2188639 | .EXPRESSI ON AND PURI FI CATI ON OF AN HTLV-111 GAG ENV GENE PROTEIN
The preSent invention relates to a protein designated gag/env,. which 7
conprises the core protein (gag) and the envel ope protein (env) of the -
HTLV-111 virus, the etiologic agent for acquired i mune deficiency syﬂdrone
(AIDS)~ This protein is produced through organic synthetic %agﬁi

t hrough the use of reconbi nant DNA techniques in which the t®eYgene
sequences are inserted by neans of a su'table DNA vector into a conpatible
uni cel lular host organism This invention further relates to the isolation
and 15 purification of the gag/env protein and to nethods for the
detection of AIDS antibodies or viruses in human sera or other biological
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This invention further Eelates to the isolation and
15 purification of the gag/env protein and to methods for the
detection of AIDS antibodxes or viruses in human sera or
other biological fluids and for the immunoprophylactic
‘protection of human beings agalnst AIDS, based on the use of
the protein.
20
In 1985 nearly 8,000 people were diagnosed as having
AIDS, and the number has been steadily increasing. Fifteen
thousand more cases are expected to be diagnosed in 1986,

25 York Times Magazine, March 2, 1986, p. 42]. AIDS has been
characterized by the onset of severe opportunistic infec-
tions secondary to an effect on the body's immune system
[Gottlieb et al., New Eng. J. Med. 305:1425 (1981)]. The
disease has been found in male homosexuals, patients

30 receiving blood products, intravenous drug addicts and
individuals originating from Haiti and Central Africa [Piot
et al., Lancet 11:65 (1984)]:

The causative agent was suspected to be of viral origin
35 because the epidemiological pattern of AIDS was consistent

and the number of cases may well double again in 1987 [New {
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with that of a transnissible disease. At least three retro- viruses have
beep _jsolated fromcultured T-cells of several patients with AIDS, or from
. whi e bl dod cell's of persons at risk for the disease. A novel human
retrovirus called 5 | ynphadenopat hy-associ ated virus (LAV) was di scovered,
and its properties were consistent wwth an etiological role in AIDS. That
virus was isolated froma patient with | ynph&- "denopathy and hence the nane
[ Montagnier et al., in Human T-Cell Leukem a/Lynphoma Virus,, R C. Gallo et

ﬁ' eds. : Col i tfl tSBlti agf ;Hartlle;arns{ma@%rﬂ;twmmse??ﬁx@z&a(si@%aﬂee Qdefo-
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Al DS- associ at € rov rus has "Deen propose He' T aiative agent
[Levy et 8. swnohedez@sasm -@5$4)ij tedovi ruse (HAV)- IWaIS A oxrkered, and
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"antigenilo desonnm HambogoLabosadiory . t@Pt hé@e@]&d@eﬂcﬂf)]& prot ein of an
HTLV-111 virus" actually refers to the sequences of the proteins of any of

the AIDS viruses. 30 One reason for .the difficulty in determning the true
Berol oo o mgent . oPERPBABHES R, PBLE VR EST{ R ALLAANY 1S SR O | Hors
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224:506° (ﬂ984X}9BEnvehnﬂeIgénéPppoductetothTLEclence 224:497 (1984)]
- have also been isolated. Still another virus, called the
- AlDS-associated retrov1rus (ARV), has been proposed as the
causative agent [Levy et al;. Science 225:840 (1984)]. Both
the HTLV-III and ARV retroviruses display biological and
20 seroepidemiological properties similar to LAV [Levy et al.,
Supra.'Popovic et al., supral]. Thus, at least three retro-
viruses have been postulated to be the eticlogic agent or
AIDS: LAV, ARV, and HTLV-III. For this application, these
viruses will be collectively referred to as the AIDS
25 viruses. Because HTLV-III is the prototypic virus for this
group, it will be understood that the term "antigenic deter-
minant corresonding to the sequences of a protein of an |
HTLV-III virus" actually refers to the sequences of the
proteins of any of the AIDS viruses.
30 - |
o One reason for the difficulty in determining the true
etiologic agent of AIDS was cross-reactivity of various
retroviral antigens with serum samples from AIDS patients.
For example, serum samples from AIDS patients have been
35 shown to react with antigens of both HTLV-1 [Essex et al.,
Science 220:859 (1983)] and HTLV-I11 [Sarngadharan et al.;
Science 224:506 (1984)]. Envelope gene products of HTLV



-3- denpnstrated antigenicities that were cross-reactive.wth anti bodies;in

sera fromadult T-cell |eukem a patients [Kiyokawa et al.
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with the cytopathlc retrov1rus characteristic of AIDS,
1solated_f;om_AIDS:affl;cted_patlents._Seroepldemlologlcal
assays using this virus showed a complete correlation
betveenIAIDS and the'présence'of antibodies to HTLV-1III
viral antigens {Montagnier et al., supra; Sarngadharan et
al., supra; Séhﬁpbach et al., Science 224:503 (1984)]. In .
addition. nearly 85% of patients with lymphadenopathy
syndrome and a significant proportion of asymptomatic
homosexual men in AIDS endemic areas were also found to
carry circulating antibodies to HTLV-I111. Taken together,
these data implicate HTLV-III as the principal etiologic
agent for AIDS. °

Until the successful culturing of the AIDS virus using
the H-9 cell line, the env AIDS protein of the AIDS virus
had not been isolated, characterized or synthesized. This in
major part was due to the fact that the virus is cytopathic,
and isolation of the virus was thus not possible [Pbpovic et
al., supra]. Once a human T-cell line that was resistant to
the cytopathic effects of the virus,waé_discovered. however,
the molecular cloning of.AIDS_p:ovitalnDNA could be carried
out.
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35  out . -4- The need for sensitive and rapid nethods for the diagnosis
of ALRS in human bl ood and in other biological fluids and for a nethod to
prevent the disease by vaccina- tion is very great. .Virtually all of the
assays and tests 5 presently available are fraught with errors. In fact,
the Center for Disease Control (CDC) has indicated that presen- tly

avail abl e tests should be used solely for §cﬁe€ning units of blood for the
presence of antibodies to HTLV-111. The CDC has even gone further by

stating that the pheseildy oft s@yeitofl s 2yapid| REEfodomHOpSQpRent assay
(ELI SA) -tests should not be used for the general screening of high risk
popul ati ons ol AINPSHEHFOAIRS tinthyman A d Readrir felestbiob0gier19909,

March 12, 19851uilte Hid Ty i MEENIPUE Yp rsPen A Ote t €54 8a58VEyPESBCE haced
to the failure to use a specific %&%I enic protein of the etio oglc agent
for AIDS. The Prafli DS HIGReaN il Akl 4} | YBtR? AFBAYE AR| FeaLs.

Si nce the $ysgiresentipdavaidableer e taudind el et d\tt&réhﬁmifuat.ittge t he
cells 20 use¢git.a . VI , “lys W contain roteins as
wel | as viral %petr 0 %lr (r?g:t ?ﬁusséip%rje;pcagrlgﬁéo]yn @\t‘&a? p%%%' ]a’ﬂ%}"g%ﬁe%m??awﬁ%?éi n
is very diffi dlint aveid adrd -tefts shaatldirhe lusady $lely hisr psodeeriingot h
fal se positiveaand (o 38 R0HIY eHE P dsed U ANSKY: b O &4 e;élﬁ%:.\‘iﬁifé@

1984)]. The errors caused by the use of such lysate pro- telns/peptide
(coul d be avoi 3@‘& tﬁj’%&aﬁg eé’%br%'g% iR Fhen By ‘F?]bl'lé)D@‘aaﬁtYlb%dPESS%Félﬁ
i's subst anoi alavaiflradd eofenzymendrinkddS igpmids or pg ot edsway QEDPDSA) | 0ot of
substantial ly, A v . ' £ lse nti gens.
30 Both the erﬁﬁgs?gﬁd%%o?g%%?o@yn%%ﬁ%ﬁ ﬁ&ﬂ%’@l% n%ér@gﬁgaﬁf?geni c
deér ni nants RPRSH ALG@NE 9er A & Kdiggnostic test for AIDS [Federal

Register 50(48):9909, March 12, 1985]. '

15 The errors in prévioﬁsly used AIDS tests have been
traced to the failure to use a specific antigehic'protein of
the etiologic agent for 'AIDS. The previously used proteins
were derived from a viral lysate. Since the lysate is made
from human cells infected with the virus, i.e. the cells

- 20 used to grow the virus, the lysate will contain human

proteins as well as viral proteins. Thus preparation of a
pure antigen of viral protein is very difficult. The anti-
‘gens used until now have thus produced both false positive
and false negative results fBudiansky, Naturé';;;: 583

25 (1984)]. The errors caused by the use of such lysate pro-

' teins/peptides could be avoided by using a composition for
binding AIDS antibodies which is substantially free of the
non-AIDS specific proteins. Compositions of substantially
pure AIDS envelope and coére protein can be used as antigens.

Both the envelope and core proteins of HTLV-III have

conserved antigenic determinants which would permit their

~use to screen for, diagnose and/or provide p;otection by
vaccination édainst the AIDS virusés,.And'individuals that

35 have been exposed to HTLV-III and who may thus be at risk to
| cdhtract AIDS or who have.the disease can be identified by

the presence in their blood of antibodies to the viral core



use to screen for, diagnose and/or provide protection by,kbvaccination =
agai nst the AIDS viruses. And individuals that 35 have been exposed tofhy

HTLV-111 and who may thus be at risk to contract AIDS or who havé thé
di sease can be identified by the presence in their blood of antibodi‘es to
the viral core protein (gag) and/or the gnyel ope protein (env),

[ Sarngadharan et al., Science 224:506 (1984)]. The availability of a
reliable and sensitive test for 5 the presence in blood or in other
bi ol ogi cal fonstgsimf(gas) AADS/okr Ghei eqylefloper pofommn i (8ms6) t herefrom i s

al so inport gy, , n&me&,tagl LBBQQ@n@@ ‘542% (BBl d@yf, reported that

ant i bodi es agai AI'DS viruses are not al Ways present In the blood of Al DS
victinms. G oopman et al. 10 exanm ned one patient with AI DS and anot her

wi E hbr gl at ed fll m{ege{ﬁafi1%’611itgrrbH$/rL13rr}::aI|1ciecbmragioe%mni%eﬂeu\bl ghrvere
anti body negative but from C -

Reconbi n2int QQﬁﬁﬁRﬁ%gbnmgé°P8c85tPF D&Y &Héiﬁ? U{Hgiﬁ&%ﬁ Bf obPem
The ol ecul 108 onimgs abtiseXxpr, eosi o @hﬂﬂnckan/qhemefrmM)Fﬂthlkb has been
57505 ( 1085 oGRS ccpoRpdh; BE aLiNIBIoo XU B2 X 39 P  BEORS 09
(1985)] hav@QEﬂﬁ%ﬁ%e@theaFNEVOﬂPPSc@QQHﬂﬁﬁeﬁﬁpsrVE?u%QﬁlarqhngughlwaES

use of such (eNAE ﬁ?gtﬂéem%dt eehw ‘ﬂ’se%.dﬁﬂmsf'%kd/é% ndgti gens that
are safe, reliable and | ess 25 ly _to produce have becone avall abl e.

Even not@ a®XaRined Rne Pﬂﬁ\?v@\%r w%l“& anf apethemivith pelatega
prot ei n havidigeardeé gen{ ARAPt Erpmn¥hios Hlalodrsanprsenteod boként kRienv and
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for a varietqulgfuredtsiti ve di agnostic tests and for. a possible vaccine

15 . Recombinant DNA technology has recently been applied to

) -the AIDS problem; The molecular. cioning and expression of
the env gene from HTLV-IA1 has been. reported [Crowl et al.
Cell g; 979 (1985): Chang et al . Blotechnology 3:905
(1985)). Dowbenko et al. [Proc. Natl. Acad. Sci. U.S.A.

20 82:7748 (1985)] have expressed the HTLV-III core protein in
E. coli. - g

Through the uee of such genetic engineering techniques,
'purified'viral ahtigens that are safe. reliable and less
25 'costly to produce have become ava11ab1e Even more advan- o/
‘tageous, however. would be the avallability of a viral
protein having ant1genic determinants that are present on
.both the env and the gag proteins Such a protein would be
an exceptioneily powerful tool for the detection of AIDS
30 antibodies, and it could serve as the basis for aIVariety of
sensitive diagnostic tests and for a possible vaccine
‘against the AIDS virus.

Therefore a novel protein, comprising 50 or more amino
acids, designated gag/env, and having an amiﬁo acid sequence

w
S,

corresponding to at least one'antigenic determinant of a
HTLV-III gag proteln and of a HTLV-III env protein has been
prov1ded which permits to



%gainst the AIDS virus. Therefore a novel protein,.conprising 50 or nore
am rQ 35 acids, designated gag/env, and having an am no acid sequence
-correspondlng to at |east one.antigenic determpant of a HTLV-11l gag
protein arid of a HTLV-111 env protein has begn_ prOV|ded which permts to
-6- screen for, diagnose and/or protect by vaccination against the Al DS
virus. The novel gag/ env protein can be represented by the am no acid
sequence shovwcieer fore QlegnaséuanﬁVomabreqwcﬁﬂuyﬂvddﬁﬂﬁxﬁloé d¥Linst

f h
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cont ai ni ng suh DhRe sapiea- a@é@ S%ﬁﬁeﬂﬁ?céhPHPaFnoF35HF§n§ useful in the

production 1Gr 4 h@kshi5eaeNELIaTh1 BIA thehadz00y of the gag/env protein

of the present invention as wel'l as processes r the manufac- ture of such
DNA sequeRces, reconbi nant vectors and uni- cellular organisns. In addition
net hods are descrthedifiventbonefpreneiroprand desoltid Goqfi ditee GReE env

ft tion. The /en rotein thus produced nay
e uti 1 zed yetRendes - ERRL bR ks Sha, a6/ 8R% G LY RRRiIAR Gf | HibrkeRent
|nnunolog|ca11@VQQEBQES rEhombghansevastarel&gmrmnnlugﬁxyﬁﬁ,DNKEssﬁﬁg@nv
protein 20 . cags beaHéeﬁ'niee@%ESE BEgFB&‘%ﬁ%mﬁ%le% antd Bcﬁx oaé%a' sty Al DS

viruses in hurgln sera or In, ot cal S Su ears %'éman

vagi nal 8cr et 'E)‘?\'%g%nﬂegapwaanBePﬁbséeFHé%P@tYePﬁ dde tﬂ@q:/r%'parmtlmlm of
hompgeneous fuiien ppeobheninobnBaBnSAECEIL BBAPricrE MY b hamee RhAGues. L he

rude HTLV-III viral
brotel n-tsol A h: 8¢ (aERoBRACpaSRER e, Ba-Cubanaae’ 4R TERRM M, un e
égﬂenv proteqmﬂb%habeorganlsms In addition methods are descrlbed for
the expression and isolation of the gag/env protein of the
.18 present invention. The gag/env: prote1n thus- produced may be
utilized by the methods of this invention for a number of
important 1mmunolog1cal processes '

" Through use as a diagnostic reageht,'the gag/env protein

20 can be used to deteet the presence of antibodies against

' AIDS viruses in human sera or in other biological fluids
such as tears, semen, vaginal secretions and 'salvia. Because
the proteéin can be prepared in a homogeneous form, problems
of non-specific reactions which have plagued the use of

25 diagnostic reagents based upon relatively crude HTLV-III

-~ viral protein isolates in the past are eliminated.

Used as an immunogen, the gag/env protein can be

employed to produce antibodies in animals against the
30 antigenic determinants contained therein. Such antibodies
can in turn be used, in conjunction with the gag/env protein
which has been suitably labeled, in a'radioimmunoassay (RIA)
or enzyme-linked immunosorbent assay (ELISA) to detect the
presence of HTLV-III viruses or particles therefrom-in human
serum or in other biological fluids such as tears, semen,
vaginal secretions and saliva. Particles (or fragments) that
could be detected by these methods include of course pieces

w
wn



enpl oyed to produce antibodies in aninmals against the 30, antigenic B
determ nants contained therein. Such antibodies can in turn be used, in. \f
conjunction with the gag/env protein which has been suitably Iabeled in a
radi oi munoassay (RIA) or enzyne-Ilinked i munosorbent assay (ELISA) to _
detect the presence of HTLV-111 viruses or_particles therefromin human 35
-serumor in other biological fluids such as ‘tears, senen, vagi nal

secretions and saliva. Particles (or fragments) that could be detected by

t hese net hodsg ¢ ng{éjdej_g‘]_ wéeoplg@eaope pro@éihBe viral core or envel ope
proteins. By incorporationinto a suitable vaccine formulation, the gag/env

protein of the present invention nmay further be 5 used to conbat the spread
of AIDS through Bypindeargeratomniatd i @ansuibabteavecciper farmuddrdeiniges

to using the :ﬁmaegpq?cg’/e‘}{&te Hnldf L é’eﬁié? C?%éh@?okomﬂgl Q%]zsc%%%r e

gag and 10 el ns e env prote 'S Ver

makes purbfi cmedrtaliddnbat ttheonpr erd i of bIDﬁhéthDgprDtephylﬁsgumts |n a
product that £ e]y solublized and therefore nore easily purified.
Large-scal e production and purification are also sinplified, of course,
since only 15 -a single conpound nust be i sol at ed. ‘Finally, the gag/env
protein nmakes posridde die iheyvet vpmensdvdnvadeagnostisdnli thehigaly/emvks

bet t t

rotelns, 20 BEOte GEEHE TR oh EolPEr el EB 48 RoCR¥pRTR ETb0s ne
It must be uredsr surcnjz;b:trtaa,t The ehwvgpostéinahtisebfiuheprvepiryinsaduibdenet hods
described her, i Crﬁr x@ébolﬂmfcselweaﬂ@ffeﬂwoeoahaah% Uﬁetweh%o

viral agents ave been | l1cated I1n or associated w th S such as~

| ynphadeno- 2 OtRinf) LR&W: 3i PERIYER,ShaR LRl mrssse&ﬂéﬂfeaorl@tb@a«ﬂ o
(ARV) . Thisldhdﬂﬂhﬁtﬁidiélﬂoﬁﬁ edsilepephrifiied79L418855ale production

and purification are also simplified, of course, since only
15 a single compound must be isolated. Finally, the gag/env
| protein makes possible the development of a diagnostic kit
which works better in aﬂ antigen sandwich assay than would
separate gag and env proteins.

20_'. Although the gaé/env p:otein.was derived from HTLV-III,

a it must be understood that the diagnostic and immunoprophy-
lactic methods described herein are applicable to the detec-
tion of any of the other viral agents which have been
implicated in or associated with AIDS such as lymphadeno- -

25 pathy-associated virus (LAV) and AIDS-associated retrovirus o
(ARV). This is because Crowl et al. [Cell 41: 979 (1985)]
have shown that proteins frbm these viral agents are immuno-
logicaily_related to those of HTLV-1III and have amino acid

sequence segments in common.

30 . : _ : .
The present invention may be more readily understood on
~ the basis of the following detailed description when consi-
dered in connection with the following figures, wherein
35 FIG. 1 is a schematic representation of -expression

plasmids which directs the synthesis of gag (upper drawing)
and gag/env (lower drawing) proteins. Restriction endo-
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have~shown that proteins fromthese viral agents are inmuno- |ogically

rel afed to tHose of HTLV-111 and have anmino acid sequence segments in
.common. 30 The present invention may be nore readily understood on the
bdsis vof the followi ng detailed description when consi- dered in connection
with the follow ng figures. wherein 35 FIG 1 is a schematic
representation of expression plasnids whiclr & rects the synthesis of gag
(upper draw ng) and gag/env (lower drawi ng) proteins. Restriction endo-

e cheq il 4dea s 00ek "Epd2HedPing Wn 0083 RRA SR BenBlabR® enown. |

cross-hatched regi on denotes the env segnent
both pl asnmids 3@ n%%$|9¥¢%ﬁ-h%t9hﬂérr?ﬁboﬁoﬁeneﬁesfthheepvrqupemmoberthand

transi ation quagﬁeﬁvatueﬂoslgeaés ﬁﬁebéfmn@péaﬁrﬂaé eEyn%EZptEbﬁ &% nae
the nucleic acid sequence of th env fusion gene (wt

posi tion numbet e o ?%%}r?EtFBﬁ g 89n%5?%%&%‘5|?3§ FHGFEAFEGPnaﬁaithe

am no aci dssequisackomfsignalseagagt com pradmid peEwvdieteed therefrom and
FIG 3 shows the results of SDS-polyacryl am de gel electrophoretic analysis
of the gag/env protein produced in E. coli. Panel 1 shows

Coonmssi e*bl ue- st & Hed £ AW cthe 1@@@1%lmidremuencs bfir bbei gggvkav

recombi nant pl&Hsdd dh CREAY | Eﬁ‘esggfléts BoEiel Heﬂﬁ?ﬂgﬁsfm&‘ EQQ%ESCWPH

cells. Panels 2 and 3 are Western otern probe

ei ther rabbit %ﬂﬁ‘?m%s%g%?%‘i b‘l‘ﬂﬂ%’iﬁqh@%oﬂﬁlﬂlb&ﬂe?c@ 8equRBep of

ant i bodi esoagains tgfe P o Preth pred Rted NEhé FEEAEMEOgRG EXES i n panels 2
and 3 were visualized by a second antibody | abel ed wi.th horseradish

peroxidase. In all three panels g/e refers to the gag/env protein, and c
ers to a negat iBAG c&t&lmw%aﬁp? ecemd g oGRS spetydccytamyde Thel

r
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. i. Panel 1 shows Coomass1e*b1ue stained total ce11
15 proteins from cells harborlng the recombinant’ plasm1d
carrying the gag/env fus1on gene and from control cells.
Panels 2 and 3 are Western blots of total cell protein
probed with either rabbit antibodies against env peptide
500-511 (panel 2) or sheep'antibodies against gag p24 (panel
20 3). The immune complexes in panels 2 and 3 were visualized
" by a second antibody labeled with horseradish peroxidase. 1In
all three panels g/e refers to the gag/env protein, and ¢
refers to a negétive control sample used to show specifi-
city. The mobilities of molecular weight standards (in kD)
'25: are shown, and the positlon of the gag/env prote1n band in
the gels is indicated by the arrows

The methods of this invention entail a number of steps

which, in logical sequence, include (1) identification and

30 isolation of the genes encoding the gag and env proteins or
fragments thereof, (2) insertion of these genes or gene
‘fragments into an appropriate'cloning vehicle to produce a
'recomb1nant vector conta1n1ng a gag/env fusion gene. (3)
transfer of the recombinant clon1ng vehicle into a compa-

35 ‘tible single cell host organism. (4) selection and growth of
properly modifred hosts that can replicate and express the
inserted gene sequences, (5) identification and purification
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the gels is indicated by the arrows. The nethods of this.invention entaid a
number of steps which, in |ogical sequence, include (1) identification asg
30 isolation of the genes encoding the gag and env proteins or fragnents
thereof. (2) insertion of these genes or gene fragnents into an appropriate
cloning vehicle to produce a reconbi nant vegtor containing a gag/env fusion
gene. (3) transfer of the reconbinant cloning vehicle into a conpa- 35
tible single cell host organism (4) selection and growh of properly

nodi fi ed hosbg that geae pepducate (@0d wqoroa:sstnmegemept@dhgeneoséqueutes

(5) |dent|f|ca n and ur|f| a t f the
gene product :"'6%035‘5 o] gfaﬁélsgetﬁieﬁ'glr oﬁi !eé’dlefte &%édl es agal %st
HTLV-111 or hemanegewn tos@soducen ans hﬂﬁ}rﬁméﬂ‘li‘b %!bdm:et'aml bedheedt hat
can in turn Qe u3edehg %&%%fest %e\{dsréa%% el gifen 8 {R@SEEPbR Lheref rom

in 5 human sera or in other biological fluids, and (7) use of the 8Fg/e

protein i% ahugasi §erfoPkulla odhetodisdagigad | %Hﬂﬁ%b dﬁH@lﬁE?lE Br Bt ethfon
agai nst Al DSgakyen®t @@ oldeliY- liln avivacwine @dmnikatiset for tpessbblee 10 for

both t he gag and the e enes. of_ the i.,nvention. F anpl e, Dowbenko et .
al. [Proc. N&FP““R@&BP%§&g°t6°SR§ OteLtifmy %iﬁ&ﬁﬁq$g®% used a 2.2 kil obase
(kb) fragnent fromthe 5 region of the viral genone as a source of the gag

gene. Alternati VqlslSlaQ%@Omm 1 rﬁmm{d i Mdieded Nes 15nep§euteal

genone of HTLV-I has ‘been-integrated can be the gene source, %Shag
Sci ence P@6: fPGSbPIQBH‘F ge%oAndethy enfvogenes @f otha ohay§nhioR- (ERE. such
genom ¢ DNA fxkamiphi® ,CBlowdeinkice@ted W tIPHdE.V-Ndt1l | cAedd ai $ici heuesvagene. 20

1t QSt{Xefata‘)ahB% 333)0 e, BB 405 RLOBEIES AP PPRGRERLSEEOROL
of DNA t hat mﬁecﬁdpkenann of the viral genome as a source of the gag
gene. Alternatlvely._genomlc DNA from cells 1nto whlch the
15 proviral genome of HTLV-III has been 1ntegrated can be the
gene source . [Shaw et al.. Science 226:1165. (1984)] Crowl et
al. [Cell 41:979 (1985)I have used such genomic DNA from H9

_cells 1nfected with HTLV-III to obtain the env .gene.

20 | Alternat1ves to the 1solat10n of the gag and env genes
| 1nc1ude ‘but. are not 11m1ted to the chemlcal synthesis of the
gene sequences and_the preparatlon of DNA that is complemen-
_tary to.the meesenger RNA produced from the genes.

25 Regardlese of ite'souree._DNA encoding the gag and env o’
| proteihs caﬁ be cloned into bacteria, and clones containing
the gag or env genes can be identified by methods that are
well known in the art. For'example. complimentary DNA (cDNA)
_probes could Be prepared for the genes and used to detect
30 Clones bearing the_genes through hybridization techniques.

In a preferred embodlment of the present invention, a
genom1c library constructed by Xbal digestion. of the DNA of
the HTLV-III- 1nfected.H9 cells described above was cloned

35 using a phage M\ vector. and clones bearing the HTLV-III
proviral genome were identified by'hybridization with
- HTLV-III cDNA,.éhe such clone was designated A\HXB-3, and a



itary,to t he nessenger RNA produced fromthe genes. 25 Regar dl ess of

I t sxgource, DNA encoding the gag and env proteins can be cloned into
.bacteria, and clones cont-ai ning the gag or. env gepes can be identified by
met hods that are well known in the art. For exanple, conplinmentary DNA
(cDNA) probes could be prepared for the 99”25 and used to detect 30 clones
bearing the genes through hybridization techniques. In a preferred

enbodi nrent of the present invention, a genomc |ibrary constructed by Xbal

digestion of theoDhkeelpabe ﬁrbé’méht éntoaiag WBsecbes tesgagbed adhrue as |

cloned 35 wusin v s ;bearin LV-II
proviral genoﬁﬁgﬁﬁ+£ %%n£ {%&eg S}?g?géPFgﬁ ﬂﬂ?ﬁsH?g %I NAne
such cl one wesremstiyhsit eboherr] and a - 10 - 1700 base-pair fragment
encodi ng nost of the gag precursor protein was isolated by Cal/H ncl

di gestion of the DNA fromthis clone. 5 The i medi ate source of env
gene sequénces u§§@e|hmmﬁélﬁﬁéf%@ﬂéﬁeeﬁﬁoﬁnWEﬁﬁnéfS?ﬁéenneénpﬁsﬂ vids the
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P asm P \) e | SOl ate the an env

P eaoe o PErLuil 3 ‘SidaTr e L REPEEe *En Phs, BRPELER1phOBE IR T R Bone-
whi ch con®ai rEnv heeghenees scomtatsing ¢odonsaAbZr kpt 60 wadet pdtgliaeidobyof
the inserted eaé?ﬂﬂﬁ@f&&r I ’ﬁf@ié'&v&!;@nbflgpYsghﬁheﬁEV&)‘eﬁﬁ}nihs%&f

segments of chromoSomal, nonchrono- sonmal and synthetic DNA sequences such
as~various known bacterlal pl asm ds, phage DNA, conbinations of plasnids
and 20 phage DNAsOmseehidenpl fbed dsndhisblateéd, behe gadi Anédehe g@plesy ogfhage

DNA or ot her §¥Eﬁ§f§{0§&§°fﬁ£8£t§§q¥§@89§n Qﬁpropriate expression vehicle
15 which contains the elements necessary for transcription and
-translation of the-inser?ed gene sequences. Useful cloning
“vehicles may consist of segments of cliromosomal, nonchromo-
- somal and synthetic DNA sequences such as various known
"bacterial plasmids, phage DNA, combinations of plasmids and
20 phage DNAs such as plasmids which have been modified to
employ phage DNA or other expression control sequences, or
yeast plasmids. Specific cloning vehicles which could be
used include but are not limited to the pEV-vrf plasmids
(pEV-vrfl,-2 and -3), SV40, adenhovirus, yeast, lambda
2% gt-WES-lambda B, Charon 4A and 28, lambda-gt-l-lambda B,
- Ml3-derived vectors such as pucCcs8, 9, 18 and 19, pBR313, 322
and 325, pACl05, pVAS1l, pACYl77, pKH47, pACYCl84, pUB11O0,
"pPMB9, CoOlEl, pSCl0l, pml2l, RSF2124;'pCRl or RPA4.

30 - - The insertion of the gag and env-'genes into a cloning
‘vector is easilyiaccomplisﬁed when both the genes and the
- désired cloning vehicle have been cut with the same restric-
tion enzyme or enzymes, since complementary DNA termini are
thereby produced. If this cannot be accomplished, it may be
35 necessary to modify the cut ends that are produced by
digesting back single-stranded DNA to produce blunt ends, or
by achieving the same result by filling in the single-



yeast plasm ds. Specific cloning vehicles which could be used include but
are not limted to the pEV-vrf plasmds (pEV-vrfl,-2 and -3).-Sv40, N~
adenovirus, yeast, |anbda 25 gt-WES-Ianbda B. Charon 4A and 28, ° ' '
| anbda-gt-I-lanbda B. ML3-derived vectors such as puC8, 9, 18 and 19;
pBR313; 322 and 325, pACl05, pVAS51, pACY177,,pKH47, pACYCl184, pUB110, pMB9,
Col El ,. pSC101, pnil21, RSF2124, pCRl1 or RP4. “30 The insertion of the

"gag and env genes into a cloning vector is easily acconplished when both

the genes and-gtgani®sd rednﬁi@ﬂlwgtneanhgphwem@eﬂm[p).}\lApmty*méﬁheséanﬁx
restric- tion enzyne or L nc nt ar ter
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nodi fy the culigase m#natbareaprbddcedtbykdln:geaaltngeﬂack asiyn @ it es tdemnickesl DNA
to produce bl h ul fjl
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way, bl unts- erento. gele OPNA termindnzfue s&éﬁk&§3TmaM\IAOMPga-§@ e arri ed

out. Al ternatéyﬂ;anu@r%@ia@ ds%NAadeaainbe aheeu@eéelahl iic#alo& inue | eot i de
sequences (linkers onto

i nk ers ma coO
e b ARSI SetNERERE. ( FRP BhEaNEd, vectod, PoR e SAS 0 ¢ i on
sequences. Thentl@awedfw&qmentandayha1gegbendoddtigdneyfmmmayuhyMHniéuso
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Enzynol ogy 68: ee ert her ag or env gené-or r agnent
t her eof R&s b@kﬁﬂ?hberted into an appropriate cloning vehlcle t he ot her
gene or gene fragment can be introduced into the 15. vehicle by judicious
restriction endonucl easge, cl eayvage to place. the _second gene or gene fragment
Phe sad B t orkhergel

into j uxtapositi oG tFt TR 1 FPEL 9P hRF BYVCPERE RG 2 FE&IBE ek
course if thehgmopeen nsepeedsinte aheappabbyiayet kdoniad, vehd s, whegene

coul d be diregidyr GHWCSH f0fe! PLAGHEAEICER BeSifYrOduced into the
15 vehicle by judicious restriction endonuclease cleavage to
place the second gene or gene fragment into -juxtaposition
with the flrst. thereby’ creatlng a fusion gene. Of course if
the gag and env genes are chemically synthesized, the fusion
gene could be -directly produced.and introduced as a single
20 DNA fragment into the cloning -vehicle.

In the preferred. embodiment of the present invention,
the ClalI/HincII digestion fragment containing the gag gene
from AHXB-3 described above was ligated into plasmid

25 pPEV-vrf2 which had been cleéved with Clal and Puvll to
produce a recombinant expression plasmid pEV2/gag 15-512
(Fig. 1, upper drawing) that directed the synthesis of a 56
Kd protein comprising gag residues 15-512. The gag sequences
downstream of a Bglll site near residue 437 were then

30 replaced with env sequences in-a BglII/HindIIl fragment from
the derivative of plasmid pEV3/env 44-640 (having residues
514-524 deleted).described_above-to'produce plasmid pEV2/gag
15-436/env. 467-640 A 514-524 bearing the gag/env fusion
gene (Fig. 1, lower drawingj.

35 . e _ L _
Full details of this construction are provided below in

the section entitled "Example", in particular in subsections



20 DNA fragment into, the cloning vehicle. In the preferred enbodi nent of
the.QJesent i‘nvention, the Cal/Hncll digestion fragnent containing the
.gag gene from[err] descri bed. above was ligated into.plasmd 25 pEV-vrf2
whi ch had "been cleaved with-Clal and Puvll to produce a reconbi nant
expression plasmd pEV2/gag 15-512 (Fig. 1, ypper drawing) that directed
the synthesis of a 56. Kd protein conprising gag residues 15-512. The gag
sequences downstream of a Bglll site near residue 437 were then 30 repl aced
with env sequema:es BE.N ThéBgludYdindidid feaprende foDmhdegalgs évat g¥Re0bf the
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particular in secti ons nucl’el ¢ acid sequence
the gag/eny géMerstnoe dfeeialiawitl o medt [ det ermined by the cheni cal

cl eavage nmet hod of Maxam et aI , Methods in . Enzynol ogy 65: 499 (1980)] and

the ami no acid se ence of a env rotein predicted 5 t efro ar
shown in Fig. 2. tqﬂf(ﬂ %ﬁ%ﬁ?tﬁhﬂ S% % i hot tﬂb s

I nvention contiaiwermimmrcomnmrrmdearoxaoﬂam tmm{ehaactmbseslsetﬂatomsgl bet
for desired tr 4y lthn [ c I sqqs
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cells into whiagfa mlwwlsdw%d&qmw% tgstd 5 SHeadmpi®iPiafi ed when
the host cells oth mnse .l ac the ctivities, COGE%IbUted by115 t he vegtors.

vashould be GEEIETARSE (i | SR R R RS breetls 1nto which

such vectors have been inserted is greatly 31mp11f1ed when
the host cells otherwise lack the activities contributed by
15 = the vectors. '

1t should be understood that the nucleotide sequences.of
- the gag and env gene fragments inserted at a'selected'site
in a cloning vehicle may include nucleotides which are not
20 part of the actual structural genes. Alternatively, the gene
fragments may contain only part of the complete genes. All
that is required is that the gene fragments inserted into
the cloning:vehicle be capable of directing the production
. in an appropriate host organism of a polypeptide or protein
A 25 having"at least one antigenic determinant corresponding to
the sequences  of the gag and env proteins.

-The selection of an appropriate host organism is
. affected by a number of factors known in the art. These
.30 .factors include, for example, compatibility with the chosen
vector, toxicity of proteins encoded by the hybrid plasmid,
ease of recovery of the desired protein, expression charac-
teristics, biosafety and costs. A balance of these factors
must be struck, and it must be understood that not all hosts
.35 will be equally effective for expression of a particular
recombinant DNA molecule.



the gag and env gene fragnents inserted at a selected site in a cloning -
vehi cl e may include nucl eotides which are not 20 part of the actwual &qé
structural genes. Alternatively, the gene fragnments may contain only part
of the conplete genes. Al that is required is that the gene fragnents
inserted into the cloning vehicle be capablé?ci directing the production in
an appropriate host organi smof a polypeptide or protein 25 having at

| east one antigenic determ nant corresponding to the sequences of the gag
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request. Traﬁsfeﬂs@ff&h@l&emmﬂmk&bﬁe(npnnrgpquesor into the host :

15 Transfer of the recombinant cloning vector into the host
cell may be carried out in a variety of ways. Depending upon
the particular vector/hbst cell system chosen, such transfer
may be effected by transformation, transduction or transfec-
tion. Once such a modified host cell is produced, the cell

20 can be cultured and the protein expression product may be
isolated from the culture. -

As produced in E. coli, the gag/env protein is largely

confined to cytoplasmic inclusion bodies (insoluble protein

25 aggregates) of the bacterium, a fact which greatly facili- o/
tates purification of the protein. To isolate the gag/env '
protein product of this invention, the bacterial cells are
preferably disrupted or lysed and the insoluble protein is
recovered by centrifugation. Substantial purification can

39 then be obtained by sequential washing of the precipitate
with increasing concentrations of urea followed by the use
of standatd protein purification techniques.

For small amounts of material such as samples taken for
35 polyacrylamide gel electrophoretic analysis, the cells can
be disrupted by treatment with a detergent such as sodium
dodecyl sulfate (SDS). Larger quantities of the protein are



cellvnay be carried Qut in a variety of ways. Dependi ng upon the particul ar
veck‘j/host tel |l - system chosen, such transfer may be effected by
tgansfornatlon transduction. or transfec- tion. Opce such a nodified host
cell is produced, the cell 20 can be cultured and the protein expression
product may be isolated fromthe culture. As produced in E. coli, the
gag/env protein is largely confined to cytoplasnic inclusion bodies
(i nsol uble protein 25 aggregates) of the bacteriun1 a fact which greatly

facili- tates |f| th ol ate .t he /.env, protein
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purification can 30 "then be obtained by sequential washing of the

precipitate with increasing concentrations of urea followed by the use of
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such as  HrA pysgsimerrhsbé Béeneuauaf 't:Sl sehh)évdl thePkand r@shad . ifmie the
| eakage of the mes such as 10

e z
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could also b
15 Once freed from the'cells. the gag/env prbtéin may be
' identified in the mlxturs by any of the methods known in the
art. For example, a radlolmmunoassay or enzyme-linked
“immunosorbent assay could be carried out using antibodies
'against the ptotein Preferably, the p:oteih is identified
20 by SDS polyacrylamide gel electrophore51s followed by R
Western blot or similar analysis.

_ The gag/env proteln of the invention can be concentrated
by prec1pltat10n w1th salts such as sodium or ammonium
25 sulfate, by ultra£11t:at10n or by the use of other methods
well known to those skilled in the art Further pur1f1cat10n
can be accomplished by conventional protéin purifisation
' techniques including but not limited to gel filtration,
ion—eichange'éhromatography,'preparative'disc;gel or curtain
30 electrophoresis, isoelectric focusing, low temperature
| ~organic solvent fractionation or countercurrent distribution.

‘Because the gag/env protein contains antigenic deter-
minants'from two major componénts of the HTLV-III virus, and
35 because this virus is the principal etiologic agent in AIDS
and is immunologically related to the other-viral agents
 which have been implicated in or associated with AIDS or



15 Once freed fromthe cells, the gag/env protein may be identified in
the m xture by any of the nethods known in the art. For exanple, ‘a Mot
(adi oi munoassay or enzyne-linked inmunosorbent assay could be carried out
usi ng anti bodi es against the protein. Preferably, the protein is identified
20 by SDS pol yacryl am de gel el ectrophoresiggfollowed by Western blot or
simlar analysis. The gag/env protein of the I nvention can be concentrated
by precipitation with salts such as sodi umor amonium 25 sulfate, by
ultrafiltratiyne,orcHey piﬂtﬂ:ejsm 0 atpewentd hodlsagrbstkoovnolofblosdeskil | ed

in the art. Further, ur| td.on h ogye a
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contains &ntigenic deter- mnants fromtwo nmaj or .conponents of the HTLV-11I
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with a human serum sample. Antlbodles aga1nst AIDS v1ruses
in the sample would bind to the 1mmob1112ed protein, and the

15 complexes thus formed could be detected by the use of a

| .reagent such as Staphylococcus aureus protein A (labeled
'e g., with Iodlne-lzs) 6: a second anti- human 1gG antlbody
(1abe1ed e.g.., w1th a rad101sotope or with horseradish or
1actoperox1dase) aftez uncomplexed proteins and antibodies

zo have been washed away. Many varlatlons on these themes will
be apparent to the skllled artlsan. some of which are
suggested below. '

Through the use of antibodies.against the gag/env _
_25. protein, a varzety of d1agnost1c tests for the. _presence of o
'AIDS viruses or partlcles therefrom in human serum or in
other b1olog1ca1 flulds can be devised. Such antibodies can
be produced by 1nJect1ng a mammallan or av1an an1ma1 with a
sufflclent amount of a vacclne formulatlon comprising the
36 protein and a compatible pharmaceutical carrier to elicit
the production'otlantibodies against the p:otein, The
approptiate amount of the'protein which would be required
uould be known to one of skill in the art or could be
determined by routlne exper1mentat1on. As used in connection
35 with this 1nvent10n. the term “pharmaceutlcal carr1er“ can
| mean e1ther the standard comp031t10ns which are suitable for

human adm1nlstzatlon or the typical adjuvants employed in



‘coul d.be i mobilized on a solid support and then contacted with a hunan

ser uqsanpl e.” Ant:i bodi es agai nst - AIDS viruses in the sanple would bind to
the i'tmobilized protein, and the 15 conpl exes thus _.formed coul d be
detected by the use of a reagent such as St @ylechus'aureus protein A
(labeled, e.g.. with lodine-125) or a second anti-human |1gG anti body

(l abel ed, e.g., with a radi oi sotope or with horseradi sh or | actoperoxi dase)
after unconpl gxeehanr HaRicinaibmEt i bodi es 20 have been washed away. Many
variations on these themes will be apparent to.the skilled artisan, sonme of
whi ch are suggested bel ow. Through the use of antibodi es agai nst the

gag/ env 25 prot eismitabia iasl juvdntl dipwsthe vast sndbionhef paprsmate of Al DS

viruses or particles therefrom i g U [..1n, ot bl plogical fluids
can be devi se&.ncéﬂll?ﬁ gaﬁebl Bdd &°€aﬁq@epd:g{a°u?e§&b§8i %j g‘g‘%‘?%gé r%gm‘ral i an or
avi an ani nRl \linclomp ledfef iad jarmantointt cfuitatkei fer funanaef ohivesperki ng
the 30 protei; nd 22 seRRE 1Y § §¢FHJ¥H¥%Ei rédi€r Lonplhsl

producti on th%ﬁﬁfbggfes ag&%ﬂn(t e protelH&é#%g@a%i?bpé?gfgagngaﬁgséfafﬁe
protei n whi cha3Rguiad Usd B MORKE SRARAF Db IGRAVTIREBME FPLSKFPFR| ASt Rdlar ¢

or coul d be deiigfi My fok Iqult | AMPunERned i pRIE Pt ©8. akd abed; | sueceaseahten 35

ith thi i ti , he t . . i . ier" eLth th
St andar d compBuah G Hhadt B A R4Sy EARLAE] 10801 FEFPRER ) NET e
t ypi cal aﬂ¢uvddmaUhnidgﬁn;adecylamggniumuﬁrnmiﬁacdeﬂN+®thtSQEFM%FB'-
adj uvants for 1§ 3GCIHIREd ARy S hy?il g0 Pan 81 AEROY! mEEhORYhbkERbEY 142y -

i
Freund's conplete or 5 i'nconpl et e %ﬁiuvan; (not syitable for human or
li vest ock use)Cerad .urde Hi?%?ﬂﬂﬂeﬁ ¥R et Y 3R OnFpfRFRe2RoRYERBat e and
al\wri nuM nonowlearaie )su 1At 6 NGB TE) Speligdic Al bk Uac bd nusa Bydpeli flepep-
aIun1nun1phOSQQ%%% %g%&ﬂégnm€¥ggf¥néqgé$tide, dimethylglycine, tuftsin;
1s and oil emulsions. The gag/env protein could also be
administered fo;lowinq incorporation into liposomes or other
microcarriers, or after conjugation to polysaccharides,

other proteins or other polymers.

20 Typically, the initial vaccination is followed some
‘weeks later by ohe or more "booster" vaccinations, the net
effect of which is the production of high titers of
antibodies against the gag/env protein, which can be
harvested in the usual way. '
o 25 ' '
Of course, monoclonal antibodies against the protein
- could be produced through current technology to achieve the
same resulff-Somatic cells with the ability to produce
antibodies, such as B cells, may be fused with myeloma cell
30 lines to produce hybridoma cells. These cells may be
cultured in vitro or as ascites tumors indefinitely to-
“'produce large quantities of specific antibodies. Because
" hybridoma cells may be readily cloned, it is possible to
frapidly produce large numbers of cells, all of which produce
35 the same specific antibody molecules directed to a common
‘antigenic determinant. This exceptional uniformity in
'ahtibody-production:may be advantageous where the antibodies

* Registered Trade Mark



such as hexadecyl am ne, octadecylam ne, lysolecithin, 10,

di net hyl di oct adecyl anmoni um brom de, N -N-di octadecyl-N- 1 - c ]
- N bi s(2- hydr oxyet hyl - propanedi am ne). met hoxyhexadecyl gl y- cerol, and
pl uroni c pol yol s: pol yani ons such as pyran, dextran sulfate, poly IC
pol yacrylic acid, carbopol ; pep- tides such _as muranyl dipeptide,

di met hyl gl ycine, tuftsin: 15 and oil emufsitdns. The gag/env protein coul d
al so be adm nistered followi ng incorporation into |iposones or other

m crocarrier Saré)rt@fﬁé‘ru Of] {ga 'bgg-l QCpQEXEES%Q’Ei“ Q%%t ot her proteins or
yplcal y, the

ot her pol yners. vaccination is fol | oned some
weeks | at er.. by one or nore "booster™ vaCC|nat|ons “the net effect of which

is the productlomﬁipmlméstsﬁa QFlaahlsbeél %ﬁlﬁﬂ@dsn%tf tafhfin&fﬁ egﬂe’mFHé)tb%} n,

whi ch can be harvested in'the usyua our se, nonocl onal

anti bodi es agHHRGEIMR cﬁ‘%l‘?lnEbﬁPH B epFS&HS@&et“ﬁr SOYE @8 19EntB ta’dkfol ogy
to achieve thxltiowgh ebtilis Sgaalig £ehbsblet ot h%m@b‘e' 't‘h\és'feo dHIQ.CHJCﬁ:om

dwth lines to
P oduce. hybr ETRIEL €6 ‘SudBYar PahoE0 Bkt ReReR Eh Tited GLeer asct es
tunors |ndehlﬁQk§§AQn&rﬂqniﬁeandrgetqnahvmphesymbsspeelhbstamméannxiy

Because hybr iy 1“1?'&%&"@&’0!@5 ﬁ@@@ﬁb?l% Egt gl'l§ 58%&'2 %bth.sr amuqua%ﬁl c

d I nunbers_ of cell ame ‘spec
g:l'gl gggy ?nr)? nas i f g% PR o°'éh%5nﬂﬁh‘“%ﬁ§| BEEN} Bet Bﬁﬁﬁnéﬁ‘ts':e'ﬁﬁ S

exceptiomel uniformty in antibody production nay bebadvanéageous mhere t he
* I C
oot e oo SrnpRathe e AR kaq aydTopa kBRI 1ReYS RN YRR hot iy O
developed from lymphocytlc tumors for use in hybridoma
~production [Kéhler and Milstein, European J. Immunol. 6:511
(1976):-Shu1man,et.al‘. Nature 276:269 (1978)]. Of the many
15 such cell lines produced, P3/X63-Ag 8, P3/NS1/l-Ag 4-1,
Sp2/0-Agl4, and-SlS4/5.§XO.BU.1 have frequently been used.

The fusion of the antibody-producing spleen or lymph

node cells with myeloma cells to produce hybtidomas is

20 usually carried out with an excess of splenocytes or
IYmphocytes-over myeloma cells that may be as high as 20:1
although, typically, lower ratios are used. Fusion is
facilitated by the use of a fusion-promoting agent such as
UV-inactivated Sendai virus or polyethylene glycol (PEG).

25 Gefter et al. [Somatic Cell Genet. 3:231 (1977)] have
reported that .combining dimethyl sulfoxide with PEG further
enhances cell fusion. Electrical devices are also available

>

which can fuse cells with an exceptionally high degree of
efficiency. |
30 _ | - - -
Once fusion has occurred, the hybridoma cells must be
selected from ;he unfused parental cell strains. This
selection process may be readily accomplished by culturing
the cells in a medium that supports hybridoma but not -
35 parental cell growth. The somatic B cells used in the fusion
have limited lifespans in culture and thus will be lost as
they undergo senseéence and death, but the parental myeloma

-



ﬁnjecLion of an antigen are convenient sources of B cells, 5 although it is
equally feasi'ble to remove these cells fromunsensitized anlnals and to
prine themin'vitro after isolation. Muse and rat. B | ynphocytes are nost
frequently-used in hybridom productlon but cell's fromrabbits, human

bei ngs, frogs or other animals m ght be used instead. 10 Numerous
specialized nyeloma cell |ines have been devaBoped from | ynphocytic tunors
for use in hybridoma production [err] and M| stein, European J. |nmunol.

6: 511 (1976); e 276:.269 (1978 CI t he uch
cell 1ines proﬁﬁgiﬁ 3§}R6éng§ygn1§§/ﬁgifprﬂgs % Q 0FRGT qghﬁﬁim*nated
S194/ 5. XXO. BU. byhapecfiakgaebetyibeenechadquébe fu3|on of t he

-anti body- produci ng spleen or-lynph node cells wth nyeloma cells to produce
hybri domas is 20 wusually carried out with an excess of splenocytes or

| ynphocyt es over n¥8l 8nfoB@PREYt HEEAnRYSEEMmas Myedlemas c23.1E &&ﬁkﬁﬂﬂ1hYPO-

typically, sJO\Aﬁanr;ﬂihespﬂsspﬂae%oﬁyi' PPahs ebAGisle tipRG Y alle of a

fusi on- pronDtln e S UV- 1 nactivated Sendai virus or polyethyl ene
gl ycol (PEG). %eF?Hs lag. theoRAAVENEEF| PALhWRY Sor3thergenyiligation
reported that Gﬂnbym)ﬂendhﬁmé hfkesubhsyi dadwechhnBEGshuthiiber ignangem iasld

f usi on. Electr I j C ai L abl.e i.ch an fuse cells with an
- exceptionally ?gh ggé?egéogﬁgP§k§?é§§y.kgo &ﬁ?htPuf 8ﬁkh§§ o?@hf}ed’ t he
hybri dona cel | Bupine 8gntheticepathwavsheTheaf nyedopar earanted| lcedtimimay.
This sel eqlg ontﬂﬁecsassmcéearsaﬁahxtasgoeﬁhgﬁmagbxh@ukh'é&'orag uhh&‘ﬁf‘dT'ﬁ

in a nmedi umt hat suggorts arent a

h b no
somatic B cel | BYRQ¥ HlPﬁézpbgPBﬁeﬁéQétPYWFFéEQIKﬁ@gﬂaﬂ§dlﬁmuﬂﬂhk¥9z%ﬂf
thud will. be |ngbribdondeyelDsewyblseasetescauandodeaih cohtic it iRaT OF MPRT

”Ve'O”H by the antibody-producing fusion parental cells.

15 After a period of selection culturing, the surviving
hybridoma cells may be g;oned, stocks may be grown up by
standard cell culture methods, and clones producing desired
specific immunoglobulins may be detected by enzyme-linked

-~ immunosorbent assay (ELISA) or by other tests, based upon

20 the use of ‘the antlgen agalnst which the antibodies are

directed. '

‘The anti-gag/env protein antibodies obtainable through
the use of this invention may further be used for the
25 preparation of a variety of diagnostic tests for AIDS
viruses or particles therefrom. Such diagnostic systems
.could take the form of a radioimmunoassay, either in free
solution or solid state. Alternatively, enzyme-linked
immunosorbent assays could be produced, as could assays
30 based on immunoblot analysis. These assays could be direct
" or indirect, with the adpplication of a second antibody
‘directed against the anti-gag/env protein antibodies.
Numerous enzymatic activities could be coupled to the
antibodies, with peroxidase, glucose oxidase, B-galactosi-
35 dase and alka11ne phosphatase being only a few of the possi-
bilities. o '



18 - cells, with indefinite culture |lifespans, nust be elimnated by P
speci al selection techniques. In a coomonly used system nyelona ‘cells At
J acking hypo- 5 xanthine phosphoribosyl transferase (HPRT ) are used :
These cells | ack the scavenger pathway for the reutilization of
hypoxant hi ne free base and cannot survive if _an inhibi- tor, such as

am nopterin, is used.to block the de novo-pkfine synthetic pathmays The
nyel oma parent al ceIIs nay 10 thus be selected agalnst by culturing the
fusion m xture | di il e

t he hybri doma ceI [Prw géejp'{"g&%ﬁie}g)c‘)ﬁl Egt ?gﬁ-{ Fgﬁ I&%@ts\,\{lhe
anti body- proG@@ﬂn@ mﬁﬂ4ﬂ1%&H%WnQﬂ eEher bagloglcaAftépld gempde @mspec-

sel ection culdlel it?d.cdrft@ iTHAIDYS NEL FYDEs d@frafssbiuénaaythereh:%ﬂxdasst&%s
may be grown up standard cel) cult cl ones produci ng

b
desired speci%®d Wik RodiRanR i bt %W%e"’a@t géﬁsbﬁéhﬁ'ﬁﬁetpﬁnﬁéﬂ/em’
| rr:wunosorbentp::ax:fi:sea)n (dﬂ_lf%)mhmntbyg@ﬁl‘ﬂitilﬂﬁdﬁ cbﬁﬁﬂ%dgdﬁOETﬁ@ cbh@l'é/S&sOf
t he antigen t i€ e The_anti-gag/ env :
protein anti: %8% ? \g@al e ea?a,a % ?ie%s%gé?%ﬁ?gthvsﬁf‘%n may further
be used for the 25 preparation of a variety' of diagnostic tests for AlDS
viruses or partiehRgd Rialrddn imuke daee%iicawateasosa%e kak® chRlOrm

of a-radi oi munoassay, either in free solutiop or sol

Al t er nati vel #F e fARYe qq%@ed’%‘fﬁnﬂfbs‘&?’o%ta%ka?%géswd%@tBiadéeééseéélm
could asg@ys c%(ﬁldbmednmnzawrlnbls)tdmwtm dapaeiegsagtchoulsd ipe odier ect

or indirect, th th cat i of second ant bod rec .agai.nst the
anti-gag/env Stgﬁﬁﬁﬁﬁf%ﬁg J#iﬁ%f% %%§§ﬁat g8 %fgvfgpégg&8%%&°ﬂe :
coupled to thssaml.bd‘-dheesnmnaclpmmmﬂa%@;llybdlteseaod|Haﬁe viruses or o/

[err]- ga'aCt9%&a13%rd$ﬁ%i6¥“ﬁé¥*%%'&%&é@%@@hﬁéﬁﬁe BgsPgneNiY @nfiQy Of the
possi- '"bilit
partlcles are coated with the anti-gag/env protein antibo-

15 dies. Such particles,may.be'latex beads, liposomes, erythro-
. Cytes, pblyacrylamide beads, or any of a number of suitable
polymers. ’ ' '

The method for the determination of AIDS virus or of

20 antibodies against AIDS virus as described above can be
conducted in suitable test kits comprising in a container
the gag/env protein of the present invention or antibodies
‘against AIDS virus elicited by the gag/env protein of the

present invention. . ' &;

25 - . _ o :
Crowl et al. [Cell 41, 979-986 (1985)] have described
that the serum of all of 50 AIDS patients tested with
genetically engineered env protein was highly reactive to
the protein. This was true despite the fact that half of
30 these patients were from the west coast of the United
States, and half were from the east coast. The fact that all
of the sera tested were reactive to the env protein showed
that the viruses producing the antibodies that thus reacted,
- although_geog:aphically separated and undoubtedly somewhat
35 genetically different. must have had at least one common or
conserved antigenic determinant in their envelope proteins.

»



- 19 =~ The basic principle underlying many of these tests is that a human
seruw.or other bi-ol ogical fluid sanple suspec- ted to contain AlIDS viruses
or fragnents therefromis reac- ted with a known t.iter of antibodies

agai nst tHe gag/env 5 protein to formantigen-antibody conpl exes. The
conpl exes thus formed are detected by an appropriate nmeans. Those skilled
in thée art wll also recognize that there éf%pnﬁny ot her ways in which
anti-gag/env protein antiserum 10 could be utilized in a diagnostic

capacity, such as gy Qi Hore PFDESi PToRIMNIA PSS | POLEEGE Pus! RasSUEBen

aggl utination assays, the interaction of antibodies and Al DS viruses or-
viral fragmentf® 19 Rduss aptihefy Setwkion dhihlpegei eeesentageoated

\l/)vitg t.hle_ ant i -igagy/ muaﬁrs)t»&im weraimlvﬂ&zsllw Q_S%eﬁgélia%@@é&i%e@h@}iiii?ﬁs'ngt ex
eads, |iposo eryt.nro- cytes, polyacr e beads, or any of a nunber
of suitable 'pgﬁfﬁ%ﬁnlﬁfe'%t%‘d' f%\‘p%/%'e %@%%%t?%n‘ibf' AFYRERFrus or of
20 anti bosli eSaaggaddtararDe tvialus, asupssls | bed above can be conducted in
suitable test kits conprising in a container the gag/env protein of the
present invention or antibodies against AIDS virus elicited by the gag/env
protein of the prdS&An itRAGHNSH, ShP GRANE QPIATVIEEeRs uggFst oBhst the
(1985)] have qayrdiedrddtalid i BN iHveldiod, S¢S PRtienisatesbrd
wth genetlcagéﬁ.en Lneﬁ{ d env rotein wasrgggbly retctlve to the groteln.
This was true FedFTE S £ LR 0L GPHTERRO 7 el et AT eHienaef OF rblie
t he west . toastgagf arnde env tpaod tetiatsenf avid dinl it vies ecdmpmidde, eastildobet. The
fact that all sgnddiGetild P HAlIHA dFAd hdp B8 "£Lchf Rigyed
, i : i .
that the viruses pr(;% uci ng the anti od-lfggsi trLat t‘ﬁus resgc ue%?%l%ﬁo%g &F
geegr aphi cal | Ya§&d&e€at ed and undoubt edl y sonewhat 35 genetically
different, nmust have had at |east one conmon or conserved antigenic
determ nant in th%hhs%n%%go%%gg%%kggT%tein (either produced as described
15 herein or chemically synthesized) can be used in a vaccine
- formulation comprising the protein and a compatible pharma-
ceutical carrier. The pﬁqtein can be used as purified in
such formulations, or it can be made more immunogenic by
modifications known in the art. For example, the protein can
20 be converted into a highly immunogenic matrix by reaction
with a cross-linking agent such as 1,3-dicyclohexylcarbodi-
- imide. Alternatively, the protein could be covalently
- coupled to a highly immunogenic protein carrier molecule,
either directly or with an appropriate linker molecule.

25 Carrier molecules which could be used include, e.g., limpet
- hemocyanin and various bacterial toxoids (inactive toxins)
such as diphtheria toxoid. Where the gag/env protein is

conjugated to a bacterial toxoid, a bivalent vaccine formu-
lation can be produced that will provide protection against
30 both AIDS and the bacterium from which the toxoid was

- derived.

- ‘Routes of administration, antigen dose, number frequency
of injections are all factors falling within the ordinary
35 skill in the art.



-20- The gag core protein of the AIDS retrovirus has been found to induce
anti body formation in a | arge percentage of individuals who had preV|ousLy
been exposed to the virus [Montagnier et al., supra: [err] et al., supra; 5
Sar ngadharan et al., supra]. Taken together, the above observations ‘'suggest
that the gag/env protein of this invention2 whi ch has at |east one
antigeni c determ nant corresponding to the QEquences of the 10 gag and env
proteins of which it is conprised, would be i mmunogenic in human bei ngs and
may be useful as an AIDS vaccine. Thus, g#kgmgag/ env. protein (either
produced as described 15 herein or chenicalTy synthesized) can be used in
a vaccine fornul ation conprising the protein and a conpati bl e phar ma-

ceuti cal cgrrlerThIhEomloweng d&nabgdmyﬁiﬁttunqIéx&%?IGTfﬂKﬂB%ﬂdﬂﬂh@tt@@S
or it can be e .no ogeni c modi.ficatjons t he ar For
exanpl e, themggg?gﬁn gaﬁgngﬂ geIESR ARRRY (VES Efﬁniﬂﬁ%ﬁMhﬁnﬁﬂ@eﬁ?%}ﬁﬁ rix
by reactison proheancobsshei HTLNg Idde mi rausc v axs bie :-‘pnbduuﬁd)helayl chidodi -
e oont Cr B2ARYELY: thBCeBA LG A AbPDLarW AL AU Hudf Br NATLY

| mrunogeni ¢ protein carrier t her, dlrect y or Wit

appropri ate wnhkebenéeéeﬁnéedzan detaildr bediostul es which coul d be used

I ncl ude, e.g., Ilnpet henDcyanln and various bacterial toxoids (inactive

o Shcrer el DD RR bR banthe e R A YR oA AL B
that wililo provide protket fansagdidnsamido- teantindIDS eriduds) et elie ugadrom
whi ch the toxoid was depbveds gﬁ‘éﬁﬁﬁdo‘cf];gg{n#sc%?{ﬁdlﬂ{h mqgeﬁagée

nunber frequency of i hectlons are al
35 skill in the art. \iXB-3 and ligated into E. coli expresslon

plasmid pEV-vrf2 to produce plasmid pEV2/gag 15-512;

15 - (2) DNA sequences correspdnding the env amino acid
residues 319-331 were deleted from expression
plasmid pEv3/eﬁv 44-640 by primer-directed .
mutagenesis to produce plasmid pEV/env 44-640 ¢

319-331;
20 _ . _ .
(3) Primer-directed mutagenesis was carried out on
plasmid pEV/env 44-640 A 319-331 to produce the
deletion of nucleotides encoding amino acid
_ residues 514-524 and plasmid pEV3/env 44-640 ¢ _
25 319-331 A 514-524; and ~

{4) A restriction endonuclease fragment of the env gene
from plasmid pEV/env 44-640 A 319-331 A 514-524
encoding env residues 467-640 A 514-524 was '
30 ligated into cleaved plasmid pEV2/gag 15-512,
thereby producing a fusion gene encoding gag
residues 15-436 and env residues 467-640 A
514-524 in plasmid pEV2/gag 15-436/env 467-640 A
514-524.
35

-

e ordlnary\_J



- 21 - EXAMPLE The following is a non-liniting exanple illustrating the
met lads by wHi ch -a reconbi nant vector encoding the gag/env 5 protein of

the HTLV-111 virus can be produced. In this exanpl e, the follow ng steps
were carried out, each of which will be described ih*detail below (1) The
DNA sequence encodi ng residues 15-512 (all but 10 the first 14

am no-term nal residues) of the gag gene Wwas?exti sed from reconbi nant phage
clone [err] and ligated into E. coli expression plasmd pEV-vrf2 to produce

plasmi d pEV2/ 9ag B ¥ekn Brage of Xne R¥hSEANGILST SPLLEERONGLEG the env

am no acid residues 319-331 were del eted Trom expression pla pEV3/ env
44-640 by pri rF@rP-:(ﬁdr"é%ﬂde(?met‘zﬁj@fé%q@Q@fprMeF pleehi os pEi mrMCds B40
[err] 319-331;(pRK24B)c1thd)i.ner-directed nutagenesis was carried out on
plasm d pEV/env 44-640 [err] 319-331 to. produce the deletion of nucleotides
encodi ng am no acid residues 514-524 and plasm d pEV3/env 44-640 [err] 25

319- 331 [ % r] P514-GENERAIN PROCEDURESe FIOH RECOMEINANTIO/ECTOR (PREPERAT bt he
env gene fromplasm d pEV/env 44-640 [err] 319-331 [err] 514-524 encodi ng

env residues 467-640 [err] 514-524 was 30 . ligated into cleaved
pl asnm d pEV2/ gag EP 2v produci ng a fusion gene encoding gag
resi dues 15-436 and env residues 467-640 [err] 514-524 in plasm d pEV2/ gag

15- 436/ env 467_64gmL%ﬁrLc§%%_§%%1;¥ion of plasmid DNA from 1 ml of

10 saturated overnight cultures was carried out according to
the procedure of Birnboim et al. [Nucleic Acids Research
N 7:1513 (1979)). This procedure allows the isolation of a
small quantity of DNA from a bacterial colony for analytical
purposes. Larger amounts of plasmid DNA were prepared using
15 1l-liter cultures following a standard protocol with cesium

chloride centrifugation;’

2

CONDITIONS FOR ENZYMATIC REACTIONS

20 The restriction enzymes and the T4 DNA ligase used were
all products of New England BioLabs, Beverly, MA. The
methods and conditions for the use of these enzymes were
those published by the manufacturer. '

25 For the restriction endonucleases, a unit of activity is
defined as the amount of enzyme'needed to produce a complete
digest of 1.0.ug DNA in 60 minutes in a total reaction

- volume of 0.05 ml, with digestion carried out at 37°C. The
digestion mixtures, in addition to the DNA to be cleaved,

30 contained 100 ug/ml bovine serum albumin and the following
‘buffer components: '

BglIl : 100 mM NaCl, 10 mM Tris-HCl1l (pH 7.4), 10 mM MgCl2
and 10 mM- 2-mercaptoethanol (2-ME)

35 ' I ' o :

Clal : 50 mM NaCl, 6 mM Tris-HCl (pH 7.9) and 6 mM MgCl2
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- 22 - At each stage of the construction plasm ds were reproduced by

transformati

on into E. coli strain MCLI061 (pRK248clts.). 5 A GENERAL &

RROCEDURES FOR RECOMBI NANT VECTOR PREPARATI ON DNA PREPARATI ON Snal | scal e

I sol ati on of
carried out
Research 7:1
quantity of
amounts of p
standard pro

ENZYMATI C REACTI ONS 2@nd 1 mM dithiqthye

used were al
conditions f
manuf act ur er
is definegl a

plasmd DNA from1l m of 10 saturated overnight cul tures was
according to the procedure of %% nboimet al. [Nucleic Acids
513 (1979)].. This procedure afl ~the isolation of a small
DNA from a bacterial colony for analytical purposes. Larger
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tocol with cesium chl orjde Centrtfggﬁé on. CONDI TI ONS FOR2
Heen and the T4 DNA |igase

| products of New Engl and Bi oLabs, Beverly, MA The' nethods and

k3 217 S AR TR0 TR LS RCEC PRl 80T AT O BR ity

s the anoMgcC enzyne needed to produce a conplete digest of

1.0 [err] DNAin 60 mnutés in a total reaction volunme of 0.05 m, with

di gestion ca

rried out at [Jerr] The digestion mxtures, in_addition_to the

-

DNA to be cl &#dd: 306 BhKGhed QoW [Br8-HOVi FREsZr fidr aFBuMInMERd ot he
follow ng buffer compawantismMgprtt : 100 MM NaCl, 10 nM Tris-HCO (pH 7.4),
10 MM [err] and 10 mM 2- ner capt oet hanol (2-Mg) 35 Clal : 50 MM NaCl, 6 ni
Tris-HO (pH 7.9) and 6 nM [err] - 23 -
10 Pstl : 100 mM NaCl, 10 mM Tris-HCl (pH:7.5) and 10 mM’
MgCl2
PvulIl : 60 mM NaCl, 6 mM Tris-HCl (pH 7.5), 6 mM'MgCI2
and 6 mM 2-ME '
15 : :
Stul : 100 mM NacCl, 10’mM Tris-HCl (pH 8.0), 10 mM MgCl2
and 6 mM 2-ME
T4 DNA ligation was carried out at 16°C in a mixture
20 . containing the DNA and 50 mM Tris-HCl (pH 7.8), 10 mM
MgClz. 20 mM DTT, 1.0 mM ATP and 50 ug/ml bovine serum
albumin. A unit of T4 DNA ligase activity is defined as the
amount required to give 50% ligation of HindIII fragments of
lambda DNA in 30 minutes at 16°C in 20 ul of incubation
25 mixture and a 5* 'DNA termini concentration of 0.12 uM (300
ug/ml). ' )
PURIFICATION OF DNA FRAGMENTS IN AGAROSE
30 Following restriction endonuclease cleavage, DNA
fragments for cloning were isolated by electrophoresis in 1%
agarose. After visualization by 1 ng/ml ethidium bromide,
slices of the gel containing desired DNA fragments were
extruded through a 21 gauge heedle into 4 ml of a solution
a5 containing 10 mM Tris-HCl (pH 7.4), 1 mM EDTA and 300 mM

" NaCl. This mixture was then frozen for 3 hours at -80°C,

thawed for 30 minutes at 37°C and centrifuged at 10,000 x ¢



Hioncll : 100 MM Nadl,.10 nM Tris-Hd (pH 7.4), 7 mM[err] and 1 mV
dlthxgthreltol (DTT) Hindlll: 50 MM NaCl, 50 M Tris-HO (pH 8.0) and 10 nM
D [err] Hpal : 6 nmMKC1l, 10 M Tris- HC.. (pH 7.4), 10 mM[err]

and 1 "M DTT 10 Pstl : 100 WNINaO 10 mM Tris- HO (pH. 7.5) and 10 nM
[err] *Pvull : 60 mM NaCl, 6 nNITris-HG (pH 7.5), 6 mM[err] and 6 nM 2- MVE
15 Stul : 100 M Nadl, 10 nM Tris-HO (pH €49)5 10 nM[err] and 6 mM 2-ME
T4 DNA |igation was carried out at 16C in a mixture 20 contai ning the DNA

and 50 nmM Tri ( TT TP_ang re]
bovi ne serum gf’ﬁqﬁp %iﬂuﬁﬁ%t #%#%“%%&4 | gg‘stn“é |V|‘€a 1's de f%@dggggllhg 4
anmount requi r 6d 450 mjicrenS8¥d liexatfiidre exf, HanﬂddtﬂatgﬁmﬁusocﬂsImhbdatmNA I n
30 mi nutes at C ' [ eLr u

Cerm ni conceAEPaPLgARSR S etnandy SFgh iadl hiide Aknde Syf (1o
FRAGVENTS | N AGAR@SE 36011 tRMAI |(Swiamg feks BNA) af &mAAIeRase cl eavage,
DNA fragmepits for cloning were isolated by el ectrophoresis in 1% agar ose.

After visualization by 1 [err] ethidiumbronde, slices of the gel

cont ai ni ng deS|re&Q§ﬁﬁg¥&§¥ﬁ%s were extruded through a 21 gauge needl e
into 4 mM of a solutlon 35 containing 10 MM Tris-HO (pH 7.4), 1 nM EDTA
and 300 mM Nad . e i hopr t hawed
for 30 mnutes at I%Fé 1-Ickz!lélnt ‘;U‘??:ati 102(7?9%{2%1363 O}JQSZ%QZP(?O 30

m nutes. The Quﬁelgnytaé?ﬁt aFlIdwldgv\é’é'l 14 tP@r'-’edlt"rﬂfougﬂfél ot 4 Mg$Bp. M | | ex
filter, cppcept byt @dulose. gidmo\ﬂﬂﬁ%asamlno acids, adjusted to pH 7.4.

- Luria Broth (LB) contained 5 ¢ Bactdiyeast extract, 10 g
Bacto-tryptone and 10 g NaCl per liter, adjusted to pH 7.5.

15  The antibiotics tetracycline and ampicillin were added
to final concentrations pf 15 and 50 uglml respectively.

where 1nd1cated

TRANSFORMATION AND ISOLATION OF RECOMBINANTS

20 .
- The transformation of E. coli strain MCl061 (pRK248cIts)
was carried out using a modification of the protocol of

" Kushner [in Genetic Engineering, eds. Boyer et al.,
Elsevier/North-Holland, Amsterdam, p. 17 (1978)],

25 essentially as follows.

Two-hundred ml of the bacterial cells were grown at 30°C
in LB to an 0.D. 600 of between 0.5 and 1.0, after ‘which
the cells were collected by centrifugation at 6, 000 x g for
3b 5 mxnutes at 4°c and resuspended in 50 ml of a solution
h containing 10 mM morphollnopropane_sulfon;c acid (MOPS: pH
7.0) and 10 mM RbCl. The cells were again collected by
centrlfugatlon and resuspended 1n 30 ml of a solution
_ contalnlng 10 mM MOPS (pH 6. 5)._50 mM CaCl2 and 10 mM
35 RbLC1l. After incubatlon at 0°C for 30 mlnutes..the cells were
collected, tesuspended in 6 ml of 10 mM MOPS (pH 6.5) with
50 mM CaCl., 10 mM RbCl and 15% glycerol, aliquoted into

2’
* Registered Trade Mark



sec- butanol and ethanol precipitated three times with 10.[err] of E. col L.
tRNA (transfer RNA) as a carrier. 5 CULTURE MEDI A MOCA nedi um cont ai ned {2
.g Na HPO 3 g [err] 2 4 2 40.59g NaC and 1 g [erf] pér
liter, with 1 nM[err] 10 0.5% glucose and 0.5% casam no aci ds, adj'usted
to pH 7.4. Luria Broth (LB) contained 5 g Bacto-yeast extract, 10 g
Bacto-tryptone and 10 g NaCl per liter, adjusted to pH 7.5. 15 The
antibiotics tetrag;cline*and anpicillin were added to final concentrations
of 15 and 539 &RRERRectiPes(Shhekt/ FRAREaBBE. TTRERSFEIMVEBAIE AND

| SOLATI ON OF RECOMVBI NANTS 20 The transformation of E. coli strain MC1061
(pRK248clts) wa 4 e {  USi Ng Lfication,of .the prqtocal of
Kushner [in Gengliﬁcag{ nogﬁq?la(_e)éeﬁf?%gvgg.dégEﬁggéﬁae#’yalt.h?wéln?e\?i é‘r%/q\l& h- Hol | and
Anst er dam @liguqtlom3)the 25ebtscand athguhatioll dox. 30wo-2hard & milnwfed he

1.0. afteér i ch the ce were colTected centrifuagation at

bact eri al_.‘ c%ﬂﬂ w\erﬁgrﬁ{n @.;-cgog%ﬁe&giggégniﬁ.'QhLe rr]es%fn&eto"éeag&gji Snd.

for 30 5 niWutsaprke RE kg3 elem PREYEWT 8 nCIBtALNSATa aBONH (1P qumntaf ni ng
10 mM nor pheiNa G RS il 6 011 €0 261 8 MMEBE: LBHE§- Rhea bkl MMSAG DL U}fs
cells were arﬁq"?ﬁl n .col | ec&ﬁffl\gsfe‘%lr%f ug%l op and resuspended in 30 rﬁ of a
sol uti on cortthitRFURR tAF MP2 4 pH §95) COsBLlARteSe 2LL8E MRiAR 208 uiRpy .
After incubatfi amheatceddQ fausPénsiontweret spreall snter anc B @atarh

PSS LR S Sl 0, S B e

CELL GROWTH AND INDUCTION OF GENE EXPRESSION

Cultures of E. coli MCl061 containing plasmid pPRK248cIts
15 and an expression plasmid were grown in M9CA medium to
' mid-log phase at 30°C and then transferred to 42°C to
inactivate the A P, représsor. After a 2 hour incubation
at 42°C, cells from 1 ml of the induced culture were
collected by centrifugation and resuspended in TG buffer
20 ‘containing 10 mM Tris-HC1 (pH 7.4) énd'iO% glycerol in
preparation for analysis. | '

$DS POLYACRYLAMIDE GEL ELECTROPHORESIS AND WESTERN BLOT
ANALYSIS ' -

25 - - | | L W

Induced cells resuspended in Tris-glycine (TG) buffer
were mixed with an equal volume of 2x sample buffer
[Laemmli, Nature 227:680 (1970)], incubated at 95°C for 5
minutes and subjected to SDS polyacrylamide gel electro-

301 phoresis in 12.5% gels as describéd by Léemmli. Foliowing
eiectrophoreéis, the proteins from the gel were electro-
blotted onto a 0.1 micron nitrocellulose membrane for 6
hours at 95 volts in 12.5 mM Tris and 96 mM giycine with 20%
methanol and 0.01% SDS at pH 7.5. Western blot analysis was

35 then carried out as described by Towbin et al. [Proc. Natl.
Acad. Sci. U.S.A. 76:4350 (1979)]. ' |

* Registered Trade Mark .



~ 25 - 40 Eppendorf tubes (300 [err]) and frozen at [err] Transformation
was *per f ormed by thawing a 100 [err] aliquot of the cells and incubating
for 30, 2°and’ 2 minutes 5 at.0, [err] and [err] respectively in the
‘presence of a 10 [err] sanple of |igation m xture“éontaining about 100 ng
of DNA and adding 0.1 to. 0.5 ml ofLB to the tube. The tube was then

i ncubated at 22C for 60 minutes, after whicl28G0 [err] of the cell
suspensi on were spread onto an LB plate 10 containing anpicillin and

i ncubated at [err J AND | NDUCTI ON OF GENE
EXPRESSI ON Cul t ur € v & ning plasm d pRK248clts 15
and an expression plasnld were grown in MPCA medi um'to mid-I og phase at

[err] and then tr [ ri, 0 gl i
After a 2 hour |nggggt%|rogq§tegt%?r S]Itte spré%ﬁ?l\@tﬂ%tqbf%deﬁsre% ne ce C ?S'ts'gre
wer e coIIecteé°59rééﬁ9rﬁpuﬁéﬁlﬂﬁt GSré§@§§éMﬁﬂjhmansunﬁq%we:uﬁl

cont ai ni ngg 10[B%’£ék:anbl©oggEH : 634) (%@Rog% etid AL @Eé
anal ysis. SDS_POLYACRYLA HORES| S AND VEaToRy RN BLOT ANALYSI S

25 | nduced cePP&%r &QuSPERHeQYE t?Fl?“éPﬁ@PﬁélﬁTGF © S RI&RALRS HP¥iN
equal vol une’ Dhoﬂphsaspmethoﬁbépg&L&BeahcagHamuralZZ?TEﬂldﬁHEHBd Lett.

i ncubat ed - at %ﬁrEESBOQ158%2”“§S%t§ﬁ@c§“§k ghed gobéhs acg@ rﬂfgggel

el ectro- 30 oresi s I's "as scri'e . Fol1 owrnyg
el ectrophores 35tﬁé9ﬁiéﬂepﬁ§nﬂré#1?HéOQéﬁeﬂeﬁynﬁh@§ﬂﬂ@I [gingk tpatk idfited bY0. 1

m cron niig ocgbhyhesmaﬁm‘aéaae if eueéthalph%:@b 185 b"90|tth% methedd JBViMd s and
96 nNIegC|ne ﬁog ng g and 8 01% SDS at West ern bl ot

anal ysi s was th@ EP przymo 8§¥rﬁ§e698y(fgﬁﬂoﬂ ‘et al. [Proc. Natl.
. Abed. Sci. U S.A. 76: 4350 (1979)]. * Regi stered Trade Mark :

COLONY HYBRIDIZATIONS

1s - Colony hybridizétionS'were pérformed by the method of
Grunstein et al. [Proc. Natl. Acad. Sci, U.S.A. 72:3961
(1975)]. The same oligonﬁcleotide used for ptimer-directed
site specific mutagenesis was used as a probe for the
hybridizations after 5' end labeling with'32P (-ATP

20 using polynucleotide kinase as described by Maniatis et al.
[Cell 15:687 (1978)] '

B. CONSTRUCTION OF PLASMID pEV2/GAG 15-512-

25 - As noted above, construction of a final expression
plasmid expressing the gag/env fusion protein was initiated
by construction of a plas@id (pEV2/gag 15-512) containing
nucleotides encoding all but the first 14 amino-terminal
residues. some of the nucleotides encbding'the carboxyl-

30 -term1na1 gag residues were then replaced by env sequences
to obta1n the f1na1 fusion product

To make plasmid pEV2/gag 15-512, the DNA sequence
| -encoding residues 15-512 of the gag protein was obtained
35 from 50 ug of recombinant phage lambda clone AHXB-3
) containing the HTLV-III proviral genome by cleavage with 50
units of Clal and 50 units of HincII for 120 minutes at 37°C



- 26 - PRI MER-DI RECTED MUTAGENESI S Priner-directed site speC|f|c

nmut agenesi s was perfornmed according to the nethods described -by Nbrlnaga\et
al. 5 [Biotechnol ogy 2:636 (1984)]. Synthetic oligonucl eotides used to
carry out the nutagenesis procedure were prepared by phosphite nethddology
[ Beaucage' et al ., Tetrahedron Lett. 22: 185927(1981) Mat t eucci et al., J.
Am Chem Soc. 103: 3185 (1981)] -using an automated synthesizer and
purified by 10 polyacryl am de gel el ectrophoresis by the nethod of Maxam

et al., [Methqd 0
Col ony hg,b“ 39 %rbﬁuﬁgzlé"&b%yb@ﬂ%bel% )ihiREANYE FYRIRE DL 203 ONS 15

i zations were perforned t he met nstein et
[Proc. Natl.isedatedcpy .rgp@rafgx§g )ﬁePT%%Q%Eﬁ%g%?Fﬁﬁhﬁc?Bgtide
;JﬁedszoL E“ g%utdlp@aateﬁd if '0;: 1 THE fuuﬁu a(gemsu'srmsmsedpnsvaqprwbenf or
e ybridi zat|o0 ter 5' en e
pol ynucl eot i fel k%gngé g@s@r ﬁﬁ.&a a %I!Sé{(; n +Df ?g{?l 8@%%2%(1978)]
B. CONSTHRUCTI ON OF PLASM D PEV2/GAG 15 512 25 - As noted above,

construction of fi pr; i <s anov _ o
protein was |n|tF’fg\,té:%%kn%>é ﬁ335¢yhlﬂﬁxﬂﬁfkgﬁgﬁ@ 2 €R8/ B0V cbusi

JS‘Q

construction of Ia d 15-512
cont ai ni ng .n@EPESEE3ER @ﬂé&&%ﬁ;EﬂW’Yﬁﬁzt 9|$£%a éé)ﬂfﬁgagePﬂiﬁﬁ
resi gues Soa aaf anlae Slnw‘nhét(étjldieimﬁimttm ﬁmeni:mtl)b@myét $D °Cerandab gag
resi dues wer en r p ace
o aduct . "To Lrabe g EaSHRR S ks SEMENARE L g DAL LIE aBT1sbEsLOn
resi duesldS 523 oY teﬂecg:agwqalns viets ldbt@samsgwehw 59e§1éﬁ9]ené1ed
reconbinant 93ds LAMANR Clp%l[ﬁﬁdtfcgf‘t@d i ngi A4 EOhdehttablioNi bal o

genonme by cl eavage w ts of and 50 units of Hncll for 120 o
m nutes at [ &mojte/nl. . e

Plasmid pEV-vrf2 used in this construction is a deriva-

15 tive of readily available plasmid- pBR322 [ATCC 31344]. The
construction of plasmid pEV-vrfz has been described in
detail by Crowl et al. fGene 38:31 (1985)]. Recombinant
phage lambda clone AHXB-3 used_ln_th;s construction has
been described by Shaw et al. [Science 226:1165 (1984)].

20 This clone was obtained using standard recombinant DNA
techniques from the HTLV-III infected H-9 cell line descri-
bed above. An HTLV-III infected human cell line designated
H9/HTLV-1IIB which is_suitable_for use in this invention has
been deposited with the American Type Culture Collection and o

25 assigned accession No. CRL8543. Since Shaw et al. have v/
published the sequence of the'HTLV-III genome, a DNA probe
can easily be constructed using those data which can be used
to isolate the genome from H-9 or from any other line
capable of propagating the virus.

30 _ . : : T .
Three-hundredths (300) pmole of the gag/Clal-HincIl

fragment were mixed with 0.03_pmole of the pEV-vrf2/

ClaI-Pvull fragment and ligated with 200 units of T4 DNA

ligase for 18 hours at 15°C in a final:volume of 10 ul.

35 The ligation product was then transformed into E. coli .
strain MClOGl.(pRK248cIts). and transformants were selected

by growth on LB agar plates with ampicillin after incubation



- 27 --to produce a 1700 bp fragnent. This DNA fragnment was isolated by
prepapatlve dgar ose gel el ectrophoresi,s and resuspended in O |x TE buffer
1 MM Tris-HA (pH 7.4) with 0.1 nM EDTA] to a final concentration of 0.03
[err] 5 To receive the gag DNA fragnent, 2 [err] of the E coli expression
plasm d pEV-vrf2 were cleaved with 5 units of Cal and 5 units of Pvull for
60 mnutes at 37 [err\] and a 1700 bp fragnment containing the [err]
promoter was isola- 10 ted by electropher@s$is in 1% agarose gel and
resuspended after et hanol precipitation to a final concentration of 0.03

| e/ PI 2 used ip this congtruction is a deriva- 15 tive
gpbrgag?{;]avg SpEVSsEﬁthBﬁ§22%PﬁT€€°§T§&¥FntTWéa§@H§tRﬂﬁﬁ(W?Qﬁ

pl asmi d pEV- vahalhaedbeen doseechbedesnrdetaoh Eyagmewt &hzadl foliRAGBS: 31

I h t,ructiaon has
beon bscr begtbaeEhabhapR paTREY, ER8°obchibad¥irouhend e ThR bl v
obt ai ned u5|nBNAtahaaranabrewelwane Dhient evhdugted Epmnswheméﬁﬂsldﬂ the
infected i 9 ggl réeﬁrQSECEb 1yBegealevBy 8BsHRbYyhllyhahiake UL LG

| i ne desi gnat ed IS suit nthi s invention
has been depogp?éﬂshftﬁ“@h@e%ﬁEFPcBﬁ°?yﬁBa€M$#§Pe Col | ection and 25
assi gned accessi on  No. CRL8543. Since Sham/et al . have published the

f th strycted
leing those data GfLchEes JEREBB: Re plaBhPECREDR 68T 1K BTRCRREY Yieag,,
any ot her |inetcépi®i cand @ubbagatenganhbeeloﬁsrhéolﬁaneedhnndasdmh&e(300)

prol e of jighe gpgpited - Hbf‘cénai{rélﬂgeﬂﬁ %éepmﬁsérghm;@eogfﬂng' frolhe
-vrf2/ Cal,-Pvul] t t uni t T I|gase
_PEX'XE ﬁoursa ?°ﬁé§f?n ggggaa?fQBFﬁﬂggﬁgeibsfeFPF SSQ YAE bigecited .pedduct

was then transdbf nefl thé ogél wadsistained with Coomassie brilliant blue,
while the other side of the gel was subjected to electro-
blotting and Westerm blot analysis using anti-gag antibodies.
s o | _I | | T
The'analysis showed éhat thefinduded cells produced
proteins which migrated as two major bands in the Qels
having apparent molecular weights of about 56 and 53 Kd. The
size of the complete gag 15-512 protein is about 56 Kd. Both
20 of the major proteins reacted with the anti-gag antibodies.
A number of minor lower molecular weight proteins which were
reactive with the antibodies were also observed.

) : c.

CONSTRUCTION OF PLASMID_QEV3/enV 44-640 A 319-331
25
_ The env sequences present 1n the final exemplary plasnid
of thls 1nvent10n were processed in two stages (descrlbed in
this sectlon and in Sectlon D, below), each of whlch
lnvolved the deletlon of spec1f1c short nucleotlde sequences
30 'by prlmer -directed site specific mutagene51s. The first of
these delet1ons (described in this section) was required to
produce plasmid pEV3/env 44-640 A 319-331 A 514-524
. (Section D).

35 ‘The expression plasmid pEVB/env 44-640, the construction
of which from XHXB -3 and the pEV-vrf plasmlds has been
‘described by Crowl et al. [Cell 41:979 (1985)], directs the



-strain MC1061 (pRK248clts), and transformants were sel ected by growh on LB

agar plates with anpicillin after incupati.con  -28- at [err] for 18 hows.
The reconbi nant plasnid DNAs were anal yzed for correct restriction fragnent
size follow ng cleavage with Bglll, Pstl or Hndlll. Isol ates positive by

DNA size analysis were then evaluated for synthesis of the 5 gag precursor
pol ypepti de by SDS pol yacryl am de gel el-ec@9o- phoresis and Western bl ot

anal ysi s.

Cul tures harboring plasm d pEV2/ gag 15-512 were induced at [err]

and duplicate sanpl.es of the induced cells were 10, prepared for analysis by
SDS pol yacr p&HIEE igerfoRe b Kd PHEMEI L o0 PRI EELF ORFOFRSRS Nt he' gel

was bi sect eg, aodihaiDhaok el s s ridsti el g t bo CopvashigobaLE I ant

bl ue, while the other

ro- bl ot

f th I bj ect ed
and Vst er mtBE3E §ﬁal3§'§| gg&gl“f?gt er%elegt\é\fgasat?# %’g’fﬂ%’é'éﬁ%eﬁﬁéaﬂ‘éf:?g?ge%g\/\ed
that the indgdad ael Im-premdlmctnymtcelmgwnwd:nmgmé edawbngwohen] or bands

--in the | a ab%? f ab 6
si ze ofg§ scgﬁepgfeggag 1@?% proteln |s a t SBQK% éBo?ﬂgggg $gPﬁIHS
maj or prot ewas desdgagdwition mentg@glwamemw 0 |gbee dbimi nor --
| over nol ec%%rlewla@s Rl i %\wﬁfedf@rﬁé 008 L Y Es i é@cwfngntébszdues

were al so observed. C. CONSTR

PLASM D pEV3/env 44-640 [err

319-331 25 PRE-cAS ée&&éﬁ&és%é%‘e‘d’mw tHL$9 REILSRIRE aF9IBFRCRY dLoPeY’hl s
i nvention wah&qpeoa@aseduue was sirmgesiyasbdntedthe phismb@cDNRD RhAdlen

Sect 0”}(5-]) g we‘%%cge‘i o ¥ CRrdd @y "f%{#&“ﬁﬂ?&?ﬂ °§‘1£’é ?&‘Cgihgm?ﬁﬁo” -
nucl eot Uénces rimer-direc e-speci nesi s

first of theE¥3denst ﬂ6n§4pdé'§crrq e o Hiorm cehe ofﬂa%sf‘?éqﬁhﬁed to o
produce pIaggk@rgﬁvghggvmﬁﬁe@ﬂléenr] 319-331 [err] 514-524 v

15

20

25

30

35

DNA from isolated colonies which were positive for
hyﬁtidization'to the 32P-iabeled éynthétic oligonucleotide
during colony screening;were transformed into MCl061 - _
(pRK248cIts)'and analyzed for'thé presence_of the new, -
unique Hpal site. ' '

D. CONSTRUCTION OF PLASMID pEV3/env 45:640 A 319-331 =
A 514-524

A second deletion within the env coding sequences was

E]

created by primer directed mutagenesis using a synthetic \;}Q

oligonuéleotide having the sequence 5' AGA GCA GTG GCA GCA
GGA 3'. This oligonucleotide positioned sequences encoding
residue 513 of thé env protein adjééent to those encoding
residue 525, thereby facilitating the deéletion of the
nucleotides encoding reéidues~514-524._This deletion was
produced in the plasmid using the téstriction'sites Hpal-and
HindIII to create a single-stranded gap within the env
region.

After re-transformation, DNA from positive isolates -
identified by the 32 ‘P-labeled oligonucleotide probe was
analyzed for the 33 bp deletlon by restrlction cleavage with
Hpal and HindIIl followed by electrophore51s in 1% agarose.



YSecLLon D). 35 The expression plasmd pEV3/env 44-640, the
construction ‘of which from[err] and the pEV-vrf plasm ds has been
described by Crowl et al. [Cell 41:979 (1985)], di.rects the 29 -
synthesis 'of a 68 Kd HTLV-111 env specific protein“in E. coli. DNA
sequences corresponding to env amno acid --- residues 319-331 were del eted
by priner-directed nutagenesis using an 18=n&? synthetic-oligonucl eotide

~having the 5 sequence 5 GCA TTT GIT AAC ATT AGT 3'. This oligonucleotide

desi dt 0l n_nucleotide codi ng
fesi due 316 t e £E0n s SEPUFIEERSTnEd Y bEATsBSaRR e g oflaGkEnS
sequences togetherchemieal unl earcadpahethod ofisMaramoandedilbeott [[Mephagei d

DNA, while 10 i 3hPmdEssy 6l il (1dgopful and Hindl 11 sites in plasmd
pEV3/ env 44;6481mer€ﬁﬁsed- o tormthe "ggi“ for-the heterodupl ex nol ecul e.
-- DNA fromisolated col onies which were positive for 32 15 hybridi zation

to the  Psl abel edAsypddweiows Iy i gored) emdeg& simlxlslz«(:jcgépey%sargeaaﬁg'ewefée
transformed info 61 --. (PRK248cl ts) and anal yzed for the presence o
the new, unicuﬁ?qﬂﬁglﬁﬁ??al ?fsﬁxi&ﬂgakﬂ?%?f??¥FQ¥£%£EF¢EV3/env 44- 640
[err] 319-33% [err] 514-524 A second del etion'within the env codi ng
sequences Was gy ik it dF 1 g orl | BEdREb | $g Up4 SyBYDghphC 25

ol i gonucl eoti de having €- - SEQUENCE _ . - Thi s
~oligonucl eotide pdsittdnhZt sequences encoding residue 513 of the env
protei-n agpacent to those encodi ng residue 525, thereby facilitating the

col etion of the nuyeoi) 450 PR S 258 TH SodEhs LER=S 0
—/ either 5 units of ClalI and 4 units of BglIl to produce about

a 1300 bp fragment encoding gag residues 15-436 or with 10
units of PstI and 5 units of Clal to produce about a 1 Kb

15 fragment containing the \ PL promoter. Three-tenths ug
of pEV3/env 44-640 A 319-331 A 514-524 were restricted
with 10 units of Pstl aﬂd 4 units of BglII to produce about
a 4 Kb fragment encoding env residues 467-640 A 514-524.
The various DNA fragments thus produced were separated in 1%

'20 agarose and recovered as previously described.

Three-hundredths pmole of each of the isolated DNA
fragments were mixed and ligated'for 18 hours at 15°C in the
presence of 200 units of T4 DNA ligase. The products of the

25 “ligation mixture were then transformed into MCl061
' (pRK248cIts), and transformants were selected on LB agar
-plates with ampicillin. Plasmid DNA was prepared from unique
colonies and analyzed for correct restriction fragment size
" following digestion with Pvull. ' ;
30 | | |

Eleven of 12 isolates were positive by DNA analysis for
the expected 3505 and 2882 bp Pvull fragments. Two positive
'isolates were further evaluated for synthesisﬂOE the gag/env
fusion protein. These cultures were induced, and cell

35 samples were taken for analysis by'SDS polyacrylamide gel
electrophoresis, electroblotting and Western blots, with the



Hindlll to create a single-stranded gap within the env region. After -
re-transformati on, DNA frompositive isplates 32 35 identifi-ed by the
P- | abel ed ollgonucleotlde probe was anal yzed for the 33 bp deletion by

restriction cleavage with Hpal and Hindlll followed by electrophoresis in
1% agar ose. - 30 - This deletion was al sq,confirned by DNA sequenci ng
folltowi ng the chem cal cl eavage net hod of } m and G | bert [Methods in

Enzynol ogy 65:499 (1980)]. 5 As previously noted, the [err] 514-524

del eti on produeshs) Oe SelWh | caNFigncyease in the expression of env. E
CONSTRUCTI ON OF PLASM D PEV2/ gag 15-436/env 467-640 [err] 514-524 10 Two

[err] of pEV2/gag :15-512 were doubly digested with either 5 units of C al
and 4 units of Bgpamelol ptmdntg abBoshowsl 800 mas sfireapinrd - mmemgtqagl

d
out 1501 e G Pl bt idd ERbROc1IED hacBtind Ui e i¥ndes PhERNRE |
of pEV3/emsv 4ﬂaﬁm£n@@rt§eag®gsenv[§ns}oalqe5@4GﬂﬂﬂsrandrﬁznmmhvmthOIO
units of Pstl,apgls 4¢gyit a.géb@gblh aoipsﬁgwh%g%nﬁ&*ﬁ%fé@ﬂm

encodi ng env reS|dues 46 varl ous DNA agnents t hus

pr oduced meré%%h@%t%‘ﬂbiﬁcE%ZP 8EE8SB RIRY APAANEIF NS IhE FaRRIY
descri bed. Tw@ﬁy@wﬂiradmewaaiesosgeaab:o% sy o i %Méragnﬁnts

were m xed and I| ours at res of 200, units
o T4 e | | oant SSRERal g €8 OBV EaBiokSs boldtsnl® (HARRY ). br (HRHAS
t ransf or roed |shteﬁﬂhﬁﬁﬂnxqﬁtm4sntﬁbpdiasdagaamsmommaﬂurwwﬁxnSERQCWEdbbnitB
agar plates V\%éﬂnéﬁ@i&ii}'&‘vaﬂﬁﬁﬁdt e‘i’a§ prs%‘éartﬁﬂzﬂefrﬁm WY GUE, COp P €S
and anal yzed Tor correct” restriction g o
_ Natl. Acad. Sci. U.S.A. 82 748 (1985) for descriptlon of \/
p24 protein]. In Fig. 3, the immune complexes .in panels 2 '
and 3 were visualized by a second antibody labeled with
15 horseradish peroxidase, and the mobilities of molecular
weight standards (in Kd) are indicated. The positions of the

gag/env protein bands in the gels are denoted by arrows.

Many modifications and_vatigtiOns of this invention may
20 be made which are intended to be encompassed by its scope, as will
become apparent to those skilled in the art. For example,

- nucleic acid substitutions could be made in the gene coding
for the gag/env protein of the invention (using the sequence
data contained here1n as a reference) and a somewhat

25 different (but functionally equivalent) fusion protein could
be produced therefrom. Such an altered product would still

o

. be encompassed bf_Chis invention as long as it had at least

~one antigenic determinant corresponding to the sequences of
a gag and env protein of an HTLV-I1lI virus"similarly. the

30 amino acid sequence of the protein itself could be directly

manipulated, with the same result. The specific embodiments
described herein are offered by way of example only, and the
invention is limited ohly by the terms of the appended
claims. '

35
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‘followi ng digestion with Pvull. 30 Eleven of 12 isolates were positive by
DNAsanal ysi s «for .t he expected 3505 .and, 2882 bp Pvull fragments. Two
positive isolates were further evaluated for synthesis of the gag/env
fusion protein. These cultures were induced,qand cell 35 sanples were
taken for analysis by SDS pol yacryl ani de gel ~ el ectrophoreSi s, :

el ectyoblotting and Western blots, with the - 31 - results shown in Fig.

3. Panel 1 in Fig. 3 ghawmgoomassie blue-stained total cell proteins from
cells harboring the reconbinant plasmd 5 carrying the gag/env fusion gene
(g/e) and fromcontrol cells (c). Panels 2 and 3 show the results of

dupli cat e sanpl es 1subj éctparbtteni n\éserepni bing a0adbysmeraesamgnoabbifls having

pol ycl onal angj, bggli T t ' td: rrespondi.ng to env., = .
Fos! ducs 500 1o baoe a3 Seaents! Bel el iy B ot A Do e rtasnie
gag proteisn p2at@RMéRaps ednae ATLYHIY Iagaidl Ayicseipareld 3f sed TDOMINIKemt
al., Proc. Naptotégad. Sci. U S A 82:7748 (1985). for description of p24

protein]. In Fig. 3, the inmmune conplexes in panels 2 and 3 were. visualized
by a second antibody |abeled with 15 horseradi sh peroxi dase, and the

mobi l'ities of mol gcul a"rh‘@@:‘ﬂ;éﬂ@%&'fﬁaihﬂ K8) camen Ndicgattadt al¥no acia
positions of the gag/env protein bands in the gels are denoted by arrows.
Many nodi fi caBPBRE€R&®d variations of this invention may 20 be nade which

are inten@gd to be enconpassed by its scope,’as will become apparent to

mmde in the oURE Ba% Ars 314 AP EEIS RITARN TRE; CICRYE Thd Wb TR AR,
sequence dat aPconGayn&dyhdivsi iL¥s s cTer ch¥e) Lend Ly ss diiswide Ml TP chbat
(out anc | onsknsq ot i, o e cataCoutCait, il i ot
- - Thr Ser Glu Gly Cys Arg Gln Ile Leu Gly Gln Leu Gln Pro Ser

15 Leu Gln Thr Gly Ser Glu Glu Leu Arg Ser Leu Tyr Asn Thr Val

" Ala Thr Leu Tyr Cys Val His Gln Arg Ile Glu Ile Lys:Asb Thr

Lys Glu Ala Leu Asp Lys Ile Glu Glu Glu Gln'Asn.Lys Ser Lys

"Lys Lys Ala Gln Gln Ala Ala Ala Asp'Thr Gly His_sér Ser Gln

Val Ser Gln Asn Tyr Pro Ile Val Gln Asn Ile Gln Giy Gln Met

20 Val His Gln Ala Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys

'Val Val Glu Glu Lys Ala Phe Ser Pro Glu Val Ile Pro Met Phe

Ser Ala Leu Ser Glu Gly Ala Thr Pro Glh Asp Leu Asn Thr Met

Leu Asn Thr Val Gly Gly Hié Gln Ala Ala Met Gln Met Leu Lys

Glu Thr Ile Asn Glu Glu Ala Ala Glu Trp Asp Arg Val His Pro

W, 25 Val His Ala Gly Pro Ile Ala Pro Gly Gln Met Arg Glu Pro Arg

Gly Ser Asp Ile Ala Gly Thr Thr Ser Thr Leu Gln Glu Gln Ile

Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val Gly Glu Ile Tyr

"Lys A;g'Trp Ile Iie Leu Gly Leu Asn Lys Ile Val Arg Met Tyr

Ser P:o'Thr Ser Ile Leu Asp Ile Arg Gln_Gly_Pro'Lys Glu Pro-

30 Phe Arg Asp Tyr Val Asp Arg Phe Tyr'Lys Thr Leu Arg Ala Glu

Gln Ala Ser Gln Glu Val Lys Asn Trp Mét'Thr Glu Thr Leu Leu

Val Gln Asn Ala Asn Prp'Asp Cys Lys ThriIle Leu Lys Ala Leu

Gly Pro Ala Ala Th: Leu Glu Glu Met Met:Thr.Ala Cys Gln Gly

Val Gly'Gly Pro_Glf His'Lys Ala Arg Val Leu Ala Glu Ala Met

35 Ser Gln Val Thr Asn Thr Ala Thr Ile Met Met Gln Arg Gly Asn

| Phé Arg Asn Gln Arg Lys Met Val Lys Cys Phe Asn Cys'Gly Lys

Glu Gly His Thr Ala Arg Asn Cys Arg Ala Pro Arg Lys Lys Gly

R
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be enconpassed by this invention as long as it had at |east one antigenic
determ nant corresponding to the sequences .of a gag and env protein of 5‘-
HTLV-111 virus. Simlarly, the 30 am no acid sequence of the protein’itself
could be directly mani pulated, with the same result. The specific

enbodi nents described herein are offered by way of exanple only, and the
invention is linmted only by the terns of~ th® appended clainms. 35 - 32-
CLAI M5 1. A protein corrpri sing 50 or nore ami no acids having an a][n' no

aci d sequenc, o} S d rmpant of a
HTLV- | IIq gag%%o‘tﬂép Eg bg% quTt[\)Jﬁe%fl eny pra"g:’tsegﬁpn;"e Y8 PPBt E¥§ Thr
according toGtRaPRI1GN ARe AsmEPhecilewaeiaes 1D1e Nehe ABng APgol t;eyAcgyI | e

s Ag Trp @y A¥p bt Abg hap Mk 17 3 Sy Lhy T Uglys
Hs Ile Val Trg 2 Ser g ulb (-53‘19 é/P IA‘? bﬁ'?u"'i‘irpig G* gﬁ SLeu
Qu Thr Ser & ? A.lg §ln Iﬁ‘é’ Ly GBY A3l 1Bla Bro F’FberYsmlaLBMsGI n
Thr Ay Ser K&¢ Ltg V&N %ag Gam lm:ldj Blu Ayt -Eh!g Vied a /\Vﬁl Tﬂia'— i'a-lc;ﬁﬁ. ngaI
Hs Gn Arg .QII ﬁ?e g
dn Asn Lys Ser Lys #g gé gig éerf 8/% Br ﬁrea kfré‘ Ag%' 'I%?-nd‘}al—lﬁﬁgsﬁﬂ-nSer
A n Val Ser I¢w bhew 391: ely Mle Vall Glm Am 1¢)n Gisn Gigm GlLém I\fbéuZQrgVAhaHl S
GnAallefes §1e A18 &k &k 483 Aok Tidh ¥oln g%kéﬁef % Ala
Phe Ser Pro GQu Val lie @ﬁ. Ser &a Leu LSIY Al gp ryP¥Ze
Asp Leu Asn H¥§ ®bR bew %Pr 7Wna Bx9 Gle dep Bl Fal G Abagl\féYrGaeuNbYsLeu _
Lys G uidhr Ase @bn Gin Ghu Bea &1y e Tdp éﬁﬁr"&ﬂs Ve r By FLPs 2ReuVEboH S
Ala Gy Pro é}se 'ﬁlfl 'Fﬁ? glx gari lW:o '%rr% gs‘ﬁ Arloa Seg: Trp Ser Asn Lys Ser
Leu Glu Gln Ile Trp Asn His Thr Thr Trp Met Glu Trp Asp Arg
Glu Ile Asn Asn ';'yr Thr Ser Phe Asn Ala Val Val Tyr His Ser
15 or a functional e,_thi\_iaZ_I.ent thér;_eo_f.
3. A proteln accordlng to claim 1 or 2 in essent1a11y
pure form.
20 4. A DNA sequence coding.'foi.': a protein as claimed in
any one of claims 1 to 3.
5. The DNA "slequence according to claim 4 1n which the
DNA sequence Icomp’rises all or part of the nucleic acid W,
25 sequence
ATGAATAGAA TTCGGATCCA TCGATGGGAA AAAATTCGGT TAAGGCCAGG
GGGAAAGAAA AAATATAAAT TAAAACATAT AGTATGGGCA AGCAGGGAGC
_TAGAACGATT CGCAGT-’I.‘AAT CCTGG_CCT_GT TAGAAACATC AGAAGGCTGT
30 AGACAAATAC_ 'TGGGITXCAGCT ACAACCA’]_;'CC CTTCAGACAG GATCAGAAGA
ACTTAGATCA _TTATATAATA CAGTAGCAAC CCTCTATTGT GTGCATCAAA
GGATAGAGAT AAAAGACACC AAGGAAGCTT TAGACAAGAT AGAGGAAGAG
 CAAAACAAAR GTAAGARAAR AGCACAGCAA GCAGCAGCTG ACACAGGACA
CAGCAGTCAG GTCAGCCAAA ATTACCCTAT AGTGCAGAAC 'ATCCAGGGGG
35 AAATGGTACA TCAGGCCATA TCACCTAGAA C'_I‘TTAAATGC ATGGGTAAAA
GTAGTAGAAG AGAAGGCTTT CAGCCCAGAA GTAATACCCA TGTTTTCAGC

ELLUTTE



‘Gy

ser

Asn "Asn

Asn
Lys
dn
Asn
Met
Au
Phe
Al a
Lys
Ile
Tyr
Arg
Ser
Asn
Ay
Adn
Val
Thr
Tyr

Lys
Au
Al a
bro
Met
Al a
Arg
Arg
du
Phe
Lys
Val

Met

Asn
I'le
Adn
ProT
Trp
Hi s

Asp
Pro
Ile
Pro
Ser
Asp
Thr
Met
Asn
Asn
Ay
Arg
Val
Valg
Thr
Leu
Lys
Leu

th
Sefg

Ile Ala Ay Thr Thr Ser Thr Leu G@n Gu Anlle Gy Trp Met Thr
Pro I1le Pro Val Gy GQu lle Tyr Lys Arg Trp Ile Ile Leu Gy Leu
Val Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile Arg An Gy Pro
30 Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala G u
An du Val Lys Asn Trp Met Thr Qu Thr Leu Leu Val @ n Asn Al a
'Qys Lys Thr Ile Leu Lys Ala Ler Q4 Pro Ala Ala Thr Leu Gu Gu
Ala Cys Gn dy Val Pro Ay H's Lys AIa g Val Leu Al a
35 Asn
| ATii&c?GhNébh‘s’EFﬁ’?% R}c@nﬁrﬁs"f AR 18%4} o

QIE‘GRGQGI&MAPE'6AAG§A§¢§ PTISCAAATGT TRAPAGRGAS TATAATARG O y
H aafiirihal Kiraseatss Nem@atcion acaiocal Rdorpind v Lys
Pro eu Tyr Lys -
UaRCEREGECACCAICARACRAG GARIGHEARG, TSAFRIREGA GORACTAGTS A )

G grAtgcoreal geaAACAAATA GEATEGATER c@lmm'rcﬁl rAd@iateocy) a él a
n n

LcrhdgadRaa maTATAXRAG Arbamid qliipdAnan RRaRoR. Trp

G RAGAATGITATARGCGCTACCA GOATAICTGEN CATAMSACAR IGAMICAAMAGLO Asp

s TERCTAREN ot M opRicie 0

a GuﬁsTmpcAﬁgG&GGTm mewﬁ AQAGRAACQTH IGRIEGYCCA/al Val
15aafrGachrec CeABArTETA WEATTATTITY eAAGEATTA dEAtic®idbee

d I 2.1 iall 4. A DNA
ceqnence codi n§HRGRCTRGRopERARTERIR. Ay Afoatage, agtncadsad s
DNA sequenCATAAGGCHANGAGTTETSGE TCAAGUNATIC AGCANASTAN CAPNTACAGY | Ses
all or part. of phREARNRIE! ATBEAGAGAG

The'

15

20

25

30

3%

AGTGTTTCAA
CCTAGGAAAA
AGATTGTACT
GAGGAGGAGA
GTAGTAAAAA
AGTGGTGCAG
CAGCGTCAAT
GTGCAGCAGC
GTTGCAACTC
CTGTGGAAAG
TCTGGAAAAC
TAATAAATCT
ACAGAGAAAT

‘TAA

TTGTGGCAAA
AGGGCTGTTG
GAGAGACAGG
TATGAGGGAC
TTGAACCATT
AGAGAAAAAA
GACGCTGACG
AGAACAATTT
ACAGTCTGGG
ATACCTAAAG
TACT?TGCAC
CTGGAACAGA
TAACAATTAC

GCAATTTTAG
GAAGGGCACA
GAAATGTGGA
CTAATTTTTT
AATTGGAGAA
AGGAGTAGCA
GAGCAGTGGC
GTACAGGCCA
GCTGAGGGCT
GCATCAAGCA
GATCAACAGC
CACTGCTGTG
TTTGGAATCA

-ACAAGCTTTA

GAACCAAAGA
CAGCCAGAAA
AAGGAAGGAC
AGGGAAGATC
GTGAATTATA
CCCACCAAGG
AGCAGGAAGC
GACAATTATT
ATTGAGGCGC

‘GCTCCAGGCA

TCCTGGGGAT
CCTTGGAATG
CACGACGTGG

‘ATGCGGTAGT

or a functional equivalent thereof.

6.

AAGATGGTTA
TTGCAGGGCC
ACCAAATGAA
TTCAGACCTG
TAAATATAAA
CAAAGAGAAG
ACTATGGGCG

GTCTGGTATA .

AACAGCATCT
AGAATCCTGG
TTGGGGTTGC
CTAGTTGGAG

ATGGAGTGGG
TTATCACAGT

A recombinant vector comprising a DNA sequence

according to claim 4 or 5 capable of directing expression of

7.

'said DNA sequence in a compatible unicellular host organism.

A recombinant vector according to claim 6 which is
plasmid pEV2/gagl5-436/env 467-640 A 514-524.

I



25 sequence ATGAATAGAA TTCGGATCCA TCGATGGGAA AAAATTCGGT TAAGGCCAGG

GGGAAAGAAA
CGCAGITAAT
ACAACCATCC
CCTCTATTGT
AGAGGAAGAG
CAGCAGTCAG

TCAGGCCATA. T

CAGCCCAGAA GT
AAACACCATG
CATCAATGAG
ACCAGGCCAG
GGAACAAATA
ATGGATAATE
CATAAGACAA
AAGAGCCGAG
AAATGOGAAC
AGAAATGATG
TGAAGCAATG
GAACCAAAGA
TTGCAGCHE
AGATTGTACT
TATGAGGGAC
AGGAGTAGCA
AGCAGGAAGC
GTCTGGTATA

15

20

2%

30

35

AAATATAAAT TAAAACATAT AGTATGEGCA AGCAGGGAGC TAGAACGATT

CCTGGCCTGT TAGAAACATC AGAAGGCTGT 30 AGACAAATAC TGGGACAGCT

CTTCAGACAG GATCAGAAGA ACTTAGATCA TTATATAATA CAGTAGCAAC
GIGCATCAAA GGATAGAGAT AAAAGACACC AAGGAAGCTT TAGACAAGAT
CAAAACAAAA GTAAGAAAAA ‘AGCACAGCAA3 BCAGCAGCTG ACACAGGACA

GICAGCCAAA ATTACCCTAT AGTGCAGAAC ATCCAGGEEEG 35 AAATGGTACA

%W %ﬂq@ - A%é%é%g’&% ER¥ncarTT

CVRSAQACAS TEEImEhChn TERALBAGCEL ATGCAAATGT TAAAAGAGAC
GAAGCTGCAG . AATGGGATAG AGTACATCCA GTGCATGCAG GGCCTATTGC

ATGAGAGAAC _CAA
GGATGEATGA Ac AT AR

1SR SAAHTHA S BT Dot

CiECEA P aXTyortid A1 DAGAATGTAT AGCCCTACCA GCATTCTGEAA
GGACCAAAAG AACCTTTTAG AGACTATGTA GACCGGITCT ATAAAACTCT

CAAGCTTCAC AGGAGGTAAA AAATTGGATG ACAGAAACCT TGTTGGTCCA 10
CCAGATRIGTA Acrda iyl ap e cgaRFemcasceAding CPACAGAMAR which

AGACGEN Ele HEXETTA G DECAPPESCC
AGCCAAGTAA CAAATACAGC TACCATAATG ATGCAGAGAG GCAATTTTAG

CATAAGGCAA GAGITTTGEC

AAGATGGTITA AGIGITTCAA TTGTGGCAAA GAAGGGCACA CAGCCAGAAA.
15 CQoAGGMAM VeI L F Co E4AAT 6MCaA cAAGEACEAC ACGANAIGAMich |

AAFTEARDE B BERIRE SR At acTamAn TToAMCOATT

CCCACCAAGG CAAAGAGAAG AGTGGIGCAG AGAGAAAAAA" GAGCAGTGEC

ACTATGQEECG 22 Gy n {LASCRIEALTo
GI.GCAGCAGC AGAACAATTT GCTGA
is a euca:yotlc cell.

1% Ao oAl - c@%q_?ﬁTBTATﬂ-ich

ATTGAGECGC AACAGCATCT

13. A protein accordlng to any one of claims 1 to 3 as

constituent of a vacc1ne

14. _A process for éroducing.a protein as claimed in any

one of claims.1 to 3, comprising

(a) culturihg a unicellular organism cbntaining a

recombinant vector as claimed in claim 6 or 7 under
appropriate conditions of growth so that said protein is’

expressed; and

(b) isolating said protein from the culture and,

desired, purifying it.

15. A process according to claim 14 wherein the uni-

cellular organism is an E.

coli cell.

LT
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* GTTGCAACTC ACAGTCTGGG GCATCAAGCA GCTCCAGGCA AGAATCCTGG CTGTGGAAAG
ATAECTAAAG GATCAACAGC TCCTGGGGAT TTGGGGTTGC TCTGGAAAAC TACTTTGCAC

. CACTGCTGIG CCTTGGAATG CTAGTITGGAG 25 TAATAAATCT CTGGAACAGA TTTGGAATCA
CACGACGTGG ATGGAGTGGG ACAGAGAAAT TAACAATTAC ACAAGCTTTA ATGCGGTAGT
TTATCACAGT TAA or a functional equival ent tg reof. 30 6. A reconbi nant
vector conprising a DNA sequence according to.claim4 or 5 capable of

di recting expre55|on of said DNA sequence in a conpatible unicellular host

olrgani Zm E@g/ |5 436;;A &eggg@n g%@'for‘dﬁﬁigg?::a@l@ﬂn mgstvm&l@iﬂn @hé\htG@omS
plasmd p env -

uni cel | ul ar gb%ﬁP% VeGP AEn® ésPééoﬁﬁ V{2 Y, (ﬁ3§£FQﬁzﬂ§ﬁiﬁ?% Blaime
or 7. 9. A smnebRhul ar organi smaccording to claim8 which 5 is a
procaryotic cell. 10. A unicellular organisn1according to claim9 which is

an Escherichia coli cell. 10 11. - A unicellular organi smaccording to
cl ai m 10 vhi ch |s'EschérPéﬁpéséoﬁprwmrfwﬁfhﬂgIa umgiceldukd QrgaRism as

or gani sm aCCOEQhE‘.ﬁeH%ﬁ' anip %n‘éﬁ'o‘fh d12 ihsCCa/ald C &f&ﬂacé@nz&d pﬁgt ein
according to one of clains 0 3.as constituent of a vaccjne._ 20 14.

A process fOI’IB¥SBGBFﬁQ°§ ﬁlfotae|rﬁ°8§‘bélnél%d'§%°a‘nf%r@adfmerﬂ a’r’n‘m‘”la’t’& 8

conprising 25or 7 into a (ajicedWullari rgganiwnel | ul ar organi smcontaining a
reconbi nant vector as clained in claim6 or 7 under appropriate conditions

of growth so that said protein’is expressed; -and
10 - 18 . A process according to claim 17 in which the recom-

binant vector is introduced into the unicellular organism by
N transformation. o

19 . A process according to claim 17.in which the recom-
15 binant vector is introduced into the unicellular organism by

© transduction.
. 7

20 . A process according to claim 17 in which the recom-
binant vector is introduced into the unicellular organism by
20 transfection.

21. A pﬁocess for detecting the presence of antibodies
against AIDS viruses in human serum, comprising:

'_25 ' (a) 1labeling a protein of any one of claims 1-3;

(b) reacting the labeled protein of step (a) with
a human serum sample and, allowing labeled protein-anti-
body complexes to form in the reaction mixture; and
30
' (c) determining the labeled protein-antibody com-
plexes. of step (b).

22. A process for detecting the presence of antibodies
35 against AIDS viruses in human serum, comprising:

T



30 (b) isolating said protein fromthe culture and, if desired,
purifying it. 15. A process according to cl.aim 14 wherein the uni’- cel | uddr

organismis an E. coli cell. 35 - 36 - 16. A process according to claim
15 wherein the recom binant vector is plasmd pEV2/gag 15-436/env 467- 640
A 514-524. 5 17. A process for preparing a unicellular organism as

claimed in any one of clainms 8 to 12, char&cterized by introduction of a
recombi nant vector as claimed in claim6 or 7 into a unicellular or gani sm

10 18. A process,according.to.claim 17 in.wh t.-he re bi nant

vector is i ntroduced f f f‘ﬂ'@ogﬁ?’géﬁpﬁl Srpgré:aer%nsrﬁcé;f]tala{“nsﬁb%??o% 19.
A process accordi ng t®okidi supporkiwhich the recom 15 binant vector is
i ntroduced into the unicellular organismby transduction. 20 . A process

according to claim17 in which the recom binant vector is introduced into
the unicellular organfBin b§oRBactipgspebliigR SBEUM SAMRIS Wih ®Reecting

ége presgn?e)oflagt:bpﬂm651Qﬂ?baSb:AEQSanEU%Q%v pévﬂﬁﬁhfﬁitﬁ?lﬁ@npr{SIHQ
a abelip ptei,n_o 0 cl ai s reacting

the | abel ed protein o*g@?BgitﬁfdeFﬂtﬁlﬁuﬁgﬁéﬁﬁqﬁnQﬁﬂﬁﬁﬁfiﬁqueﬁ

| abel ed protein-anti- body conplexes to forrhin the reactlon m xture; and

30 (c) determining th ab s QoL el | dﬁyg- %ng
22. A process for def%%tiﬁégsﬁgap%gggngg$8?%§%t | e é§ﬁ£%§§l %DS
viruses in human ser uffoBohpei sopglexes of step (b): and

(d) determining such complexes by the addition of -
a reagent selected from thé.grOup consiStihg of s
labeled Staphylococcus aureus protein A.and a |
labeled second anti-human IgG antibody.
‘18 '
23. A process for dgtecting the presence of AIDS
viruses or fragments the}ef:om in human serum or other biq—

logical fluid, comprising:

20 (a) reacting a human serum or other biological
£fluid sample with a known titer of antibodies raised
against a protein as claimed in any one of claims 1 to 3:

(b) allowing the antibodies and sample to interact W)
25 . to form antigen-antibody complexes in the reaction
mixture; and

(c) detecting the antigen-an;ibddy complexes of
step (b). '

30 |
24. The process according to claim 23 in which the

antibodies are enzyme-labeled, and the antigen-antibody
complexes formed in the reaction mlxture are detected by
enzyme-linked 1mmunosorbent assay.

25. The process according to claim 23 in which a known
amount of a protein of claims 1-3 labeled with a radioactive

O
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- 37~ (a) immobilizing a protein of clains 1-3 on a solid support: (b)
confagting a human serum sanple with the i nmobilized protein of step (a)

.and all owi ng i nmobilized protein-antibody conplexes to form (c¢) washing
away unbound protein and antibodies fromthe conplexes of step (b): and 10
(d) determ ning such conpl exes by the addition of ‘a reagent selected from
the group consisting of |abeled StaphyloCbc%%s'aureus protein A and a
| abel ed second anti-hunman 1gG anti body. 15 23. :A process for detecting the
presence of Al Vis, : _ er ef wn : u : .0t her
bi o- ‘I ogi cal &ﬁgald,lééc?ﬁr&p?irefgsié\%: ggrgé;ﬁ}ﬂ 6¢ 6?%# ?ggg?gﬁggg gt‘ljir}rgﬁ serum or.
ot her bi ol ogiseaip Ye,uiahds e caavit ide - amblbodyt complegesi fodmed dai sbe
agai nst a pr@leRict idh itk idrdWedetdd SYatsBidihAuioakBly.al lowing the
anti bodi es and sanple to interact 25 to formantigen-anti body
conplexes in the reaction mxture: and (c) detecting the antigen-anti body
ccﬁrrpl. exets)5 gf st ep6(.b) A fﬁ):%bbssl Tﬁa ptrtg@eisepa:ca)t dlongot ozcvabﬂiaal cBmpltiich
t he anti bodi es are.enzyme-| abel e anjigenz anti bo cQ exe
formed it hé M a aher it Shretd Sadl- Ln0iRE. p RRYa T TRER S8 A en
assay. 35 25acHepyabtdecesmratiording to claim 23 in which a known anount of
a protein of clains 1-3 |l abeled with a radioactive

27 . A process. for the preparation of antibodies against
10 AIDS viruses comprising injecting into a mammalian or avian
animal a sufficient amount of a protein of claims 1-3 to
N : elicit the production of antibodies against said protein and
' recovering said antibodies from the serum of said animals.

15 - 28. A vaccine formulation comprising a protein of
claims 1-3 and a compatible pharmaceutical carrier.

29. Antibodies raised against a protein according to
claims 1-3. ' '

20
30. The antibodies of:-claim 29 which are monoclonal
antibodies.
(Y |
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- 38 - label is added to the serumor other biological fluid sanple, and .
"the antigen-antibody conplexes fornmed in the reaction mxture.are- detecte@'
by rad|0|nnunoassay 26. A process for the preparati on of a vaccine conpri-
sing mxing a protein of clains 1-3 with a physiologically acceptabl e
carrier. 27. A process for the preparation gf anti bodi es agai nst 10 Al DS
viruses conprising injecting into a manmalli avian animal a sufficient
anount of a protein of clains 1-3 to elicit the production of antibodies
agai nst said Protgy ! ag\ﬂ e ' GEQVEE! agp%'t@i%nta'cb%ﬁ%& YN 4@ . 586 UBE OF 1 § fns
animals. 15 vaccli ne formulation conprising a protein of clains
1-3 and a conbaté b} ef prathecerepasptdany ofr a Proteatijm tamynizafianai nst
a protein accpggé{geto clainms 1-3. 20 30. The ant.ibodies of claim 29 which
are nonocl ona antlbodles 25 30 35 - 39 - 31. The use of a protein
according to any one of clains 1 to 3 for the preparation of a protective
i Mmuni zatigon vaccdZie. BRe usacofsa picodeinodsicoting din@ay ang ofiecbéims
clainms 1 to 3 for. h t i ko t i s. 33.
The use of a b{B?e F%€c§$§|ﬁge§§r§%9%§hgqogn B%HiéEsaJﬁ£§§¥ AYDE
viruses. :

33. The use of a protein according to any one of claims
10 1 to 3 for detecting the presence of antibodies against AIDS
viruses in human serum. :

</
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/

¢ 10 ~1to 3 for detecting the presence of antibodi es agai nst Al DS viruses

i n-hupan serum 15 20 25 30 35 - 40 - 34. A protein as clained in any

- one of claims 1 to 3 whenever prepared by a process as clained in claim14.

35 A unicellular organismas clainmed in any one of 5 clainms 8 to 12

whenever prepared by a process as clained_i pjany one of clains 17 to 20. 36
Antibodies as claimed in claim29 or 30 whénever prepared by a process as

claimed in claim27. 10 37. A vaccine as clainmed in claim28 whenever

prepared by a progess mSpebtéiRdas ncﬁbﬁhéiﬂﬁn &5y2en85o30c351ms 1 4% 3 38.
A test kit for. the deterninatio anti bodi es agai,n Al DS _ vi,r us
conpr|3|ng|rV§FQﬁ¥ﬁ%J%%?P%F5¢ E%lﬁ BERGPEFNGSt 6 ﬁﬁ?e ndfof LaLR dée1.3. 5

39. Atest kit for the determ nation of AIDS virus conprising in a

cont ai ner antibodises agapeke f{PPay! bEgaRiLA! hETcRY iRl nCRATEY Y0 Lo

any one of clains 1-3.
5§ claims 8 to 12 whenever prepared by a process as claimed in

any one of claims 17 to 20.

36 . Antibodi.es as claimed in claim 29 or 30 whenever
~ prepared by a process as claimed in claim 27.
10 ' , o
37. A vaccine as claimed in claim 28 whenever prepared
- by a process as claimed in claim 26.
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40. A protein, as claimed in claim1l, substantially 10 as hereinbefore _s -”f
described. 41. A DNA sequence as clained in.claim4, substanti.ally as o
her ei nbef ore descri bed. 15 42. A reconbinant vector as claifred in -
claim6, substantially as hereinbefore described. 43. A unicellular-

m croorganismas claimed in claim8, substantially as hereinbefore

- described. 20 44. A process as clainmed in &3y -of clains- 14, 17, 21, 22, 23
26 and 27, substantially as hereinbefore described. 45. A vaccine as
claimed in clai 8, supstaniial Ly 25 as . hereinbefqre described. 46. An -
ant i body preparg§$on stﬁfgikég ﬁ ?5|n1 gg I DEHIAHR | %ﬁ 3pLLbeALRS nhef or e

descri bed. 3dg&8Pnst AIDS virus comprising in a container a protein

v e

according to any one of claims 1-3.

5 39. A test kit for the determination of AIDS virus
comprising in a container antibodies against AIDS virus
elicited by a protein according 'to any one of claims 1-3.

40. A protein, as claimed in claim 1, substantlally
10 as herelnbefore described.

41. A DNA sequence as claimed in claim 4, substantially -/
as hereinbefore described.

15 42. A recombinant vector as claimed in claim 6,
substantially as hereinbefore described.

~43. A unicellular microorganism aé claimed in claim 8,
substantially as hereinbefore described.
20
44. A process as claimed in any of claims 14, 17, 21,
22,23 ,26 and .27, substantially as hereinbefore described.

45. A vaccine as claimed in claim 28, substantially g‘)
25 as hereinbefore described.

46. An antibody preparatibn as claimed in claim 29,
substantially as hereinbefore described.
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