bidYeefdel on wi | | be

apparent t hose skilled 1n the art to i nvention pertains.
Exper i menitrgiunolpgiral jespense éb(tbm‘iﬂlﬂé@f@f infagted pf ynexpoptsondinidnel o Fem €& r yi ng out

the presep E}lﬁlﬂéﬁ'@d—] QR a res@&r Al eggﬁéﬂwt t3f fhe Qévfeﬁ’ﬁl%gm ifthe Sédjédﬁe At ve

pur poses only, are n | mt the scope o present
i nvent i onsefmionhselway andifr fanifbody-madisted pemunyaesponsotodhs vceina clduelyesuchi t h respect

to nu ”be;é éléb%ﬁéé iflcfudds but 1@{15%9 ethto E&rm%rogée WifiSrondhifig erecBithe SRIRGK PET | Ment al

error an viation s course
20  of antibodies from any of the immunological classes, such as immunoglobulins A, D, E, G or

M; the proliferation of B and T lymphocytes; the provision of activation, growth and
differentiation signals to immunological cells; expansion of helper T cell, suppressor T cell,
and/or cytotoxic T cell.
Preferably, the effective amount is sufficient to bring about treatment or prevention of
25  disease symptoms. The exact amount necessary will vary depending on the subject being
treated; the age and general condition of the individual to be treated; the capacity of the
individual's immune system to synthesize antibodies; the degree of protection desired; the
severity of the condition being treated; the complex selected and its mode of administration,
among other factors. An appropriate effective amount can be readily determined by one of
30  skill in the art. A "therapeutically effective amount” will fall in a relatively broad range that
can be determined through routine trials.
Once formulated, the nucleic acid vaccines may be accomplished with or without

viral vectors, as described above, by injection using either a conventional syringe or a gene
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allowed for. 25 EXAMPLE | DESI GN OF A FUSI ON PROTEI N COVWPRI SI NG A CD4

M NI MAL MODULE Novel fusion proteins conprising the gpl20 bi ndi ng region of
human CD4 were designed as follows. The crystal structure of CD4-gpl 20 was
anal yzed and a region of CD4 30 involved in gpl20 binding was identified.
In particular, the region corresponding to amno acid residues 15-85 of CD4
is alnost conpletely buried within the gp 120-bi nding pocket (FIG 4). This
fragnent was termed a CD4 m nimal nodule and the fragnment is stabilized by

t he presegioesuolf asthelfeseliRigae dstivatygeystser Reederigytd cdiotogits ysfordl St ruct ur al

dat abases r: ion
simlar tE ﬁ%ﬁg&g%ﬁ) Rmt gér':ﬁSl the eEilﬁ%/ Bi efm} @Eag{yﬂj%ff&g%ga#h% gf' ﬂjtci nto which
CD4 ni ni n@ﬂadmmml@@r@adr:sb@essnsdnm-esc,‘.octmedlmphcﬁdm’l!@mqqmtl@srﬁsa A total of 212
structure l. %‘H ntified. In
order to t?nan\lél\ﬂelﬁﬁ%%&{ ESFB&% " th?rcr&r?é&gl r%%h‘gc]e%ld\é%ni r Jeg?éé‘g’gu ns from humans
and pr nmatniested arothesivise adnipisteted eitteer stbowtengguste @melly, ’mtmidnaallyt to hurran

p m QUSHE e y

proteins, }gﬁi{.’u a%l&@i‘:crﬂaats‘ﬁ%ally-m%taﬁ Eﬁ{cfa va ﬂnglgéﬁfr%%rl d) O{ntrgvt% ugfs

Yer si ni aps rcul osis™i nvas n I’ISI sts of a
N- t er m nagbr mtraamscniamyr ﬁ)’uIar nhodmloﬁadrmhilsmmnl irolpdd ombmdqsxhrrcm@l | ul ar dOITB.I ns

) t| 3 10 st ded,
each adop?crnﬂlas%aﬁlo'? ﬁu‘moﬁléonf B?ﬂqgglyss 1%0 IOE%%ngﬂt%beﬁﬁﬁ W%E]ailgﬁgﬂa}e/rgperseg ;an ©
hel i cal aﬁpﬂhcatlaﬂssﬂ)oaa’géeﬂatmaglnmyi,eI&Ging]teﬂ&etsdwﬂijlé ypembieipleidaselsthedulelomai ns.

I t uber cul d i fi h | obal
o 1B cPERPEBR TS e P e ABD R e PR AR A U RRER i nvasi 1 ver e

eval uat edoth@sﬁlﬁtaﬁdid@] ne structural si mlarity to residues 1-14 and 86 to 433

f CH4. FIG | l, f th 15
'(I)'hese and adds’{?gﬁ]\%sm{(%ig? 1?63 bF ‘ﬁ?{'g%@m%ﬁ@i‘g&&ﬁ‘&?%g%ﬁ%g‘ Eomragtg : glnz

st ruct ur esmbodfindaBtNEEIT, 1 1@? toasfttﬁderglgagil tﬁitlshedﬁre@@ c&@dlpﬁoré m\eamdlgtmber cul osis

I nvasi n are snpown, aple 1. ' e ,am' acCl esi dyes Y.

pseudot ub%?iﬂwﬁ[éﬁ\%{\’ﬂ@ ST nigderl g0 dstete @%&‘H‘é’égﬂ LORGOIHNIVRRISER 751 78- 109
TFI R 376- ofeRispéd;, aient@gs Sdd IneBcatibné Vit Bhe scope of the invention will be

apparent to those skilled in the art o which the invention pertains.

Experimental
Below are examples of specific embodiments for carrying out the present invention.

20 The examples are offered for illustrative purposes only, and are not intended to limit the
scope of the present invention in any way.

Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperatures, efc.), but some experimental error and deviation should, of course, be
allowed for.

25
EXAMPLE 1
DESIGN OF A FUSION PROTEIN COMPRISING A CD4 MINIMAL MODULE

Novel fusion proteins comprising the gp120 binding region of human CD4 were

designed as follows. The crystal structure of CD4-gp120 was analyzed and a region of CD4

30 involved in gp120 binding was identified. In particular, the region corresponding to amino
acid residues 1‘5-85 of CD4 is almost completely buried within the gp120-binding pocket
(FIG. 4). This fragment was termed a CD4 minimal module and the fragment is stabilized by
the presence of a disulfide bridge between Cys16 and Cys84.
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99-110 THR 506 -ASN 517 111-121 LYS 519 - ALA 529 122-136 LEU 536 - LEU
550 137-141 ASN 552 - GU 556 142-146 ALA 564 - LEU 568 149-152 ASN 570 -
ASP 573 154-163 GY 574 - (LU 583 166-181 GY 584 -ALA 599 Thus, residues
99-181 of CD4 include nmultiple regions that are structurally simlar to 20
resi dues 506-599 of invasin. 62 Subsequently, standard nol ecul ar bi ol ogi cal
techni ques were used to clone the CD4 mninmal nodul e (residues 15-85) into
vari ous expression cassettes. The expression cassettes included sequences
encodi ng nul t Bplcturalelgiabases vadre seancaad for prowinpBavirigmloaerall amﬁgllimm in FIG 7, one

expressiopn .ca n n LN i 3' direction,
resi dues 5%[% ?7’5‘?5‘& i Olr%\r/zfs‘???%fy sé‘é%bg%%mc’]f?[ %&gg 'rﬁ‘%ﬂhl{:gﬁ}l n}ﬁ"rr?lahal nodul e)
resi dues miiidlieSem tefinsenadas from faskeh prewing ue &t 662 IRatrB@@reo#ith suwetarah. FI G 8A-D

show further .expressi ¢as: ettes. Th Xpr essi hown in FIG 8A
i ncl udes %&H@n@&tl"e@a 13:1f§ﬁ ‘geéf lﬁlm'ﬁ%tgﬁﬂﬁh%fsup‘ig'ir ues 737-751 of

i nvasif, aue;&mdm&@ prﬂ:ﬁmSﬁromfhuﬁ% @Wmmmaymdll apetisdiey showiag bejuare 584- 595 of

i nvasin, % re31h ues éS 10 i nvasi n. The expression cassette
shown in Sffﬁ” ] P’ﬁﬁ’?ﬂ&%@sé’@(ﬁ% H‘b‘%@ |n a5 to 3 direction, encoding

resi dues 737- ThélexhcdlloMBdIndIn ¢k UiUt@ﬁunlSe:ﬁﬁta(pﬁeu@aﬁb&r%:mmsxﬁ&}as nmodul e) ,
resi dues 584- 9 .of invasin, and residues 503 to 694 ?f %ﬂ?ﬁs FIG SC
shows an SSESRY RSﬂteE'é%'&é‘EStOéaé\b&?ﬂ?li’@ﬁfﬁ@@@gﬁ&% Qraaip plioy i rect i on)

encodi ng erx@@emu@fsaﬂo&ﬁ&s (PLDO Thd MkEBIMomaRS (TUE D4 bre§Redohintddy f( CD4 i ni mal
nodul e resj dues 584-595 of invasin, and 15 residues 503 to 795 of i nvasin.

FI G sHaed £acheadapting ap Imlikedaraleay e ThoTHY Jomapiias intrensesede heligal apg 3.

di rect i orpstRRE@GEdiehs k@SEIH €Sty Eélzctmmce%mmﬂsvmwn fib@SHed@s 15-85 of CD4 (CD4
m ni nal nmodul e reS| dues 584 595 i nvasin, and residues 503 to 888 of

i nvasi n. AMHEATBL PSS, ldepﬂﬁedrﬂﬁélawg wlahaélgﬂlkieﬁ&hﬁ%f@geﬁwéaréﬁ@& nding site of

CD4 in a stryciddiih, ﬁa%afaﬁtpbﬁnmatweme Hhaffed QceMEhabthucladf similaiicidir e wi t hout
provi di ng unwant e CD4 Cp toPp EXAMPLE 2 EXPRESSI ON OF | NVASI N- CD4
FUSI ON PResIREnS ! 4 and 86 to 433 of D4. FIG. 6 shows results of structural searches for these

15 regions. These and additional results from structural secarches showing compatible structures

as between selected regions of CD4 and Y. pseudotuberculosis invasin are shown in Table 1:

Table 1
CD4 amino acid residues Y. pseudotuberculosis Invasin amino acid

residues
1-14 GLN 737- SER 751
78-109 THR 576- SER 603
86-98 GLY 584- LYS 595
99-110 THR 506 - ASN 517
111-121 LYS 519 - ALA 529
122-136 LEU 536 - LEU 550
137-141 ASN 552 - GLU 556
142-146 ALA 564 - LEU 568
149-152 ASN 570 - ASP 573
154-163 GLY 574 - GLU 583
166-181 GLY 584 - ALA 599

Thus, residues 99-181 of CD4 include multiple regions that are structurally similar to
20 residues 506-599 of invasin.
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Expressi on cassettes encodi ng i nvasin-CD4 fusion proteins shown in FIGs. 2G
2H, 21 25 and 2J were expressed in E. coli. Three hours after induction
with 1mm I PTG total cell Ilysate and soluble fractions were prepared and
run on SDS- PAGE (4-12% MES) gels. The constructs shown in FIGs 2H, 21 and
2)J (SEQ I D NOs: 11, 12 and 13, respectively) expressed proteins of the
expected nol ecul ar weights in the soluble fraction. Subsequently, expression
cassettes encoding the invasin-CD4 fusion proteins shown 30 in FIG 2H, 21
and 2J ( SEQ | Bubskdgiently]stantiZrdamdechBr bibbgip:ﬂﬁchmaley)wewwd texpress€d4i n bacteria

(E. col and i nduct ed

et oftindiP R ot Sty WY BSEOEG e dbs Prsrh e 2sBOFY ovi ng

t hr ee houictuded sdqﬂd‘ldestehﬂdﬂmgﬁﬁllh;ﬂe fegionesfanvagihl ected by centrifugation, |ysed
in lysis buff nd, anal zed DS- PAGE/.coorra si e ue staining. Proteins
of the expect BUPHBHER B S5t Ktk £ R PP STGLGERE HoBB TR ed and

uni ?dwc ednsdmg| 8% Sf- El’du’aﬂnbn trEUi(;iﬁs [£980: 3] lbﬂﬁ‘a{laﬁ;in EfidBes 15@‘\5@5(224 @ﬂ UfSI on q
proteins can e r es. Protein from crude
cell | ysé’f‘%‘é“agﬁf)%?ﬂ aidpet 34 ?%cﬂ%&"? GSIQ@FE&S s9t8§ @St i onal |y
purified by affd. Bhtlys}féhlrf@ﬁiﬁ' egHreRioN uasmge@rés@oBEMnN&@%Bﬁ@ERl STICS

The blndlng characteristics of various invasjn- si.on nol ecul es and

conpl exe$AIRYRSE SEVFES: Reése o F”é??dPré§“°\%‘F‘%reé\9‘5‘TSJ§? 881 ofdnyaginy igdues A Bi ndi ng

by CD4 Ankigsedces (db4 B[rﬂhﬂh&ﬁiu%ﬁésﬁﬁ@ﬁﬁﬂffsss gEaedsinDa rbsHuEX S 692 Wer e
subject to Western bl otting using tj - CD4 nonocl onal. and gol ycl onal

ant i bddi && IIHMITBEJE’H’WSW%‘@&?QB S}BP”“é‘F F&? 8B includsseauentss.dB 8 P JRAS' of cel | |ysates

and puri fdh@&mﬂréﬂ&&ilﬁ%%csﬁcﬁwpﬂml%mmamHsﬂﬁes 1lgawriinedghmimgse run on a
standard SDS- PAGE and transferred to a nitrocell ul ose nenbrane. The

nenber s Wegdsle), ﬁ@s&@é%%ww@ﬁrqsmwﬂrmwﬂéﬁfaﬁ% Hrevaptl K6 8ashovsdd t he bl ot
devel opedypsispg C%Qet&%af{ﬁﬁs% ehaén@eé%s k@d@h?ecﬂ 3enéHaHr§¢esﬁﬂE’s AR5 'b?blélc;? 1 9G

Bl ot s were scanned using Infrare g ggg ystem (LI
Bi osci end@gyin, residucy h@&%@fr@ﬁé& i“@ﬁil pedilei rydyes S¥EE il ivasibtandet ect abl e
usi ngyst hge el sd3i0d 799 MIRELRNAICE sBRHWAGH ¥GrdiiRh %as!s'éd%@ox‘n isifi8GucRodRer | ment s.
25 B. Bi n?jl ng to gpl20 Suﬁer nat ants, confﬂal ning t pr @t el ns&hexpr essed as
descri bed5'ity Elxrgqup)gengodlwp%dues 737751 of i invasin, residues 15 85 of CD4 (CD4

minimal module), residues 584-595 of invasin, and residues 503 to 888 of invasin.

When expressed, the fusion protein includes the Env binding site of CD4 in a
structural scaffold that mimics the overall CD4 structure without providing unwanted CD4

20 epitopes.

"‘EXAMPLE 2
EXPRESSION OF INVASIN-CDD4 FUSION PROTEINS
Expression cassettes encoding invasin-CD4 fusion proteins shown in FIGs. 2G, 2H, 2I
25  and 2J were expressed in E. coli. Three hours after induction with Imm [PTG, total cell
lysate and soluble fractions were prepared and run on SDS-PAGE (4-12% MES) gels. The
constructs shown in FIGs 2H, 21 and 2J (SEQ ID NOs:11, 12 and 13, respectively) expressed
proteins of the expected molecular weights in the soluble fraction.
Subsequently, expression cassettes encoding the invasin-CD4 fusion proteins shown
30 in FIGs 2H, 21 and 2] (SEQ ID NOs:11, 12 and 13, respectively) were expressed in bacteria
(E. coli), grown to high density and inducted with 1 mM IPTG. Before induction, an

uninduced sample was collected for evaluation. Following three hours of induction, cells
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tested by surface plasnon resonance (Bl Acore) for binding to gpl20 and
nonocl onal anti body 48D (which binds to an epitope exposed when CD4 is
bound to Env, see, e.g., Watt et al. (1995) T. Virol. 69(9):5723-5733,
provi ded by Dr. Janes Robi nson, Departnent 30 of Pediatrics, Tul ane
University). In addition to the supernatant obtained fromcell |ysates,
crude bacterial extracts obtained after induction and |lysis of the cells
were al so incubated with gpl20 affinity colum overnight. Follow ng the
over ni ghth’trﬁtebattd bﬂceﬂtfiﬁ@ati@i, Ipserbinysis duiiersthé ahalyizehbyRIDES-BAGEGdomeissited wi t h
buffer (ﬁ@éb The elutates were anal yzed by SDS- PAGE gel screening
(coomassi e e’ tal n| ng). Subsequently, the glycine-eluted material was

i ncubat ed wi t Rrdteiiaif g-egpeck@molchlauesigsceet ptesqy) in bathtisducedadbat i on, t he

i usi ng VR T 6 FRARe BBty SE B P e o BRI R B oo

t est edd andkptebsed @bmestressivh cggeetR0- af finity col um test ed sanpl es of

CchH4 f | G ZJ SE
D M TR BBl PRI RR e © B} (5

fusion prmtﬁembwfﬁzlmyqpﬁnﬁ&mmhyal so recogni zed by nonocl onal anti body 48D,
i ndicating that invasin-CD4 fusion proteins 10 can expose cryptic
(i nduci bl e) epitopes upon binding to gpl20. EXAMPLE4 PREPARATI ON OF
ENV- FUSI GBxARRCAEI N COVPLEXES St abl e purified env-fusion protein

% exes are prepared with and 15 without fornaldehyde
treat Hgnaﬁmﬁ%'f}%o& ERSTIEY i nduce conf or mat i onal changes in env, equinolar

concent r at i on Tht bidiMg ¢HargteriSiics oD¥ariShslimA)inaTmh fukish Able@l@laai Etﬁn;d@&ﬁr i bed
herein are i.ncuﬁlat ed to et her EEa}t 37C_for one hour. At the cellul ar |evel,

t hese i ntEMRE® §S°£1r°ée°t‘ sHereayguatedps Blloysr o at the end of incubation, half
of the conplexes are fixed with fornmal dehyde while the other half remain
untreated. Both hn[; tregi fd @na untreated conpl exes are separated on 20
Super dex- 200 ctions are analyzed on an HPLC colum and
on SDf& PAGE. Praanmpﬂets!e@ds mt@aﬁ@alﬁﬂeuatlereeﬂbﬁ@ztt&tweﬂmmﬂgumngn proteins
together. Furthernore, npl exes are expected to be hompgeneous and

will not @8t Honesioaal af“hafﬂy@’@%nﬁt’oqelséévell%ﬁ‘i‘ @Hloﬂ?eotBé‘Fﬂy diffgemibi | ity of Env

to conpl epactibnstdreif 1ykated Baddhtiell Pdtefi Btpdrbasht, tp@n@elﬂw tﬁro ideps REHoRY 25 the
i nduction of CD4 inducible epitopes reco ni zed %/ b and 48d using

st andar d StandaH SOGFACE geh a’fffhﬁ“t“is@mchtﬁ a nmﬁt fupaseimem P éféle PrEVEESEES n t he SF162
Env backgguka dith a¥BD4 monoclonals and polyclonal and the blot developed using

20 commercially available anti-mouse and anti-rabbit IgG. Blots were scanned using Odyssey®

Infrared Imaging System (I.I-COR Biosciences).
The invasin-CD4 fusion proteins tested were not detectable using the anti-CD4

monoclonals and polyclonals used in these experiments,

25 B. Binding to gpi20

Supernatants, containing the proteins expressed as described in Example 2, were

tested by surface plasmon resonance (BIAcore) for binding to gp120 and monoclonal
antibody 48D (which binds to an epitope exposed when CD4 is bound to Env, see, e.g.,
Wryatt et al. (1995) J. Virol 69(9):5723-5733, provided by Dr. James Robinson, Department
30  of Pediatrics, Tulane University).
In addition to the supernatant obtained from cell lysates, crude bacterial extracts
obtained after induction and lysis of the cells were also incubated with gp120 affinity column

overnight. Following the overnight incubation, the columns were washed with PDS and
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are characterized by surface plasnon resonance (SPR) to eval uate exposure of
CD4i epitopes and by co-receptor binding tests to evaluate their binding
affinities. See, also Devico et al. (1996) Virology 218:258-263 and Zhang
et al. (1999) Biochem stry 38(29):9405-9416 which 30 show SPR testing of
another CD4 mniprotein and that the CD4 mniproteins are able to conpete
with sCD4 for binding to the sane env site, and to i nduce envel ope
conformati onal changes, as detected by the nonocl onal antibody 17b

(Sul I'i varelgtd with buf EOGE)S ahd VMR)| ThekR({8ys vee38ahab288)y. SDRIPAGEREI somehing ecogni zes
an epi tope Irﬁ)c%@g r&glala,r )the gpl 20 V3 I oop and 65 consisting mainly of the
conser ved &R o S/ RB&" whi ch i s probably masked by the flanking V1/V2 and
V3 | oops ( Kworsgbsequently, tHelpgd@ie-cNaddumaerial wasd ndupat8OBitl64Bel&bgi12Ri zzut o et al .

(1998) Sci.ence 0. 1949-.19 but exposed in*the eny ¢ L exed,to CD4. The
ef f ect of(ﬂ“?rtle?ﬁaégaﬁ?'e‘?ﬁerd'&%'?%}%h&{%ﬁmgﬁf ﬁB’Bd’?”?’}’ﬁﬁa%ﬁﬁ r91¥ B‘frﬁjl*}?thod'x(gﬁ%’ associ ati on
rat e ihcroaste, sne)svesnmh luging Waeo BRDC withafHieSiRsdeplurhis(HieRuMdenv bi nding affinity,
but specific il etected. Thes rocedures are gppli.cahle to gpl 20,
9p140 and gp1a0tiGiash Ry e LR R s B RERTY Sipd St Y 1

prepar at i iavesimEC34 @kibe piotein éxipfdsell U$the Bordtdt eovndORIG. eXEGE)Q IIBNON3vari ant s

i ncl ude, for exanpl e, .deletions, of t.a. _shee nd V2/V3 | oo eletions in
ey, and o0 R PR e A TR AT TREBOLH R Usi NG
CD4- | NVASIIN rEddghied b EIhict IdhAERMibo SO, el &iinga b iinvesn-COAFIdid pRgeia®NPOSi ti ons
of th? i nventi on can 11313 dﬁlivered bX @rious routes as well known in the
art, ihcl GAE¥Rpse wyRiic (nduqibledspiionss unen binding 8RIdl anti gen and/or delivery of
15 a pol ynucl eoti de expressing the pol ypeptide in one or nore dosings. For

exanpl e, the DNA prime/protein boost strategy allows for screening of
multiple SEfuctures in rabbits and non-human primates with the

pot ent i al pHE@AR AN PR VIFURSRITRATENOOMPIEEst U i N the host when delivered as
DNA vacci nes. DNA vaccj natjon can, g(‘(:)D rise admni stration of naked DNA, DNA

e.qg., conpl exedbEduplied grsieon pafein asiy cpplexes prepreppred Withapd or  and can

be f ol{ oVREhAPfonhdldbhpdcOt@intenD ORs daR@le, BliRfuts QRAAAHAN AindeND ¥RCCi nation by
use of a viral vector and other nethods described herein are used to

ef fi ci ent $RHRRAcOEPNREPY AR B 8i Teor ehtedurnddusivirroteias dascribse Sersingee

(CD4-i nvafn.bl.l’h)ateéﬂﬁét%r aEPCRS AR BRL] AEBe Eé?luﬁ?l[év@lyﬁ&@ ifiE0BhSaré Barfficnt, Pr i mat es) .

A. Fusion protein-Env Conpl exes 25 Groups of 4-5 or nore rabbits each are

i muni zedThareferesat the gndef ingybaticachatf;of the cemaplees agsdizedsyvith foppaldshvdayhilf) conpl exes

at 0, 4, %h2oABthaRmiBelreaSl! BotRie neatd £ LECkRIIWEEKEYs 3Rep-AR oiz€d agai nst,
e.g., SF2 or SF162 ?pl 20 in an ELISA. The results fromthese rabbit
20 Superdex-200 column. Purified fractions are analyzed on an HPLC column and on SDS-

PAGE. The purified complexes contained both env and fusion proteins together.
Furthermore, these complexes are expected to be homogeneous and will not contain more
than 2-3% of free fusion protein.
The ability of Env to complex to the fusion proteins described herein is monitored by
25  the induction of CD4 inducible epitopes recognized by MAbs 17b and 48d using standard
techniques. In particular, purified chimerae produced in the SF162 Env background, then,
are characterized by surface plasmon resonance (SPR) to evaluate exposure of CD4i epitopes
and by co-receptor binding tests to evaluate their binding affinities. See, also Devico et al.
(1996) Virology 218:258-263 and Zhang et al. (1999) Biochemistry 38(29):9405-9416 which
30  show SPRtesting of another CD4 miniprotein and that the CD4 miniproteins are able to
compete with SCD4 for binding to the same env site, and to induce envelope conformational
changes, as detected by the monoclonal antibody 17b (Sullivan et al. (1998) J Virol
72(8):6332-6338). This antibody recognizes an epitope located near the gp120 V3 loop and
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studies will reveal which animals nount a strong i mmune response agai nst

gpl 20. Thus, the results will reveal the rationally designed fusion
proteins including a CD4 m ni protein and 30 heterol ogous pol ypeptide
sequences (e.g., invasin), that bind with high affinity to different

envel ope forns (including oligoneric and nononeric forns of SF162 with and
w t hout V2- deletes), induce conformational changes in these proteins and

i nduce full exposition of conserved cryptic CD4 inducible epitopes and/or
co- r ecept omsiltingdiaimdy ofi theenséihrdsiemtdidy 1I\(Ps wbivh Grobably @iaslsedrbgyhedtankisgf ul i n
conpl ex W n tein.t ose -envel <50 es neutralizing
ant i bodi &E&%Egyﬁ%&% ?si @{ Opr)lgte Qarlft(?%gl%i(a‘f)tgqei(g%ridlsré)%}a?'rqgé\ig%dé%ﬁ%u?%trar%'ul ations.
Conpl exes(1PeR) ftierdce 880: BASt11983)ébut exdplred inshel dinesmmiesed théiD4 Bk effedt nf macaques. 5
B Env- FUSH R0 BR LR SORTHA B8 OlBRn Ol 4586 Qon TRE £ FABRLA S RCH are

i nuni zed WA N CONSt FuCts enggb?lxr"fb nV and . o fusion protei n as descri bed
her ei n oprobabdi reftpcéngricris® eue thindag affinfty ducapecihie and Radilwdesetpdir Biese construct s
at 0, 4, 12 and 24 eks. Se are col | ed biweekly and,analyzed in an
fLisa " e e gty 8 o Gl B et b RRE BN cot ed | n
macaques. thd@ofe.g.Mo pkepytitn eflspblePhrifeddisidipreciiokplysesarsuch varlantszed W t h
Env-fusion protein c | exes gr nv-f ysj rofei.ns constryucts with

2a} uvant _BeBi KRR FI gftstsbenlantye o BordleR g i <t FeSkdn ol ecul es

only. Conpl exes are made with nononeric and oligoneric forns of SF162 Env
W th 3 d ‘\évithou V2-del etes and the anti body responses conpared. 15
| mruni'Zat P61 &ERedul es are at 0, 4, and 24 week i mmuni zations. Wen

war r ant edNe@rraLiaeidiAtvineos) Phemstren USRY: dms-invasindesiomPrd@iNGENT | M poOi Nt S.
EXAMPLE 6 _UNMASKI NG CRYPTI C EPI TOPES OF GP41 SUBUNI T | N OLI GOVERI C ENVELOPES

20 CD4 ni iPMBEXRodul es and fusi ons conprising these ninimal nodul es

(CD4-invasin  vadshed @&hpl@ﬁﬂ% doRbGRn oA OEBA LA deltveRid Dy QhMTE kddfs Of
ol i goneric (0Q-gp 140% envel opes, unmasking cryptic, epitopes, close to
co- r ecept ByWelikipun indhegst Msluding, fg-tde By elfRobipentidr gatigep apdidelies Hecept or

bi ndi ng aj bbipiuk¥otidd edbrbdsRE A poFBeptdPin@nY 8 AH8 JosinkD CFdreditahle AR PRAL hi S
conformati gnal transformation by the fusion nolecul es described herein,
bi ndi ng i PripHroen bapst sleategyallpys 9birseniae ehrpuldple oy yueyresiigrapisead usi ng SPR

t echnol ogyorafighad Biom MADw RK th@ﬁét@ﬁial REQilofEfredeRatiON FRNR iR hosthiRn ef f ect  of

addi tion of peptides fromthe Nterm nal gOITB.I n of CCR5 co-receptor, which
have beenddivgrgthastiiNAivergines g4 Yeccingtion cap camprise priinistratio gheried PO of gp41
epi topes by AdeRBRbkalad PLENGRERLE BRA K&t SMEFCALY arlkCURbEB1bRed
20 with protein boosting. Electroporation or DNA vaccination by use of a viral vector and other
methods described herein are vsed to efficiently deliver polynucleotides encoding the fusion

proteins (CD4-invasin) and/or Env polypeptides to non-human mammals (e.g., primates).

A. Fusion protein-Env Complexes

25 Groups of 4-5 or more rabbits each are immunized with fixed or unfixed Env -fusion
protein (CD4-invasin) complexes at 0, 4, 12 and 24 weeks. Sera are collected biweekly and
analyzed against, e.g., SF2 or SF162 gpl20 in an ELISA. The results from these rabbit
studies will reveal which animals mount a strong immune response against gp120. Thus, the
results will reveal the rationally designed fusion proteins including a CID4 miniprotein and

30  heterologous polypeptide sequences (e.g., invasin), that bind with high affinity to different
envelope forms (including oligomeric and monomeric forms of SF162 with and without V2-
deletes), induce conformational changes in these proteins and induce full exposition of

conserved cryptic CD4 inducible epitopes and/or co-receptor binding sites. Thus, the fusion
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30 the CD4-invasin fusion proteins, to produce novel bi-functional |igands,
presenting increased potency in unmasking gp4l epitopes. Novel chineric

ol i goneri c envel opes, incorporating the bi-functional |igands are al so
produced chem cally or genetically, and tested. Candidate 67 envel ope
proteins with superior exposure of gpl20 and gp4l cryptic epitopes are then
tested in animals for the induction of neutralizing antibodies. EXAMPLE 7 5
PRODUCTI ON OF MONOCLONAL ANTI BODI ES TARCETI NG CRYPTI C CONSERVED EPI TOPES OF
ENV  Sel errvteids hasbossefit btcoinplex with emslvpt prEs tcc,orppsd @ivelgpe dpitsges fausi on pr ot ei ns
i mmunoge I I bodi es, accordin
to the spgeug% B&%b?gﬁgglggsgay %ﬁd}&egu%r g(%tr%élgﬁ% E]C%kl'l%ﬁ‘gr{asgal nst CD4 °
nlnlprote@mn@m¢96mﬂ6h¢bgﬁww@ﬂ@nmmdwpmcﬂenm$mﬂhmmsammﬁu5|on pr ot ei ns

conpl exed to o-gpl 40, o-gpl 40, gpl20 and o-gpl 40 al one. Cl ones 10 exhi biting
hi ghest affinity for conplexes as conpared to envel opes al one are further
tested i diJ&mﬁgﬁggﬂgﬂmgkmﬂgg@rlng positive in Biacore agalnst t he

CD4AMB3- gpIZO [ onpl exes..are se| ect ed for

bul k productlonq@goaSC| @gmf bﬁPeMﬁ WEE gﬁlguﬁﬁﬁﬂg © €§ML%%N@E§FOLLOMVNG
ADM NI STRAfﬁbﬁ\pr@IémEWes@EMedIleiﬁnSbﬂ\h ﬁ@%’tdﬁmﬁﬁt abvfkigatar on tvod sefarme CD4 m neti c
conpl exes_f Qr onf er cti nst. he | ogous

chal | enge”™ ™ ruﬁﬁ%sds ﬁygé’gaaé’?lﬁ g?rggrte 8‘5)%%8@8’13?‘525?%%6%%fiﬁsg‘ns of these

conpl exesCastrivtsidantifiedsbyettl¢se vabblt studiescarathen wbtsd i@ hadadues. macaques and responses
(e.g kT Ioad anti body and/or T cell responses) of the aninmals
evalué% d post-challenge 20 with nucosally SH V chal | enge. The

results from E@ddps bihi‘orpﬁ(ﬁe ﬁ]l’()ﬂltdye @@emﬁiummgemﬁvcﬂ;wﬁ pro&ﬂ'ﬁhoﬁip&kcs(blﬁm | enge
arns should pr.ovi de. dat a

%eal candug%%g ens and
del i veri e§™W ??%Wewam%vctsevm iﬁ'&t"P’BrP 68‘&{[?&%”“% tPé"ﬁf'd‘gfo d breadth
of the o&aﬂemsmcﬂndlmmemryemm@&e@ aaerrﬁadémlndﬁm&maaﬁdmgdm@ﬁ fif@bect i ve

ef ficacy. res nses he cel | ul ar Hnune par anmet er s

nDnltoredsg@ﬁéh%YF@mWﬁ@}Uﬂgagﬂﬁ Wrod | FEROgRsA -CORBAEL S i ¢ T- hel per

r espons esinfrhinfaion stheddleaid af d,44hd 2% wlaaﬁ&mmiatmﬁs Elwnen @farraield, by nphocyt e
proliferatjon responses. The kinetics of T-cell responseS\MII

prlnarlIymﬁémﬁéggﬁF%Hmbyem@H@W@F@FFHBCPﬁEEnunber of CD4+ and CD8+ T cells
that secrete IFN-y in response to specific 30 peptides. |If particular

(mat chi ng) MHC speC|f|c tetramer reagents are not available, then the

maj ority MPEEQys wi || by perfornmed by CD8+ ELI Spot assays with overl appi ng

pool s of yRERKkhERRyrHE BITAMRS 6 :rd PSUHRE: 19 BEBOIHC iNvEEoi2k € det erm ned.
c aSSIZ(S: al - bul lEletlyn?llmsmaﬂ r(r:gfh?lgsl alEllEln fusions comprising these minimal modules (CD4-invasin
fusions) can induce a conformational transformation of oligomeric (o-gp140) envelopes,
unmasking cryptic epitopes, close to co-receptor sites in gp120 subunit and efficiently
increase co-receptor binding affinity in different gp120 envelopes. The induction of this
conformational transformation by the fusion molecules described herein, binding in the
25  different oligomeric Env structures, is tested using SPR technology and 2F5 mAb or DP178
peptides (or congeners). The effect of addition of peptides from the N-terminal domain of

CCRS co-receptor, which have been shown to bind to gp120 is also examined.

If exposition of gp41 epitopes is demonstrated, the peptides are chemically coupled to
30  the CD4-invasin fusion proteins, to produce novel bi-functional ligands, presenting increased
potency in unmasking gp41 epitopes. Novel chimeric oligomeric envelopes, incorporating

the bi-functional ligands are also produced chemically or genetically, and tested. Candidate
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rel ease) assays are performed as confirmatory assays. Additional

suppl enentary assays such 68 as flow cytonetric assays to neasure
antigen-specific intracellular cytokines in T-cell subsets, and tetramner
anal ysis to neasure antigen-specific CD8+ T-cell populations in aninmals
with WMHC specificities that match available tetraners will also be perforned
on a subset of animals. 5 Assays for the neasurenent of cellular inmune
responses in the mucosal will include ELISpot, neasurenents of

ant i body-eseiepragincwith sipgrnseposuahel gp)smndgmlyasmw@plt@m drgthan tegiplci f i c

intracel '1H£rﬁ1§al§¥&r%19&&1%{"0&’%&&1%%1%;{%8&1&5 B. Hunoral /neutralizin antibody

ti body responses 10 Anti y responses and neutralization assays are
performed as descri bed above and/or sanples are sent to outside vendor for
eval uati qEP(AK/IEEE.gT , Virologic, Inc). C. Measurenents of Vaccine Efficacy
Post - Chal  enge The Env-CD4 m netics conpl exes that give strong and broad
neut r & i ZROPEITIONIF MANOSLSEANTGODIS mmﬁchmTI&r@@NmBSEUERIEJPES gFRonses, are

tested by h I R

chal | engos.  Oyasughisi Bl AELA BBRRURREIAE TG, Bolth sPRARMERRRe °) o) i
chal | engeirajmtevunems t@pl@p@cmomlwdmtﬂmdw&mc@m toithehstaaldérd powosiiures] s

contacti rtgon% gr%as%%enetg}l? bt]%@%%?l rn];lfq{p em-gp ?ﬁ Som u;(ajlaf { 4 %Qﬁ)ﬁt?lgﬁlges ar e

i nmuni zat'i on, ear en c
perfor e dnvasin Iﬁaroalplrcﬁd:msgafonmbsecﬁb o@lmnlfgpy@, gl 2harided- gpleﬁ alohe desesgnat ed

groups, are hal a s after the fipal . immuni.zation. .The

oot + Sharerafifs hERSE SR, P TP AhBharkF enelfBys il O EFR Bl o

sumar i zeacofen Glabdsec&mgﬁMtwplnaeramgiirEBmmmn-gbllmtahdafdr CouMamal ysi s
(e.g., virolo and FACS) at -week intervals for the first two
onehs arPUTBREfeE o b P DA LSNP ot (or Pl asra vi rus
| oad analysis is perfornmed as well as a detailed analysis of any persistent

| ow copy rovi%%l infection of PBMC or |ynph node cells. Detailed FACS
anal ysi s %“8‘%7' evi dence of T-cell activation and/or CD4+ T cell 1oss and

di seage pmgmssimn,ammmmo\bﬂuam»mmmoa0dEﬁLbaé\amonsm@nmgssj ne viral

antigens are dto te ne whet her eroconver si on has, occurred.
Prot ected ani ﬁﬁﬁ?‘éﬂ“él% ]? : ‘F’f"é"tﬁ‘cé‘?”f‘@mﬁg‘l{ﬁﬁﬁ gnﬁfytpﬁg%fgr PRt ers into

account . agaifdit BEEGIdzOR ALRNEESTH rne&tseﬁdca@ias is keStedl €S febigidal B5 cdMbidalieis@dt | on of
virus inf ect| on by any of the i roI eéﬂand ser ol og | C) sensitive assays
listed i rfhepagamaplexes wih yarjoys adé)‘f"é’ﬂtééftela m‘sf &%F’F‘W@Hﬁsﬁ'ﬁl résponses (e.g.,

virus load, antibody and/or T cell responses) of the animals evaluated pre- and post-challenge

20  with mucosally SHIV challenge. The results from both the pre-challenge (immunogenicity)
and post-challenge arms should provide data that will reveal which candidate immunogens
and deliveries warrant further evaluation in macaques. The potency and breadth of the

observed immune responses are considered as well as protective efficacy.

25  A. Cellular immune responses
The cellular immune parameters monitored regularly include enumeration of antigen-

specific T-helper responses (IFN-y, IL-2 and I1.-4) as measured by ELISpot and lymphocyte
proliferation (LP) responses. The kinetics of T-cell responses will primarily be measured by
enumerating the number of CD4+ and CD8+ T cells that secrete IFN-y in response to specific
30  peptides. If particular (matching) MHC specific tetramer reagents are not available, then the
majority of assays will by performed by CD8+ ELISpot assays with overlapping pools of
peptides, from which epitope specificities are determined. Classical bulk lysis (Chromium

release) assays are performed as confirmatory assays. Additional supplementary assays such
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69 significant reductions in the virus |oad as nmeasured by quantitative
virus isolation, levels of viral RNA frequency of detection of proviral
DNA in PBMC and | ynph nodes (LN). "Protection fromdisease" is defined
primarily by reductions in the decline of CD4+ T cells, fewer or |ess
severe signs and synptons, survival, and secondarily, by reductions in virus
5 load, and the robustness of the post-challenge i nmune responses. Table 2:
Post - Chal | enge Measurenents of Vaccine Efficacy Measurenents of Virus Load
| nmune Staaﬂorsbfi)meiaisessﬁiysdagmwsiecantigemsp@ﬁh itmdécl(wmnaytbkihatih VeelPCR) FACS (CD3,
Ch™4, CD8, [ OVI I e and LN)
munob! SRR PARE eI s e weth CPEE Ein engbRYE, 2 on ( pere)
Clinical aslrrglssmaﬁ‘d}@snmt&mms Agt mpelcavailablel tetdmers will-also bl lperlgrmél é18Pot | CS f or
I L-2 Iossug %)4 SH bsets The relative nerit of a vaccine reginmen for future
study are cfem 8d“based on the outcome of the chall enges and the observed
pot ency, breadsdays fanthe dmamtmiehtqf cefuldr remunenespensedia tlnaammm el inclede and

post - chal . In additi.o ma specific IL-2
Posponsed (BT gkl il Bk 1edRuBR A LS B sRCRABLUERARERRT 5 b oauc ng
CD4 T- celspecithutiset bulasytokiasun edcdsyl T-€8si s prognostic of failure to
contain/control virus |oad after challenge (see, also, Ogg et al. (1998)
Sci ence 279(5359):2103-2106; A dstone et al.(1997) Virol. 234(2):179-185).
15 70 CL/H I\Eﬁm\/&iﬂlnehtﬁalﬁilnﬁiaﬁf&ddxjﬁspo&sesA fusion protein conprising a CD4

m ni m)dulg t binds to HV. Env and 5 on nor e hecifﬁ)r ol ogous

pol ypepti de seYuET¥ ESPOGRHEP f‘erjr‘trfﬂll@t‘?’barsfaiy%ﬁrﬁp%r Wﬁ‘?ﬁf‘r seq #98Y¢ usi on  protein
exhi bi t s agd/bitkaingled breSérTid cutsideWehdor Rirevanrié g, Airoldae:, fridpi on protein of claim
1, wherein the CD4 mninmal nodul e conprises residues 15 to 85 of CD4 (SEQ
ID NO4). 10 3. The fusion protein of claiml or claim2, wherein one or

nore of thevieshenehd goVEcin®BIfi e FobidEhllgge obt ai ned from Yersinia

t ubercul osi s ITEIVG.SI
¢ Env-CD4 mimetics complexes that give strong and broad neutralization,

15  complemented by strong CD4 and CD8 T cell responses, are tested by homologous and
heterologous systemic (IV) and mucosal (IR) challenges. Over the last ten years this has
proven to be the most reliable challenge dose where protection can be achieved with all
controls contacting disease. Challenge is performed 8 weeks after the finral immunization,
except during the final year of study when challenges are performed in parallel groups of

20 monkeys when half of the designated groups are challenged at 8 months after the final
immunization.

The post-chalienge measurements of vaccine efficacy to be evaluated are summarized
in Table 2. The plasma and PBMC are collected for analysis (e.g., virological and FACS) at
two- week intervals for the first two months after challenge and at monthly intervals

25  thereafter.

Plasma virus load analysis is performed as well as a detailed analysis of any persistent
low copy proviral infection of PBMC or lymph nede cells. Detailed FACS analysis provide
evidence of T-cell activation and/or CD4+ T cell loss and disease progression. Immunoblot
assays and ELISA for non-vaccine viral antigens are used to determine whether

30 seroconversion has occurred.

Protected animals are identified after taking all these parameters into account.
"Protection against infection” is defined as no indication of virus infection by any of the

virologic (and serologic) sensitive assays listed in Table 2. "Partial protection" is defined by
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4. The fusion protein of claim3, wherein the invasin polypeptides are
selected from 15 the group consisting of one or nore of SEQ ID NGs:5-13. 5.
The fusion protein of claim4, conprising, fromNtermnus to Cterm nus,
SEQ IDNGO5, SEQIDNO4, SEQID NO6 and SEQ ID NO 7. 20 6. The fusion
protein of claimb5, further conprising Gtermnal to SEQID NO 7, one or
nore of SEQ ID NGs:8, 9 and 10. 7. The fusion protein of any of the clains
1-6, further conprising additional heterologous pol ypeptides. 25 8. The

f usi on pr sgefisenokdwliaisim the vmhmlnaiasntemreédtﬁliquarmm'he Yiets ésobitiog daysls pbl ypept i des

are selec 0 f, I
immnonodifaqﬁ&;Ayﬂ%%P&gg%tg% l(Ejggﬂr)é‘;llb grl?g nB‘i’ n}{f?le@ ésqﬁ%b 9. The fusion
prot ei n ofPreteciomfi®m didasse bisefined pauiehllyby)wdhctioes mrthrl dgoesf COky pepls, de is a
viral pol t he vir f claim9,
wher ei n t e&%P&r lgsgse% rg Fie 580 gand KHIEFIOW? Sl Ma%%% se?orﬂgarrlfsog?e%u& %E ?Lﬁlh éj? fusi on
proteif ofoad;laadthreﬂc(bsustwaeohhmpctsheha%nm Ermmmésy@eml de conprises gpl40,

ol i goneric gpl40 (ogpl 40) or gpl20. 5 12. A polynucl eotide encoding the
fusion protein of é[hbrleéf Pobtammmeﬂgel\f[éhsurkﬂwnmopb’hgcpmmfﬁcimycorrpl ex corrprl si ng

?—{11? Vlgﬁ Mgwﬁ e Ilt& cO pl‘f)\cu to-t E IUQSUiI ilsleqlse ,i';,QUIe all{ of —ctai ns

pol ypept i |dasapRNDmuapiave PARYr e conp| BAGH (GR3, @%cpﬁﬁlﬁf&érméonpl exed via

cross-linking. 15, The polypeptide of |€P8®m 14, wherein the fixative
conpr i ses| FrovirshDNA. (nestel POB/ PBNEE qud Lip e poimdeblof arcll BlISA {sérocohverseinh t he |Env

pol ypept i ([dguaati@ideMupisob@n(PBMEP! €X $pnRitABRAISK ¥ympidms The pol ypeptiide of

claim 14 wherer m theEnv porypept de ﬁgg C[C e H |R‘r& E)ﬁ [ﬁlgp ZU are )

cr Oss_l in ad IICI Vel Fnr nal rlnh\lrln 1Q o amb r\n nnwnrl sin a
> AN | u UT TTUAT OU y ICS fOr 3 |’5J FO\S/éI;n\-’CD\a\JSIuTES\éEI CTr Oorl \.,UITPT g

fusion priotein according to clains |- weti

The relative merit of a vaccine regimen for future study are decided based on the
outcome of the challenges and the observed potency, breadth, and durability of the immune
10 responses pre- and post-challenge. In addition to the magnitude of the antigen-specific [L-2
responses (ELISPot) before challenge, the loss of Ag-specific IL-2 producing CD4 T-cell
subsets as measured by ICS is prognostic of failure fo contain/control virus load after
challenge (see, also, Ogg et al. (1998) Science 279(5359):2103-2106; Oldstone et al.(1997)
Virol. 234(2):179-185).
15
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11 or a polypeptide conplex according to any of clains 13 to 17. 25 19. The
i nmmunogeni ¢ conposition according to claim 18, further conprising an

adjuvant. 20. A cell conprising the polynucl eotide of claim 12, wherein the
pol ynucl eoti de sequence is operably linked to control elenents conpatible

Wi th expression in the selected 30 cell. 21. The cell of claim 20, wherein
the cell is a mmmualian cell. 72 22, The cell of claim21, wherein the cel
is selected fromthe group consisting of BHK, VERO HT1080, 293, RD, COS-7,
and CHO célands 23. The cell of claim 22, wherein the cell is a CHOcell. 5
24. The cell of claim2l1, wherein the cell is an antigen presenting cell.
25. The cell of claim?21, wherein the cell is a lynphoid cell selected from

t he gr oupWhaardddised ing of nmacrophage, nonocytes, dendritic cells, B-cells,

T-cells, st emlcgl fllﬁcfn &&gln%gmp{lﬁﬁ%ﬁf#1n9§%ln?aii% %a??fnds t% %IYaI & r%je Il of C! aim

21, mhereln the ce e ce wher ei n
the cel | ans opmoiedmitotogbiszetypemide sequélrﬁesZﬂheraihﬁlecemryaiuwlraomamsloMer ein the

cell is q¥&%g%pﬁg%@hu§8ﬂﬁ§£hm_Z%Ha E?ﬂﬁpll of claim?20, wherein the cell is

sel ected Trom rou conS| bacterial cell, an insect cell, a
yeast cell, a plant ceII and an avian cell. 20 30. The ceII of claim 29,

wherein the i Qs Trich ia.rz 5 Sf9 i nsect
cells. 31. A geﬁge Pl? Pfg 691 %lei “Fh(‘ffel ‘ggbbﬁ ngn'f?ﬁméﬂui?e "?Uf) ect, conprising
25 a sui trabithes genasdeCDYEEQ MediDal. for use in the subject, mhereln t he

vect o conprises a polynucleotide according to claim12, and wherein the
ponnd%Ieotide sequence is operably |linked to control elenents conpatible

Wi th expressi 8nThafusibepstely &elaim 328r clAme tvhadinahe prmde of thg haabiobadi es t hat
bind to c tic epito 30 .net hods conprising the step of:
adnlnlstéF%% S¥ﬁﬂﬁﬁ éﬁ?%kgﬁﬁﬁﬁgFﬁWgﬁsﬁgﬁ%?dlng to claim18 or claim19
to a subject under conditions that allow production of antibodies in the
subj ect. 4. The fusion protein of claim 3, wherein the invasin polypeptides are selected from

15 the group consisting of one or more of SEQ ID NOs:5-13.

5. The fusion protein of claim 4, comprising, from N-terminus to C-terminus, SEQ
[D NO:5, SEQ ID NO:4, SEQ ID NO:6 and SEQ ID NO:7.

20 6. The fusion protein of claim 5, further comprising C-terminal to SEQ ID NO:7, one
or more of SEQ ID NOs:8, 9 and 10.

7. The fusion protein of any of the claims 1-6, further comprising additional

heterologous polypeptides.

25
8. The fusion protein of claim 7, wherein the additional heterologous polypeptides
are selected from the group consisting of viral polypeptides, immunomedulatory polypeptides
and bacterial polypeptides.
30 9. The fusion protein of claim 8, wherein the additional heterologous polypeptide is a

viral polypeptide and the virus is HIV.

10. The fusion protein of claim 9, wherein the polypeptide is an HIV Env

71



33. The nethod of claim 32, further conprising the step of isolating the
anti bodies 35 produced in the subject. 34. The nethod of claim32 or claim
33, wherein the antibodies are neutralizing antibodies. 73 35. The nethod
of any of clainms 32 to 34, wherein the antibodies are nonocl onal

anti bodies. 5 36. The nmethod of any of clains 32 to 34, wherein the

anti bodi es are polyclonal antibodies. 37. A nethod for producing a

pol ypeptide including HV Env pol ypepti de sequences conplexed to CD4

pr ot ei ns, pdlypeptidet hod conpri sing, 10 incubating the cells of any of clains
20- 30, under conditions suitable for producing the polypeptide. 38. A

nmet hod of i1 nducing an i mmune response in subject conprising, adm nistering
conposi ti on adéoTid fngjort proelraifialaikB10) wheremmitia 1B/ Env palypeptidenbmsistd i ci ent to

i nduce an i on int subject. 39. A nethod of generating an
i mune r 6%@%@@3% @ﬁ%@??o)%%?:&m ng adninistering a pol ynucl eoti de

according to claim112 or a gene dellvery vector of cIa|m31 to cells of a

bj ect, und dj ti t hat he 20
ol ymici cot 1 ad2andobPisRReT ol ERBSsbPTREETRES Thar &o) el (i ti ng an

i mrunol ogi cal response to the pol ypepti de. 40 The rret hod of claim 39,
wherein the gepe,de tor 1s.an vect qr. 5 41. The net hod of
claim 39 or ﬁ§1 fhPg peﬁﬁgf ﬁe"t%@pvﬁ?ﬁ %ﬁ%\osérﬁéﬁoly?@:}ngﬁc%‘?% ﬁéo thearticul ate
carrier. #gon plagingkhoef cfimei-ai.m 41, wherein the vector is coated on a gold

or tup(gsten particle and the coated particle is delivered to the subject
usi ng gene gun. 30 43. The nethod of claim39, wherein the vector is

encapsul at ed 18, @hd foDPSEtR of BEIEP@IRLIaRN 11, dhereihNR: ERIJIBPelde ahdCma 39, wherein
the vector is a viral vector, .35 45. The nmet hod of claim44, wherein the

viral vectgeinae Cgm,p}g»g(?dd{,smgg fixglieopForpRioxgd Vi2gst-iaking: vect or .

15. The polypeptide of claim 14, wherein the fixative comprises formalin.
15
16. The polypeptide of claim 14, wherein the Env polypeptide and CD4 protein

complex spontaneously,

17. The polypeptide of claim 14, wherein the Env polypeptide and the fusion protein

20  are cross-linked using formaldehyde.

18, An immunogenic composition comprising a fusion protein according to claims 1-

11 or a polypeptide complex according to any of claims 13 to 17.

25 19. The immunogenic composition according to claim 18, further comprising an

adjuvant.
20. A cell comprising the polynucleotide of claim 12, wherein the polynucleotide
sequence is operably linked to contro! elements compatible with expression in the selected

30 cell.

21. The cell of claim 20, wherein the cell is a mammalian cell.
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74 11 46. The nmethod of any of clains 39 to 45, wherein the subject is a
mammal . 47. The nethod of claim46, wherein the manmal is a human. 5 48.
The nethod of any of clains 39 to 47, wherein cells are transfected with the
pol ynucl eoti de or gene deliver vehicle and further wherein the transfecting
is done ex vivo and the transfected cells are reintroduced into the
subject. 49. The nethod of any of clains 39 to 47, wherein cells are
transfected with the 10 pol ynucl eoti de or gene deliver vehicle and further
wher ei n t he t2anBkecl ofdaiing 1 ddresin the vellio selard fibhhethd gramsieeitied ofel | s are

rei ntroduyged JER® HMBsE 96, Rt co’Y: aﬁﬁ'@{({i@élﬂpd of any of clains 39 to 49,

wherei n the i nmune response is a hunora I mune response. 15 51. The net hod
of any of clains 39 to 49, where the inmune response is a cellular inmune
response. 52.23Heherell bibdainf22.avheredf the kell ims CB® d¢eb. 51, wherein the gene
delivery vector is 20 adm nistered intranuscularly, intranucosally,

i ntranasally, cut aneously, .intradermally, transdermally, intravaginally,
intrarectall y?‘ﬁgﬁﬁlcF@O‘ﬁﬁ?a‘i“ﬁ%{'rWé%b{i}g F‘i’fg%gnt‘ﬁe“rfg?sﬁ%tﬂ’gcﬁe i nduci ng an i mmune
response in a subject conprising (a) administering a first conposition
conprising a pplpRYENH 6044iRe 1 AR Sell i a Hndhd c&Pseledtel Trof Y drfip1g step and

(b) admnistering a second conposi ti.on conprisi a pol ypeptjde ‘according to
cl ai ns fpisisfa“%% acbo@ﬁggee?’?mf’ﬁgsaaengﬁﬂﬁ?@s’gfeﬂlf’cﬁ %’Hf’ 5%3’ %Ieﬂﬁl%% an i mmune

r espolfse progeniipe cellgiljessof.. 54. The et hod of claim 53, wherein the first
conposition or second conposition 30 further conprise an adjuvant. 55. The

nmet hod of cl ai 3, nein.the first conpositi further conprises a

seqguence enco%?h eﬁﬁmgfl'@2&‘%@FVb@ﬁfﬂﬁ@ggﬁgmgéanThe met hod of cl ai m53,

wherein the second conposition further conprises an H'V Gag pol ypeptide. 75
27. The cell of claim 21, wherein the cell is an immortalized cell.

15
28. The cell of claim 21, wherein the cell is a tumor-derived cell.

29. The cell of claim 20, wherein the cell is selected from the group consisting of a
bacterial cell, an insect cell, a yeast cell, a plant cell and an avian cell.
20
30. The cell of claim 29, wherein the insect cell is gither Trichoplusia ni (Tn5) or Sf9
insect cells.

31. A gene delivery vector for use in 2 mammalian subject, comprising
25 a suitable gene delivery vector for use in the subject, wherein the vector comprises a
polynucleotide according to claim 12, and wherein the polynucleotide sequence is operably
linked to control elements compatible with expression in the subject.

32. A method of producing antibodies that bind to cryptic epitopes of HIV Env, the
30  methods comprising the step of:
administering an immunogenic composition according to claim 18 or claim 19 to a
subject under conditions that allow production of antibodies in the subject.

33. The method of claim 32, further comprising the step of isolating the antibodies
35  produced in the subject.

34. The method of claim 32 or claim 33, wherein the antibodies are neutralizing
antibodies.
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35. The method of any of claims 32 to 34, wherein the antibodies are monoclonal
antibodies.

36. The method of any of claims 32 to 34, wherein the antibodies are polyclonal
antibodies.

37. A method for producing a polypeptide including HIV Env polypeptide sequences
complexed to CD4 proteins, the method comprising,

incubating the cells of any of claims 20-30, under conditions suitable for producing
the polypeptide.

38. A method of inducing an immune response in subject comprising, administering
composition according to claim 18 or claim 19 in an amount sufficient to induce an immune
response in the subject.

39. A method of generating an immune response in a subject, comprising

administering a polynucleotide according to claim 12 or a gene delivery vector of
claim 31 to cells of a subject, under conditions that permit the expression of the
polynucleotide and production of the polypeptide, thereby eliciting an immunological
response to the polypeptide.

40. The method of claim 39, wherein the gene delivery vector is a nonviral vector.

41, The method of claim 39 or claim 40, wherein the vector is delivered using a
particulate carrier.

42. The method of claim 41, wherein the vector is coated on a gold or tungsten
particle and the coated particle is delivered to the subject using a gene gun.

43, The method of claim 39, wherein the vector is encapsulated in a liposome
preparation.

44, The method of claim 39, wherein the vector is a viral vector.

45. The method of claim 44, wherein the viral vector is a retroviral vector or a
lentiviral vector,
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46. The method of any of claims 39 to 43, wherein the subject is a mammal.
47. The method of claim 46, wherein the mammal is a human.

48, The method of any of claims 39 to 47, wherein cells are transfected with the
polynucleotide or gene deliver vehicle and further wherein the transfecting is done ex vivo
and the transfected cells are reintroduced into the subject.

49, The method of any of claims 39 to 47, wherein cells are transfected with the
polynucleotide or gene deliver vehicle and further wherein the transfecting is done in vivo
and the transfected cells are reintroduced into the subject.

50. The method of any of claims 39 to 49, wherein the immune response is a humoral

immune response.

51. The method of any of claims 39 to 49, where the immune response is a cellular

immune response.

52.  The method of any of claims 39 to 51, wherein the gene delivery vector is
administered intramuscularly, intramucosally, intranasally, subcutaneously, intradermally,
transdermally, intravaginally, intrarectally, orally or intravenously.

53. A methed of inducing an immune response in a subject comprising

(a) administering a first composition comprising a polynucleotide according to claim
12 in a priming step and

(b) administering a second composition comprising a polypeptide according to claims
1-11, as a booster, in an amount sufficient to induce an immune response in the subject.

54. The method of claim 53, wherein the first composition or second composition
further comprise an adjuvant.

55. The method of ¢laim 53, wherein the first composition further comprises a
sequence encoding an HIV Gag polypeptide.

56. The method of claim 53, wherein the second composition further comprises an
HIV Gag polypeptide.
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