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The _prese,nt -invention relates to the field ot' human immunodeficiency viruses. 

More particularly, the- present invention relates to new HIV-3 retrovirus stt·iifns, 

co1npositimis comprising total extracts, lysatcs or antigens of said H(V~3 retrovirus strains, 

purified antigens of said HIV-3 retrovirus stl'ains, more particular~y p 12, p l6, p25 p1·oteins 

5 .· and gp41 and gpl20 glycoprotefos to be used in the diagnosis of ARC Ol" AIDS caused by 

said HIV-3 strains, as well as lrom1.mogenic compositio~ containing the same to be used _a~ 

vaccines. 

Substantial . progress has been rnade in our understanding of the acquired 

1mmuuodot1ciency syndro1ne or AIDS. The prinicipal causative agent has been demonstrated 

10 to be a non-transforming retrovirus.with a tropism for T4 helpe1·/inducer lymphocytes (l,2) 
. . . . 

and it has been estim_ate4 that millions of people world"wide have already been infected. 

Infecti()n with this vi~s leads, at least i~ a significant percentage of cases, to a p1·ogre~sive 

depletion of the T4. lymphocyte population with a concomittant increasing susceptibility to the 
. . . 

opportunistic lofecti<>n$ which are characteristic. of the disease. 
. . . 

t5 Epidemiological s~udies i11dicate that human immunCldeficiency vit·us type l (HIV~ L). 

20 
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the etiological agent responsible for the majority of AIDS cases and which is ·currently the 
. . . . 

most widely disseminated HIV, probably had its origins in Central Africa (3). 'rhe 4~scovery . 

of this virus ~id not necessarUy imply .. the exi.~tence of other. types c.>f human 

immunodeficiency ·viruses.. Nevertheiess. a second group of human 

immunodeficiency-associated retr()viruses, huttk"ln imnumodeficiency virus _cype 2 (HIV-2),was 

identified in West Africa (4,5). An HIV-2 virus is disclo.CJed in EP0-85/00548. An HIV-1 

vit'Us is disclosed in EP.O~O 239 425. Other similar, but not ldcntical, retroviruses have also .· 

beon isolated from simian sources (simian i~unodeticieucy virus, SIV). such as African 
.. · ... 

g1-ee11 monkeys (6,7) and ma~~ (8,9) •. The simian i.1>olates have been shown to be 
. ~- .. . . 

25 genetically more closely related to HIV-2 .tluln RCV-1 but are neverth~less distinct (LO). 

One characteristic of human immunodeticien~y vir1,.L4{es which complicates their 

compariso11 is their genetic variability; geiretic variants arise spontaneously and with high 
. . . 

frequency. A comparison of various HrV~l lsolatcs revealed that some regions of the 

..... 

.. . . . . ... ·.· 

genome are highly variable while others are reasonably well conserved (11-16). Similar ·. ·: . 
. . . ·. . . 

30 polym,c>rphisms have 1.ll~o.been observed for HIV-2 (17). The regions with the greatest genetic · · .. 

stabillty are presu~bJy those . f" n.~&fdi_t\ffdt i™-Ffag~ns of ~ral pr< teins which are 
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structurally pr enzymatically essential. The viral gen.cs with the gre~nt.e~t. overall genetic 

stahiiity are the gag and pn1, genes, while some regi<>IL'l of the C.tl.Y gct:ic and the genes coding 

for regulatory proteins such as .art, .tat. &tt and 3 1orf cx~1ibit n high degree nf variahility. 

Some of the major structural features of the gag and pill gene products are apparencly shared 

5 not only by aH of the variants o! a particular HIV type, hut have, at least to ~ome extentt 

been conserved between virus types. Antisemm produced against HlV ~ l cross reacts with the 
' ' 

gag and pill gene prodt~cts of HIV~2, albeit with a lower affinity than.for the correspon4ing 
. -

HCV~l gene products. However, in spite of the dcmonstrahte immunological cros.c;1·enction, 

at the nucleic acid level there is little sequence homo_lngy and no Rignificant hyhridi7.ation 

lO between these two viruses can be detected except under very low ~tringency conditions (17). 

· A highe1· degree of relatedness can be demonstrat.ed between SIVagm (STL V-III agm, 

nearly or completely identical to Human T.ymphotropic Virus Lype 4 (15)) a11d HIV~2. 

Immunological c1·ossreEiction is not limited only to t.he gag and p:o1 gene products hut extends 

to the ~gene products as well. Nevertheless. genomic analysis nf SIVagm and HIV-2 

lS showed them to be g~notically distinguishable (19).' DNA pmhes specific for HIV-2, 

although able to hybrkJi7.e tc> SIVag:i;n sequences~ hybridize preferentially to-TTIV-2 (18). 
- -

We now repo.rt the isolation and partial chat't\cteriuticm of a novel human 

immunodeficiency viru:s f1·om a Cameroonian woman and her partner. Gt~ographically. this 
. . . 

virus comes from a region in Attica located het.ween West. Af1•ica where HIV-2 is cndcmict 

20 and East-Central Afric~ where HIV-1 is endemic. This isolate is shown immunologically 

to be antig~nically more closely related to JTTV .. t than is HIV-2t yet an analysis of partial 

cleavage products C>b(ained by chemical cleavage of the gag and pol gene products . - .. 

domoustrate that this iS!Jlate is neither lllV-1 nor HIV~1. This_ novel isnlate could repre~nt 
' . . 

an evolutionary link ~tween HIV~l and filV-2. This novel virus wil_I he refened to a.c; 

?5 HlV~3 hereinafter . 

. Accordingly. the invention. relates to an HIV-3 rct~ovirus ot· varhrntR nf this virus 

having the.essential mQrpbological and immunological properties of the retrovirus deptlidted 

in the Iluropean ColleQtion uf Animal_ Cell Culture.~ (ECACC) under n° V8806030L 

A virus isolation was performed from blood fl'o~n an asymptomatic- Cameroonian: 

!O won~~n who ls the partner of an HIV -.~empositive man with generalized lymphadenopathy. 

Serum ti:om the woman was· mod:erately positive (ratio q.D./cut-ot'f of 4.S) it\ the en7.y1ne:. 

linked imrnunosorbeni:; assay (BIA, Organon Teknika) nnd had a low titer (l/40) in the 

----------~-



3 

immunotluorescent antibody assay for HlV-1 hut gave ambiguous 1·csults in the HIV- l 

Western blot assay with clear bands ~t. p13, P53/55 an~ p64 but very weak bands at p24. 
. . 
gp41 and gp120. ·virus was isolated by co-cultivation of the woman's lymphocytes with 

PHA-stimulated lyntphocytes from healdty uniotectecl dcmors in a medium consisting of RPMI 
' 5 Hi40 buffet·ed with ~20 mM HRPRS (hydroxyethylpiperazine ethanesulfonate) and 

supplement9d with LS i% fetal calf semm, 5· 11.g/ml hydrocortiso!1e. 75 u/ml interleukin-2 

(IL-2) and 2 µg/ml pol~brene. 
' 

After 52 days i~ cultm·c, vims wns detected in the culture as judged by the presence 

of syncytia and on the; ba~is of positive immunofhmrescence observed when .a laboratory 

IO i-eferencc anti-HIV antiserum was incubated with acetone~fixed cells from rhe culture. The 

presence of reverse tra~cdptase was also detected in the culture ~upernacant (104 cpm/ml. 

27 X background). Cell-free cultttre supernatant was used to .passage the virus on fresh 

lymphocytes. After lS days. CPE was again nhserve4. and· i·evet·sc trancdptase detected in 

the sqpernatant. The virus was further. propagated in PHA-stiinulated lymphocytes from . 
LS . healty blood donor·s and was transferred to Ct'lnti11uous cell line~ of leukem!c origin. 

Vkus-containing supcr~atant was tested in.parallel with cultm·c superruttants knowtt.to contain 

HIV ~.l in the differential antigen capturing test. which is. described in detail below. The 
~ . . . . 

rosult.<i of this conipari~on indicated that the new isol8:te _wa.'l not HIV;.l. 
. . 

The tl.CW virus was then characteri:red wlth rC'~<ipect to it" protein antigens and nucleic 
. . . . 

20 acids. The coll lines used tot' propagating the virus can be. depending on the case, lines of 

the CBM, HU'L\ Moltf, or MT4 type, or any other immortalized cell line which hears the 

T4 receptor on its cell; surface. 

A pret'e:r~d eel~ line for the continuous proP.ae;at.inn nfl-HV-3 is Molt-4. Molt-4 cells 

infected with HIV~3 were deposited with the HCAC!C! on June 3. 1988 under number 
. ! . 

25 V8806030l. Bstablistiment of a chronically-infected cell line can. for example, be carried 
' . . . 

out as follow&: 

Molt-4 cells (~06/ml) and pretbrably Molt-4 clone 8 eetlR (oht.ained from N. 

Yamamoto, Yamagl:fchi, Japan) are cocultured with infected human lymphocytes (106/ml) 

in 1uiM:1 1640 culture ~edium buf(erod with 20. m.M HBPBS and containirig ·~o % . fetal calf .. 

30 : senm1. Within one ~ two weeks •. a cytopathic effect." is observed in the culture· which is 

followed by_ cell dea~. A fraction of the celis in _the culture survive the infection and 

nrnduce virus continuoµ~1; ~ With continued culturing, these cells h1creitse in number and van 
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bo passaged. Super.mt.t~nts from these cells can be used .a a source of virus. 

Furt11~rmorc, the invention relates to a purified retrovirus having the essential 

morphological and immunologlcal properties de.o;c.-ibed below. In niany cases, the unique 

chaL·acteristics of HIV 4.3 mm bes[ be appreciated hy comparison with tho same type of 

characteristics relating 'to the other human immunid.eficiency viruses, HIV~l and HlV-2. 
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l. Morphology 

Rlccfron microscopy of HIV-3-intected MT4 cells revealed the presence· of 

extracellular virus particles having a diameter of approximately 120 nm and consisting of 

· 5 an outor envelope which sut·rounds an inner. · 1..~longat.cd core which has a diameter of 

approximately 20 to 40 nm and which appears in some thin sections lo he. slightly 

cone-shaped in contrast to the rnore or less cylindrical appearance of the HIV-1 c9re. 

Nevertheless) HIV-3 is morphologically very similar t.o HTV-1 and HIV-2- hut is t·eadily 

distinguished t'rom oth~r human retroviruRes such as HTLV-I and HTLV~II. 

10 

2. Protein and glycoprotein antigens. 

'l'he virus present in the culture supernatant of HIV-3-intected Molt 4 cells wRs 
' 

concentr.ated by precipitation with polyethylene glycol. (average molecular weight 6000) 

15 followed by centrirug~tion. The resulting pellet. was ref.>uspendecl ht phosphate buffered 

saline, layered on top ~fa 20 % sucrose cushion and pelleted at 100.000 g for 1,5 hours. 

The. pelleted virus w~s then dissociated in 61.5 mM Tris, pH 6-7. containing 2 % 

2 ·mercaptoethanol, l % ·sodium doclecyl sulfate and 10 % glycerol and the prinicple viral 

antigens were separa~ed by clectmphoreses on a polyacrylamide gel (12,5 %) under 

20 denaturing conditioos. : Molecular weight markers were included on the same gel so as to 

provide a basis for e~timating molecular weight.ci. Once separated. the proteins were 

clcctrophoretically transferred to nitrocellulose paper (Western hint) which wa.11:1 then incubated 

with an antiserum deri;ved from a pct·son infected with an H[V. In the initial experiments. 
. . 

a high titer antiserum was used from an individual w~n wa.~ lnfected with HIV-1 and which 

25 ha<l been previously sllo.wn to crossr~1ct with HTV-2 gag- and oal-derived proteins. In this . . 

manner. the t~olecula1~ weights of the HlV-3 gag and pal gene product..c; could be compared 

with.those of HIV-1 atid HlV~2. 

Tho apparent. ~oleculat· weights observed for the HIV-3 proteins are close to those 

obsorvcd for both HIV r 1 and HIV-2. Nevertheless, small yet roproducihle molecular weight 

30 differences between HXV-3, and HIV-1 and HIV-2 proteins 11re alRo twident .. 
. . 

The p1·otein bl~ts revealed that HIV-3. llke HIV-l and mv.2, possesses three core 

proteins. In the case ~of HIV-31 these proteins were found tu have molecular ~eights of 
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approximately 12.000. 16.500 and 25.000 respectively .. Dy convention. proteins are 

frequently referred to by a "p" for protein or "gp" tor glycoprotein, followed by a.num~cr 

which, when multiplied;by 1.000. glves the approximate molecular weight of the polypeptide. 

The three major core 1froteins of HIV-3 will ·he referred to hereafter as p L2 1 pl61 and p25 

tespectively. 

The molecular weight values as detet·mined are expected to be r .. orrect to wit.hin 10 

% of the true values. Nevertheless, much conl'u~ion cxistc; with regards to molecular weight 

values of proteins since. the constniction of the eleccrophot·e.~is apparHtus usecl and ~he f;f>Urcc 

ot' tho buffer cmnponents varies t'1·c)m laboratory to lnbQratory. · It is theret'ore necessa1·y when 

cmnparing the appal'ent molecular weight'\ of the pt'otcin antigens of HIV ~3 with respect to 

those of HIV-1 or HIVw2, to subject all samples tn e1ectrophcwesi11 on the same gel. Stich a 

gel can, for ex.ample, be seen in Ftg. 5. rn particular, it is evident that while, in the case of . 
the major core protein, the molecular weight values of the homologous proteins of the three 

HIVs al'e very close, t~e protein derived from RlV ~I iR. the snjallest. The major core pmtein 

of HlV-2 is somewhat larger than that .of l-lTV - l. ns has heen previnusly reported. The 

homologous protein frqm HN-3 is slightly. larger t.han t.he major core protein of HIV .. 2. The 
: I 

calculated molecular weight of these proteins are given in Table 1. 

~iii1f1liif 
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Table 1 - Comparison of moltt.ular '\\reights of gag and ~ gene products. 

gag pQl 

. 
......... . . . . .. EN.DO. . , .. REVERSE. 

5 

10 

-·;i lil" 
r:n 
~ 

-........o .... 
~ 
"' ,,,,.........._ tx1 
CD ...... a ... 

=~ 'E. _____ ,., 
8. 

TRA.:"\lSCRIP-

TASE""' 

mv-1 12KD rt KD~ 24 KD 31 KD 49 KD/65 KD 

.ANT 70· 12KD 16.5 KD~ 24.8 KD 31 KD 48.5 KD/62 K.D 

HIV-2 12KD 16 KD, 24.3 KD -:it KD .... 53 KD/69 KD 

* Some strain to strain variation in molecular weight has been ol;>served for ~ protein. · 

** Molecular weights are given for both species of reverse 

t:rmscri.ptase. 

• 

'. 

ml:'. 

'l."RANS .. OUl'ER 

Ji..1.EM:BRANE :MEMBRANE 

, PROTEIN PROTEIN 

gp41 gp120 

gp41 gpl20 

gp41 gp120 
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Similarly, mole~ular weight differences at·e also apparent between the three ~IVs with 

respect to the second core protein which has, in most HIV-1 strains, a molecular weight of 

18.000. Strain to stralti dift~rences in the molecular weight of thi~ protein have, however. 
. . . 

been documented in the case of HIV-1, and the molecular weight ot· this protein may be 

5 l7.000 in some isolates. Tho homologous protein from HIV-2 hM a molMuhir weight of 

approximately L6.000 .while the HIV~~ protein has an intcm1cdiatc molccul~r weight of 

upproxinmldy 16.500. 

By analogy with HIV-1 and HIV'"'2, HCV~3 also possesses two forms of the vh:al.ly 

encoded enzyme reverse transcl'iptasc." These two species also dltlbr slightly in molecular 

LO weight from the currespon.ding specie~ in HIV-land HIV-2 and arc characteristic for IIIV-3. 

15 

Those molecular weights arc also summarized in Table I. 

HIV-3 possesses an additional pQl gene-derived polypeptide. which ls an cndonuc lease 

with apparent molecular weight of 31.000 and which does not differ significantly in molecular 
: . 

weight from the homo~bgous proteins from HIV-I or HIV-2. 

When pmtein blots containing HIV-3 proteins are incubitted withReniili nhtflined from 

an individual infected 'flth this virus, two additional pi:ot.eins c1-t.n he seen. These proteins 

at:c derived from the~ gene and are the vfral envclopt~ gtycoproteins. The 11rnallest protein, 

which is the transmem~rane protein, migrates as a bmad hand with Hn apparent. rnol~cul.ar 
: . . .. 

weight of between 40.000 and 45.000. This pt·otcin will henceforth h~ referred to as gp4lt 

20 with the understanding: that the protein exhibits some intrinsic heterogeneity with respect to 

its appareiu: molecular;weight and migration on polyacryla.mic.le gels. · "rhc la:rgcr protein, 

which is the outor membrane protein, is similarly immewhat diffuse mt poly~crylamide gels· 

and hns a molecular ~eight of approximately 120.000. ThiR pmtefo wiU henceforth be 

rotbn·od to as gpl20. ~t should he noted that the apparent hcterogene<>ns migration of these 

25 tw<> species on polyacfylamide gel is not due to hetergeneity in the :P6lypepcidc chain but 

rattier in posttt·aoslational glycosylatlon. In particular, the gp120 is heavily glycosylated and 

the apparent molecul~r ~eight which one oh~erves Is to some degree i~tluenced by the cell 

line used to produce the virus .. 

In addition to the Western blot, viral protein antigens ca11·~lso b~, visualized by 

30 radioimmunoprecipitati()n assay (RIPA). Fol' this purpose, viral pr9teiil8: ca!! be r~dioactively 
. labele~ metaboiically i? vlvo, by culturing HIV -3-infectecl cells in the presence of 3SS .. cysteine 

and 3SS-methlonlne (1PO p.Ci/ml) in RPMI ·1(l40 medium devoid of ~~sri &ro amino ackls 
: . . . : .... ~ .. 

. · .... 
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and supplemented with dialyzed· feral calf scrmn.. After 16 hours, t.he b1heled virus is 

harvested fmm the culture supernatant by centrifugation over a 20 % sucr·o.~o cm1hion at 

L00.000 g for l,S hours. The resulting pelleted virus is then resuspended in RIPA buffer (20 

mM tricthanotamine, p~I 8.0, 0.5 M NaCl, 0.5 % Nonidet P40, 0.1 % sodium dcoxycholate, 

5 and l mM phenylmethylsulfonylflu<Jride). 

Alternatively, the virus may be raclioacrivly labeled with 125 [ using chloramine 'T 

by the technique familiar to persons versed in the art. In this case, virus is purified from the 

supernatant of intected cells by pelleting the vinis through a cm~hinn nf 20 % sucrose. 

ri:suspending the virus in phosphate huffered saline and handing tho virus by 
. . 

IO • ultrncentrifu.gation c>n a 20 to 50 % 11ucrose gradient at 60.000 g tbr 12 hours. The banded 

virus can he located int.he fractionated gradient either hy reverse transcript.Me a.~.say or hy 

an antigen capturing assay.· The fractions containing virus are pooled and Triton X-100 is 

added to a concentratiqn of o:s %. T~ Triton X-100- lysed vims may then he iodinated. . . . 

llor immunoprepipit~tions, 100.000 -200.000 cpm of lahele~I viral protein in RIPA 

l5 bufter is reacted with S microliters of a t.e11t serum iri a volume nf 200 microUtcrs for 16 

hours at 4"C. The r~ulting immune complexes are rhen bound to Protein A-St~phamse 
. . 

(Pharma.cia). washed e.ic.tensively. and the hound proteins eluted with electrophoresis sample· 

bufter containing 1 %! SOS. The antigen'! at·e suhsequently analyzed hy eteccrophoro..ciis 

followe~ by autoradiography. 

20 The protein antigens of' HIV-3 can he characteri~ed with respect to those of HIV -1 and 

IIIV-2 using two .different but related apprrn1.che~~ On one hand, the antigen..~ may be 

characterized on the basis of theit· ability t.o cro~sreact with antlsera from person..~ infected 

with HIV~l and HIV-+. On the other hand-, ancisera from persons infected wit.h.ITIV-3, 

which contain antibodies produced in response to HTV-3 antigens, can he u.'led to test 

25 ·crosst·eactivity to Hrv.i andHIV-2 proteins. 'l'he antigenic relationships between HIV-3t and 

30 

HIV-1 and HIV-2 are substa~tially illustrated in t.he examples given he low. 

Tbe results of tlJ.ese experiments indicate that HIV-3 is only distantly refuted to HfV .2 

since cross~eacdvity i~_ only observed wit.h respect to the viral core pmtcins and pol gene 

[>rod,ucts. No crossrejnctlvlty of the emt: .gene products was <lbserved when anti.tTIV-2 
! . 

nntisetum was incuba~d with HIV·3 proteins or when anti·l-TTV-3 antiserutll was incubated . . : 

with HIV .2 proteins.· i 
I 

In contrast, IDl\7-3 is more closely related to HIV-1 since anti".' IIIV-3 antiseru1n 
' . 
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crossroncts not only with the m and l;2W gene pmducts of H!V-1 hut also to some extent 

with t.he gp41 and gp120 tm! gene product~. albeit ~ith a lower at'tinity. Anti- HIV-I 

antiserum similarly crossreacts with all of the protoln. antigens of HIV-3, but with a lower 

affinity than for the proteins of HlV ~ l . 

In the examples which follow, it is demonstrated that HIV-3 is 1.mtigenically 

substantially different from HIV-1 on the basi~ of 1.) a difterent pattern of reactivity with 

1mti·l-IIV·l antiserum than that observ~d for HIV-1, 2.) a drastically reduced ability to be 

recognized by rnouse monoclonal antibodies l't\lscd against the HIV-t p24 and pl7 core 
. . 

pt'oteins, and 3.) pl·otbrential recognition of HIV-3 proteins, including the envelope proteins, . . 

lO over HIV-1 pl'Oteins b~ antisera. from HIV-3- infected individuals. 

In spite of the g:enetic variation characteristic of human immunodeticiency viruses, a 

test based, for e.xampl~, on HIV-1 proteins del'ived f1·01u a particuhw strain· will function 

satisfactorily for detec~ing antibodies i·~ised in response to other HIV-1 variants. This can. 

in particular, also be seen in the example in which monoclonal antibodies were tested for 

15 their ability to react with antigens derived from HIV-1, HIV-2 and HlV-3 isolates. Cn this 

case, the mC>noclonal antibodies were l'aiscd against the core protein!-l from the HIV~ 1 UIO 

stt·aln. yet react vel'y stl·ongly to proteins derived from HIV-1 strain SF4. In contrast, these 

samo mo11oclo11a.l antibodies react only weakly or ttot at all with HIV-3 core proceins. This 

indicates that the antigenic differences betwe.en HIV-1 and HlV- 3 arc of such a· magnitude 

20 that immuo.ologicat ass~ys based on the. use of HIV-l protclns will not be suitable tor resting 

25 

30 

. . 
s~ra from individuals i.nfected with HIV~3. 

Finally 1 in the ~xamples given befow, differences have been 

shown in the number and/or positions e>f methionine and cryptophan residues in the most 

highly conserved gag .and pQl gene products. 

3. HIV ~3 N UCLH(C ACIDS 

A. HIV ·3 viral RNA. '. 

·The RNA of HfV-3 when d.eposlted on a Hybond-H (A~ei·sham) fllter.accordlng to 

the "dot blot" techniq~e,. did not hybridb:e to HIV~ 1 DNA under stringent hybrtdizatlon 
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conditions. 
- . 

By 11 stringent conditions" or "nonstringent conditions" are meant the conditions under 

whlch the actual hybri~ization and/or the subsoquont wash steps ~ro porformed. 

Dot blot hybddizations were performed by spotting dilutions of viral RNA from 
. . 

· 5 HlV·l strain SF4, HIV-2 rod, HIV-3 strain ANT 70 and HIV-3 strain ANT 70 NA onto 
. . = 

Hybond-H fllte1·s, 

The dilution series fo1· each virus corresponded to viral RN A pelleted from the 

equivalent of S, 2.5, L25 and 0.62 millillters of culture supernatant. The RNA was tixed 

onto the filter by U. V. irradiation for 2 min. and subjected to hyhrid~:iation by bringing the 

10 filter into contact with a 32P· labeled DNA probe. The prob"e chosen was det'ived from the 

HlVvL sequence spanning nucleotides 487-4652 (Sac l ~Eco Rl)and includes a portion of 

the 5'long terminal rep;eat, the entire gag regioc1 and most of the f.lQ.l gene, subcloned in the 

vector pUC °13. Hybri~lization of the 31.P-laheled pmbe with the filter was curied out under 
. -

stringent conditions in 3 X SSC, O,S % anilk powde1;, 1 % SDS, 10 % dext1·an sulfate, 50 

15 % formamlde (volumeivolume) at 42°C for 18 hrs (1 X SSC corresponds to 0.15 M NaCl, 

0.015 M sodium citra"te). The subsequent wash steps we1·e carl'iec.l out under stringent 

conditiorts in 0.1 X SSC and 0.1 % SOS at 65°C (2 - 30 minute washes). The filter was 

then dried and autOradiographed with enhancing screens at -70°C. Following. 

autoradlography, only spots we1·e visible which corresponded to HIV-1 vil'al RNA. No 

20 hybddi7.ation was observed to HIV-2 or either of the two HIV~3 strains. HIV-3 tlleretore 

appears to be only dls~andy related to HIV-1. 

n. cD_N;\ ·and suhclon~s of this cDNA derived from HIV-3. 

25 The conditions under whic~1 cDNA corresponding to HIV ~J sequences was synthesized 

·and clo_ned are descri~d below. HlV· 3 (strain ANT 70) from L liter of' culturo was 

precipitated with poly~thylene glycol 6000. redissolved in phosphate buffered saline, and 

pelleted. through a 20 '% sucrose .cushion. · The resulting virus pellet was dissolved in 6 M 
~ . 

. guanidinium chloride ij:i. 20 mM dithiothreitol and O.S % Nonidct P-40. CsCl was added to 
. ! . . . . . 

30 a C()nCentra.tion Of 2 m41ar and the SOlUdon containing disrupted Virus Was layered onto a 1.2-

milliliter cushion of ~.7 M CsCl containing 0.1 EDTA. Viral RNA was pelleted by 
. . . 
. centdfuging for 20 hr;. at 25.000 rpm in a Deckman SW28 r<>tor at t5°C. 'rhe pelleted 
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RNA was redissolved, ext1·acted with phenol and precipitated with ethanol and 2 M LiCl. 

One-fifth of the viral RNA. prepared as described ahovc. was used to direct the first 

step in the syuthesis of cDNA which made use of an ol igo (dT) primer which served to prime . 

the ·synthesis of the first cDNA strand. · 

A commerciallY. available kit Sll()plied hy Amersham was used for preparation of 

HlV-3 cDNA and mad~ use of an exogenously atlc.led reverse transcdptas.e to synthesize ~he 

fkst st1·and. Tho synthesis of the· second st.rand was pe1iorine<l usi11g E... coli DNA 

polymerase I in the presence of RNase H to digest away the RNA strand of the RNA/DNA 

hybrid. 

LO Second strand synthesis was performed in the presence of 32p~ dCTP to label the 

cDNA. The resulting <?DNA was ti·eated with T4 DNA polymel'ase to create blunt ends, the 

cDNA was methylated to pi·otect possible internal EcoRI cleavage sites, and was then coupled 

to EcoRI linkers, also s:upplied by Am.ersham. The Fi.coRI resu·iction sites were then cleaved 

and the cDNA was sized on a 1.2 % agarose gel. The region in the gel corresPondlng to a 

15 cDNA length of 500 to 2000 base· pairs wHs excised and the cDNA was eluted and cloned 
. . . 

in tho vector pUC13 which had been cleaved with RcoRl and dephosphorylated. The DNA 

was then used to tt·an~form competent cell~ of E. coli MC1016 (lambda). The resulting 
. . 

colonies were transferred to Pall membranes (Pall Biodync), lysed and denatured with 1.5 M 
. . 

NaCl, 0.5 M NaOH ~nd neutralized with 3 M Na()Ac, pJ:I 5.5. Screening of colonies 
. . 

20 harboring an insert of ij:IV ~3 wa.'l performed under mo<lerat.ely_~tl'ingcnt conditions in a buffer 

25 

c<>ntaining 5 X SSC, S X Denhardti; !mlutiont 0".2 % SOS. 2.SO mg/ml denatured salmon 

sperm DNA, overnig~t at 65°C, using 32P-labeled pla~mid containing the SacI - EcoRI 

t'ragment ofHIV-1 diseim1sed above. Following hyhridfaatlon, filters were washed as follows: 

l. 

2. 

3. 

4. 

1 hour in 2 X SSC, 0.1 % SDS at r()om rcmpc1-atul'e. 

30 minutes in 0.1 X SSC. 0 .1 % SOS at ronm temperacurc. 

20 minutes in 2 X SSC, 0.1.SDS ~it 42°C: 

20 minute~ in O. l X SSC, O. l % . SOS ac 65°C. 

JO ·Following autc?radiography of the tilter, ~everal weakly positive colonies were 

i~entlfied which were (hen grown for analysis. It was expeeted that the positive sig11al would 
. . . 

either . be due to woa~ homology with the auu; or. pal 1·cgio11,'j of ~IIV;. t ~ or due to some 
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sequence homology wlth the R region of the LTR. 

C. Sequences containc4 in HIV-3 cf?NA_. 

A clcme carrying the largest insert, which was foutid to be a.pproxintacely 1600 base 
. . 

pnirs in length 11nd is referred to as iso 70~ 11, was selected for sequence analysis. A number 

of subclones ot" the insert were prepared by digesting the insert with various restricti<?n 

enzymes all.d subcloning the resulting fragments_ in the pUC 13 vector. Sequence 

dctcmtinations were: performed according to the dideoxy~method, de.~crihed hy Sanger. (Proc. 

10 Natl. Acad. Sci. USA 74: 5463-5467, 1977), u .. ~ing a kit. purchased from Bc_>ehringer which 

makes use of 17-mer Iy.113 prhno1·s. Sequence analysis of cDNA clone iso 70-11 i-evealed 

that the insert corresponded to the 31 end of the viral genome wblch possessed a poly (A) 

chain at the 3' end. 

The HIV-3 retrovirus contains a 31 I .. 1'R which· is composed of~\ U3 region as well_ 

15 as an R region. Lil(e thc.3 1 LTR region of lIIV:-1. clone iso 70-1,1 contains an AATAAA 

polyadenylation signal ~ocated approximately 23 nucleotides from the 3' end of the R region. 

Analysis of the HIV .. ~ sec1uence revealed approximntoly 70 %- homology with the 

corresponding 3 1 LTk sequence of HIV-1 and less than 55% homo.logy with the 

corresponding sequenc~ ?f HIV ~2. 

20 
- ' 

The retrnvirus as deposited witl1 the BCACC under number V8806030t contains in 

its~ gene a sequenc~ corresponding to the following nucleotide sequence: 

10 20 30 -40 50 
GA1\'!1'!1CAAAG TGAAATGAAA GAACC'l' AAAJ\. J\AAC'!'CC'I'T-T AGCAA'l'T'fTC 

60 70 BO . 90 100 

25 ATTGGTTTAG CAAT~r-ACAAC CTTAATTTAC TTAATTATTG CTATTTCAAT 

110 120, 130 140· lbU 

GTCACTTAAT GGTGGA~CAT TCTTTGGCTT CAAAGATTAC ATGAGTAGTT 

160 170 180 - 190 200 

'l'A'l"i'Ci\MAA TGAAAMGCT GGACGAATTG 't'TT'f.'rGG'r'!"!' AA'l''rAl-\CNr·r 

30 210- 220 2:-10 :l4U 

TGTATTTCAA TTGGTGTTCT AGGTATT~TT AACGGTTTCT CAATG 
(SEQ ID NO 1) 

iii~iiITTiiilr 



--··--···-----····--------------------------------------'--

· 14 
. . 

The HIV-3 scqu~nce exhibits less "than 60% homology. to the corresponding sequen~e 

in HlV-1 and HIV-2. ·The sequence is derived from a portion of the HIV· 3 genome which 

encodes the transmembrane envelope protein. 

. It was found that the sequenceR contained in the RNA of the new vil."us hybdclize 

. S neither with the ~ gene of HIV-1. nor with the sequences contained in the L'l'R region of 

the HIV-1 genome. "!'he Sal 1-Bgl Il restriction fr~gment.. which contains sequences located 

in the~ gene of HIVY3, was excised from the DNA of clone iso 70-11. labeled with 32P 

~tnd hybridized undei· stringent. conditions !:<:> a filter containing geriomic DNA isolated from 

cells infected with HIV~t (st.rain.SF2) and HIV~3 (strain ANT 70). Hybrldizatlon was only 

10 observod w(th DNA corresponding to the cells infected with HIV-3. Similarly, when the 

entit·c iso 70-11 . plasrrdd was labeled and used as a probe under stl'ingent hybridization 

·conditions, the only hybridization was detected witl:l DNA from cells infected with HIV-3. 

This dem.onstt·ate that .HTV-3 is only lfistantly related to HlV~l and that the clone iso 70-11 

is suitable t'or use as a hybridization. probe to distinguiAh HlV-3 from the other two known 

LS human ltnmunodeticie~cy vims. 

Conversely, hypridizations u&ing HIV-1 gag - p.ol sequences a.1t the labeled probe to 

detect crosshybridizati<>n with HIV~3 RNA revealed no detectable hybridi7.adon when the 

hybridization was carri~d out under stringent conditions. This again indicates that the vil'uses 

are only disbmtly related and that a distinction can be made between HIV-1 and HIV-3 at the .. 
20 nucleic acid level in the i;egion of the genome encompassing the gRi'. and oo1 genes. This 

25 

. . 
~amo labeled probe di1· however, hyhridlzc to RNA derived from HIV.,.l s.train SF4. 

fn addition, the: invention relates to a composition comprising at least one antigen,· in 
i . . 

puticular, a pmtein oc. glycoproteln pf T-Il\T-3 i·etrovirus. Such a composition can be used 
. . 

in methods tor detecti~g antibodies and in kits fo1· carrying out such method.ci. 

The IIIV-3 vi1t1.s has· prov.e~ to be a usable as n tmurce nf antigen for detectlng 

nntihodies in people w~o have come into cn~tact with HIV-3. As such, vims may be gr<>wn 

and concentrated by th~ method.~ already described and a lysate prepared by treating the virus 

with a sultable detergent. A preferred detergent for preparing a total viral lysate is Triton . . . 

X · 100, used at _a con~entration ·of 0.5 % . Another preterred dete1·gcnt is Nonidet P-40 
: 

30 {NP-40), also used at .a.con.centration of' 0.5 %. . . . 

Alternatively,- viral protciri may he pul'ified f1·om lysute of tlle virus. A 11refen-ed 

method for purifying, these proteins is· aftiniiy chromatography. For example, the viral 
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antigens may be sepal'~ted on a preparative polyncrylamide gel and the individual antigens 

oh.ited in purified form.i These mny further be used to raise antisera in, for example, rabbits 
. ' . 

which is specific for tho individual vkal proteins. The IgO fraction derived from immune 

t•abbit · se1·um c~m be coupled to a solid phase such as CNBr-activatetl Sephamse 4ll 

5 (Pharmacia) and used to selectively remove individual viral ant1gens from viral· tysates. 

'fhese proteins may then be eluted from the affinity support using a low pH buffer and fu1ther 

pm·ified using sta1iclarcl chromatographic tochnlq\ios ot' which an example is given· by 

Montolaro et al., J. of Vit-ology (1982) 42: 1029-1030. 

'l'he invention l·elates generally to any composition which can be used fo1· the diagnosis 

lO of HlV-3 infection 01· for tests which _bave a prognostic t.i:alue. These diagnostic procedures 

involve tqe detection of antibody in serum oa.- othot· body tltdcl, which are directed aga·inst at 

least one ot' tho antigeqs of HIV~3 .. 

Preferred compositions are viral lysates or purified antigens which contain at lenst one 

of the viral core proteins, pl2, p16, aud p25 or cnvolopo pt'Otoins ~p41 or gp120. Especially 

lS preferred compositions ai:e thC>se which simultaneously contain, by way of example, the 

following protoius, 

~ p2S and gpl20 

- p25 and gp41 

20 - p25, gp41 and gpl20 

• pl2, pl6 and p25 

- p25, p3 l and gpt20 

It should he understood however, that the above mentiot1ed cornpositlorts are ortly 

25 me~lnt to serve as examples and that tho invention relates to all lysntes or protein preparations 

containing one or mor¢ of the above menti?iied proteins or glyc()p1·oteins. 

'l'he invention also relates. to any composition in which either HIV-3 viral lysate in 

combination with similarly prepared proteins derived from HIV-1 and/or HIV-2 tor the 

gen-oral diagnosis of infecticm or contact witll human immunodeficiency virus without regard 

30 to the absolute identity of the virus being detected. For example. such comp~sitions could 

consist of a mlxture of !ysates ofmv .. 1, HIV-2 and HIV-3 or could consist of the following: 
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core proteins of HIV-1, HIV-2 and IIIV-3, and in particular the majot· core 

pt·otoin ot' each vinis type, homologous to the HlV-3 p25 protein. 

envelope glycoproteins e>f HIV~l, HIV~2 and HlV-3 and ln particular the outer 

envelope glycoproteins of each vims type, homologous to the HlV-3 gpl20. 

core proteins of HIV-1, HIV-2 and HIV-3 together with the envek>pe 

glycoproteins ot' HIV-1, HIV-2 and HIV-3, in particular the major core protein 

of each yirus type, homologous to the HIV .3 p25 protein, together with the 

major oqter envelope protein of each virus, homologous to the HIV-3 gp120. 

a combination ot' the core proteins and envelope proteins of IIIV-1, IIIV-2 and 

HIV-3 a;nd in patticular homologous to· the HIV-3 proteins p25 .and gpl20 

resp~ctiv,ely and a protein derived from the pQJ. gene of HIV-1, HIV-2 and . . 

l5 HIV-3, ~n particular the proteins_ of each virus type hom<llog<>us· to the p3 L 

endonuclease l'rotein of HIV-3. 

Fm·thermore, ttie invention relates · to an antigen providing· a single band in 

polyacrylamide gel el~trophoresis, said antigen comprising, in common wlth one o.f the 
I 

. 

20 pudficd antlge~ of RfV-'.3 retrovinis, an epitope that is t·ecognized by sorum of- persons 

carrying anti-HIV-3 antibodies. The amino acid sequences corresponding t<> these epitopes 

cat:t readily be deter~ined by isolating the individual proteins either by preparative 

electrophqresis or by affinity chromatography and determining ·the amino acid sequence of 
~ . 

either the entire proteiai or the fragme~ts produced enzymatically by trypsin or chymotl'ypsin 
i 

25 digestion or chemlcallY, by the procedures described ih detail below. The resulting peptide 
. : 

01· polypeptides can sub~equently be seq\.icnced by Hdman degradation .. The invention relates 

thct·cfot•c to any proteltl, glycoprotein or peptide, eithe1· derived directly ft•om the virus or 
. I 

produced by cloning any cDNA fragments o.f the virus in bacterial expression vectors, or 

vka1expression vector~ for the expression of inserted DNA in mammalian or i~ect cells1 and 

30 ptirifying the expressedlprotein by the methods described above. Furthermore, tlle invention 
. . 

also relates to synthetic 'peptides, prod~ed either by Merrifield synthesls or Fmoc chemistry• 
' . ! . 

which may be subsequ~ntly purified to homogeneity and which contain ln thelr sequences 
. . : . . . 
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epitopes which are shared by the natural HIV-3 antigens. 

Antigens which_ share cpitopes With viral proteins may easily be recognized by their 

l'eaction_ with antibodi~s present in the serum of individual infected with HIV-3, either by 

Western blotting, or radloimmunoprecipitation. In the case of small peptides which axe not 

S able to bind to nitrocellu.lose, these peptides can be detected by bindi~g to nylon membranes 

{Pali Biodyne or Ametsham) and reacting tho mcmbrano with anti-HIV-3 antiserum. In 

particular, the invention relates to epi~opes contained in any of the I-UV.3 core proteins, p12, 

p 16 ~md p25 or _in a protein which may contain as part of its polypeptide chain epitopes 

derived from a combination ot' the core protelns. Furthermore, the invention relates to 

LO epitopes contained.in either of tho two HIV-3 onvclopo glycoprotelns, gp4l and gpl20 as 

well as any protein which contains, as part of its pdlypeptide chain, epitopos dorivod from 

a combination of the HIV-·3 envelope glycoprotein 9r a combination of the HIV-3 envelope 

glycopmteins and HIV-3 core protein. The invention additionally relates to polypeptide 

whose synthesis is directed by expl'ession vectors consti:ucted by l'ccombinant DNA methods 

15 which incorporate epitopes derived from HIV-3 proteins or glycoproteins -togetl~r with 

epitopes derived from tµe protein or glycoprotcitis ot' clthet· HlV-1 and/or HIV-2 into a single 

polypeptide chain. Preparing such a construction would involve excising the relevant coding 

regions from cDNA ot';HIV-3 as well as HIV-1 and HLVM2, nnd coupling th.e DNA in phase 

so as to form a coding .sequence which, when in.c.ierted into an expt·ession vcctot· possessing 

20 tho necessary signal se!uences, directs the synthesis of u hybrid pmtein in which epitopes of 

the HIV .3, HIV~ 1 and !HIV-2 are contained. 

Furthermore, the invention relates to methods for the detection of antibodies against 

IIIV-3 retrovirus in a biological fluid, in particular tot· the diagnosis of a potential or existing 

ARC <:>r AIDS caused ~y HIV-3 retrovirus, characteri7.ed by contacting body fluid a person 

25 to be diagnosed with a 'composition containing one or more of the_ proteins or glycoproteins 

of HlV-3 or with a lys.ate of the virus. or with an antigen possessing epitopes common to 

HIV-3, and detecting tl'4e immunological conjugate formed between the anti-HIV-3 antibodies 

am.I lhe anligen(s) used .. 

Preferred method~ include, for ex.ample, inununofluo1-es1..-ence assays or 

30 . immunoenzymatlc assa¥s. 

inimunofluorescence assay typtcally involve i11.cubating, for oxample, -setum t'rom the 

person to be tested ~ith cells infected with HIV-3 and whiCh have been fixed and· 
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pot·mcabiHzed with cold acetone . .Immune·comploxes formed are detected using either direct 

m· indirect metbods and· involve the use of antibodies whtch spcclticaUy react to human 

imniunoglobl1Uns. Detection is achieved by using antibodies to which have been coupled 

t1um·escent labels, such.as fluol'secein or rhod.amine. 

Immunooneyma.tic assays may be performed, t'o1· example, as t'ollow.~: 

a specific quantity of HIV-3 virus extract or of' a composition t'etenod to 

according to the invention is deposited in the wells of a micmtitration plate. 

the exce~s unbound material is i·emovod aftcl' a suitable incuhaticm period by 

washing; 

a suitable dilution or dilutions or sernm of other body fluid which is to be 

tested for the presence of antibodies directed agaii:tst one or more of the 

protein or glycoprotein antigen of HlV-3 is introduced into the well. 

the micr,otitration plate is incubated to1· a period of time necessary fo1· the 

binding reaction to occur. . 

the plaUi is washed thoroughly. 

the presence of immune complexes is detected using antibodies which 

speclflcally bind to human immunoglobi.ilins, a.nd which have been labeled 

with an enzyme, preferably but no.t limited to either horse1·adish peroddasc, . . . 

alkaline .phosphatase, or beta-galacrosldasc, which is capable of converting a 

. colorles~ or nearly colorless substrate into a .hi.ghty colmed product. 

Alternatively, the detection system may employ an enzyme which, in the 

presenc~ of the proper substrate(s), emits light. 
. . 

the a.rµount of product formed Li; detected either visually. 

?..5 RpectroP,hotometrlcally. <>r li.uninometrically, and is compared to a sin\ilarly 

treated qontrol. 

Other detection; systems which may also be used include those based cm the use of 

pro~ein A derived t'roJ?l Staphylococcus aureus Cowan strain. I. protein G from group C 

30 Streptococcus sp. (str~in 26RP66). or systems which employ the ·use of.the blotin-avidin 

binding reaction .. 

Another metho4 of immunoenzymatic d~tection of the presence of antibodies directed 
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against one or more of the HIV~3 antigens is the Western blot. The viral antigens are 

sopttratcd electrophore~ically and transtbt·rcd to a nitrocellulose membrane or othe1· suitable 

support The body t1ui~t to be tested is then brought into contact with the mcmhra ne and the 

presence of the immune complexes formed are det-ected by rhe methods already described. 

... . 5 In a variation on this, methods, purified viral antlgen is applit~cl in lines or spots on a 

~nembrano and allowed; to bind. The membran:e is subsequently hrought into cont.act with the 

body fluld to be tested f,l.nd the immune complexes formed are described using the previously 

<lcscdbetl techi1k1ues. . 

The presence of antibodies in bqdy fluid may also be detected by aggh1titlatio1l. HfVM:\ 

10 lyimtes or a HIV~3 lysi\te, antigen_ or purified antigen composition referrecl to according to 

this invention, is used to coat, for examplo, latex particles which form an unitcmn suspension_ .. 

Whon m.ix.ed with senlIIl containing antibodies tn the antigen present., the latex particles are 

caused to aggluti~ate 1\nd the presence nf 1arge ·aggregates can he detecced visually. 

The present invention also relates to labeled extracts of HIV-3 or compositions aR 

l5 previously described. ; The labeling can be of any type, Ruch as en7.yma.tic, chemical, 

fluorescent or radioacttve. 

20 

25 

30 

Furthom1ore, tlj.e invention relates to a tncthod for detecting the presence of HTV-3 

antigons in body fluids: This may, for example, be accomplished in the followhtg manner: 

: 

the IgG fraction of antiserum, derived either ft'on\ humans iu.tbctc~ with HIV ~3 

or anim~ls injected with an HIV-3 lysate or composition akcady described, is 

placed i~ the weUs of a microtitl"atkm plate. 

after a ~uitable pedod t9 allow adsorption, the excess unbound material is 

washed nway. 

a body $ilid containing the antigen to be detected is placed in the well. 

the micr;otitration plate is allowed to incubate fot· a suitable pol"iod of time to 

allow bipding to occur. 

th~ plat~ is then· thoroughly washed .wlth a suitable buffer. 

the pres~nce of bound antigen is detected eiLher directly or in.dltx."'Ctly. for 

example, by using tmmunoglobulins which ate s·imilarly specif'tc .for the . . . . 

antlgen(f) to be detected ancf w~1ich have been labeled. preferably with one of 

the afor~mentioned enzymes. 
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an appropriate subst1·ate is then added and the extent ot' reaction 1:-i compared 

to a control .in order to measure tho amount ot' antigen present. 

Furthermore, th~ inv~ntion relate.~ to a kit for the detection of anti~H'JVu'..\ antihnciies 

in biological"tluids, co~prising an HIV-3 lysa.te or n composition as referred to a.hove ancl 

5 n means for detecting tp.e immunological complexes fonned. 

10 

L5 

In the case of kit~ designed to detect specific antibodies by imm1mnenzy~1-1tic methods 

such, a k[t would i11ch1tle: 
. . : 

I 

an IIIV~3 lysate ot· composition of one ot' the _types nlremly descrihed, 

preferably in a purified forrn, and prefo1·ably athmhed to H solid support. such· 

as a microdtration plate. 

a conju~ate between an enzyme and an immunoglobulin fraction which is 

capable ?f binding to the antibodies to be detected, oi: n conjugate hetween an 

enzyme ~nd bacterial pr<>tein A or protein G. 

a cont1·ol antigen which possesses no epitopes which are shared by any human 

immuno~teficiency virus. 

appropri,ate buffers for pe1forming the assay. 

an app1·qpriate substrate for the enzym.e. 

20 Kits for the detection of speclfic antibodies which make use of' ~abeled antigen would 

25 

30 

include: 

an appr~priately labeled antigon ·or combiruition of" antigens ot' the types 

already 9escribed. 

protein A or anti-human immunogl<>bu~ins, preferably coupled to an insoluble 

support,; such as Protein A-Seph.arosc 4B (Pharmacia) or an. equivalent 

support. 

control. ~ntigen, which is not recognized by anti-IIIV-'.l antisera. 

appropr~ate buffe:rs for performing the assay. . . · 
. . 

if appropriate, substrate.Iii for the· detection ot' enzymatically lnheled antigen. 

The lnventlon t).trther relates to klts, developed _for. the deLeetion of HlV-3. antigens 
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· in biological fluidst which comprise : 

anti-HIV·3 immunoglobulinst pret'erably coupled to a solid support such as a 

microtittiation plate. 

artti-HIV-3 immunoglobulins conjugated to an enzymo: 

negative· ~ontrol antigen, which would not be recognized by anti-HIV-3 

immunoglobullns. 

positive .contrc>l antigen which consists of one of the HIV-3 antigen.q or 

compositions already described. 

appropriate buffers for conducting the test. 

an appr<iprfatc su.bstt·ate for detection of h<lund enzyme. 

Furthermoret the invention relates to an immun.ogenic composition containing an 

envelope glycopt'<>tein of HIV-3 retrovirust in particular, gp41 or gp 120, or a part of said 

15 glye<,pmteint in combi~tion with' a pharmaceutically acceptable vehicle suitable for the 

constitution of vaccines effective against HIV-3. The invention additk>nally relates to any 

peptide or polypeptide which contains witbi'n its sequence all or p:.ut· of the protein backbone 

ot' tho HIV-3 t·otrovlrq.s, as well as peptides which result from addition, substitution, or 
. . . 

deletion of amino a.cid~ which do not atlect the general immunological properties of said 

20 peptides. 

The invention further relates to monoclonal antibodlos chat-acterl7.ed by their ability 

to specifically recognize epltopes contained in the HIV ~3 antigen.11 or compositlons as 

pt·cviously defined, and in parti.Cular, monoclonal antibodies raised specifically against said 

antigens and produced ;by traditional techniques. The invention also relate.~ to monoclonal 
: . 

25 antibodies of human origin produced by immortalizing B-cells derived fro~ persons infected 

with HIV-3, for ex.atrJ,ple, by transtbrmlng the B- cells with. Epstebt-Barr virus and 

subcloning the transfoi,mants. 
. . 

The invention fikewise relates to the .. production of polyclonal antlsera in animals · 

whi~h. recognize one o~ mC>re HIV<J antigens and which are pmduced by infecting animals. 

30 with purified HIV .. 3, o~ an HIV-3 antigen. or a t?Ombination of antigens, itnd ·il1 particular the 

proteins or g!ycoproteips of HIV-3. 

The antibodles,:either polyclonal or monoclonal, can be used £or a wide variety of 
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purposes which include neutralization of HIV-3 infectivity, the detection of I-ITV ~3 ant~gens 

iii biological fluids or i.n intected.colls, and tho put'it1cation of HlV-3 protein and glyc_oprotein 

antigens. 

The invention further relates to nucleic aci<ls, optionally labeled which are derived in 

5 pttrt, at least, from RNA of the HIV-3 retrovirus or of variants of this vims. 

10 

The invention relates likewise to the use of .cDNA or parts of the cDNA or the 

recombimmts containing thom, which a.re characterized hy containing at least a portion of the 

cDNA corresponding to the entire genomic RNA of the IIlV-'.3 retrovirus. Such cDNA.~ may 

be used a..i.; probes for the specific detection of HIV-3 sequences in biological tluids, tissues 

and cells. The prob~ are preferably also labeled, either radioactively or chen1ically. 

alternatively using enzymatic, fluorescent or chemiluminescent labels which enable the 

probes to be detected. Preferred probes fot· the specifi~ detection of HCV~3 and diagnosis of 

HlV <3 infection are probes that contain all ?r a portion of the cDNA complementary to the 

HIV ..:J genome, In this context, an especially ?-dvantageous probe can be characterized as one 

LS which contains, in parUcular, the nucleic acid sequence contained in clone iso 70-11 and 

which inclbdes the vka1 L'ltR-R sequence which is l()cated at hath the 5 1 at\d 3' ends of vlrnl 

genomic RNA and at ~oth the S' and 3 1 ends of integrated pruvinll DNA. lt1 addition, 

sequences corresponding to the viral~ gene and which are also included in clone iso 7()...11 

are also particularly a~vantageous. 

20 It is neverthele~s understood that the probes which can be used fot the diagnosis of 

HIV-3 i_nfection arc in no way limited to the probes described above, nnd that the invention 

incorp<>rates all sequem,:es which originate from the HIV-3 genome or its naturally occurring 

variants and includes sequences encoding the viral core proteins (gag gene),the two forms of 

reverse trancriptase and the endonuclease (£lQJ. gene), as well as the two viral envelope 

25 glycoprotcins Wm! gene). 

'l'he invention also relates to HIV-3 nucleic acid sequences which havo boon 

incorporated into a recontblnant nucleic acid compl'islng a nucleic acid from a vector, and 

having said cDNA or p~rt of said cDN~ iuserted thereir1. Such a construction cm.ild be used 

for replicating the viral cDNA or its.fragment.., in an.organism <>r cell otbor than the natural 
-. -

30 ho.~t· so as to provide s~ffieient qua~tities "of the probe to be ltsed for diagri.osti¢ purposos. 
- . 

. A probe genera;tcd In such a manner can be employed itt a diagnostic test ~pecitic 

detection of HIV-3 wh~ch incorporates the following essential steps :.--_ 
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lal:Jeling of the probe generated as descdbed above by the methods previously 

described. 

bringing.the p~obe into contact under stdngeqt hybridization conditions wlth 

. DNA fmm infected cells or viral RNA from intec~edcells or biological fluids, 

(>nee sai<;f. DNA or RNA has been, p1·eterably,· applied to a inombrano and has 

been rendered accesible to tho probe. 

washing the membrane with a buffer under circumstances in which stringent 

conditions are maintained. 

detection of the labeled probe, preferably by autoradiog.raphy in cases in which 

the prob~ has been radioactively labeled, or by a suitable immunodetecti<m 

technlqu~ in case the probo has been labeled chemically. 

The invention t'.urther relates to a p~ocess for the production of HCV ~3 t·otrovirus 

charactel'ized by culturing hunum T4 lymphocytes .m· human lymphocytic coll llnes of 

LS lei1kernic origin which:carry the T4+ phenotype with lymphocytes or cell lines that -have 

previously been intected with an isolate of' HIV-3 reu·ovit'US, as well as· recovering and 

pul'ifying the rct1·ovirua from the cultiil'C ~edium. 

The invention l~kewise relates to a process for the productio~t of antigens of IIIV-3 

retrovims, characterize~ by lysing the retrovirust preferably with a de~ergcnt, and rccov~ring 

20 the lysate containing s~id antigens. 

Tho invention a4ditionally relates to a process foi· the production of any of the proteins 

or glycoprotein.«1 p12, p16, p25, p31, gP41. gp120 or reverse trancriptase as previously 

defined, or a part therec>f, charactel'ized by inserting the nucleic acid oncodlng the proteins 

or glycopi:oteins in an ~Kpresskm vector, traosfonning a host with said vector, culturing the 

25 tnmsfo1·med host as well as recovering and purifying the ex.pressed protein. The process 

includes vectors which.may or ~y not direct_ the synthesis ·or l'Usion proteins and includes 

but is not li.c_nited to b~ctedal expression vectors, mammalian expression vectors S\lCh as 

vaccinia virus~ and vectors based on baculovirus for the cxpl'ession of cloned genes in insect 

cells. 

• 
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. RRIRF DHSCRIPTIQN OF THE DRAWINGS 

[n fig\lr~s l to 16, the designations HIV-3 (ANT 70) ancl HfV-:l (ANT 70 NA) refer co two 

strains of a new HIV-3 virus Isolated from a Cameroonian womnn. and her partner from 

s which HIV .3 (ANT 70) has been· deposited under ECACC VRR060301. 

Figure l shows a proced\lre for preparing cleavage maps of viral protein.c;. 

pjgure 2 shows differep.tial antigen cHpturing on vims-c01~taining culture supernatants. 

LO Differential antigen capturing was performed· as dcs?ribed in the text. The solid line 

represents the results obtained using the broad~spectrum anti-HIV- l IgG while the.broken line 

depicts the results ohtaiµed using an lgG which was rather specific for HIV~L The titratioos 

shown ln panels A"E ate typlcal for HIV~t. Panel F shows the result obtained wit!t HIV-3 . 
15 

(ANT 70) containlng supernatant; 

Figure 3 shows differential antigen captt1dng on HfV-1 nnd HIV~3 (ANT 70 NA) 

supernatants. 

Differential antigen capturing was performed as described in the t.ext. The snlid line depicts 

the results obtained on plates coated with the hrmul .spect.rum anti-HlV lgG while the broken 

• 20 line represents the results obtained on plates coated wit.h TgO which shows less crossrcactivity 

with HIV types other then HIV-1. 

1-ligure 4 shows the reactivity of anti-HIV sera on HCVftl and HTV-2 West.etn Riot strips. 

Tho reactivities of 3 different sera on HIV-1 and HIV-2 Western hlqt st.rips are shown. Sera: 

25 l. anti-HlV-1, 2. anti.HIV-3 (ANT 70), :t anti-HIV-2 (isolate 53). The molecular weights 

indicated are those given by the manufacturer (Duponc Blotech) .. 

Figure 5 rehttes to ~e comparison of gag and pul. prnt.eins of several HIV-1 isolates, 

HlV-~rod and HIV·3 ~ANT 70). 
I • 

30 P~oteins were separate4 electrophoretlcally· and blotted as descrihed. The blot was incubated 

with a broad-spectru~ anti- HIV antiserum followed hy (anti-human lgG) I alkaline 

phosphatase~ labeled cpnjugatc to visualize the proteins. 
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A. HIV.:.2rod, B.·an HIV-1 laboratory isolate, C. HIV-3 (ANT 70), D. an IUV~ l lahot·atory 

isolate, E. HIV-:1 {SF4), 

FigureJi shows a comparison of H1V~3 (ANT 70) and HIV-3 (ANT 70 NA) proteins.· 

5 . Proteins wei:e ~eparate4 electrophoretically and blotted as 

LO 

descrihed. 'l'he blot was incubated with the BSR antiserum followed by alkaline phosphatase: . . 
~lnti-hum.an lgG conjug,atc to visualb:e the proteins. Lane 1: .HlVw3 (ANT 70 NA), lane~: 

HIV-3 {ANT 70), lane~: HIV"t (SP4). The apparent intensity diffet·ence between lanes land 

2 is caused by the difference in the amount ot' material loaded. 

Figure 7 relates to the :ability of _various human anti-IIIV-1 sent to capture viral antigens. 

A uumbor of human ~eca were diluted 1:1000 and coated directly on microwell plates. 

Detergent-treated culture supernatants containing HIV-l (SF4), HIV-3 (ANT 70), HlV-2rod 
! . 

or ·i-nv ~2 (isolate· 53} were incubated and the · bound antigen was detected using a 

l.S broadspectrum (an~l~HiV) I horseradish peroxidase co11jugate. Sera l-7 were of African 

origin while sera 8~t 1 were from Europeans. The greater ability of African seru to capture 

non~HlV ~ t antigen can, in part, be explained by tl1~ir higher a.nti-p24 titers (data not shown). 

Ehuu.'.c .8 shows the ef~ect of coating IgG dilution on the binding of HIV 'isolates. 

20 Succcslve 2-t'old dilutions weL·e made of four diffet·ent sera, beginn.ing at a dUut.ion ot' 1: 1000 

and were used to coat microwell plates. Detergent-trented supernatant.q of HlV-1 (SF4), HIV -

3 (ANT 70), HIV-2rod and HIV-2 (isolate 53) were diluted to give approximat_ely the same 

optical density on plates coated with the antiserum shown in panel Bat a dilution-of 1:1000. 

Bound antigen was detected using the broad·spectt'Um. (anti~HlV IgG) I horseradish peroxidase 

25 conjugate. 

30 

l:c"'igure 2. shows antigen capturing of virus isolates uslug human polyclonal and m<>use . . 

and-·HIV • t monoclona' antibodies. 
; 

Well1' were cuatt:d nncf incubated as· described in llle text. The IgGs used· ar~ ag follows~ 

L. human polyclonal anti-HIV IgG • 2. MAb CLB 59, 3. MAb CLB 21, 4. MAb CLD 64, 

5. MAb CLB "14, 6. M{\h CLll 16, 7. MAb CLB 47, 8. MAb CI.B 13.6 (attti-p18), 9. MAb 
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CLB 19.7, lQ .. Mab ('.LB 13.4 (anti-p18). 

Figure-10 is a comparison of rhe reactivity of human anti-HIV antiscra to dlfterent HIV 

types. 

5 Lysares of HIV-1 (SF4), HIV-3 (ANT 70), HIV-2rod and IIIV-2 (isoh1te 53) wct'o separated 

clectrophoretically on SDS-polyacrylamide gels, blotted onto nitrocellulose, and incubated 

with a high titer anti-H.IV-1 antiserum (panel A), a lowe1· titer anti-HIV-1 antiserum (panel 

B), serurn from the woman from whom HIV..:3 (ANT 70) was isolated (panol C), her partner 

from which HIV-3 (ANT 70 NA) was isolated (panel D) and anti~IIIV~2 antiserum f1:0~1 tho 

10 persot1 from whom HlV-2 (isolate 53) was isolated (panol B). 
' 

Figure 11 shows the titrations of anti-HIV sera by enzyme immunoassay. 

Microwcll plates were coated with lysates of HIV~l (SF4), ANT 70 and HIV-2 (isolate 53). 

Seman from an HIV-1,.infected lluropean (left panel), antiserum to HIV-3 (ANT 70 NA) 

. L5 (center panel) and ant~serum to HIV-2 (isolate 53) (right panel) were titrated in 2-told 

dilutions beginning at i dilution of "l: 100 on all three coated plates. 

Figure 12 shows the posltiorl.$ of methionine and tryptophan residues in viral gag and £2Q.l 

gene products. 

20 Amino ".cid positions, f~1· the p17 gag proteins are given starting t'rori1 the first methionine in 

the C()dirig sequence.· '.Positions for the p24 pg protein are givon starting at the pl 7 /p24 

protec>Iytfo cleavage site. Positions for the pill gene are shown after alignment with the 

highly conserved tryptQphan doublet in the HIV-1 sequence at positions 556 ancl 557. The 

positions ot' a conserve~ protease sequence, the protease/reverse tra.nscriptase cleavage site 

25 and the reverse tran.c;criptase/end<muclea.qe cleavage site are indicatod. In this case, the terms 

p'24 and pl 7 are u."ed in the genetic sen.<.;e to reter to the largest and second largest viral core 

pl·otcins respectively. 'l'he term nHIV-2 (LAV-2)" is a synonym for IIIV .. 2 rod. 

Fi1n~~-e 13 is a comparispn of partial cleavage prnduct.s of~ nncl Dill gene produces ofHIV-1 

30 (SP4) (HIV.L in the fig\lte), HIV-'.3 (ANT 70) (isolate 70 in the figure) (ANT 70}, HIV-2md 

. (HIV-2 (LAV-2) in the figure) and lUV-2 (isolatO .S3) (isolate 53 in the figure). ilw termH 

p24 nnd pl7 are used ln the genetic sense co indicate the lai·gest and second largest vlral core 
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proteins, respectively. 

Eigure 14 shows hybridization of cDNA probes to viral RNA. 

Vlrnl RNA t'rom HIVwl (SF4), H1Vw2md, and HIV~3. (ANT 70) woro spotted onto a 

5 membrane filte1· as described in fy.laterials and Methods .. The filters were hybridized under 

either noIL~tringent (A) or strin~ent conditions and autoradiographed. 

Figure 15 shows hybridlzationofHIV-3 (ANT 70) cDNA (iso 70wl 1) to genomic DNA from · 

uninfected and HIV-infected ce!ls. 

LO Genomic DNA from the cell lines listed below was subjected to t·ostriction enzyme cleavage, 

separated electrophorctically and blotted. Hybridizations were carried out as closcdbod in 

Mntedals and Methods, The samples are as tallows: 

Lane DNA Restriction enzyme digc~tion 

15 A lambda Hlncl HI 

R iso 19 (El[V .. l) Pst I 

c · iso 19 (UIV-1) Pst I, EcoRI 

D lambda Hind 11£ 

n IICV .. 3 (ANT 70) Hind Ill 

20 F HIV-3 (ANT 70) Pst I 

(j HlV-3 (A.NT 70) Pst I, EcoRI 

H ~IV~l (~F4) IIinc.lUI 

I IIIV-1 (SF4) Pst I 

J HIV"t (~F4) Pst l, EcoRI 

25 K MT4 (uninfected) Psc I 

L HUT 78 (uninfected) Pst I 

Panel A.: Hybt•idizadon with lso 70-11 

30 

Panel B : Hyhri<lization with iso 70-11 Bgl· II/Sal I fragment. 
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Higun~ 16 relates to the location of a number. of restricti<m en7.yll\c cleavage sites in the 

HIV-3 insert contained: in iso 70-11 DNA. 

The fragment contains no internal cleavage sites for EcoRI, Barn HI, Hine II, or Xba I. 

.· 
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EXAMPLES 

MATERIALS AND METHODS 

5 Virus and cell culture 

n. Virus strains and cell lines. 

HUT-78 cells chronically intected with ARV-4 (HIV~! SF4). originally isolated by 

J. Levy, .San Franc.isco, U.S.A. (20) and uninfected HUT~78 cells wei:e kindly provided by 

LO S. Sprecher, Brussels, 'Belgium. LAV~2rod originally from L. Montagnicl', Pads. and CHM 

ce~ls were obtained fro~ J. De Smeyter. Lcuven, Belgium~ [so late 53, an IIIV-2 isolate, was 

isolated in this laboratc;>ry (21). 

15 

b . Virus isolations. 

Virus isolations were performed in a mnnner ~imllar io that 'described by Levy and 

Shimabukuro (22), witl;t modificationR. T .yniphocytes from patient.<i as well as healthy donot"s 

wer~ isolated fmm heparlnized whole blood cm r .ymph.oprcp (Nyegaard and Co., Oslo. 
. . . 

Norway) and were cul~l'ed in RPMI 1640 containing 20 mM HEPns.· 1.s percent fotal calf 

20 serum (Gibco), S µ.g/ml hydrncortisonc (Merck). 75 U/ml IL~2 and 2 µg/ml polybrene . . 

(Aldl'ich). 

Lymphocytes from healthy donors were stimulated with 2 µ.g/ml phytohemagglutlnin 

(PHA, We~lcome) for 3 days prior t.o u.qe. F1·esh FHA-stimulated lymphocytes were added 

t<> the virus isolation cultu1·cs every 3 to 4 days. Cultures ~ere monitored for cytopathic 

25 effect, im~unofluores9ence, using a broad specificity, polyclonal reference antiserum (23). 

and the presence ot' antigen in the culture supernatants (lnnotest VCA~ HIV, Innogenetics). 

The broad specificity reference (BSR) antl~serum used was derived from an HIV-1-infected 

donor and was sho~n experimentally to have a11 exceptionally high titer 21.000.000 in an 

onzy~e immunoassay based on recombinant HIV- 1 p24 protein) and to crosst·etict strongly 

30. with the gag and l2Q.l gene product" of othet· HlV types, in particulur, IHV-2; Reverse 

trans~rlptase was also assayed essentially a~ described (24). 

Cn ordt)r to establish chronically infected. permanent cell lines, virus-inf~ted primacy 
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lymph9cytes were co~cultured with Molt 4 clone 8 cells (25), kindly provided by. N. 

Yamamoto, Yamaguchi, Japan, and monitored for cell growth. Virus production was 

monitored by the rever~e trancriptase a.~say HX wetl as amigcn capturing. 

5- Differential nntigen captnl'ing 

A test system was developed whereby a distinct.ion can he made between HIV-1 and 

other related human immunodeficiency viruses. The system is based on a comparison the 

ability of two different polyclonal TgO preparations, one with a broad anti-HIV specificity 

which is due to its exceptionally high titet', patticularly against the major core protein .. and 

to _ one with a lower titer which react~ preferentially with HIV-1, to capture detergent-treated 

vin1s in culture superoatants. Detection of captured antigen is achieved by using a (broad 

specificity IgG) I ho1·s~radish peroxidase conjugate. 

The test detects primarily but not exclusively the p24 core protein. 

l5 Monoclonal antibodie,, to HJV .. 1 

The panel of monoclonal antibodies used has be.en ctescrihed (26). The antibodies 

were prepared against native viral protein.<i in Tt'iton X-100-disrupted HIV~l prepamtions. 

frotein analysis 

20 a. Electrophoresis. 

Polyacrylamide _gel electrophoresis of viral proteins was perlhrmcd cssep.tially as 

described by Mai7.el (27). 

25 b. Protein blotting. 

Blotting was pe.rt'ormed either in a Blo·Rad trnn~hlot cell at 400 inA for 4 hours using 

· the carhoru1te buffer described' by Dunn (28) or using the LKll semi-dry hh>tting apparatus 

at o:s mA/cm"' for l h9ur in 48 mM Tris, 39 mM glycine. 0.0375 % sodium dotlecylsulfato . 

30 (SD.S) and 20 % methanol. 

c. Generation of partlal cleavage products . 

. -
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Vh'al proteins were analyzed by the technique shown. in Figure 1. ·Advantage was 

t.aken of the fact that corresponding pr9tcin.<J from the various isolates lmvc simila.t· molecular 

wclghts. Proteins were separated on 12.5 pei·cent SDS- polyacrylamkle gels togethc1: with 

a mat·ker. lane of ARVM4 proteins which was excised following e.lectrophorosis, blotted and 

5· incubated with an antiftHIV antiserum to reveal tho positions of the viral prot~ins. The 

mal'lccr blot· was in tlll:'Il used to locate the appmximatc positions in the Coomassie blue 

st.ained portion of the gel of the vlral proteins co be cleaved. IIorizonti\l gol slices contai~ing 

the prot.eins were excised, tran.<gforred to glass tubes a.nd subjected to chemlca.l cleavage. 

lO l. Cyanogen b1·omidc '?1eavago 

The gel slice was incubated with 10 ml of a freshly prepared 40 mgltnl soh.ition of 

CN{3r (Merck) in.0.3 N HCf for 3 hours at r<>om temperature in a fume hood. Following 
" 

the incnhation., the gel slice was equilibrated with SDS-sample buffer for electrophoresis in 

lS the second dimension. 

2. BNPS~Skatole cleavage. 

The gel slice w;ts incubated w.ith 1.0 ml of a freshly prepared siituratcd solution of 

?.{} ?.-(-2'"'.nitrophenylsulfenyl)- 3-methyt~3'.bi·omolndollnirte (BNPS-Skatole, Piot'Ce) in 70 · 

percent 11cetlc acid; 30 % E:I20 containing 0.1 % phenol, fo1· 3 hours at room temperature, 

prntt~ctcct from Ught. Following the incubation~ ~he gel slice was equilibrated by repeated 

washing in SDS-electruphoresis sample b~ffer. 

Following cleavage, the individ.ual lanc.9 ~ore excised from the gel slices, rotated 90° 

25 and placed on top of a 10 to 20 percent SDS-polyacrylamide gradient gel. .On cmnp.letion 

of electrophoresis. the gel was blotted onto nitrocellulose (Schleicher and Schuell) and 

blocked with· PRS containing 1 mg/ml casein (Merck). Only cleavage products with 

molecular weights in excess of 10 kD are able to be visuali:.i:ed ~duce peptides with lower 

mol~_cular weights do not bind efficiently to nitrocellulose. ntots wore i~cubated w.ith a bro~d ·.· 

30 spectrum anti.HIV antiserum . followed by goat anti-human (gG: alkaline phosphatase 

conjugate (Promega). Partial cleavage products were then visuali:r.od by reaction. with 

5-hromo-4-cbloro-3Mincl~lylphosphate and nitm blue tetrazolium (Sigma).' 
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Yiral Nucleic Acids 
· a. Hybridization ·to viral RN~. 

Vit'us from cultur~ supernatants was harvested by pelleting through cushions of 20 % . . . 
5 sucrose by centrifucation at 26.500 rptn for 1,5 hrs. at 4 °C and was disrupted in 10 mM 

Tris, pH 7.4, LO mM NaCl, 10 mM EDTA containing 0,5 3 sodium dodecylsulfate. 

Aliquots of the disrupted virus were spotted onto a membrane of Hybon<l II (Amersluml.) in 

amounts corresponding to 5, 2.5, 1.25 a.nd 0.62 milliliters of original culture supematants. 

The RNA doposited onto the filter was fixed to the membrnne by it'ra~~~tion. with ultraviolet 

lO light fot· 2 1ni11. 'l'he RNA bound to the filter w~s then subJcctcd to hybddization with an 

IiIV-1 cDNA probe which had been labeled by nick tntn.!ilation with 32p-dCTP.. The 

hybridization was carried out under stringent conditions in 3 X SSC, 0,5 % milk powder, l 

% SOS, 10 % dextran sulfate ancl 50 3 formamide at 42°C for 18 hrs: Following 

hybridization, the t'iltec was· washed twice under stringent conditions in~. l X SSC and 0.1 

lS % SD.S for 30 minutes. Hybridizatio1t was detected by automdiography at -70°C with 

enhancing screen.o;. Hybridizations were similarly pet·fo1·med ysing a probe dedved from the 

~region of HIV-2. 

Hybridizations were also perfonned under nonstrin.gent conditions in 5 X SSC, 25 % 

formamldo, 5 X Denha.rdts solution • .10 % dexrran sult'ate, and 100 µg/ml denatured salmon 

W · sperm. DNA at 'J7°C overnight. The filter was subsequently washed 4 times for 15 minutes 

25 

: . . 

in 5 X SSC, 0.1 % SDS at room temperarure and autoracliographcd. 

b. Preparation of ANT 70 cDNA 

Virus was pelleted from ! liter of culture supernatant using polyethylene glycol <)000, 

redissolved in PBS and pelleted through a 20 3 sucrose cushion. The resulting pellet of .. 
VLl'US was disrupted in 6 M guanictinitlttl chloride in. 20 mM sodium phosphcite butter. pH 6. s. 
containing 20 mM dithiotreitol and 0.5 %" NP-40. Solid CsCl was added to a concentration 

of 2 .. rnolar. The solution containing disrupted viru.~ _wa~ layered .nntc> a cushion of 5.7 M 

30 CsCl containing 0.1 M BDTA and the vkal RNA was pelleted by centrifugation at 25.000 

in u Deckman SW 28 :rotor at 15°C for 20 hrs. Following centrlt\\gation. die RNA was 

re<lissol ved, extracted ~id1 phenol and precipltaied .with ethanol and 2 M UCl. 

I 



,~~~. --,----~===----------"":!i:~---~.-...------------...,...,...-------------1.-

33 

One~t1fth of tho vit'al RNA prepa~od ~as used to dit'ect the first step in the synthesis 

of cDNA using a kit supplied by Amersham. cDNA synthesis w'is prime~ using oligo (dT)_. 

'l'he synthesis was carried out using the l'evel'se trancriptase SllppUcd with the kit. 

Second strand synthesis was pcdol'med using E. coli DNA polymerase I in the pre~enc~ of 

5 RNasc H to digest away the RNA strand of the RNA/ONA hybrid. Tho synthesis of the· 

sece>nd strand was performed in the pl·esence of 32p-<lC~P to label the cON A. The rcstllting · 

cDNA wastroatcd with T4 DNA polymerase to create blunt ends, the cDNA was methylated 

to protect possible internal EcoRI cleav~ge sites, and was then couplod to EcoRI linkers 

(Amersham). The IlcoRI sites in the linkel·s.were th.en cleaved and the cDNA was sir.ed on 

to. a 1.2 % agarose gel. The region ot' the gel _cor~sponding to a cDNA lerigth of 500 to '.2000 

base pairs was excised, and the cDNA was eluted and cloned in the vector pUC13 which had 

pt·cviously been cleaved with F.coRl and dephosphor:ylatcd. After ligation, the DNA was 

used to transform competent cells of E. coli MC1016 (lambda). The resulting colonies were 

transferred to Pall m.etnbrane filters (Pall Biodyno). lysod and denatured with LS M NaCl, 

15 o:s M NAOH amt neutl'alized with 3M NaOAc, pH S.5. Screening of colonios harbol'ing 

an insert of HIV-3 was carded out by hybridization under moderately stringent conditio.ns in 

5 X SSC, 5 X Denhardts solution, 0.2 % SDS, 250 mg/ml denatured salmon sperm DNA 

overnight at 65°C. Hybridization was performed using the HIV-1 SacI-:IlcoiH fragment. 

Pollowing hybrldi~ation, the filters \_\'ere washed as follows: 

!5 

0 

t. th. in 2 X SSC, 0.1 % SDS at room temperature. 

2. 30 m.inutes it~ 0.1 X ~sc .. 0.1 % SDS at room temperature. 

3. 20 minutes in 2 X SSC, 0.1 % SDS at 42°C. 

4. 20 minutes in 0.1 X SSCt 0.1 % SDS at 65°C. 

After washing, the.filters were autoradiograpbed at -70°C using inten~ifying ~creens. 

Hybrldb;atlons were also .performed under tho ttonstringent conditions used fo1· 

nonstringent hy~ridization·of the ·mV-1 and IIIV-2 probe. 

·· .... ··· 

·c. Analysis of cJ'.>NA clones. 

Colonies giving.a positive hybridization signal were grown fur .il~lysls. 'i>lasml4s 

·.·.-.: 
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were isolated. cleaved with EcoRI and su~jected to agarose gel electmphoresis to confirm the 

presence of an insert and to determine its size. Of 96 colonies analyzed l 7 were found to 

ccmtain inserts. Five were tuken for further analysis and ranged in size from am'Jl'oxhnatoly 

800 to l600 base pairs in length. 

d. Sequence determinations. 

Nucleotide sequence detei:tninations were perfom1ed according to the 
didcoxynucleotide method of Sanger (Proc. Natl. Acud. Sci. USA 74: "5463~6467, 1977), 

LO using a kit supplied by Boehringer. Sequencing was carried out using 17-mer Ml2 pl'ime1·s . 

c. Hybridizations of ANT 70. cDNA to HCV~t and HlV~2 viral RNA. 

The ANT 70 cDNA clone containing the largest insert (iso 70-11) was used for 

LS hybridization to the filter onto which viral RNAs had been deposited. . 

Hybridization was performed under stringent conditions in 3 X SSC, 0.5 % milk 

powder, 1 % SDS, 10 % dextran sulfate, and 50 % forinamidc at 42°C for 18 hrs. 

Following hybridization. the filter· was washed with 0.1 X SSC, O. l % SOS at 65 °C (2w30 

minute washes) after w,hich the tllter was· autoradiographed·at -70°C with an intensifying 

20 screen. 

Genomic DNA was also prepaced fro1n cells infected with HIV-1 (SF4), isolate ANT 
~ 

70, as well as uninfected control cells. Following a·estriction enzyme clcavag~, the genomic 

DNA was separated on a 0.8 % agare>se ·gel. transferred to a Hybond N membrane 

(Amersham) and was then hybridized with 32p-labeled DNA from clone iso 70. t 1 under 

25 stringent conditions ht SO% formamlde, 10 % dextran sulfate, 3 X SSPE (1 X SSPE is 180 

mM/NaCl. 10 mM Na~2P04, pH 7 .4, 1 mM HJYl'A, pH 7 .4), l %. SOS aud 0.5 % milk 

powder. Following hybridization, the filter wa.~ washed as follows: 

. 30 

ts minutes wit4 2 X SSC. 0.1 % SDS at room temperature . 

LS minutes with 0.5 X SSC. 0.1 % ~D$ at room temperature. 

15 minutes with 0.1Xssc;0.1 % SDS at room temperature. 

30 minutes wit~ 0.1 X SSC, 1 % SDS at 52°C. 

1liii1f 1i1ilf 
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. The fllter was then autoradiographed at ~ 70°C uslng an intensifying screen. 

RESULTS 
5 

Virus isolation 

. . 
As part of a continuing study on heterosexual transmission of HCV, a virus isolation 

was performed from blood from a Cameroonian woman and her partner.·. The woman is the 

10 partner of an HIV- seroposltive man with generali:z;ed lyanpha.denopathy. Serum from the 

woman was moderately positive (ratio O.D./cut-off of 4.5) in the co:;;ymoJUokod 

immunosorbent assay (BIA, Organon Teknika) tmd had . a low titer ( l/40) in the 

inununotluoresccnt an~lbndy assay for IIIV-1 but guve ambiguous results in the HIV-l 

Western blot assay with clear bands at p33, P53/55 and p64 but very weak bands at p24, 

15 gp4l and gp120. The woman had ~levated serum IgG and lgM levels and a CD4/CD8 ratio 

of 0.46. Virus was isolated by co- cultivation of the womai1's lymphocytes with 

PHA-stimub1ted lymphocytes from healthy uninfected donors. After 52 days incultut;e, virus . 

was detected in the culture as jl~ged by the p1·esence of syncytia and on the basis ()f positive 

immunofluorcscence observed whena laboratory reference anti-HIV antiserum was incubated · 

20 with acetone-fixed cells from the culture. The presence of reverse transcriptase was also . 

detect<.-d in the culture supernatant ( 104 cpm/ml, 27 X background). Cell-free culture 

superna.tant was used to passage the vii-us cm fresh lymphe>cytes. After 15 days, CPR was 

agalt\ observed and ~verse transcriptase detected in the supernatant. A cmnpi:iriso11 of 

detergent-treated culture supernatant from 'this isolate (ANT 70) with nthei: isolates by 

25 diftet·ential antigen captul'ing revealed, howeve1·, that this isolate was not IIIV:-1. 

These results aL:e illustrated in Figure 2. It is evident by tbe lowei·. O.D. values that 

ANT 70 i.~. in contrast to the other lsolatest poorly recognized by the HIV-1 specific IgG . 

but, lik~ the other isolates, was readily captul'cd by the bl'oaci sp~lficity IgO (panel F). The 

othe·r isolates, which were subsequently all shown to be HIV-1 strains using an HIV-1 

30 specific MAb (CLB MAb 14), an' gave higher O.D. values on the plates coated with specific 

lgO than on pJates coated with the broad specificity reference IgO. 

An attempt was made to transfer the virus to a permanent ceH line by .co-cultivating 
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ANT 70~infected primary lymphocytes with Molt 4 clone 8 cells. 111 the initial phase of the 

infection, extensive cytopathlc efteet was observed with syncytlum formation and coll death. 

Within several weeks, cell gmwth was dete_cted. The cells gave a positive 

immunot1uorescettce when tested using a b_road spectrum anti-HIV antiserum and the presence 

5 ot' antigen. and reverse transcl'ipta.se was easily detectable in che cultlll·e· supern.itant. 

. Vims was similarly isola.ted from the pat·tner of the woman front whom ANT 70 was 

isolated (str~lin ANT 70 NA). Tho man was suffering from lymphadenopathy and was 

classified as class 3 according to the CDC classification system. The man also had elevated 

sct"Um IgM and (gG leveli.; and a CD4/CD8 ratio of 0.4. Virus was dececced in the 

to supornatat\t of the culture tm day 18. Detergem-treaced supernatant containing this virus was 

also analyzed by differential antigen C!lpturing and found to react in a manner similar to ANT 

70 (Figure 3). The·blnding of antigen derived from this isolate was again less with IIIV-l 

specific (gG than with the broad specificity IgG. 

Serum from the person from whom this isolate was derived was incubated with HlV-1 

15 and HIV~2 Western blot strips (Biotech). Additional strips were also incubated with serum . 
from a donor infected Wi[h HIV-1 as well as semm from the person from whom HIV-2 

(isolate 53) was lsolated. These results are shown in Figure 4. Serum from the person 

intcctcd with ANT 70 NA crossreacted to a signlficant cxtoilt with vh'tually an HlVwl 

proteins, including the envelope proteins. In contrast, sel·um from the H(Vw'2·infocted 

20 in<lividual crossreacted only witb. the gag p24 protein, p34 endmmclease and p68 reverse 

tr:anscriptasc. The anti.HIV-I serum recognized only the p26 gag protein of HIV-2, while 

serum from the earrier of ANT 70 NA isolate recogni:r.cs this protel~ and. the HlV-2 1·oves:se 

transcriptase. 

25 Characterization ot viral proteins 

Virus in the culture supernatant was precipitated using p<>lyethylene glycol 6000 

(Me1·ck) and the resulting material was redissolved and pelleted through a lS percent sucrose 

cusl~io1,, . The pelleted virus was ·dissociated in SOS-sample but'fer and .analyzed by 

30 polyacrylamide gel electrophoresis .tollowed by protein blotting. · The blot, shown in tlgure 

S, was incubated with a broad specificity anti-HIV serllln to reveal the viral proteins. 
. . . ·. .. :. . . 

ln addltlon to ceacttng with all of the HIV-1 viral proteins, the· BSR antiserum ~lso 
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crossreacts with the gag and pQl gene pmducts·of HIV-2. This antiserum clearly re.cognizes 

tho gag and pill gene p~oducts of ANT 70 as well. It is evidenc chat the molecular weights 

of the ANT 70 gene prodi1cts diftei· fmm those of either HIV-1 or HIV-2. The molecular 

weights of the various viral proteins are su~nmal"izcd in. table 1. The variability in the HIV-1 

5 pl7/pl8 protein is due to a 6 amino actd insel'tion which is present in some strains between 

positions 120 and 121 in the HIV~ 1 HXB'.2 sequence. A cmnpadson of the prnteins from 

ANT 70 and ANT . 70 NA are shown iil figure 6. The molocular weights of all of" tho 

proteins of AN'r 70 NA identical to those ot' ANT 70. 

In <mler to investigate further the antigenic relationship between HIV-1, HIV-2 and 

10 ANT 70, a series of African and 11uropean anti- HIV-1 sera were diluted 1:1000 ~tnd used 

to coat mlcrowetl plates for antigen capturing. 

Detergent-treated culture supernatant containing HIV-1, ANT-70, HlV-2 (LAV-2rod) 

· and l-IIV-2 (isolate 53) were diluted and the ability of each antisemm to capture the four 

different isolates was analyzed. Representative results are shown in Figure 7. It can be seen 

l 5 from this expel'intent that the ability of the various se1·a to cap~ure HIV-1 is in no way related 

to their ability to capture eithe1· HIV-2 or ANT 70. In conrrast, the ability ot' ch.ese sera to 

capture LA V-2rod, the prototype HIV-2 strain, is strongly correlated with the ability of these 

scra to capture isolate 53. which is also an H[V ~2 strain but an independent isolate. These 

data indicate that ANT 70 is neither fllV-1 nor I-IlV-2. 

20 In a series of relMed antigen capturing experiments, four African anti-IIIV- l sera were 

chosen in order to access their ability to bind l-IlV-1. ANT 70, HIV-2 (LAV-2rod) and­

HCV-2 (isolate 53) when the IgGs were coated at different dilutions. Cultuoo supornatauts 

were diluted so as to give approximately the same optical density when captured 011 plates 

coated with the IgG used ln panel n of figure 8. Dilutions of the four sera were coated and 

25 virus- containing supernatant was added. The assumption was made that similar viruses 

should give rise to similar titration curves. Indeedt iu Figure 5, LAV~2rocl and isolate 53 

both l'cact slmilat·ly with the coat.ed lgGs. On the othet· hund, ANT 70 guve more intense 

Rigm\ls at higher IgG dilutions than.did either of the HIV-2 isolates and ~he shapes of the 

cury.es obtained with ANT 70 resemble more closely the curves obtained for HIV-1. except 

30 th.at the optical densities are consistently lower. 
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Cross t•eactivity of mouse monoclonal antjbodjcs. directed.against HIY. ~ J .p24 cru:c_protein 

A panel of mouse monoclonal antibodies (MAbs) prepared ugainst the HIV-l p24 core 

protcln was tested fm· their ability to crossreact with ANT 70 and HIV-2 isolates. In 

5 pl'inciplo, any panel (>f anti- ~IIV-1 p24 monoclonal antibodies car1 be used, as long as the 

series includes monoclonal antibodies which react with diffet~l\t epitopes on the HCV~l p24 

molecule. Ascites tluld containing the antibodies was diluted and used tO coat microwell 

plates. Detergent-treated, virus-containing supornatants were then added to the coated wells. 

Dound antigen was detected using BSR-EUV IgGs conjugated to hm·stmt<lish perox.i~ase. The 

10 results .obtained are shown in Figm:e 9. 

In control welts coated with polyclonal broad spectrum lgGs, all virus-containing 

supernatants gave optical densities which exceeded the limits of the micmwell plate reader. 

However, when tested in wells coated with the various rnonoclonal anclbodies, quite a 

diftcrcnt pattern emerged. Previous studies indicaced ·that all of the MAbs tested roact against 

l 5 different ·epitopes. on the p24 molecule with the exception of tvf Ahs CLB 59 and CLil 21 

which have been shown to recognize the same cpitopc. Both of these two MAbs react . 

strongly with HIV-1 as expected and alsQ give a measurable signal with ANT 70 but fail co 

react with either of the HIV~2 strains. 'fwo otherMAbs, CLB 64 and CLB 14, btlUnd HIV-1 

well and showed· a weak affinity fo1· ANT 70 as well as the two ·HIV- 2 isolates. In 

20 particular, MAb CLB l.4 has been shown to recognize all HIV-1 isolates well('> 150 tested). 

This MAb must tflerefore bind to a very highly conserved epitope, i·emnants of which can 

also be detected in other human immunodeficiency viruses. The other MAbs to p24 (CLB 

16, 47 imd 19.7) and two others which were raised against the HIV-l pl8 protein (CLB 13.4 

and CLH 13.6), failed to recognize either ANT 70 or the two HIV-2 isolates but did capt1.ire 

25 the corresponding HlV -1 antigens. 

Protein blots of viral proteim from l-IlV~l (ARV 4). ANT 70 and HIV-2 (LA V2rod) 

. 30 were pt·eparcd after etectrophoresis of detergent- solubilized extracts· and incubated with 

various human sera (Figure 10). Pan~l A shows the reaction of the broad spcciflclty 

laboratory reference serum with the three virus isolates. In panel n, an anti .. E-UV·t 



39 

antiso1·um was incubated with the blot and i·ecognizes preferentially HIV- l pmteins. Seru tn 

from the woman fl'Om whom ANT 70 was isolated (panel C) nnd her pn1tner (panel 0) were 

tostcd for their ability to recognize othe1· vii-al isolates. Both of these sera pret'erontbtlly 

rcce>gnize ANT70 including thegp120envelope protein of this virus. Scrum from'the pRrt.ner 

5 has a high.er titer than semm fro.m the woman from whom ANT 70 was isolated and 

i·ecogni7.os the gp4L of HIV-1. Both of these se1·a have a higher affinity for ANT 70 than 

for IIIV-1 or the HIV-2 isolate~. In contrasr,. serum. ft'Otn thf~ ptmmn from wh<~m TTI_Y'-2 

hmlate 53 was isolated hinds preferentially to HlV~2 proteins and recognizes the HIV-2 gp120 

envelope protein of this virus as well as tho gp4 l t.ransmemhrane protein (panel R). It docs 

lO 
·. 

not 1·cact with glycoproteius of HlV-1 or ANT 70. These results t\aihct· indicate that ANT 

70 is different t'rom elthe1· HIV-1 or HIV-2. 

Enzyme immunosorbent assays u.r;ing coated viral proteins titracion9 of aoti-HfV" I, 

anti-AN'l' 70 and anti-HIV-2 sera were performed in microwell plates coated with HTV..:t 

(ARV-4), ANT 70 and HIVw2 (isolate 53) viral lysaces. Two~t'old dilutions of each sera, 

15 beginning at an initial dilution of 1: 1001 were tcs.tecl for t.heir tthility to hind co the coated 

antigen. Bound antibody was detected using a horseradish peroxidase-labeled goat 

anti-human IgG conjugate.. These results at·e shown in Figure 11.. The anti- HIV-1 scmm 

t·ccogni7.ed preferentially the HIV-t proteins but shows a significant amount of crossreact.icm 

with ANT 70 proteins. The HIV-2 proteins were barely detected .. · rn corttrBst, anti~ANT 70 

20 serum pret~rentially recognized ANT 70 proteins, showed crnssreactivity toward HIV-1 

proteins, and reacted better wlth the I.fiV-2 coated wells than dld the nncHUV-1 serum ns 

~videncod by the higher optical density values obtained. The anti-HIV-2 serum had a very 

low titer but nevertheless reacted best with HIV-2 protciu .. 9.~ No dete<~tahle signal was 

obse1·ved on HIV-1.or ANT 70 coated wells. The innhilit.y t.n det.ect. crnssreactfon in this 

25 instance is undoubtedly related to the low anti-HIV titer of thls SCl'\lm. 

Auabsis of partial chertdcal cleavage products of'..vlral proteins 

'l'he two reagents used t'ot: chemical cleavage, cyanogen bromide and RNPS-skatole. 

30 . were chosen because of their high specificities tor methionone (29) and tryptophan cm». 
respectively. These two amino acids are also rather hydrophobic and are t.herefnre also less 

likely to. be found located in epitopes on the outer surface." <>f protein molecules (3l). 
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Examination ot' published amino sequences of the gag nn<l llQl gene products of HIV-1 

(32-36), HIV-'2 (19). SIVagm (10), SlVmac (9), equine infectious anemia virus (RlAV ,37) 

imd Vist1a (38) reveals that while there is little amino acid homology between some of 'these . 
<livt:rse isolates, many of the positions of the methionine residues in these proteins and, to an 

5 even graatel" extent, the tryptophan residues. are strikingly conserved (figure 12). 

Futhormore, intL·aspecies variation ih these residues is minimal or absent, at least in the cnse 

of £IIV-l (36) and probably holds true for n!l of the human and simian immunodeficiency 

retroviruses. 

The partial digestion pat~cms of the ,lUl.U: a.nd ll!ll gene producrn of HIV-1, ANT 70, 

10 HlV-2 (LAVrod) and HIV-2 (isolate_ 5~) are shown in Figure "13. 

lospection of th~ CNBr cleavage patterns of the p24 protein t'rom the four isolates 

i·cvcals that the patterns . generated for HlV-2 (I.A V-2rod) and HlV-2 (isolate 53) are 

idcntlcal. 

Different patterns, however, are obsei·ved for HIV- l and tbr ANT 70. Thu~, 

15 significant differences exist in the locations ·of the methionine residues in the major cm·e 

protein of HIVM"l. ANT 70 and HIV-2. Co the cHse of the _pl7 cnre prnteitl, difference~ are 

observed between the two HIV·2 isolates. Inspection of the published sequence tbr. l-IIV·2rod 

indicates that there is a methlouine located 18 amino acids from the carboxyl tenninus of thi~· 

protein. We conclude that this methionine must be absent in the COl'l'C.~ponding protein from 

20 isolate ·53, From the· cleavage pattern it is also possible tn deduce. the presence of a 

methionine near (l0~15 amino acids) one of the termini of the p16 frnm ANT 70. CNBr 

cleavage of the retrovh~l r~verse tl'anscriptase reveaLi; that again, the proteins_ from the two 

HIV~2 isolates are fde~tical, while different patterns are observed for both HlV~t and "ANT 

70 proteins. In the ca~e of the p31 endom1cleasc dedved frnm the ~'-pnrtinn of the p.n1 
: . . 

25 gone, sfoliladties can be deduced between all of the isolates although some minor differences 

are apparent. 

BNPS-skatole cleavage <>f the p24 proteins t'rom the tom· i.<:1olates re~mlt11 in s~rikingly 

simiu\r patterns. lt is evident from Figure 8 th.at this is to he expected 8ince the tryptophan 

position.Ii in this protei~ are very highly conserved, particularly for the retroviruses of human 

30 and simian origin. We conclude that the tryptophan pt.u.1iticms in the ANT 70 p25 protein also 

corifortn to this pattern. Inspection of the pattems reveals. however, that minor differences 

can be o.bserved, not in the overall appettrcmce of the pattern but t"athot" in the apparent 
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n1olecular weights of tho species generalized by cleavage. Cn partiriuhll', difforences are 

detected in the apparent molecular weights of Che ccntt·al spot::i in each pat.tern. As expected, 

tho pattcrt1s fol' H.CV-2 (LA V-2rod) and HCV ~2 (i~olate 53) are identical. The central spot in 

the pattern for ANT 70 has however, a larger apparent molccul.nr wt.~ight while the central 

5 spot for HIV-l (ARV-4) has ~dower molecular weight.. rn regard to the p16. the positions 
. . 

ot' the tryptophans in the ANT 70 protein appear to resemble more closely the posicion.s of 

th~ trytophans found in the HlV~2 protein. The HIV-1 p17 has a tryptophan lo_cated :16 

amino acids from the amino terminus ·of the p1·otein and gives rt')c:.~ to an additional !<!pot not. 

seen in the ANT 70 and HIV-2 patterns following BNPS~skatolt~ deav:.ige. The t.ryptophnn 

LO corresponding to the oue at posltlon. 36 in the IIIV-1 pl7 sequence is con.served in all 

isolates. 

The patterns generated by clea_vage ot' tho reverse tran.r.tcriptase from the four isolates 

are complex but it is !)nee again apparent thnt the cwo HiV-2 isolates arc lclontlcal. Patterns 

a1·e obtained. for ANT 70 which corresponds neirher to the pattern obta incd tcw HCV ~I nor to 

15 the HIV ~2 pattern. Differences in apparent m.olccul:-1r weight.s of the cleavage pro.ducts or 
the p31 endonuclease are also obs~rved but the patterns generated from the corresponding 

proteins from HIV-1, ANT 70 1 and HIV-2 also show common tbaturos which suggest.~ a 

cnnscrvcd structure. 

20 Vb-al Nucleic Acids 

n. Hybridization of IIIV-1 and HIV·2 cDNA to viral RN As. 

N~cloic acids crosshybridization between HlV ~ l and RNA from the viruses HIV-2 and 
. . 

25 ANT 70 was evaluated by performing the hyhridi7.at.ion with the SacI-RglIT HIV-1 restriction 

fragment wh_ich ~d been inserted lnto the vectc>r pUC13. This fragment contains a portion 

of the 5' LTR, including the R region. the entire gag gene and· mo!it of the p.u1 gene of 

HlV -1. Under stl'ingent hybridization conditiom1, hyhriclization waN only observed between 

thL~ probe and the RNA derived from'HIV-1 (SF4). No hybridization WH~ ohserved hetween 

30 the probe and either HIVM2 or ANT 70 (figure 14). This inclic:atc8 that tbe ~ and p.u1. 

regiUilS of HIV-2 and ANT 70 are significantly different t'rom the. correRp0nding region (.')f 

HIV-1. 
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Tho HIV:-2 probe used conb1ins a sequence of approximately 100 base pairs derived 

from the~ gene of HIV-2. This probe hybridized· only to HIV-2 RNA undet stringent 

hybridization conditions and no hybridization was observed with.either· HlV-l or HIV-3. 

5 b. Homology between ANT 70 cDNA and seqiiences of CHV-1 anc.l HCV~2. 

The cDNA clone iso 70-11 was used a.I\ a probe to ass~ss the degree of nucleic acid 
. . 

homology between the various virus isolates. The filter onto which aliquots of HIV-1. HIV-2 

nnd ANT 70 had rn;en deposited was subjoct~d to hybridization under strin.gcnt conditions. 

10 The results are also shown in Figure 14. The experiment demonstrates that under stringent 

hybl'idlzatlo~ conditions, no crosshybridi~ation can be detected between an.y of the virus 

isolates. 'l'he ANT 70 derived probe hybridizes only to ANT 70. DNA fro•n ANT 70 cDNA 

clone iso 70-11 was used t'oi· hybridization to b~ots of restriction enzyme digests of cellular 

genomic DNA from cells infected with lIIV-1 and ANT 70 as well as DNA from uninfected 

15 cells. The results are sh()Wn in FiguL'e 15. No hybridization was observed in any lane other 

than those lanes containing digests o~ genomic DNA from ANT 70 infected cells. This also 

indicutes that the· iso 70-11 insert is not derived. from cellular sequences. 

An additional hybt·idizaticm was performed using the Sacl-BglII fragment frorn the iso 

70-1 l insert which corresponds to the left end of £he insel't farthest from the sequences . 

20 presumably containe{l within the L"r.R and which, by analogy with HIV-1 and HIV-2, should 

corre,spond to Q.D.Y: gene sequences. Hybridization with. this fragment gave rise to the same 

hands as did hybridization with the entire fragment. 

25 

c. Sequence analysis ot' clone iso 70-11. 

The locations of a number of restriction enzyme sites in the_iso 70~l 1 ANT 70 insert 

. are shown in .Figure 16. Subclones of the insert were made in pU~13 aru.l sequenced using 

the dideoxy·nucleotid~·method .. 

The presence of a poly A tail confirmed dtat the iso 70-11 insert is derived t'rom.the 3' end 

30 .·of the viral RNA. Adjacent to the poly A tail is.the seqiiencc corresponding to tho R region 

ot' the viral 3' J .TR. Sequence contained_ in the ANT 70 cDNA and the viral Nequences to 

which they correspond:are shown below: .· 
This Sheet Has Been Replaced·. 

. . . 111111111011111111111111 . 
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l. HIV-3 LTR 

10 20 30. ~o 50 
CCCATCCA't''l' 't'GAAGA.Tl\Cl\ CA•11AAAGAAA '!'AC'l'GA'rG'I'G GAAG'!11l1'1'GA'l' 

5 60 70 00· 90 100 
ACA'r.C'l'C'C'AG GCAJ\CACCCA TGTTGCTATG ATAACTCACC CAGAGCTCTT 

110 120 130 140 150 

CCAGAAGGAC 't'AP.AAAC'l'GC 'I'GACCTGAAG ATTGCTGACA CTGTGGAAC'!' 

160 170 180 190 200 

10 'L"L1CCAGCAAA GACTGCTGAC ACTGCGGGGA C'l"l"l'CCJ\G'l'G GGAGGGACAG 

210 220 230 240 250 

CCC:GCGG't''t'C c;c;GGAG'!'GGC TAACCCTCAG AAGCTGCATA TAAGCAGCCG 

260 210 iao ~go Joo 
CTTTCTGCTT G't'ACCGGG'I'C TCGG'1"1'1\~AG GACCAGG'l'C'l' GAGCCCGGGA 

15 - UJ R 

310 320 33a 340 350 

GCTCCCTGGC CTC1t'AGC'I'GA r..CCCGC'l'CG'l' ·rAACGC'fCAA TAAAGC'f"l'GC 

Polyadenylation signal 

360 

20 CTTGAGTGAG A-Poly A (S~Q ID NO 3) 
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2. Sequences from HIV-3 3'0RF 

10 20 30 ~o. 60 

AACl\'I'GGGAAACGCA'l"fGAGAAAl\(~C.:'I' AAATTTGl\GGGATGGGCAGCl\G'f.' AAGAGAAAGA 

5 l\i=mMetGLyAs"nAlaLeuA r.gr.y.sGlyLysPheG I uG.lyTrpl\laAlaV;:dA.rgGlul\.rq 

70 80 90 LOO 110 120 

ATGl\Gl\l\GAACTAGAl\C'rTTCCC't'GAC,'l'CTGAACCl\TGC:GC:ACCTGGZ\G'l'AGGACAGATC 

_MctArgArgThrl\rgThrPhel?roGluSerGl nProCy:-iAlaProGlyVa l.GlyGlnile __ 

130 l40 150 160 . i'/O 180 

l 0_ 'l'CCACGGAA'l'TAGCAGC1!1 AGAGGAGGC,A '1' ACCAAG•I11!1CCCA 'I' AGTCC'I'CJ\AAACAATGCA 

Se r.il.. rqGiuLeuAlal\.laArg(i 1ye:;1.yI le P roSerSe rll.lsThrProGJ.nA:rnAsnAla 

190 200 2io 220 230 240 
GCCCTTGCl\'l"l'CCTAGAl\AG'fCACC:AAGAGGAACAAG'l'AGGTTTTCCAG'f/\GCACCTCAA 

l\taLeuAlaPhoLeuGluSe t:"HisGlnGluGl.11<~l 11ValGlyPhe~1roVa l.AlnProGln 

1s i5o 260 210 · 200 290 300 

GTCCC't1Cr1• AAGGCCAA'l'GACCTA 'I.' Al\AGGAGCA'r'.l"!'GACCTCAGC'l''l'C'r'l'TTT. AAAAGM 

Vtt l 1? r.oLeuArg Pr.oMetThrTyrT.y.sC:: l.yAlaflheAspI.t-·rnSerPhePheT.euLysGl u 

310 320 330 340 350 360 
AACGGl\GGAC'l'GCAAGGGTTAATTTAC'l'CCCATAAAAGAGCAGAAATCC,11GGA'i'CT•c11I1GG 

20 LysGl yGl yLeuG luGlyLe uI 1.e'l'yr.SerHisLy~A..rgAlaGluI leTiE:mA!lpLcu'l'rp 

GTG'l'/\'!'AA 

Val'fyr.· 

25 (SEQ ID NO 4) 
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3. Coding sequences from rhe_ HIV-3 · ~ -gene 

1.0 20 30 40 oO · 60 

A1rTCAAl-\G1l'GAAATCAAAGAACCTAAAA'A'A'/\C:'l'Cr.TTTACCAAT1I"l''l'CA'L1TGG'I'TTACGA . 

5 IleGlnSerGluMetLysGluProLysT.ys'PhrProT..euAlai~ePheileGlyI.euGly 

70 80 90 100 110 L20 

1\~l''.L' ACAACCT't1AA'l''!'TACTTAA1I''I' A'!'TGCTA 'T.''l"T'(~'/\/\'l 'G'rCACTTAATGG1fGGL\'l'CA'r'rC 

lleThrThrLeuileTyrLeuileileAlaTlASArMetSerLeuAsnGl.yGlySecPho 

130 140 150 1&0 170 tao 
L 0 T'T''I'c;c;e•11TCAAAG1-\1l"l'ACATGAGTA.G'l"I1tr ATTCAA A ;p. 'A 'I '(-iAA'AAAGCTGGACGl\l\'l"l'G'1"1' 

~heGlyPheJ,ysAspTyrMetSerSerLeuPh<':! r.ysA.sn(~ l.uI,ysAlaGl yArg .(le Va 1. 

15 

20 

25 

190 200 210 2~0 230 240 

. TTTGG1l,"L1't1 AATTAACA'L11rTGTATTTCAA'l1TGGTGTTC1r AGG'l'7\ '1'1' A '1''11 AACGGT1rTCTCA 

PheGlyLeuiloAsnileCysTl~SArileGlyValLeuGlyileilQAsnGlyPheSer 

J\'£G 

Mel: 

(SEQ lD NO 6) 

DISCUSSlON 

We have {solated a novel human immunodcttciency-assodated retrovirus from a 

Cameroonian woman (A,NT 70) a.nd her partner (ANT 70 NA). At the time the original virus 

isolation was perform~d. the woman was only slightly seropositive. gave ambiguous results 

in the western blot tes.t and was clinically asymptomatic. Since that l:ime, the woman has 

bogun to develop some of the symptoms of ATDS:-relatcd ~omplex (ARC). ln contrast, her 

30 partner, rrom whom we.we~e also able ro isolate a virus wich the same chamcteristics as the 

ori~~rial ·isolate, was suffering from lymphadenopathy and has since developed othe1· 

symptoms characteristic of AIDS. This novel istllate may therefore be considered to be a 

human immunodetlciency virus. ·The fact. that this same virus- could be isolated from sexual 

partners also suggests ~ mode of transmi.i;;sion which is similar to that of human retroviruses. 

I --
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·.The. virus was first recognized as being different from HIV"l on the basis of lts 

altered ltbility to be captured in a differential antigen capturing assay. This has proven to be 

a hlghly reliable test which is able to d.istinguish between HIV~l and non~HIV-l strains. That 

this isolate is not HlV-1 is horne out at the protein level by l.) the difl'bt·ing molecular 

5 weights of tho vit·al proteins, 2.) a dlfterent pattern <.)f crossreactlvity with antl~ HIV-! 

antiserum than HIV .. 1, 3 .) a dl'astically reduced ability to be recognized by mouse monoclonal 

antibodies raised against HfV-l p24 and pl?. core proteins, 4.) preferential re~ognition ~f 

ANT 70 proteins over HIV·1 proteins by a.ntisera from the virus carrier, and 5.) patterns of 

partial cleavage of four of the most highly conserved viral pmteins which do not match tho 

10 patterns obtained when HlV-1· proteins are subjected to the same treatment. Ncverthelesst 

sera from the two individuals infected with this virus t·ecognizo the HIV-l gp41 envelope 

protein. By .the same criceria listed above. it is ·also clear that ANT 70 is not HIV-2. [ndeed, 

the antige~ic differences between ANT 70 ~nd HIV~! are smaller than those between HIV-2 

and HIV-1. 'L'his is particularly evidt}nt from the resuUs presented in Figures 8 anc.l 10. 

LS Additional compelling evidence that ANT 70 is a unique vims dit'tbrent from HIV-1 

un<I· HIV-2 comes from the partial peptide maps. We have shown that there arc significant 

differences in the inost highly conserved viral proteins. The two HIV-2 isolates which were 

used for comparison gave e.'i:sentially identical cleavage patterns except in the case of C~Br 

cleavage of the p17 core protein. It should be noted, however, that chc pl7 co~e protein 

20 exhibits more variability than the p24 protein, at least in HIV·l strains (34). Whether or oot 

this also holds ttue for HIV~2 await.ci sequence determination on more strains tlum have been 

analyze<~ to date. 

In light of the fact that AN'r 70 is antigenically moro closely related to HIV-1 thc'"tn 

i...'I Hl~··2, as evid.enced by a higher. d~gree of c~ossrcactivit~ which extends even to the gp41 

25 envelope protein, it was essential t() establish ch.at ANT 70 was more than simply a genetic . 

variant of HIV-1. This was posNihle by investigating the locations of some of the most highly 

conserved amino acids in a . number of viral proteins whi~~ are least subject to genetic 

vnrintion. That major differences were noted in the cleavage patterns tn.dicates that HIV-l, 

HIV:2 and.ANT 70 are three genetically distinct viruses. On the othe1' hand, the same series 

30 9f experiments also revealed similarities between the viruses which mny indicate that all three 

arose frnm· a common Pf<.lgenitor. 

The hybridization data also support t.he notion tllat AN'f 70 is tundamentally different 
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from either H.lV~t and· HfV-2. As long.as the conditions under which the hybridization is 

pcrformed.at·e stringent, a distinction can easily be made between the th1·ee virus types. -

Analysis of the cDNA sequences revealed that t.he insert is derived from the 3' end 

o t' the viral genome. An analysis of the homology becween these sequences and the sequence 
. . 

5 of HIV-1 and HlV-2 reveal that ANT 70 is somewhat more closely related to HIV-1, 

10 

particularly in the LTR ~equetices (approximately 70% homology). The diftel'cnces are 

novcr:thele~s of such magnitude as to rule out chc possibi1ity that ANT 70 is simply a genetic 

yaritint of HIV~l. The ANT 70 3'LTR also contains the signal sequences which are typical 

of retrovital L'l'Rs. 

Sequences corresponding-to the eml. gene ol' ANT 70 arc found to be even less related 

· to either HIV-l or HIV-2 sequences. While it is true that retroviral m1Y. genes frequently 

exhibit genetic variability. the differences in sequence between variants is rarely more than 

L 0 % . • The degree of homology between ANT 70. and HIV~ l and HIV ~2 was found, 

however, to be less than 60 % . Such a difference in homology, togethet· with the 

15 hybridizations t"esults. indicates that ANT 70 belongs to a new -class of human 

i~munodeficiency retroviruses. 

The 01dstence of a th.ird type of human immunodeficier1cy virus has immediate 

_ epidemiological implication.~ and consequences for ·btood bank testing. As has been shown, 

antibodies from people infected with this· virus react preferentially with this virus, although 

20 these antibodies also crossreact with HIV~! proteins. While it was possible to detect a 

positive i·eaction in enzyme immunoassays, immunofluorcscence assays and Western Blot 

ussay.s based in HIV-1 proteins, the f~ct that the positive signal was due to a crossreactlon 

inevita~ly implies- that the sensitivity of such _test.') will be less for antibodies produced in 

response to this virus. This was amply dcmon8tratcd by the enzyme imrimnoassay results 

25 (Figure 11). Furthermol'e, one criterion for seropositivity ht the Wescern blot ·assay is the 

prcscnC?e of detectable antibodies tn hoth a gag and/or JlQ1 protein and one of the envelope 

proteins. Since 1n the. case of the two individuals infected with AN'l' 70 and ANT 70 NA, 

respectively, crossreaction was observed to both UIV~l p24 and the envelope proteins, the 

co~clusion which is invariably drawn is that these individuals -arc infected with IIIV- l but for 

30 some reason fail to develop high titers. lt .is possible therefore, that this vimt; is more 

widespread than is currently reali1.ed. From an epidemiological standpoint, it is essential t.o 

develop specit1c diagnostic tests for this virus in order to evaluate the limits of the 
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ge<>graphtcal area. in Africa in which the· vit~us can be found, and to evaluate the ex.tent to 
which this virus has been disseminated . 

. -

.IN-[ . ...:....- ... -: 
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SEQUENCE L!STING 

( 1) C:Et\JERAL INFORMA'rION: 

( i.) AE>l?LICAN'!': 
(l\) Nl\ME; ~noo9enetics N.V. 
(13) S't'Rli!li!T: Industriepark Zwiinaarde 7 Bu$ 4 
(C) CITY: Gent 
(E) COUNTRY: Belgium 
(F) POSTAL CODE (ZIP): 9052 
(G) '.t'l!:t,f!.':l?HONEt 00-32-09.241.07. ll 
(.H} TELEFAX: 00-32-.09.21\t.07;99 

(ii) TITLE OF INVENTION: HIV-3 retrovirus strains and thoir uso 

(iii} NUMH~R OF SEQOENCES: 7 

(iv) COMPUTER RreAD~BLE FORM: 
(1\) M~O!OM TYPE: Floppy disk 
(B} COMPUTER: IBM PC compatible 
(C) OPERATING SYSr~M: PC-DOS/MS-DOS 
{D) SOFTWARE: Patentin Release U·. O, V<.lrsion U. 25 (El?O} 

25 (v L) lrn . .C-Oll APPLICATION Dl-\TA: 
(n) 1\PPLICl\'r:cON NUMBER: EP 80109200 .1 
{f3) nt.ING DATE: 09-JUN-1988 

30 (2) INFORMATION FOR seo ID NO! l! 

35 

( i) SEQUF;NCF: CHARACTERI~TICS: 
(A) LENGTH: 245 base pair.a 
(B) TYPE: nucleic acid 
(C) $T~ANDEDNESS1 singl0 
{D) 'l'Ol?OLOGY1 linear 

(ii) MOLECULE TYPE: cPNA 

40 ( i. ~-L} H't'l?OTRETICAI.: NO 

(Hi} ANTI-SENSE: NO 

45 

so 

55 

60 

65 

c i.x) rr.:P.'t'URE:: 
(A) NAME/K£Y: CDS 
(B) LOCATION: 3 •• 245 

( i. x) li'l!.:ATtJRE: 
(A) NAME/KEY: mat peptide 
(8) LOCATION: 3 •• !45 

(Ki) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Cl\ i\'1'1' Cl\/\ l\G'I.' GAA ATG AAA CAA CCT AJ.\A 11.AA l\C'l' CC'\' 'l"L'A GCI\ A'l"l' 
I!G Cln Sor Glu Me~ Lys G~u Pro Lys Lys Thr Pro Lou Ala Ile 

1 5 10 15 

TTC A'I'.T GCT TTA GGA ATT ACA ACC TTA ATT "TAC TTA ATT ATT <;c•r AT'l' 
L'he Ile Gly Leu Gly Ile Thr '.rhr t.eu Cle 'l'yr Leu Ile Il.e Ala I!e · 

20 25 30 

41 

95 

1.43 'l'Cl\ l\'l'G •rel\ C't''l' MT GGT GGA TCA TTC TTT GGC •111rc AAA GA'l' 'l'AC A·~G 
Ser Met Ser Leu Asn Cly Gly Ser Phe ~he Gly Yhe Lys Asp Tyr Met 

35 40 45 ~~~~~~~~-'-~-
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56 

/\C'l' 1\CT 'l'Tl\ TTC '[\(\.[\ AA'r GAA AAA COT GGA CC;l\ J\'l"l' G'L"l' 'l"!'T GGT TTA 191 

s~1r Ser Lou Pha r.ys Jl.sn Glu Lys Ala Gly Ar.C) fl P. Vrl I l"'hP. Gl.y T.1P.\l 

50 55 60 

5 J\'l''L' AAC ATT TGT A'l"l' 'l'C.A ATT GGT CTT C'l'A f~C~'l' /\'1"1' J\'11·r AAr:· C~C~'I' 'l''l'C: ?.39 

.UQ A::m Ilo Cys .tle Ser Ile Gly Val r .P.11 n1y T 1 P. TIP. Arm C: 1. y . l?hc? 

65 70 ·15 

'l'CA ATG 
245 

LO !3e r. Mot 
RO 

15 
(~) 'CN &'Ol~MAT ION FOR SEQ .co NO! 2! 

(i) SEQUENC~ CHARACTERISTICS: 
(l\) L.&':NGTH: 01 amino ac::.tds 
(B) TYPE: amino acid 

20 
( D) T.OPOJJOGY; linear 

{ii) MOLECUt,E TYPE: protein 

(.id) SEQUENCE OE:$CP.I PT ION: SEQ ID NO: 2: 

25 !lo c;l n Set' Glu Met Lys Gl.u Pro Lys Lys Thr P. r;t') I •E':lll I\ l ~ Tl P. PhP. 

'I. 5 10 15 

Ile Gl.y r,eu Gly Ile Thr 'i'h~ C.eu Ile Tyr Leu Ile ne l\ l ~ TIP. r.P.r 
20 25 30 

30 
Mel: Ser Leu A.sn (Hy Gl.y Ser Phe Phe (.;ly Ph A T.y:<i A:'lp 'l'yr MAt Snr. 

35 •' 40 45 

3.5 
St:'!r; r,eu Phe Lys Asn Glu Lys Ala. Gly Arg Ile.:- Val. PhE! C:ly T1Ali TIP. 

50 55 60 

l\1:1n r.te Cys Ile S«>r Ile Gly Val Leu Cly I le:l Cl.P. /\$n my PhP. BAr 
65 70 75 80 

40 Met 

(2) INFORMATION FOR SEQ ID NO: '3.: 

45 {i) SEQUENCE CllARAC'l'ElUSTICS ! ... 

{1\) LENGTH: 360 base pairs 
(H) 'l'YPEt nuclQic acid 

50 

(C) STRANDEDNESS: sin9l.e 
(D) TOPOLOGY: llnear 

(ii) MOLECULE '.e~PE: cDNA 

( i. i, i.) HYPOTHETICAL: NO 

·ss (iii} l\NT:C-$ENSE1 NO 

60 
(xi) 'SEQU&:WCE DESCRIPTION: SEQ t[) NO! 3 ! 

CCCA'l'C.:GATT TCAACA'I'ACI\ CM'AAAGAAA TACTGATCTC GAAG'1''1"t'CM\'r l\(.;M•r:•11C'l'AG 60 

CC1\1\.C1\CCCZ\. TG'l"t'GCTATG ATAACTCACC CAGl\.GC'l'C'l"(' CCAGAAGGAC TAAAAACTCC ·. · 1, ?.0 

65 'l'C;ACC'.l'CAAC ATTGCTGl\C1\ C'l'G'l'GGAACT TTCCACC1\l\l\ C~l\C'l'C~C'l'C~l\C: /\C:'l'GCGGCmA UlO 

CTT'l'CC::AG'rG GGAGGGACAC CCGGCGG'l"L'C GGQGAGTGGC TAACCCTCAC ·AACC'i:'C~CJ\'t'A . · '-40 
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LO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

57 

'rl\l\GC/\GCCG CTTTCTGCTT G't'l\CCGGGTC TCGCTTAGAG c;ncc::M;f.;•1•c·r· (~A(.;(:(!('.(;(.;(.;1-\ ~00 

CCTCCCTGGC C't'C'l'AGCTGA 
0

ACCCGCTCG'C' 'l'AACGCTCAA TAAAGCT'l'GC C'l"l'G1\C;'l'GAC; :HiO 

(2) INFORMA'l'ION FOR SEQ 'IO NO! 4: 

(l) Sli:QU&:NCE C~ARAC'l'ERISIJ:'ICS: 
(A) LENGTH; 368 base pair~ 
(B) TYPg; nucleic acid 
(C) S'l'AANDEDNESS: sinql.e 
CD) TOPOLOGY: linear 

( i.L) MOI,ECULE TYPE: cONA 

( .i..li) HYPO'rHETIC1.\t,: NO 

(iii) l\(l('l'(-SENSE: NO 

(ix) FEA'rUl\E; 
(A) NAMS/KEY: CDS 
{ B) LOCATION: 1, • 368 

(ix) li'EP.TURE~ 
(1\) NAME/KE~i mat_peptide 
(B) LOCATtON; 1 .. 366 

(xi) SEQOP.NCE DESCRIPTION: Sfi:Q rn NC>: 4: 

/\AC A'l'C.; GGA AAC CCA 'L"l'G AGA AAA GGT AAA 'l"L"l' (;]~.(.; ~GA TC.C. GCA CCA 4 8 
Asn Met Cly Asn 1\ 1.a. Leu Arg Lys Gl.y r.y.::1 PhA C::l.u Ci.ly 'l'rp f\la J\la 

1 5 10 15 

G1l1A ACA CAA AG1\ 1\'t'G AGA AGA ACT 1-\G1\ f\<~'r 'l'TC CC'l' GAG TCT GAA CCI\ 96 
V.:I! 1\rq Glu Ar.g Met Arg 1\.r9 •rhr Arg Thr Pho Pro Gl.u Ser. m 11 Pro 

20 25 30 

'l'GC GCA CCT GGA CTA GGA CAG ATC TCC AGG (;/\./\ 'M'A c:;c:A C.:C.T 7-\r.A GGA 
Cys A.Lea Pro Cly Val Gly Gln Ilo Ser l\r.<J c::l\l T1P.ll Ali1 Alil Ar.q c;.ly 

35 40 '15 

CCC 1\Tl\ CC2\ 1\G'l' 'l'CC CAT ACT CC'L' CAA AAC AAT GCA GCC': C'l''I' (;C:J\ 'f'l1C: 
G.ly ·ne l.'ro- Ser Ser llis '!'hr Pro Gln Asn Asn f\1-~ 7-\l.:i T.P.n Ala. Phe 

50 55 60 

C'l'A GAA AGT CAC C"f.\1\ GAG GAA GAA G'I.'/\ <~~'I' 'l''T'T CC'!A CTA GC1\ CC'r Ch!I. 
Leu Glu s~r. H.i.s C.Ln Clu GJ.u Glu Val Cly Phe ~r:c Val Al.=1 Pro C.l.n 

65 70 75 BO 

C.'L'(l CCT CTl\ 1\CC CCl\ ATG ACC TAT 1-\AA (.;(~/\. GC:A TTT 
V.:i.l Pro r,eu Arg Pro Met 'l'h.r:- 'l'yr Lys Cly Ale\_ PhP. 

a·s . 90 

TT'l' TTA AAA QAA AAG GGA GGA CTO GM GGG '1''1"7-\· A.'l'T 
llhe Lou Lys Glu T.iy!=I Gly Gl.y Leu l'Hl.l r.1.y T1P.ll Il<1 

too 105 

/I.GA GCA GAA ATC C'L'G GAT CTT TGG G'l'G 't'A.'I' 7-\A 
"1\rq··l\la Glu Ile Leu Asp £..eu 'l'rp Val Tyr 

115 120 

GAC CTC ACC T'l'C 
M1p r.A11 i:!Ar PhA 

95 

TAC'! 'l'C:C 'CA'l' AAA 
'l'y.r Ser His Lys 

110 

144 

240 

?.fl fl 

336 

368 

_ 65 (2) INl!'ORMl\'1'.CON 'FOR SEQ IO NO: 5: 

(i) SEQUE~CE CHARACTERI!l'l'ICS: 
, This She tH . 
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10 

15 

20 

25 

30 

35 

40 

45 . 

so 

55 . 

. 60 

65 
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(A) LENGTH: 12?. amino acids 
( li), 'l'Y'l?E: :,im.ino acid 
( D) '1'0P9LOG'i: linear 

(ii) MOLECULE '!'YI?~: protein 

(xi) SEQUENCE OF.SC£~H''l1ION! SEO. ID NO~ !'i: 

Asn M<ilt Cly Asn Al.i Leu Arg Lys Gly r.y::. PhP. 
1 5 10 

Vdl Arg Glu Arq Met /\.r:g Arg Thr Arc,J 'fhr: l'hA 
?.O 25 

Cys Ala Pro Gly Val (;ly Gln IlrJ Sf~.t· l\t:I] m 11 

35 40 

Cly Il.e i.>r:o Ser Ser His Th.r. l?ro G!n Asn A1:m 
50 55 

Leu Glu Ser: tHs Gln Glu Glu Glu Val Gly Phe 
65 ·10 '/5 

Vcll l?ro Leu l\~9 l:lro M9t Thr Tyr: r.y~ c:ay AL.1 
95 90 

Phe r.eu Lys Glu Lys G1.y .Gly Leu Clu Gly Trell 

100 105 

l\rc,1 l\ la Glu Ile Leu Asp ·1.ie u 'l' .rp Val 
115 120 

(?,) tN~'ORMATION FOR SEQ IO NO! 6! 

( i) SEQUF~NCE CHARACTER! s·r.ccs ! 
(fi) ~ENGTH1 243 base p$irs 
(B) TYPE~ nucleic •uld 
(C) STRANoeONESS: single 
(D} ~OPOLOGYt linoar 

( i. i.} MO.Ll!!CULE . TYPE: CONA 

(iii) Ui' l?O'l'tll~:·r £CAL s NO 

( l.i. L) ANTI-SENSE: NO 

(ix) FEATURE; 
(A) NAME/KEYi COS 
( El') LOCl\'l' l ON : 1 , • 2 4 3 

(ix) FEATURlil: 
(/\) NAME/KEY: inat.,.Peptide 
{8) LOCATION: 1. .7.43 

Tyr 

(xi) SEQUl:NCE DESCRIPTION: Sl!:Q i:n NO:. 6: 

c:: 1.11 Gl.y Trp Ala /\la 
:l5 

Pro c:: In SP.r C: l.u Pro 
30 

T .P.11 A I ;i Al.a Ar.q Cily 
45 

Ala I\ 1.a r rF.111 I\ l "' PhP. 
60 

p ['C.\ Val f\l;.\ Prn r,1n 
80 

Ph~ Asp Leu Set' !:'he 
95 

TIP. 'ryr SAr 
110 

fl in l1yR 

l\'l"~ CAA. AGT CAA ATG AAA GAA CCT AAA AA1\ l\C't' CC'I' 'l''l'A C.:C::A ATT TTC'! 

Ila Cln .Ger Glu Met Lya Clu P.rt.1 J .. ys T,yi:; Thr P.r.o LA.ll A;La Ile Phe 
l 5 10 15 

. 1\TT OG'l' 'l"l'l\ GGA A'fT ACA ACC TTl\ l\'f't' ·~·AC l?TA ATT ATT GCT 11.T'l' ·ref\ 
Ile Gly Leu G ~Y Ile Thr •rhr Leu I.~e Tyr L.eu Uta ;Cle Al.a Cle Ser. 

20 25 30 

48 

ATG TCA CTT AA'r oo·r GG~ TCA TTC TTT GGC 'l"l'C ~AA C::AT TAC ATC AG'l' 111 

This Sheet Has :Been Replaced 
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Mot Ser Leu Asn Gly cay Ser Phe li'he Gly PhG Lys Asp •11y.r M~t Sc~r 

:JS 40 45 

ACT TTA TTC AAA AAT GAA AAA GC'l' GGI\ CGl\ 1\TT CTT TTT GG'l' 'l"l'A l\'rT 192 
5 SIH' r.~u !?hr~ Lys Asn Clu Lys Ala Gly Ar.g Ile Va.l, ~he Cly Lou Ile 

50 55 60 

/\/\(: l\'l"l' '!'GT ATT TCA ATT CGT GTT CTA GGT 1-\TT 1\'l''l' 1\1\C GCT TTC TCA 210 
A!·m Ile Cya Cl.e Ser:- Ue G.1.y Val Leu ·cly Ile Ile Asn Gly l?he Ser 

10 65 70 ·1s 00 

11.'rC ?.43 
Mel: 

15 

(2) Ulb'Ol~MJ\'l':CON !!'OR SEQ ID NO: 'i : 

20 
(i) SEQUENCE CHARACT€R:CS'l' CCS: 

(A) LENGTH: 91 a.mino ao.i.de 
(8) TYPE: ·amino acid 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
25 

(xi) SE:QUF.NCE DESCRIP'I'ION: SEQ ID NO: 7i 

'[ 1.<.t- Gln Ser Glu Met Lys Glu Pro Lys try$ 'l'hr: J? 1.'C) Lou Ala Ile J:.>h·e 
l 5 10 15 

3() 
I .Le G.Ly C..eu <Hy .c:i..e 'l'ht' 'l'hr Leu Ile Tyr Leu Ile Ile Ala r.lc Sor 

20 25 30 

Met Ser Leu .l\$t\ Gl.y Gl.y Se.t E>he Phc Cly !!he Lya Asp 'L'yc M~t Ser 
35 35 40 '15· 

r-lAr r.eu Phf~ Lys Asn Glu Lys Ala Gly Arg Ile Val. l:'he Cly Leu IlQ 
50 55 60 

40 A.'jn Ile Cys Ile Ser Ile Gly Val t,eu Gly Ilo Ile Asn cay 1.'hc Sor 
65 70 75 80 

Met 

·45 
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l. I ITV <l retrovln1s strain comprising in it~ nucleic acid sequence a contiguous R region 

5 and an U3 region sequence showing a homology of mnre than 70% with the nucleic acid 

sequence as represented in SRQ IO NO 3, and pt·ovided that said HCV-3 retrovirus strain has 

at least. ouc m1cleotlde difference in its sequence compared to the HIV-3 (ANT 70) retrovir'us 

strain deposited under ECACC N° V8806030 l. 

10 

LS 

20 

25 

30 

2. HIV'."3 retroviru~ st.rain according to claim 1, further charactedzcd in that said 1-IIV"".3 

st.rain has the essential morphological and immun<>logical pl'Operties of the HlV~3 (ANT 70} 

ret.rovims deposited under ECACC N° V8806030l, with said properties being summarized 

as follows ·: 

the virus exhibits a tropi~ for T4 lymphocytes; 

the vims is cytotoxic for the lymphocytes that is infocts; 

the virus has a diameter of approximately 120 nm; 

the virus possesse.11 a magnesium dependent reve1·se transcriptase activity; 

it can be cultivated in T4 recepto1·-bearing immortalized cell lines; 

lysates of the vit'us contain a p25 protein which is immunologically distinct 

from the pl 9 pl'otein of HTLV-t and the p24 proteins of HIV~ 1 and HIV-2 ~ts 

determit1ed by West.em hint analyst'J and pa1·tial CNBr-cleavuge, respectively; 

lysates of the virus contain a gpl20 pmtein which ls immunologic;atly distinct 

from the gp110 proteJn of HTLV-I, the gpl20 ot" HIV-1 and the gpl20 of 

HIV-2 as determined by Western blot aualysisi 

the lysate of the virus contains in_ addition a gp4 l glycoprotein wich a 

molecular weight of 40.000 - 45,000; 

. the genomlc RNA of HIV-3 hybridizes .neither with the sec.1uen:ces of HIV-1 

nor with the sequences of HIV-2 under stringent hybl"idizatlon conditions; 

lysatcs.of the vints contain a p l6 pt·otein which differs from tho pl 7 of HIV-1 
. . . 

and t'rom HIV-2 as determined by partial CNBr-cleavage; 

lyi;at.eR of the virus contain a 012 oroteiuwhich differs from rhe nl2 n1·ntelm1 

I 11111111111111111111111111111 
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ot' HIV-1 and HIV-2 as determined by Western blot analysis; 

lysntes of the virus contain a p3 l ondonuclease which <.lifters from the p31 

endom1cleases from HIV-1 and HIV-2 as detertuined by partial CNBr" 

cleavage; 

lysates of the virus contain reverse transcriptasc proteins which arc lowct· in 

molecular weight than those from IIIV-1 and HlV-2 as dete1·i:nined by Westem 

blot analysis; 

3: · An HIV-3 retrovirus srrain of any of claims l m: 2, characterized in that its RNA 

I 0 virtually hybridizes neither with the Em! gene and the LTR close to it, in particular not with . -

the nucleotide sequence 8352-9538 of HIV-1, nor with the sequences ot' the .Eal 

region. of the HIV -1 genome u11de1· stringent conditions. 

_. 

4. An HIV-3 retrovirus strain of any of claims l lo 3, characterized in that said strain 

15 termed ANT 70 NA is isofated t'rom che partner of the woman from whom the strain ANT 

10 deposited under UCACC N° V88060301 was isolated. 

5. A composition comprising a total extract or lysate of the HIV-3 retrovirus straln of 

any of claims 1 to 4. 

20 

6. The composition of claim 5 thrthe1· comprising a. lysate of HIV-1, HIV~2, or a mixtul'c. 

of both. 

7. A composition comprising at least one ~mtigen t>f' an HIV y3 retrovirus strain us defined 

25 in claim 2. 

8. The composition of any of claims 5 to 7 t'urthet· comprising proteins del'ivod from 

HIV-1 and/or IIIV ~2. 

' . 

30 9. The composition of any of claims 7 or 8. char..t.cterized in that it contains at least one 

ot' the internal core proteins of said HIY-3 retroylrus strain, in pnrticular pl2, pl6 or l>26 
. . 

orocein.ci havin2 annarent molecular weia:hts in the order of. 12.000. 16~0CK> nnd 26.000 

I 1111111111111 11111 1111111 1111 
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t'espectively. 

10. The compo~ition of tmy of claim.i; 7 or 8, ch.iracterized in that it contains at least ()ne 

of the envelope pl·otoins of sal_d HIV-3 retrovirus strain, ln particular gp4l or gp120 proteins 

5 having appat·ent molecular weighttt in the order ot· 40-45 .000· and 120.000 respectively. 

11 . A purified antigen having the immunological characteristics 9f one of the IIIV-3 strain 

retroviral proteins as defined in claim 2. 

1 o I?.. The antigen of claim 11 obtained by subjecting said HIV-3 sfrain total protoln extra.ct 

to preparative electrophoresis or to affinity chromatt>graphy arid isolating the p 12 pmtein in 

a manner kn.own pot· sc. 

.. 

13. The antigen ~,f clairp. I 1 obtained by subjecting said HIV-3 st1·ain _total protein extract 

15 to preparative electrophore.sis or to affinity dir<lmatography and isolating the p 16 protein in 

a manner known pet' se. 

14. The antigen of claim 11 ohtained by subjcctlng said HIV-3 strain total ~roteln extract 

to preparative electrophoresis 01· to affinity chromatography and isolating. the p26 protein in 

20 a manner known per se. 

25 

15. The antigen of claim 11 obtained hy s.;ubjecting said HIV-3 strafo total ps:otcln exfract 

to prerar.ativc clcccrophoresis or to affinity chmmatography and isolating the gp41 protoln 

in. a mannet· known. per se. 

L6. The antigen of claim 11 obtained hy subjecting said HIV-3 strain total protein extract 

to prepaL"ati_vc clcctmphorcsis or to affini1.y chromatography imd isolating the gp l20 protein 

.. in a manner known per se. 

30 L 7. A polypeptide tlr peptide which is part of any of Ute antigens. uf claims l 1 to 16. and 
. . ~ . . 

which is characterized · by the fact that it comprises an epltope which ·is · proforontlally 
. . . . ' . . . 

recnstnized hv serum of a oatlent.carrviM anti-IIIV-l antibodies as detee~d by means of 

I IJllll/ l/llll lllll lllll. l/./lll 
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Western blotting <>r _radioimmunoprocipitation. 

18. A method for rhe detection of aritibodie.'i against an HIV-3 retro vims strain. of any of 

ch1ims l to 4 in a hiological llquid, such as sennn or spinal tluid1 in particular for the 

5 d iagn<.'lsis of a potential or existing ARC or AIDS caused by said HIV-3 rctrovh·us st.rain, 

char0cterizec1 by contacting body tluid of a person to be diagnosed with a composition of any 

·of claims 5 tn l 0 or with an antigen of any claims l l to 17, and detecting tho Immunological 

conjugate formed between said anti~J.IJV;.3 strah1 antlboclies and the antigen(s) used. 

10 IQ. A kit for the detection ·of antibodies against an HIV~3 retl'Ovirus strait1 of any of 

claims 1 to 4 in a biological fluld, comprising : 

a composition as defined in any of claim.s 5 to lO or a11 antigen as definod ln 

any of claims 11 to 17, and 

15 a means fo1· detecting the immunological coinplex formed. 

20. · An immunogonic composition containing nn envelope glycoprotoin. of an HIV-3 strain 

of any of claim.~ l tel 4, in pu'ticula1· an antigen according to any of claims 15 to 17, in 

combination with a pharmaceutically acceptable vehicle suitable for the constitution of 

20 vaccines effective against HIV-3. . 

25 

30 

21. Monoclonal antiboc.lies char:tcted7.ed by thak ability to specifically recognize one of 

the antlgcns as defined in any of c1aim.c; 11 to l7, in putlcular monuclmud antlbodios 

specifically raised against said antigens. 

22. The hybridomas secreti_ng the monoclonal antibodies ·of claim 21. 

23. Nucleic acid.4', opti~mally labeled, comprising the sequence corresponding to the entire 

RNA_genome derived from an HIVNj retrovirus strains of any of claims l to 4. 

24. Nucleic acids characterized by 1rucleotide sequences coding for any of the antigens or 

epitopos as defined in claims 1l to l7. 

I lllllll llllll lllll lllll II llll 
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25. Recombinant nucleic acid comprising a nucleic Heid fr(1m a vector having any of the 

nucleic tLci<ls of ctaim 24 lnserted the1·ei11. 

·26. A p1·ocess for the detection of an HIV-3 retrovirus strain ~f any of claims ·1 to 4 or 

of its RNA ln a biological-liquid or cissuc, chnrncteri7:ed hy cont.acting nucleic acids contained 

in said biological liquid or tissue with a probe containing a· nucleic add according to any of 

clnims 23 or 24, or containing a part of any of said nucleic acids which dorAq not h~bridize 

to IHV-1 or HIV-2 strains under stringent hybridization conditions> washing _the hyhrid 

formed wltll a solution preserving said stdngent. cnndit.inns, and derecting the hybrid tbrmcd. 

27. . A process for the prodi1ction of an IIIV-3 rell'OVirus srrain. of any of claims I_ t.o 4 

characterized by culturing human T4 lymphocytes 1 or pcmtnnent.cell lines derived therefrom 

cat·rying tile '1'4 phenotype, with lymphocytes or cell line!\ that hnve previou.'lly heen infected 

with said HIV ·3 retrovirus strain, as welt as 1:ecovering and purifying the relrovirus from the 

culture medium. 

28. A proeess for the production of the proteins Qt' glycoprot.cins of nny of claims 11 to 

17 01· of a part thereof, characterized by inserting the correspnnding nucleic acid sequence 

nccm·ding to claim 24 ln an expression vecto.r, transforming a host w~th sn id v.cct.or, culturing 

the·transformed host as well as i·ecovering and purlt'ylug the expressf'.d recomhimmt. prot.ein. 

29. A method for detecting antigen of an HTV-3 Ht.rain of any of claim to 4; 

characterized by coating a surface with an immunoglobulln fraction. raised against said HfVw3 

strain, bringing a body or culture fluid to be analy:red into contact with the immunoglnhulins, 

and· detecting the comptc~ foi.'med betwee11 clie immun.oglobuli~~ and the ant.igen. 

11111111111111 11111 11111 JI 1111 
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ABSTRACT 

Described are new HlV-3 retrovirus strains comprising in thei1: ·1mcleic acid .~cquenc~e a 

contiguous R region and an U3 region sec1uence showing a homology of mot·c rhan 70% with 
. . 

5 the nucleic acid sequence as represented in SEQ ID NO 3, and prc.widt~d that. said HlV-3 

t·etmvirus strains have at least one nucleotide difference in their sequence compared to the . . . 

IIIV-3 (ANT 70) t'etmvirus strain deposited under ECACC N ° V8806030 l. Further described 

arc tmtigens <>btained from the virus, particularly proteins pl2> pt6> p25 and glycoproteins 

gp41 and gp120 to be used in the diagnosis of ARC or ATDS caused hy HIV~~. Tmmunogenic 

10 compositions to be used as vaccines contain an envelope glycoprotein of fHV-3 such as gp41 

or gp120. 
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The present invention relates to. the field of human immunodeficiency viruses. 

More particularly, the present invention relates to new HIV-3 retrovirus strains, 

compositions comprising total extracts, lysates or antigens of said HIV-3 retrovirus strains, 

purified antigens of said HIV-3 retrovirus strains, more particularly pl2, pl6, p25 proteins 

and gp41 and gpl20 glycoproteins to be used in the diagnosis of ARC or AIDS caused by 

said HIV-3 strains, as well as immunogenic composition containing the same to be used as 

vaccines. 

Substantial progress 'has been made in our understanding of the acquired 

immunodeficiency syndrome or AIDS. The prinicipal causative agent has been demonstrated 

to be a non-tr~forming retrovirus with~ tropism for T4 helper/inducer lymphocytes (1,2) 

and it ·has been estimated that millions of people world-wide have already been infected. 

Infection with this virus leads, at least in a significant percentage of cases, to a progressive 

depletion of the T4 lymphocyte population with a concomittant increasing susceptibility to the 

opportunistic infections which are characteristic of the disease. 

Epidemiological studies indicate that human immunodeficiency virus type l. ~V-1), 

the etiologi~al agent responsible for the majority of AIDS cases and which is currently the 

most widely disseminated HIV, probably had its origins in Central Africa (3). The discov~ry 

of this virus did not necessarily imply the existence of · other types of hum.an 

immunodeficiency viruses. Nevertheless, a se~ond group of human 

immunodeficiency-associated retroviruses, human immuno~eficiency virus type 2 (HIV-2),was 

identified in West Africa.(4,5). An HIV-2 virus is disclosed in EP0-85/00548. An HIV-1 

virus is disclosed in EP0-0 239 425. Other similar, but not identicai, retroviruses have also 

been isolated from simian sources (simian immunodeficiency virus, SIV) such as African 

green monkeys (~,7) and _macaques .(8,9). The simian isolates have been ·shown to be 

genetically more closely related to HIV-2 than HIV-I but are nevertheless dis~inct (10). 

l 
One characteristic of human immunodeficiency viruses .which complicates their 

comparison is their genetic variability; ge~etic variants arise spontaneously and with high 

frequency. A comparison of various HIV-1 isolates revealed that some reg~ons of the 

genome are highly variable ·while others are reasonably well conserved (11-16). Similar 

polymorphisms have also been observed for HIV-2 (17). The regions with the greatest genetic 

stability. are presumably those regions coding for the regions of viral proteins which are 
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structurally or enzym~tically essential. The viral genes with the greatest overall genetic 

stability are the gag and pill genes, while some regions of the env gene and the genes coding 

for regulatory proteins such as ~ • .tfil, SQI and 3 'orf exhibit a high degree of variability. 
6 

Some of the major structural features of the gag and pQ]; gene products are apparently shared 

not only by all of the variants of a particular. HIV type, but have, at least to some extent, 

been conserved between virus types. Antiserum produced against HIV-1 crossreacts with the 

gag arid J;2ill gene products of HIV-2, albeit with a lower affinity than for the corresponding 

HIV-1 gene products. However, in spite of the demonstrable immunological crossreaction, 

at the nucleic acid level there is little sequence homology and no significant hybridization 

between these two viruses can be detected except under very low stringency conditions (17). 

A higher degree of relatedness can be demonstrated between SIV agm (STL V-III agm, 

nearly or completely identical to Human Lymphotropic Virus type 4 (15)) and HIV-2. 

Immunological crossreaction is not limited only to the gag and Pol gene products but extends 

to the env gene products as well. Nevertheless, genomic analysis of SIVagm and HIV-2 

showed them to be genetically distinguishable (19). DNA probes specific for HIV-2, 

although able to hybridize to SIVagm sequences, hybridize preferentially to HIV-2 (18). 

We now report the isolation and partial characterization of a novel human 

immunodeficiency virus from a Cameroonian woman and her partner. Geographically, this 

virus comes from a region in Africa located between West Africa where HIV-2 is endemic, 

and East-Central Africa where HIV-1 is endemic. This isolate is shown immunologically 

to be antigenically more closely related to HIV-1 than is HIV-2, yet an analysis of partial 

cleavage products obtained by chemical cleavage of the gag and pol gene products 

demonstrate that this isolate is neither HIV-1 nor HIV-2. This novel isolate could represent 

an evolutionary link between HIV-1 and HIV-2. This novel virus will be referred to as 

HIV-3 hereinafter. 

Accordingly, the invention relates to an HIV-3 retrovirus or var_iants of this virus 

having the essential morphological and immunological properties of the retrovirus deposited 

in the European Collection of Animal Cell Cultures (ECACC) under n ° V88060301. 

· A virus isolation was performed from blood from an asymptomatic Cameroonian 

· woman who is the partner of an HIV-seropositive man with generalized lymphadenopathy. 

Serum from the woman was moderately positive (ratio O.D./cut-off of 4.5) in the enzyme­

Iinked immunosorbent assay (EIA, Organon Teknika) and had a low titer (1140) in the 
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immunofluorescent antibody assay for HIV-1 but gave ambiguous results in the HIV-1 

Western blot assay with clear bands at p33, P53./55 and p6:4 but very weak bands at p24, . . 

gp41 and gp120. Virus was isolated by co-cultiyation of the woman's lymphocytes with 

PHA-stimulated lymphocytes from he~lthy uninfected donors in a medium consisting ofRPMI 

1640 buffered with 20 mM HEPES (hydroxyethylpiperazine ethanesulfbnate) and 

supplemented with 15 3 fetal calf serum, 5 µglml hydrocorrisone. 75 u/ml interleukin-2 

(IL-2) and 2 µg/ml polybrene. 

After 52 days in culture, virus was detected in the culture as judged by the presence 

of syncytia and on the basis of positive immunofluorescence observed when a laboratory 

reference anti-HIV antiserum was incubated with acetone-fixed cells from the culture. The 

presence of reverse transcriptase was also detected in the culture supernatant (104 cpm/ml, 

27 X ba~kground). Cell-free culture supernatant was used to passage the virus on fresh 

lymphocytes. After 15 days, CPE was again observed and reverse trancriptase detected in 

the supernatant. The virus was further propagated in FHA-stimulated lymph~cytes from . . 
healty blood donors and· was transferred to continuous cell lines of leukemic origin." 

Virus-containing supernatant was tested in parallel with culture supernatants known to contain 

HIV-r in the differential antigen capturing test which is described in detail below. The 

results of this comparison indicated that the new isolate was not HIV-I. 

The new virus was then characterized with respect to its protein antigens and nucleic 

acids. The cell lines used for propag~ting the virus can be, depending on the case, lines of 

the CEM, HUT, Molt-4, or MT4 type, or any other immortalized cell line which bears the 

T4 receptor ~nits cell surface. 

A preferred cell line for the continuous propagation ofHIV-3 is Molt-4. Molt-4 cells 

infected with HIV-3 were deposited ·with the ECACC on June 3, 1988 under number 

V88060301. Establishment of a chronically-infected cell line can, for example, be carried 

out as follows: 

Molt-4 cells (106/ml) and preferably Molt-4 clone 8 cells (obtained from N. 

Yamamoto, Yamaguchi, Japan) are cocultured with infected human lymphocytes (106/ml) 

in RPMI 1640 culture medium buffered with 20 mM HEPES and containing ·10 3 fetal calf 

serum. Within one to two weeks, a cytopathic effect is observed in the culture which is. 

followed by cell death. A fraction of the cells ·in the culture survive the infection and 

produce virus continuously. With continued culturing, these cells increase in number and van 
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be passaged. Supernatants from these cells.can be used a a source of virus. 

Furthermore, the invention relates to a purified retrovirus having the essential 

morphological and immunological properties described below. In many cases, the unique 

characteristics of HIV-3 can best be appreciated by comparison with the same type of 

characteristics relating to the other human immunideficiency·viruses, HIV-I and HIV-2. 

This is the repl~cement sheet 

O~te: 
o 3 OCl 1996 



5 

1. l\1orphology 

Electron microscopy of HIV-3-infected MT4 cells revealed the presence of 

extracellular virus particles having a diameter of approximately 120 nm and consisting of 

an outer envelope which surrounds an inner elongated core which has a diameter of 

approximately 20 to 40 nm and which appears in some thin sections to be slightly 

cone-shaped in contrast to the more or less cylindrical appearance of the HIV-1 core .. 

Nevertheless, HIV-3 is morphologically very similar. to HIV-I and HIV-2 but is readily 

distinguished from other human retroviruses such as HTLV-I and HTLV-II. 

2. Protein and glycoprotein antigens. 

The virus present in the culture supernatant of. HIV-3-infected Molt 4 cells was 

concentrated by precipitation with polyethylene glycol (average molecular weight 6000) 

followed by centrifugation. The resulting pellet was resuspended in pho~phate buffered 

saline, layered on top of a 20 % sl1:crose cushion and pelleted at 100.000gfor~1,5 hours. 

The pelleted virus was then dissociated in 62.5 mM Tris, pH 6.7, containing 2 3 

2-mercaptoethanol, 1 3 sodium dodecyl sulfate and 10 · 3 glycerol and the prinicple viral 

antigens were separated by electrophoreses on a polyacrylamide gel (12,5 3) under 

denaturing conditions. Molecular weight markers were included on the same gel so as to 

provide· a basis for estimating molecular weights. Once separated, the proteins were 

electrophoretically transferred to nitrocellulose paper (Western blot) which was thenjncubated 

with an antiserum derived from a person infected with an HIV. In the initial experiments, . 

a high titer antiserum was used from an individual who was infected with HIV-1 and which 

had been previously shown to crossreact with HIV-2 gag- and pQl-derived proteins. In this 

manner, the molecular weights of the HIV-3 gag and pQ! gene products could be compared 

with those of HIV-1 and HIV-2. 

The apparent·molecular weights observed for the HIV-3 proteins are close to those 

observed for both HIV-1 and HIV-2. Nevertheless, small yet reproducible molecular weight 

differences between HIV-3, and HIV-1 and HIV-2 proteins are also evident. 

The protein blots revealed that HIV-3, like HIV-I and HIV-2, possesses three core 

proteins. In the case of HIV-3, these proteins were found to have molecular weights of 
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approximately 12.000, 16.500 and 25.000 respectively. By convention, proteins are 

frequently referred to by a "p" for protein or "gp" for glycoprotein, followed by a number 

which, when multiplied by 1.000, gives the approximate molecular weight of the polypeptide. 

The three major core proteins of HIV-3 will be referred to hereafter as p12, p16, and p25 

respectively. 

The molecular weight values as determined are expected to be correct to within 10 

% of the true values. Nevertheless, much confu~ion exists with regards to molecular weight 

values of proteins since the construction of the electrophoresis apparatus used and the source 

of the buffer components varies from laboratory to laboratory. It is therefore necessary when 

comparing the apparent molecular weights of the protein antigens of HIV-3 with respect to 

those of HIV-1 or HIV-2, to subjec.t all samples to electrophoresis on the same gel. Such a 

gel can, for example, be seen in Fig. 5. In particular, it is evident that while, in the case of 

the major core protein, the molecular weight values of the homologous proteins of the three . 
HIVs are very close, the protein derived from HIV-1 is the smallest. The major core protein 

of HIV-2 is somewhat larger than that of HIV-1, as has been previously reported. The 

homologous protein from HIV-3 is slightly larger than the major core protein of HIV-2. The 

calculated molecular weight of these proteins are given in Table 1. 
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Table 1 - Comparison of molecular weights of gag and P.fil gene products. 

gag llcl 
. 

ENDO REVERSE 

TRAN SCRIP-

TASE** 

HIV.:.1 12'KD 17* KD, 24 KD 31 KD 49 KD/65 KD 

ANT70 12 KD 16.5 KD, 24.8 KD 31 KD 48.5 KD/62 KD 

HIV-2 12 KD 16 KD, 24.3 KD .31 KD 53 KD/69 KD 

* Some strain to strain variation in molecular weight has been observed for this protein. 

** Molecular weights are given for both species of reverse 

transcriptase. 

~. 

env 

TRANS OUTER 

MEMBRANE MEMBRANE 

PROTEIN PROTEIN 

gp41 gpl20 -

gp41 gp120 
-..J 

gp41 gp120 
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Similarly, molecular weight differences are also apparent between the three HIV s with 

respect to the second core protein which has, in most HIV-I strains, a molecular weight of 

18.000. Strain to strain differences in the molecular weight of this protein have, however, 

been documented in the case of HIV-1, and th~ molecular weiglit of this protein may be 

17.000 in some isolates. The homologous protein from HIV-2 has a molecular weight of 

approximately I6.000 while the HIV-3 protein has an intermediate molecular weight of 

approximately I6.500. 

By analogy with HIV-I and HIV-2, HIV-3 also possesses two forms of the virally 

encoded enzyme reverse transcriptase. These two species also differ slightly in molecular 

weight from the corresponding species in HIV-I and HIV-2 and are characteristic for HIV-3. 

These molecular wdghts are also summarized in Table I. 

HIV-3 possesses an additional pQI gene-derived polypeptide which is an endonuclease 

with apparent molecular weight of 31. 000 and which does not differ significantly in molecular 

weight from the homologous proteins from HIV-I ~r HIV-2. 

. When protein blots containing HIV-3 proteins are incubated with serum obtained from 

an individual infected with this virus, two additional proteins can be seen. These proteins 

are derived.from the env gene and are the viral envelope glycoproteins. The smallest protein, 

which is the transmembrane protein, migrates as a bro.ad band with-an apparent molecular 

weight of between 40.000 and 45.000. This protein will henceforth be referred to as gp4I, 

with the understanding that the protein exhibits some intrinsic heterogeneity with respect to 

· its apparent molecular weight and migration on polyacrylamide gels. The larger protein, 

which is the outer membrane protein, is similarly somewhat diffuse on polyacrylamide gels 

and has a molecular weight of approximately 120.000. This protein will henceforth be 

referred to as gpI20. It should be noted that the apparent heterogeneous migration of these 

t_wo species on polyacrylamide gel is not due to hetergeneity in the polypeptide chain but 

rather in posttranslational glycosylation. In particular, the gpI20 is heavily glycosylated and 

the apparent molecular weight which one observes. is to some degree influenced by the cell 

line used to produce the virus. 

In addition to the Western blot, viral protein antigens can also be visualized by 

radioimmunoprecipitation assay (RIPA). For this purpose, viral proteins can be radioactively 

labeled metabolically in vivo by culturing HIV-3-infected cells in the presence of35S-cysteine 

and 35S-methionine· (200 µCi/ml) in RPM! 1640 medium devoid of these two amino acids 
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and supplemented with dialyzed fetal calf serum. After 16 hours, the labeled virus is 

harvested from the culture supernatant by centrifugation over a 20 3 sucrose cushion at 

100.000 g for 1,5 hours. The resulting pelleted virus is then resuspended in RIPA buffer (20 
. . 

mM triethanolamine, pH 8.0, 0.5 M NaCl, 0.5 3 Nonidet P40, 0.1 3 sodium deoxycholate, . 

and 1 mM phenylmethylsulfonylfluoride). 

Alternatively, the virus may be radioactivly labeled with 125 I using chloramine T 

by the technique familiar to persons versed in the art. In this case, virus is purified from the 

supernatant of infected cells by pelleting the virus through a cushion of 20 3 sucrose, 

resuspending the virus in phosphate buffered. saline and banding the virus by 

·ultracentrifugation on a 20 to 50 % sucrose gradient at 60.000 g for 12 hours. The banded 

virus can be located in the fractionated gradient either by reve_rse transcriptase assay or by 

an antigen capturing assay. The fractions containing virus are pooled and Triton X-100 is 

added to a concentration of 0.5 %. The Triton X-100- lysed virus may then be iodinated. 

For immunoprecipitations, 100.000 -200.000 cpm of labeled viral protein in RIPA 

buffer is reacted with 5 microliters of a test serum in a volume of 200 microliters for 16 

hours at 4°C. The resulting immune complexes are then bound to Protein A-Sepharose 

(~harmacia), washed extensively, and the bound proteins eluted with electrophoresis sample 

buffer containing 1 % . SDS. The antigens are subsequently analyzed by electrophoresis 

fol1owed by autoradiography. 
. ' 

The protein antigens ofHIV-3 can be characterized with respect to those of HIV-I and 

HIV-2 using two different but related approaches. On one hand, the antigens may be 

characterized on the basis of their ability to crossreact with amisera from persons infected 

with HIV-1 and HIV-2. On the other hand, antisera from persons infected witli HIV-3, . 

which contain antibo~ies produced in response to HIV-3 antigens, can be used to test 

crossreactivity to HIV-1 and HIV-2 proteins. The antigenic relationships between HIV-3, and 

HIV-1 and HIV-2 are substantially illustrated in the examples given below. 

The results of these experiments indicate that HIV-3 is only distantly related to HIV-2 

since crossreactlvity is only observed with respect to the viral core proteins and P.Ql. gene 

products. No crossreactivity of the ·e.nY gene products was observed when anti-HIV-2 

antiserum was incubated with HIV-3 proteins or when anti-HIV-3 antiserum was incubated 

with HIV-2 proteins. 

In contrast, HIV-3 is more closely related to HIV-I since anti- HIV-3 antiserum 
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crossreacts not only with the gag and :pill gene products of HIV-I but also to some extent 

with the ·gp4I and gp120 env gene products, albeit with a lower affinity._ ~nti- HIV-1 

antiserum similarly crossreacts with all of the protein antigens of HIV-3, but with a lower 

affinity than for the proteins of HIV-I. 

In the examples which follow, it is demonstrated that HIV-3 is antigenically 

substantially different from HIV-I on the basis of I.) a different pattern of reactivity with 

anti-HIV-1 antiserum than that observed for HIV-1, 2.) a drastically reduced ability co be 

recognized by mouse monoclonal antibod~es raised against th~ HIV-I p24 and p I~ core 

proteins, and 3.) preferential recognition of HIV-3 proteins, including the envelope proteins, 

over HIV-I proteins by antisera from HIV-3- infected individuals: 

In spite of the genetic vari~tion characteristic of human immunodeficiency viruses, a 

test based, for example, on HIV-1 proteins derived from a particular strain will function 

satisfactorily for detecting antibodies raised in response to other HIV-I variants. This can, 

in particular, also be seen in the example in which monoclonal antibodies were tested for 

their ability to react with antigens derived from HIV-I, HIV-2 and HIV-3 isolates. rn· this 

case, the monoclonal antibodies were ·raised against the core proteins from the HIV-1 IIIB 

strain, yet react very strongly to proteins derived from HIV-I strain SF4. In contrast, these 

same monoclonal antibodies react only weakly or not at all with HIV-3 core proteins. This 

indicates that. the antigenic differences between HIV -I and HIV- 3 are of such a magnitude 

that immunological assays based on the use of HIV-I proteins will not be su!table for testing 

sera from individuals infected with HIV-3. 

Finally, in the examples given below, diffetence_s ha~e be~n 

shown in the number and/or positions of methionine and tryptophan residues in the most 

highly conserv~d gag and pQl gene products. 

3. HIV-3 NUCLEIC ACIDS 

A. HIV-3 viral RNA. 

The RNA of HIV-3 when deposited on a Hybond-H (Amersham) filter accord~ng to 

~he· "dot blot" technique, did not hybridize to HIV-1 DNA under stringent hybridization 
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conditions. 

By "stringent conditions" or "nonstringent conditions" are meant the conditions under 

which the actual hybridization and/or the subsequent wash steps are performed. 

Dot blot hybridizations were performed by spotting dilutions of viral RNA from 

HIV-I strain SF4, HIV-2 rod, HIV-3 strain ANT 70 and HIV-3 strain ANT 70 NA onto 

Hybond-H filters: 
. 

The dilution series for each virus corresponded to viral RNA pellet<?d from the 

equivalent of 5, 2.5, 1.25 ·and 0.62 milliliters of culture supernatant~ The RNA was fixed 

onto the filter by U. V. irradiation for 2 min. and subjected to hybridization by bringing the 

filter into contact with a 32P- labeled DNA probe. The probe chosen was derived from the 

HIV-I sequence spanning nucleotides 487-4652 (Sac I - Eco RI) and includes a portion of 

the 5'long terminal repeat, the entire gag region and most of the pill gene, subcloned in the 

vector pUC 13. Hybridization of the 32P-labeled probe with the filter was carried out under 

stringent conditions in 3 X SSC, 0,5 3 milk powder, I 3 SDS, Io' 3 dextran sulfate, 50 

3 formamide (volume/volume) at 42°C for 18 hrs (IX SSC corresponds to 0.15 M NaCl, 

0.015 M sodium citrate). The subsequent wash steps were carried out under stringent 

conditions in 0.1 X SSC and 0.1 3 SDS at 65°C (2 - 30 minute washes). The filter was 

then dried and autoradiographed with enhancing screens at -70°C. Following 

autoradiography, only spots were visible which corresponded to H~-1 viral RNA. No 

hybridization was observed to HIV-2 or either of the two HIV-3 strains. HIV-3 therefore 

appears to be only distantly related to HIV-1. 

B. cDNA and subclones of this cDNA derived from HIV-3. 

The conditions under which cD~~A corresponding to HIV-3 sequences was synthesizea 

and cloned are described below. HIV.. 3 (strain ANT 70) from I liter of culture was 

precipitated with polyethylene glycol 6000, redissolved in phosphate buffered saline, and 

pelleted through a 20 3 sucrose cushion, The resulting virus pellet was dissolved in 6 M 

guanidinium chloride in 20 mM dithiothreitol and 0.5 3 Nonidet P-40. Cs(:l was added to 

a concentration of 2 molar and the solution containing disrupted virus was layered onto a I .2 

milliliter cushiol,1· of 5.7. M CsCl containing 0.1 EDTA. Viral RNA was pelleted by 

centrifuging for 20 hrs. at 25.000 rpm in a.Beckman SW28 rotor at I5°C. The pelleted 
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RNA was redissolved, extracted with phenol and precipitated whh ethanol and 2 M LiCI. 

One-fifth of the viral RNA, prepared as described above, was used to direct the first 

st~p in the synthesis of cDNA which made use of an oligo (dT) primer which served to prime 

the synthesi.s of the first cDNA strand. 

A commercially available kit supplied by Amersham was used for preparation· of 

HIV-3 cDNA and made use of an exogenously added reverse transcriptase to synthesize the 

first strand. The synthesis of the second strand was performed. using E. coli DNA 

polymerase I in the presence of RNase H to digest away the RNA strand of the RNA/DNA 

hybrid. 

Second strand synthesis was performed in the presence of 32p- dCTP to label the 

cDNA. · The resulting cDNA was treated with T4 DNA polymerase to create blunt ends, the 

cDNA was methylated to protect possible inter;nal EcoRI cleavage sites, a~d was then coupled 

to EcoRI linkers, also supplied by Amersham. The EcoRI restriction sites were then cleavecl 

and the cDNA was sized on a 1.2 % agarose gel. The region in the gel corresponding to a 

cDNA length of 500 to 2000 base pairs was excised and the cDNA was eluted and cloned 

in the vector pUC13 which had been cleaved with EcoRI and dephosphorylated. The DNA 

was then used to transform competent cells of E. coli MC1016 (lambda). The resulting 

colonies were transferred to Pall membranes {Pall Biodyne), lysed and denatured with 1.5 M 

NaCl, 0.5 M NaOH and neutralized with 3 M NaOAc, pH 5.5. Sc~eening of colonies 

harboring an insert of HN-3 was performed under moderately stringent conditions in a buffer 

containing 5 X SSC, 5 X Denhardts solution, 0.2 % SDS, 250 mg/ml denatured salmon 

sperm DNA, overnight at 65 °C, using 32P.;labeled plasmid containing the Sacl -: EcoRI 

fragment ofHIV-1 discussed above. Following hybridization, filters were washed as follows: 

1. 

2. 

3. 

4. 

1 hour in 2 X SSC, 0.1 % SDS at room temperature. 

30 minutes in 0.1 X SSC, 0.1 % SDS at room temperature. 

.20 minutes in 2X SSC, 0.1 SDS at 42°C. 

20 minutes in 0.1 X SSC, 0.1 % SDS at 65°C. 

Following autoradiography of the filter, several. weakly positive colonies were 

identified which were then grown for analysis. It was expected that the positive signal would 

either be due. to weak homology with the gag or pQl regions of HIV-I, or due to some 
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sequence homology with the R region of the LTR. 

C. Sequences contained in HIV-3 cDNA. 

A clone carrying the largest insert~ which was found to be approximately 1600 base 

pairs in length and is referred to as iso 70-11, was selected for sequence analysis. A number 

of subclones of the insert were prepared by digesting the insert with various restriction 

enzymes and subcloning the resulting fragments in the pUC 13 vector. Sequence 

determinations wer~ performed according to the dideoxy-method, described by Sanger, (Proc. 

Natl. Acad. Sci. USA 74: 5463-5467, 1977), using a kit purchased from Boehringer which 

·makes use of 17-mer M13 primers. Sequence analysis of cDNA clone iso 70-11 revealed 

that the insert corresponded to the 3' end of the viral genome which possessed a poly (A) 

chain at the 3' end. 

The HIV-3 retrovirus contains a 3' LTR which is composed of a U3 region as well 

as an R region. Like the 3' LTR region of HIV-1, clone iso 70-11 contains an AATAAA 

polyadenylation signal located approximately 23 nucleotides from the 3' end of the R region. 

Analysis of the HIV-3 sequence revealed approximately 70 3 homology with the 

corresponding 3' LTR sequence of HIV-1 and less than 55 3 homology with the 

.corresponding sequence of HIV-2. 

The retrovirus as deposited with the ECACC under number V88060301 contains in 

its env gene a sequence corresponding to the following nucleotide sequence: 

10 20 30 40 50 
GAATTCAAAG TGAAATGAAA GAACCTAAAA AAACTCCTTT AGCAATTTTC 

60 70 80 90 100 
ATTGGTTTAG GAATTACAAC CTTAATTTAC TTAATTATTG CTATTTCAAT 

110 120 130 . 140 . 150 

GTCACTTAAT G~TGGATCAT TCTTTGGCTT CAAAGATTAC ATGAGTAGTT 
160 170 180 190 200 

TATTCAAAAA TGAAAAAGCT GGACGAATTG TTTTTGGTTT AATTAACATT 
210 220 230 240 

TGTATTTCAA TTGGTGTTCT AGGTATTATT AACGGTTTCT CAATG 
(SEQ ID NO 1) 
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The HIV-3 sequence exhibits Jess than 60% homology to the COl:responding sequence 

in HIV-I and HIV-2. The sequence is derived from a portion of the HIV- 3 genome which 

encodes the transmembrane envelope protein. 

It was found that the sequences contained in the RNA of the new virus hybridize 

neither with the env gene of HIV-I. nor with the sequences contained in the LTR region of 

the HIV"'I genome. The Sal I-Bgl II restriction fragment, which contains sequences located 

in the _env gene of HIV-3, was excised from the DNA of clone iso 70-11, labeled with 32P 

and hybridized under stringent conditions to a filter containing genomic DNA isolated from 

cells infected with HIV-I (strain SF2) and HIV-3 (strain ANT 70). Hybridization was only 

observed with DNA corresponding to the cells infected with HIV-3. Similarly,_ when the 

entire iso 70-I I plasmid was l~beled and used as a probe under stringent hybridization 

conditions, the only hybridization was detected with DNA from cells infected with HIV-3. · 

This demonstrate that HIV-3 is only distantly related to HIV-I and th~t the clone iso 70-11 

is suitable for use as a hybridization probe to distinguish HIV-3 from the other two known 

human immunodeficiency virus. 

Conversely, hybridizatibns using HIV-I gag - l2Ql sequences as the labeled probe to 

detect crosshybridization with HIV-3 RNA revealed no detectable hybridization when the 

hybridization was carried out under stringent conditions. This again indicates.that the viruses 

are only distantly related and that a distinction can be made between HIV-I and HIV-3 at the 

nucleic acid level in the region of the genome encompassing the gag and I2QJ. genes. This 

same labeled probe did, however, hybridize to RNA derived from HIY-I strain SF4. 

In addition, the invention relates to a composition comprising at least one antigen, in 

particular, a protein or glycoprotein of IDV-3 retrovirus.· Such a composition can be used 

in methods for detecting antibodies and . in kits for carrying out such methods. 

The HIV-3 virus has proven to be a usable as a source of antigen for detecting 

antibodies in people who have come into contact with HIV-3. As such, virus may be grown 

and concentrated by the methods already described and a lysate prepared by treating the vii-us 

with a suitable detergent. A preferred detergent for preparing a total viral lysate is Triton 

X-100, used at a concentration of 0.5. %. Another preferred detergent is Nonidet P-40 

(NP-40), also used at a concentration of 0.5 %. 

Alternatively, viral protein may be purified from lysate of the virus. A preferred 

method for purifying these proteins is affinity chromatography. For example, the viral 
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antigens may be separated on a preparative polyacrylamide gel and the individual antigens 

eluted in purified form. These may further be used to raise antisera in, for example, rabbits 

which is specific for the individual viral proteins. The lgG fraction derived from immune 

rabbit serum can be coupled to a solid phase s'uch as CNBr-activated Sepharose 4B 

(Pharmacia) and ·used to selectively remove individual vi~·al antigens from viral lysates. 

These proteins may then be eluted from the affinity support using a low pH buffer and further 

purified using standard chromatographic techniques of which an example is given by 

Montelaro et al., J. of Virology (1982) 42: 1029-1030. 

The invention relates generally to any composition which can be used for the diagnosis 

of HIV-3 infection or for tests which have a prognostic value. These .diagnostic pro~edures 

involve the detection of antibody in serum or other body fluid, which are directed against at 

least one .of the antigens of HIV-3. 

Preferred compositions are viral lysates or purified antigens which contain at least one 

of the viral core proteins, p12, pl6, and p25 or envelope proteins gp41 or gp120. Especially 

preferred compositions are those which simultaneously contain, by way of example, the 

following proteins, 

- p25 and gp120 

- p25 and gp41 

.- p25, gp41 and gp120 

- p.12, p16 and p25 

- p25, p31 and gp120 

It should be understood however, that the above mentioned compositions are only 

meant to serve as examples and that the invention relates to all lysates or protein preparations 

containing one or more of the above mentioned proteins or glycoproteins. 

The invention· also relates to any composition in which eitJ:i:er HIV-3 viral lysate in 

combination with similarly prepared proteins derived from HIV-I and/or HIV-2 for the 

general diagnosis of infection or contact with human immunodeficiency virus without regard 

to the absolute identity of the virus being detected. For example, such compositions could 

consist of a mixture oflysates of HIV-1, HIV-2 and HIV-3 or could consist of the following: 
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core proteins of HIV-I, HIV-2 and HIV-3, and in particular the major core 

protein of each virus type, homologous to the HIV-3 p25 protein. 

envelope glycopro'teins of HIV-I, HIV-2 and HIV-3 and in particular the outer 

~nvelope glycoproteins of each virus type, homologous to the HIV-3 gpI20. 

core proteins ~f HIV-1, HIV-2 and HIV-3 _together with the envelope 

glycoproteins of HIV-1, HIV-2 and HIV-3, in particular the major core protein 

of each virus type, homologous to the HIV-3 p25 protein, together with the 

major outer envelope protein of each virus, hom<:>logous to the HIV-3 gp120. 

a combination of the core proteins and envelope proteins of HIV-I, HIV-2 and 

HIV-3 and in particular homologous to the ~IV-3 proteins p25 and· gp120 

respectively and a protein derived from the pill gene of HIV-1, HIV-2 and 

HIV-3, in particular the proteins of each virus type homologous to the p31 

endonuclease protein of HIV-3. 

Furthermore, the invention relates to an antigen providing a single band in 

polyacrylamide_ gel ~lectrophoresis, said antigen comprising, in common with one of the 

purified antigens of HIV-3 retrovirus, an epitope that is recognized by serum of persons 

carrying anti-Hrv..:3 antibodies. The amino acid sequences corresponding to these epitopes 

can readily be determined by isolating the individual proteins either by preparative 

electrophoresis or by affinity chromatography and determining the amino acid sequence of 

either the entire protein or the fragments produced enzymatically by trypsin or chymotrypsin 

digestion or chemically by the procedures described in detail below. The resulting peptide 

or polypeptides can subsequently be sequenced by Edman degradation. The invention relates 

therefore to any protein, glycoprotein or peptide, either derived directly from the virus or 

produced by cloning any cDNA fragments of the virus in bacterial expression vectors, or 

viral expression vectors for the expression of inserted DNA in mammalian or insect cells, and 

purifying the expressed protein by the methods described above. Furthermore, the inv~ntion 

also relates to synthetic peptides, produced either by Merrifield synthesis or Fmoc chemistry, 

which may be subsequently purified to homogeneity and which contain in their sequences 
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epitopes. which are shared by.the natural HIV-3 antigens. 

Antigens which share epitopes with viral proteins may easily be recognized by their 

reaction with antibodies present in the serum of.individual intected with HIV-3, either by 

Western blotting, or radioimmunoprecipitation. In the case of small peptides which are not 

able to bind to nitrocellulose, these peptides can be d~tected by binding to nylon membranes 

(Pall Biodyn~ or Amersham) and reacting the membrane with anti-HIV-3 antiserum. In 

particular, the invention relates to epitopes contained in any of the HIV-3 core proteins, pl2, 

pl6 and p25 or in a protein which may contain a~ part of its polypeptide chain epitopes 

derived from a combination of the core proteins. Furthermore, the invention relates to 

epitopes contained in either of the two HIV-3 envelope glycoproteins, gp41 and gpl20 as 

well as any protein which contains, as part of its polypeptide chain, epitopes derived from 

a combination of the HIV-3 envelope glycoprotein or a combination of the HIV-3 envelope 

glycoproteins and HIV-3 .core protein. The invention additionally relates to polypeptide 

whose synthesis is directed by expression vectors constructed by recombinant DNA methods 

which incorporate epitopes derived from HIV-3 proteins or glycoproteins together with· 

epitopes derived from the protein or glycoproteins of either HIV-I and/or HIV-2 into a single 

polypeptide chain. Preparing such a construction would involve excising the relevant coding 

regions from cDNA of HIV-3 as well as HIV-I and HIV-2, and coupling the DNA in phase 

so as to form a coding sequence which, when inserted into an expression vector possessing 

the necessary signal sequence~, directs the synthesis of a hybrid protein in which epitopes of 

the HIV-3, HIV-1 and HIV-2 are contained. 

Furthermor~. the invention relates to· methods for the detection of antibodies against 

HIV-3 retrovirus in a biological fluid, in particular for the diagnosis of a potential or existing 

ARC or AIDS caused by HIV-3 retrovirus, characterized by contacting body fluid a person 

to be diagnosed with a composition containing one or more of the proteins or glycoproteins 

of HIV-3 or with a lysate of the virus, or with an antigen possessing epitopes comm01.1 to 

HIV-3, and detectirig the immunological conjugate formed between the anti-HIV-3 antibodies 

and the antigen(s) used. 

Preferred methods include, for example, immunofluorescence assays or 

immunoenzymatic assays. 

Immunofluorescence assay typically inyolve incubating, for example, serum from the 

person to be tested with cells infected with HrV-3 and which have been fixed and 
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permeabilized with cold acetone. Immune complexes formed are detected using either direct 

or indirect methods and involve the use of antibodies which specifically react to human 

immunoglobulins. Detection is achieved by using antibodies to which have been coupled 

fluorescent labels, such as fluorsecein or rhodamine. 

Immunoenzymatic assays may be performed, for example, as follows: · 

a specific quantity of HIV-3 vfrus extract or of a composition referred to 

according to the invention is deposited in the wells of a microtitration plate. 

the excess unbound material is removed after a suitable incubation period by 

washing. 

a suitable dilution or dilutions or serum of other body fluid which is to be 

tested for the presence of antibodies directed against one or more of the 

protein or glycoprotein antigen of HIV-3 is introduced into the well. 

the microtitration plate is incubated for a period of time necessary for the 

binding reaction to occur. 

the plate is washed thoroughly. 

the presence of immune complexes is detected using antibodies which 

specifically bind to human immunoglobulins, and which have been labeled 

with an enzyme, preferably but not limited to either horseradish peroxidase, 

alkaline phosphatase, or beta-galactosidase, which is capable of converting a 

colorless or nearly colorless substrate into a highly colored product . . 
Alternatively, the detection system may employ an enzyme which, in the 

presenc:e of the proper substrate(s), emits light. 

the amount of product formed is detected either visually, 

spectrophotometrically, or luminometrically, and is compared to a similarly 

treated control. 

Other detecti~n systems which may also be used include those based on the use. of 

protein A derived from Staphylococcus aureus Cowan strain I, protein G from group C 

Streptococcus sp. (strain 26RP66), or systems which employ the use of the biotin-avidin 

binding reaction. 

Another method of immunoenzymatic detection of the presence of antibodies directed 
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against one or more of the HIV-3 antigens is the Western blot. The viral antigens are 

separated electrophoretically and transferred to a nitrocellulose membrane or other suitable 

support. The body fluid to be tested is then brought into contact with the membrane and the 

presence of the immune complex~s formed are detected by the methods already described. 

In a variation on this methods, purified viral antigen is applied in lines or spots on a 

membrane and allowed to bind. The membrane is subsequently brought into contact with the 

body fluid to be tested and the immune complexes formed are described using the previously 

described techniques. 

The presence of antibodies in body fluid may also be detected by agglutination. HIV-3 

lysates or a HIV-3 lysate, antigen or purified antigen composition referred to according to 

this invention, is used to coat, for example, latex particles which form an uniform suspension. 

When mixed with serum containing antibodies to the antigen present, the latex particles are 

caused to agglutinate and the presen~e of large aggregates can be detected visually. 

The present invention also relates to labeled extracts o~ HIV-3 or compositions as 

previously described. The labeling can be of any type, such as enzymatic, chemical, 

fluorescent or radioactive. 

Furthermore, the invention relates to a method for detecting the presence of HIV-3 

· antigens in body fluids. This may, for example, be accomplished in the following manner: 

the IgG fraction of antiserum, derived either from humans infected with HIV-3 

or animals iajected with an HIV-3 lysate or composition already described, is 

placed in the wells of a microtitration plate. 

after a suitable period to allow adsorption, the excess unbound material is 

washed away. 

a body fluid containing th~ antigen to be detected is placed in the well. 

the microtitration plate is allowe~ to incubate for a suitable period of time to 

allow binding to occur. 

the plate is then thoroughly washed with a suitable buffer. 

the presence of bound antigen is detected either directly or indirectly, for 

example, by using immunoglobulins which are similarly specific for the 
. . 

antigen(s) to be detected and which have been labeled, preferably with one of 

the aforementioned enzymes. 
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an _appropriate substrate is then added and the extent of reaction is compared 

to a control in order to measure the amount of antigen present. 

Furthermore, the invention relates to a kit for the detection of anti-HIV-3 antibodies 

in biological fluids, comprising an HIV-3 lysate or a composition as referred to above and 

a means for detecting. the immunological complexes formed. 

In the case of kits designed to detect specific antibodies by immunoenzymatic methods 

such. a kit would include: 

an HIV-3 lysate or composition of one of the ~ypes already described, 

preferably in a purified form, and preferably attached to a solid support such 

as a microtitration plate. 

a conjugate between an enzyme and an immunoglobulin fraction which is 

capable of binding to the antibodies to be detected, or a coajugate between an 

enzyme and bacterial protein A or protein G. 

a control antigen which possesse_s no epitopes which are shared by any human 

immunodeficiency virus. · 

appropriate buffers for performing the assay. 

an appropriate substrate for the enzyme. 

Kits for the detection of specific antibodies which make use of labeled antigen would 

include: 

an appropriately labeled antigen or combination of antigens of the _types 

already described. 

protein A or anti-human immunoglobulins, preferably _coupled to an insoluble 

support, such as Protein A-Sepharose 4B (Pharmacia) or an equivalent 

support. 

control antigen, which is.not recognized by anti-HIV-3 antisera. 

appropriate buffers for performing the. assay. 

if approprjate, substrates for the detection of enzymatically labeled antigen. 

The invention further relates to kits, developed for the detection of HIV-3 antigens 
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in biological fluids, which comprise : 

anti-HIV-3 immunoglobulins~ preferably coupled to a solid support such as a 

microtitration plate. 

anti-HIV-3 immunoglobulins conjugated to an enzyme. 

negative control antigen, which would not be recognized by anti-HIV-3 

immunoglobulins. 

positive control antigen which consists of one of t~e HIV-3 antigens or 

compositions already described. 

appropriate buffers for conducting the test. 

an appropriate substrate for detection of bound enzyme. 

Furthermore, the 'invention relates to an immunogenic composition containing an 

envelope glycoprotein of HIV-3 retrovirus, in particular, gp41 or gp 120, or a part of said 

glycoprotein, in combination with a pharmaceutically acceptable vehicle· suitable for the 

constitution of vaccines effective against HIV-3. The invention additionally relates to any 

peptide or polypeptide which contains within its sequence all or part of the protein backbone 

of the HIV-3 retrovirus, as well as peptides which result from addition, substitution, or 

deletion of a:rp.ino acids which do not affect the general immunological properties of said 

peptides. 

The invention further relates to monoclonal antibodies characterized by their ability 

to specifically recognize epitopes contained in the HIV-3 antigens or compositions as 

previously. defined, and in particular, monoclonal antibodies.raised specifically against said . 
antigens and produced by traditional techniques. The invention also relates to monoclonal 

antibodies of human origin produced by immortalizing B-cells derived from persons infected 

with HIV-3, for example, by transforming the B- cells with Epstein-Barr virus and 

subcloning the transformants . 

. The invention likewise relates to the production of polyclonal ·antisera in animals 

which recognize one or more HIV-3 antigens and which are produced by infecting animals 

with purified HIV-3. or an HIV-3 antigen, or a combination of antigens, and in particular the 

proteins or glycoproteins of HIV-3. 
. . 

The antibodies, either polyclonal or monoclonal, can be used for a wide variety of 
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purposes which include neutraliz_ation of HIV-3 infectivity; the detection of HIV-3 antigens 

in biolog_ical fluids or in infected cells. a:p.d the purification of HIV-3 protein_ and glycoprotein 

antigens. 

The invention further relates to nucleic acids. optionally labeled which are derived in 

part. at least. from RNA of the HIV-3 retrovirus or of variants of this virus. 

The invention relates likewise to the use of cDNA or parts of the -cDNA or the 

recombinan~ containing them, which are characterized by containing at least a portion of the 

cDNA corresponding to the entire genomic RNAofthe HIV-3 retrovirus. Such cDNAs rriay 

be used as probes for the specific detection of HIV-3 sequences in biological fluids, tissues 

and cells. The probes are preferably also labeled, either radioactively or chemically, 

alternatively using enzymatic, fluorescent or chemiluminescent labels which enable the 

probes to be detected. Preferred probes for the specific detection of HIV-3 and diagnosis of 

HIV-3 infection are probes that contain all or a portion of the cDNA complementary to the 

HIV-3 genome. In this context, an especially a~vantageous probe can be characterized as one 

which contains, in particular, the nucleic acid sequence contained in clone iso 70-11 and 

which includes the viral LTR-R sequence which is locat~d at both the 5' and 3' ends of viral 

genomic RNA and at both the 5' and 3•· ends of integrated proviral DNA. In addition, 

sequences corresponding to the viral env gene and which are also included in clone iso 70-11 

are also particularly advantageous. 

It is nevertheless understood that the probes which can be used for the diagnosis of 

HIV-3 infection are in no way limited to the probes described above, and that the invention 

incorporates all sequences which originate from the HIV-3 genome or-its naturally occurring 

variants and includes sequences encoding the viral core proteins (gag gene),the two forms of 

reverse trancr~ptase and the endonuclease (pQl gene), as well as t:Qe· two viral envelope 

glycoproteins (env gene). 

The invention also relates to HIV-3 nucleic acid sequences which have been 

incorporated irito a recombinant nucleic acid comprising a nucleic acid from a vector, and 

having sai9- cDNA or part of said cDNA inserted .therein. Such a con5truction could be used 

for replicating the viral cDNA or its fragments in an organism or cell other than the natural 

host so as to provide sufficient q~ntities of the probe to be used for diagnostic purposes. 

A probe generated in such a manner can be employed in a diagnostic test specific 

detection of HIV -3 · which incorporates the following essential steps. : . 
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labeling of the probe generated as described above by the methods previously 

described. 

bringing the probe into contact under stringent hybridization conditions with 

DNA from infected cells or viral RNA from infected cells or biological fluids, 

once said DNA or RNA has been, preferabl:r, applied to a membrane and has 

been rendered accesible to the probe. 

washing the membrane with a buffer under circumstances in which stringent 

conditions are maintained. 

detection of the labeled probe, preferably by autoradiography in cases in which 

the probe has been radioactively labeled, or by a suitable immunodete~tion 

technique in case the probe has been labeled chemically. 

The invention further relates to a process for the production of HIV-3 retrovirus 

chara~terized by culturing human· T4 lymphocytes or human lymphocytic cell lines of 

leukemic origin which carry the T4 + phen~type with lymphocytes or cell lines that have 

pre.viously been infected with an isolate of HIV-3 retrovirus, as well as recovering and 

purifying the retrovirus from the culture medium. 

The invention likewise relates to a process for the production of antigens" of HIV-3 

retrovirus, characterized by lysing the retrovirus, preferably with a detergent, and recovering 

the lysate containing said antigens.· 

The invention additionally relates to a process for the production of any of the prot~ins 

· or glycoproteins p12, p16, p25, p31, gp41, gp120 or reverse trancriptase as previously 

defined, or a part thereof, .charact~rized by inserting the nucleic acid encodin~ the proteins 

or glycoproteins in an expression vector, transforming a host with said vector, culturing the 

transformed host as well as recovering and purifying the expressed protein. The process 

includes vectors which may or may not direct the synthesis of fusion proteins and includes 

but is not limited to bacterial expression vectors, mammalian expression vectors such as 

vaccinia virus, and vectors based on baculovirus for the expression of cloned genes in insect 

cells. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

---~-----~-------------' 

In figures 1 to 16, the designations HIV-3 (ANT 70) and HIV-3 (ANT 70 NA) refer to two 

strains of a new HIV-3 virus isolated _from a Cameroonian woman and her partner from 

which HIV-3 (ANT 70) has been deposited under ~CACC V88060301. 

Figure 1 shows a procedure for preparing cleavage maps of viral proteins. 

Figure 2 shows differential antigen capturing on virus-containing culture supernatants. 

Dift'erential antigen capturing was performed as described in the text. The solid line 

represents the results obtained using the broad-spectrum anti-HIV-1 IgG while the broken line 

depicts the results obtained using an lgG which was rather specific for HIV-1. The titrations 

shown in panels A-E are typical for HIV-1. Panel F shows the result obtained with HIV-3 

(ANT 70) containing supernatant . 

. Figure 3 shows differential antigen capturing on HIV-1 and HIV-3 (ANT 70 NA) 

supernatants. 

Differential antigen capturing was performed as described in the text. The solid line depicts 

the results obtained on plates coated with the broad spectrum anti-HIV lgG while the broken 

. line represents the results obtained on plates coated with Igffwhich shows less crossreactivity 

with HIV types other then HIV-1. 

Figure 4 shows the reactivity of anti-HIV sera on HIV-1 and HIV-2 Western Blot strips. 

The reacth~ities of 3 different sera on HIV-1 and HIV-2 W ~stern blot strips ~re shown. Sera: 

1. anti-HIV-1, 2. · anti-HIV-3 (ANT 70), 3. anti-HIV-2 (isolate 53). The molecular weights 

indicated are those given by the manufacturer (Dupont Biotech). 

Figure 5 relates to the comparison of gag and pill proteins of several HIV-1 isolates, 

HIV-2rod and HIV-3 (ANT 70). 

· Proteins were separated electrophoretically and blotted as described. The blot was incubated. 

with a broad-spectrum anti- HIV .antiserum followed by (anti-human IgG) I alkaline 

phosphatase- labeled conjugate to visualize the proteins. 
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·A. HIV-2rod, B. an HIV-I laboratory isolate. C. HIV-3 (ANT 70), D. an HIV-I laboratory 
isolate, E. HIV-1 (SF4). 

Figure 6 shows a comparison of HIV-3 (ANT 70) ai1d HIV-3 (ANT 70 NA). proteins. 

Proteins were separated electrophoretically and blotted as 

described. The blot was incubated with the BSR antiserum followed by alkaline phosphatase: 
anti-human lgG conjugate to visualize the proteins. Lane 1: HIV-3 (ANT 70 NA), lane 2: 
HIV-3 (ANT 70), lane 3: HIV-I (SF4). The apparent intensity difference between lanes 1 and 
2 is caused by the difference in the amount of material loaded. 

Figure 7 relates to the ability of various human anti-HIV-I sera to capture viral antigens. 
A number of human sera were diluted 1: 1000 and· coated directly on microwell plates. 
Detergent-treated culture supernatants containing HIV-I (SF4). HIV-3 (ANT 70), HIV-2rod 
or HIV-2 (isolate 53) were incubated and the bound antigen was detected using a 
broadspectrum (anti-HIV) I horseradish peroxidase conjugate. Sera I-'7 were of African 
origin while sera 8-11 wer~ from Europeans. The greater ability of African sera to capture 
non-HIV-I antigen can, in part, be explained by their higher anti-p24 titers (data not shown). 

Figure 8 shows 'the effect of coating IgG dilution on the binding of HIV isolates. 

Succesive 2-fold dilutions were made of four different sera, beginning at a dilution of 1: 1000 
and were used to coat micro well plates. Detergent-treated supernatants of HIV-1 (SF4), HIV-
3 (ANT 70), HIV-2rod and HIV-2 (isolate 53) were diluted to give ·approximately the same 
optical density on plates coated with the antiserum shown in panel Bat a dilution of 1:1000. 
Bound antigen wa,s detected using the broad-spectrum (anti-HIV IgG) I horseradish peroxidase 
conjugate. 

Figure 9 shows antigen capturing of virus isolates using human polyclonal and mouse 
anti-HIV-1 monoclonal antibodies. 

Wells were coated and incubated as described in the text. The IgGs used are as follows: 

1. human polyclonal anti-HIV IgG , 2. MAb CLB 59, 3. MAb CLB 21, 4. MAb CLB 64, 
. . 

5. MAb CLB 14, 6. MAb CLB 16, 7. MAb CLB 47, 8. MAbCLB 13.6 (anti-p18), 9. MAb 
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CLB 19.7, 10. Mab CLB 13.4 (anti-p18). 

Figure 10 is a comparison of the reacti:Vity of human anti-HIV antisera to different HIV 

types. 

Lysates of HIV-1 (SF4), HIV-3 (ANT 70), HIV-2rod and HIV-2 (isolate 53) were separated 

electrophoretically on SDS-polyacrylamide gels, blotted onto nitrocellulose, and incubated 

with a high titer anti-HIV-1 antiserum (panel A), a lower titer anti-HIV-1 antiserum (panel 

B), serum from the woman from whom HIV-3 (ANT 70) was isolated (panel C), her partner 

from which HIV-3 (ANT 70 NA) was isolated (panel D) and anti.:HJV-2 antiserum from the 

person from whom HIV-2 (isolate 53) was isolated (panel E). 

Figure 11 shows the titrations of anti-HIV sera by enzyme. immunoassay. 
; ·. 

Microwell plates were coated with lysates of HIV-1 (SF4), ANT 70 and HIV-2 (isolate 53). 

Serum from an HIV-I-infected European (left panel), antiser1:1m to HIV-3 (ANT 70 NA) 

(center panel) and antiserum to HIV-2 (isolate 53-) (right panel) were titrated in 2-fold 

dilutions beginning at a dilution of 1: 100 on all three coated plates. 

Figure 12 shows the positions of methipnine and tryptophan residues in viral gag and pQJ. 

gene products. 

Amino acid positions for the pl 7 gag proteins are given starting from the first methionine in 

the coding sequence. Positions for the p24 gag protein are given starting at the pl 7 /p24 

proteolytic cleavage site. Positions for the l2Ql gene are shown after alignment with the 

, highly conserved tryptophan doubl~t in the HlV-1 sequen~e at positions 556 and 557. The 

positions of a conserved protease sequence, the protease/reverse transcriptase cleavage site 

and the reverse transcriptase/endonuclease cleavage site are i~dicated. In this case, the terms 

p24 and pl 7 are used in the genetic sense to refer to the largest and second largest viral core 

proteins respectively. The term "HIV-2 (LAV-2)" is a synonym for HIV-2 rod. 

Figure 13 is a comparison of partial cleavage products of gag and pill gene products ofHIV-1 

(SF4) (HIV-1 in the figure), HIV-3 (ANT 70) (isolate 70 in the figure) (ANT 70), HIV-2rod 

(HIV-2 (LAV-2) in the figure) and HIV-2 (isolate 53) (isolate 53 in the figure). The terms 

p24 and p 17 are used in the genetic sense to indicate the largest and second largest viral core 
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proteins, respectively. 

Figure 14 shows hybridization of cDNA probes to viral RNA. 

Viral RNA from HIV-1 (SF4), HIV-2rod, and HIV-3 (ANT 70) were spotted onto a 

membrane filter as described in Materials and Methods. The filters were hybridized under 

either nonstringent (A) or stringent conditions and autqradiographed. 

Figure 15 shows hybridization of HIV-3 (ANT 70) cDNA (iso 70-11) to genomic DNA from 

uninfected and HIV-infected cells. 

Genomic DNA from the cell lines listed below was subjected to restriction enzyme cleavage, 

separated electrophoretically and blotted. Hybridizations were carried out as described in 

Materials and Methods. The samples are as follows: 

Lane DNA Restriction enzyme digestion 

A lambda Hind III 

B iso 19 (HIV-1) Pst I 

c iso 19 (HIV-1) Pst I, EcoRI 

D lambda Hind III 

E HIV-3 (ANT 70) Hind III 

F HIV-3 (ANT 70) Pst I 

G HIV-3 (ANT 70) Pst I, EcoRI 

H HIV-1 (SF4) Hind III 

I HIV-1 (SF4) Pst I 

J HIV-1 (SF4) Pst I, EcoRI 

K MT4_ (uninfected) Pst I 

L HUT 78 (uninfected) Pst I 

Panel A : Hybridization with iso 70-11 

Panel B : Hybridization with iso 70-11 Bgl II/Sal I fragment. 
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Figure 16 relates to the location of a number of restriction enzyme cleavage sites in the 

HIV-3 insert contained in iso 70-11 DNA . 
.. 

The fragment contains no internal cleavage sites for EcoRI. Barn HI, Hine II, or Xba I. 
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EXAMPLES 

l\1ATERIALS AND METHODS 

Virus and cell culture 

a. Virus strains and cell lines. 

HUT-78 cells chronically infected with ARV-4 (HIV-1 SF4), originally isolated by 

.T. Levy, San Francisco, U.S.A. (20) and uninfected HUT-78 cells were kindly provided by 

S. Sprecher, Brussels, Belgium. LAV-2rod originally from L. Montag~ier, Paris, and CEM 

cells were obtained from J. De Smeyter, Leuven, Belgium. Isolate 53, an HIV-2 isolate, was 

isolated in this laboratory (21). 

b. Virus isolations. 

Virus isolations were performed in a manner similar to that described by Levy and 

Shimabukuro (22), with modifications. Lymphocytes from patients as well as healthy donors. 

were isolated from heparinized whole blood on Lymphoprep (Nyegaard and Co., Oslo, 

Norway) and were cultured in RPMI 1640 containing 20 mM HEPES, 15 percent fetal calf 

serum (Gibco), 5 µg/ml hydrocortisone (Merck), 75. U/ml IL-2 and 2 µg/ml polybrene 

(Aldrich). 

Lymphocytes from healthy donors were stimulated with 2 µg/ml phytohemagglutinin 

(PHA, Wellcome) for 3 days prior to use. Fresh FHA-stimulated lymphocytes were added 

to the virus isolation cultures every 3 to 4 days. Cultures were monitored for cytopathic 

effect, immunofluorescence, using a broad specificity, polyclonal reference antiserum (23), 

and the presence of antigen in the culture supernatants (Innotest VCA- HIV, Innogenetics). 

The broad specificity reference (BSR) anti-serum used was derived from an HIV-1-infected 

donor and was shown experimentally to have an exception~Uy high titer > 1.000.000 in an 

enzyme immunoassay based on recombinant HIV- 1 p24 protein) and to crossreact strongly 

with the gag and pQl gene products of other .HIV types, in particular, HIV-2. Reverse 

transcriptase was also assayed essentially as described (24). 

In order to establish chronically infected, permanent cell lines, virus-infected primary 
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lymphocytes were co-cultured with Molt 4 clone 8 cells (25), kindly provided by N. 

Y~mamqto, Yamaguchi, Japan, and nionitored for cell growth. Virus production was 

monitored by the reverse trancriptase assay as well as antigen capturing. 

Differential antigen capturing 

A test system was developed whereby a distiilction can be made between HIV-1 and 

other related human immunodeficiency viruses. The system is based on a comparison the 

ability of two different polyclonal IgG preparations, one with a broad anti-HIV specificity 

which is due to its exceptionally high titer, particularly against the rnajor core protein, and 

one with a lower titer which reacts preferentially with HIV-I, to capture detergent-treated 

virus in culture supernatants. Detection of captured antigen is achieved by using a (broad 

specificity IgG) I horseradish peroxidase conjugate. 

The test detects primarily but not exclusively the p24 core protein. 

Monoclonal antibodies to HN-1 

The panel of monoclonal antibodies tised has been described (26}. The antibodies 

were prepared against native viral proteins in Triton X-100-disrupted HIV-I preparations. 

Protein analysis 

a. Electrophoresis. 

Polyacrylamide gel electrophoresis of viral proteins was performed essentially as 

described by Maize I (27). 

b. Protein blotting. 

Blotting was performed either in a Bio-Rad transblot cell at 400 mA for 4 h:ours using 

the carbonate buffer described by Dunn (28) or using the LKB semi-dry blotting apparatus 

at 0.8 mA/cm2 for 1 hour in 48 mM Tris, 39 rnM glycine, 0.0375 3 sodium dodecylsulfate 

(SDS) and 20 3 methanol. 

c. Generation of partial cleavage products. 
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Viral proteins were analyzed by the technique shown in Figure 1. Advantage was 

taken of t_he fact that corresponding proteins from the various isolates have similar molecular 

weights. Proteins were separated on 12.5 percent SDS- polyacrylamide gels together with 

a m~rker lane of ARV-4 proteins which was excised following electrophoresis, blotted and 

incubated with an anti-HIV antiserum to reveal the positions of the viral proteins. The 

marker blot was in turn used to locate the approximate positions in the Coomassie blue 

stained portion of the gel of the viral proteins to be cleaved. Horizontal gel slices containing 

the proteins were excised, transferred to glass tubes and subjected to chemical cleavage. 

I. Cyanogen bromide cleavage 

The gel slice was incubated with 10 ml of a freshly prepared 40 mg/ml solution of 

CNBr (Merck) in 0.3 N HCl for 3 hours at room temperature .in a fume hood. Following 

the incubation, !he gel slice was equilibrated with SDS-sample buffer for electrophoresis in 

the secorid dimension. 

2. BNPS-Skatole cleavage. 

The gel slice was incubated with 10 ml of a freshly prepared saturated solution of 

2-(-2'-nitrophenylsulfenyl)- 3-methyl-3'-bromoindolinine (BNPS-Skatole, Pierce) in 70 

percent acetic acid; 30 3 H20 containing 0.1 3 phenol, for 3 hours at room temperature, 

protected from. light. Following the incubation, the gel slice was equilibrated by repeated 

washing in SDS-electrophoresis sample buffer. 

Following cleavage; the individual lanes were excised from the gel slices, rotated 90° 

and placed on top of a 10 to 20 percent SDS-polyacryfamide gradient gel. On completion 

of electrophoresis, the gel was blotted onto nitrocellulose (Schleicher and Schuell) and 

blocked with PBS containing 1 mg/ml casein (Merck). Only cleavage products with 

molecular weights in excess of 10 kD are able to be visualized since peptides with lower 

molecular weights do not bind efficiently to nitrocellulose. Blots were incubated with a broad 

spectrum anti-HIV antiserum _followed by goat anti-human IgG: alkaline phosphatase 

conjugate ~romega). Partial cleavage products were then visualized by reaction with 

5-bromo-4-chloro-3-indolylphosphate and nitro blue tetrazolium (Sigma). 
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Viral Nucleic Acids 

a. Hybri~ization to viral RNA. 

Virus from culture supernatants was harvested by pelleting through cushions of 20 % 

sucrose by centrifucation at 26.500.rpm for 1.5 hrs. at 4°C and was disrupted in 10 mM 

Tris, pH 7.4, 10 mM NaCl, 10 mM EDTA containing 0,5 % sodium dodecylsulfate. 

Aliquots of the disrupted virus Were spotted onto a membrane of Hybond H (Amersham) in 

amounts corresponding to 5, 2.5, 1.25 and 0.62 milliliters of original culture supernatants. 

The RNA deposited onto the filter was fixed to the membrane by irradiation with ultraviolet 

light for 2 min. The RNA bound to the·filter was then subjected to hybridization with an 

HIV-1 cDNA probe which had been labeled by nick translation with 32p-dCTP. The 

hybridization was carried out under stringent conditions in 3 X SSC. 0,5 % milk powder, 1 

% SDS, 10 % dextran sulfate and 50 % fo1mamide at 42°C for 18 hrs. Following 

hybridization, the filter was washed twice under stringent conditions in 0.1 X SSC and 0.1 

% SDS for 30 minutes. Hybridization was detected by autoradiography at -70°C wi~h 

enhancing screens. Hybridizations were similarly performed ysing a probe derived from the 

env region of HIV-2. 

Hybridizations were also performed under nonstringent conditions in 5 X SSC, 25 % 

formamide, 5 X Denhardts solution, 10 % dextran sulfate, and 100 µg/ml denatured salmon 

sperm DNA at 37°C overnight. The filter was subsequently washed~ times for 15 minutes 

in 5 X SSC, 0.1 % SDS at room temperature and autoradiographed. 

b. Preparation of ANT 70 cDNA 

Virus was pelleted from 1 liter of culture supernatant using polyethylene glycol 6000, 

redissolved in PBS and pelleted through a 20 % sucrose cushion. The resulting pellet of 

virus was disrupted in 6 M guanidinium chloride.in 20 mM sodium phosphate buffer, pH 6.5, 

containing 20 mM dithiotreitol and 0.5 % NP-40. Solid CsCI was added to a concentration 

of 2 molar. The solution containing disrupted virus was layered onto a cushion of 5; 7 M 

CsCl containing 0.1 M EDTA and the viral RNA was pelleted by centrifugation at 25.000 

in a Beckman SW 28 rotor at 15°C for 20 hrs. Following centrifugation, the RNA was 

redissolved, extracted with phenol and precipitated with ethanol and 2 M LiCl. 
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One-fifth of the viral RNA prepared was used to direct the first step in the synthesis 

of cDNA using a kit supplied by Amersham. cDNA synthesis was primed using oligo (dT). 

The synthesis was carried out using the reverse trancriptase supplied with the kit. 

Second strand synthesis was performed using E. coli DNA polymerase I in the presence of 

RNase H to digest away the RNA strand of the RNA/DNA hybrid. The synthesis of the 

second strand was performed in the presence of 32p-dCTP to label th_e cDNA. The resulting 

cDNA wastreated with T4 DNA polymerase to create blunt ends, the cDNA was methylated 

ro protect possible internal EcoRI cleavage sites. and was then coupled to EcoRI linkers 

(Amersham). The EcoRI sites in the linkers were then cleaved and the cDNA was sized on 

a 1.2 3 agarose gel. The region of the gel corresponding to a cDNA .length of 500 to 2000 

base pairs was excised, and the cDNA was eluted and cloned in the vector pUC13 which had 

previously been cleaved with EcoRI and dephosphorylated. After ligation, the DNA was 

used to transform competent cells of E.coli MC1016 (lambda). The resulting colonies were 

transferred to Pall membrane filters (Pall Biodyne), lysed and denatured·with 1.5 M NaCl, 

0.5 M NAOH and neutralized with 3M NaOAc. pH 5.5. Screening of colonies harboring 

an insert of HIV-3 was carried out by hybridization under moderately stringent conditions in 

5 X SSC, 5 X Denhardts solution, 0.2 3 SDS, 250 mg/ml denatured salmon sperm DNA 

overnight at 65°C. Hybridization was performed using the HIV-1 Sacl-EcoRI fragment. 

Following hybridization, the filters were washed as foll9ws: 

I. 1 h. in 2 X SSC, 0.1 3 SDS at room temperature. 

2. 30 minutes in 0.1 X SSC, 0.1 3 SDS at room temperature. 

3. 20 minutes in 2 X SSC, 0.1 3 SDS at 42°C. 

4. 20 minutes in 0.1 X SSC, 0.1 3 SDS at 65°C. 

After washing, the filters were autoradiographed at -70°C using intensifying screens. 

Hybridizations were also performed under the nonstringent conditions used for 

nonstringent hybridization of the HIV-1 and HIV-2 probe. 

c. Analysis of cDNA clones. 

Colonies givii:ig a positive hybridization signal were grown for analysis. Plasmids 
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were isolate_d, cle~ved with EcoRI and subjected to agarose gel electrophoresis to confirm the 

presence of an insert and to determine its size. Of 96 colonies analyzed 17 were found to 

contain inserts. Five were take~ for further analysis and ranged in size from approximately 

800 to 1600 base pairs in Ieng~. 

d. Sequence determinations. 

Nucleotide sequence determinations were· performed according to the 

dideoxynucleotide method o_f Sanger (Proc. Natl. Acad. Sci. USA 74: 5463-6467, 1977), 

using a kit supplied by Boehringer. Sequencing was carried out using 17-mer Ml2 primers. 

e. Hybridizations of ANT 70 cDNA to HIV-1 and HIV-2 viral RNA. 

The ANT 70 cDNA clone containing the largest insert (iso 70-11) was used for 

hybridization to the filter onto which viral RNAs had been deposited. 

Hybridization was performed under stringent conditions in 3 X SSC, 0.5 % milk 

powder, 1 % SDS, 10 % dextran sulfate, and 50 % formamide at 42°C for 18 hrs 

Following hybridization, the filter was washed with 0.1 X SSC, 0.1 % SDS at 65°C (2-30 

minute washes) after which the filter was autoradiographed at -70°C with an intensifying 

screen. 

Genomic DNA was also prepared from cells infected with HIV-1 (SF4), isolate ANT 

70, as well as uninfected control cells. Following restriction enzyme cleavage, the genomic 

DNA was separated on a 0.8 % agarose gel, transferred to a Hybond N membrane 

(Amersham) and was then hybridized with 32p-labeled DNA from clone iso 70-11 under 

stringent conditions in 50 % formamide, 10 % dextran sulfate, 3 X SSPE (1 X SSPE is 180 

mM/NaCI_, IO mM NaH2P04, pH 7.4, .1 mM EDTA, pH 7.4), 1 3 SDS and 0.5 3 milk 

powder. Following .hybridization, the filter was washed as follows: 

15 minutes with 2 X SSC, 0.1 % SDS at room temperature. 

15 minutes with 0.5 X SSC, 0.1 3 SDS at room temperature. 

15 minutes with 0.1 X SSC, 0.1 3 SDS at room temperature. 

30 minutes'with 0.1 X SSC, 1 % SDS at 52°C. 
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The filter was then autoradiographed ·.at -70°C using an intensifying screen. 

RESULTS 

Virus isolation 

As part of a continuing study on heterosexual transmission of HIV, a virus isolation 

was performed from blood from a Cameroonian woman and her partner. The woman is the 

partner of an HIV- seropositive man with generalized lymphadenopathy. Serum from the 

wo~nan was moderately positive (ratio O.D./c:ut-off of 4.5) in the enzyme-linked 

immunosorbent assay (EIA, Organon Teknika) and had a low titer (1140) in the 

immunofluorescent antibody assay for HIV-1 but gave ambiguous results in the HIV-1 

Western blot assay with clear bands .at _p33, P53/55 and p64 but very weak bands at p24, 

gp41 and gp120. The woman had elevated serum IgG and IgM levels and a CD4/CD8 ratio 

of 0.46. Virus was isolated by co- cultivation of the woman's lymphocytes with 

PHA-stimulated lymphocytes from healthy uninfected donors. After 52 days in culture, virus 

was detected in the culture as judged by the presence of syncytia and on the basis of positive 

immunofluorescence observed when alaboratory reference anti-HIV antiserum was incubated 

with acetone-fixed cells from the culture. The presence of reverse transcriptase was also 

detected in the culture supernatant ( 104 cpm/ml, 27 X background). Cell-free culture 

supernatant was used to passage the virus on fresh lymphocytes. After 15 days, CPE was 

again observed and reverse transcriptase detected iiJ. the supernatant. A comparison of 

detergent-treated culture supernatant from this isolate (ANT 70) with other isolates by 

differential antigen capturing revealed, ·however, that this isolate was not HIV-1. 
. . 

These results are illustrated in Figure 2. It is evident by the lower O.D. values that 

ANT 70 is, in contrast to the other isolates, poorly.recognized by the HIV-1 specific IgG 

but, like the other isolates, was readily captured by the broad specificity IgG (panel F). The 

other isolates, which were subsequently all shown to be HIV-1 strains using an HIV-1 

specific MAb (CLB MAb 14), all gave higher O.D. values on the plates coated with specific 

.IgG than on plates coated with the broad specificity reference IgG. 

An attempt was made to transfer the virus to a permanent cell line by co-cultivating 
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ANT 70-infected primary lymphocytes with Molt 4 clone 8 cells. In the initial phase of the 

infection, extensive cytopathic effect was observed with syncytium formation and cell death. 

Within sever_al weeks, cell growth was detected. The cells gave a positive 

immunofluorescence when tested using a broad spectrum anti-HIV antiserum and the presence 

of antigen and reverse trans~riptase was easily detectable in the culture supernatant. . 

Virus was similarly isolated from the partner of the woman from whom ANT 70 was 

isolated (strain ANT 70 NA). The man was suffering from lymphadenopathy and was 

classified as class 3 according to the CDC classification system: The man also had elevated 

serum IgM and IgG levels and a CD4/CD8 ratio of OA. Virus was detected in the 

supernatant of the culture on day 18. Detergent-treated supernatant containing this virus was 

also analyzed by differential antigen capturing and found to react in a manner similar to ANT 

70 (Figure 3). The binding of antigen derived from this isolate was again less with HIV-1 

specific IgG than with the broad specifi!=ity IgG. 

Serum from the person from wliom this is_olate was deri~ed was incubated wi~ HIV-1 

and HIV-2 Western blot strips (Biotech). Additional strips were also incubated with serum 

from a donor infected with HIV-1 as well as serum from the person from whom HIV-2 

(isolate 53) was isolated. These results are shown in Figure 4. Serum from the person 

infected with ANT 70 NA crossreacted to a significant extent with virtually all HIV-1 

proteins, including the envelope proteins. · In contrast, serum from the HIV-2-infected 

individual crossreacted only with the gag p24 protein, p34 endonuclease and p68 reverse 

transcriptase. The anti-HIV-1 serum recognized only the p26 gag protein of HIV-2~ while 

serum from the carrier of ANT 70 NA isolate recognizes this protein and the HIV-2 reverse. 

transcriptase. 

Characterization of viral proteins 

Virus in the culture supernatant was precipitated using polyethylene _glycol 6000 

(Merck) and the resulting materiai was redissolved and pelleted through a 15 percent sucrose 

cushion. The pelleted virus was dissociated in SDS-sample buffer and analyzed by 

polyacrylamide gel electrophoresis followed by protein blotting. The blot, shown in figure 

5, was incubated with a broad specificity anti-HIV serum to reveal the viral proteins. 

In addition to reacting with all of the HIV-1 viral- proteins, the BSR antiserum also. 
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crossreacts with the gag and pill gene products of HIV-2. This antiserum clearly recognizes 

the gag and PQ\ gene products of ANT 70 as well. It is evident that the molecular weights 

of the ANT 70 gene products differ from those of either HIV-1 or HIV-2 .. The molecular 

weights of the various viral proteins are summarized in table I. The variability in the HIV-.1 

p 17/p18 protein is due t9 a 6 amino acid insertion which is present in some strains between 

positions 120 and 121 in the HIV-1 HXB2 sequence. A comparison of the proteins from 

ANT 70 and ANT 70 NA are shown in figure 6. The molecular weights of all of the 

proteins of ANT 70 NA identical to those of ANT 70. 

In order to investigate further the antigenic relationship between HIV-1, HIV-2 and 

ANT 70, a series of African and European anti- HIV-1 sera were dilut.ed I: 1000 and used 

to coat microwell plates for antigen capturing. 

Detergent-treated culture supernatant' containing HIV-1, ANT 70, HIV-2 (LA V-2rod) 

and.HIV-2 (isolate 53) were diluted and the ability of each antiserum to capture the four 

different isolates was analyzed. Representative results are shown in Figure 7. It can be seen 

from this experiment that the ability of the various sera to capture HIV-1 is in no way related 

to their ability io capture either HIV:-2 or ANT 70. In contrast, the ability of these sera to 

capture LAV-2rod, the prototype HIV-2 strain, is strongly correlated with the ability of these 

sera to capture isolate 53, which is also an HIV-2 strain but an independent isolate. These 

data indicate that ANT 70 is neither HIV-1 nor HIV-2. 

In a series of related antigen capturing experiments, four African anti-HIV-I sera were 

chosen in order to access their ability ·to bind HIV-I, ANT 70, HIV-2 (LAV-2rod) and 

HIV-2 (isolate 53) when the IgGs were coated at different dilutions. Culture supernatants 

were diluted so as to give approximately the same optical density when caprured on plates 

coated with the IgG used in panel B of figure 8. Dilutions of the four sera were coated and 

virus-. containing supernatant was added. The assumption was made that similar viruses 

should give rise to similar titration curves. Indeed, in Figure 5, LAV-2rod and isolate 53 

both react similarly with the coated IgGs. On the other hand, ANT 70 gave more intense 

signals at higher IgG dilutions than did either of the HIV-2 isolates and the shapes of the 

curves obtained with ANT 70 resemble more closely the curves obtained for HIV-1, except 

that the optical densities are consistently lower. 
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Cross reactivity of mouse monoclonal antibodies directed against HIV-I p24 core protein 

A panel of mouse monoclonal antibodies (MAbs) prepared against the HIV-1 p24 core 

protein was · tested for their ability to crossreact with ANT 70 and HIV-2 isolates. In 

principle, any panel of anti- HIV-1 p24 monoclonal antibodies can be used, as long as the 

series includes monoclonal antibodies which react with different epitopes on the HIV-1 p24 

molecule. .Ascites fluid containing the antibodies was diluted and used to coat microwell 

plates. Detergent-treated, virus-containing supernatants were then added to the coated wells. 

Bound antigen was detected using BSR-HIV IgGs conjugated to horseradish peroxidase. The 

results obtained are shown in Figure 9. 

In control wells coated with polyclonal broad spectmm IgGs, all virus-containing 

supernatants gave optical densities which exceeded the limits of the microwell plate reader. 

However, when tested in wells coated with the various monoclonal antibodies, quite a · 

different pattern emerged. Previous stu<;lies indicated that all of the MAbs tested react against 

different epitopes on the p24 molecule with the exception of MAbs CLB 59 and CLB 21 

wl~ich have been shown. to recognize the same epitope. Both of these two MAbs react 

strongly with HIV-I as expected and also give ~ measurable signal with ANT 70 but fail to 

react with either of the HIV-2 strains. Two other MAbs, CLB 64 and CLB I4, bound HIV-I 

well and showed a weak affinity for ANT 70 as well as the two HIV- 2 is.olates. In 

particular, MAb CLB 14 has been shown to recognize all HIV-I isolates well(>. I50 tested). 

This MAb must therefore bind to a very highly conserved epitope, remnants of which can 

also be detected in other human immunodeficiency viruses. The other MAbs to p24 (CLB 

16, 47 and I9.7) and two otP,ers which were raised against the HIV-I p18 protein (CLB 13.4 . 

and CLB I3.6), failed to recognize either ANT 70 or the two HIV-2 isolates but did capture 

the corresponding HIV-I antigens. 

Reaction of human anti-HIV antisera to viral proteins 

Protein blots of viral proteins from HIV-1 (ARV 4), ANT 70 and HIV-2 (LAV2rod) 

were prepared after electrophoresis of detergent- solubilized extracts and incubated with 

varioqs human sera (Figure IO). Panel A shows the reaction of the broad specificity 

laboratory reference serum with the three virus isolates. In panel B, an anti-HIV-1 
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antiserum was incubated with the blot and recognizes preferentially HIV-1 proteins. Serum 

from the woman from whom ANT 70 was isolated (panel C) and her partner (panel D) were 

tested for their ability to recognize other viral isolates. Both of these sera. preferentially 

recognize ANT 70 including th~ gp120 envelope protein of this virus. Semm from the partner 

has a higher titer than serum from the woman from whom ANT 70 was isolated and 

recognizes the gp41 of HIV-I. Both of these sera have a higher affinity for ANT 70 than 

for HIV-1 or the HIV-2 isolates. In contrast,. serum from the person from whom HIV-2 

isolate 53 was isolated binds preferentially to HIV-2 proteins and recognizes the HIV-2 gp120 

envelope protein of this virus as well as the gp41 transmembrane protein (panel E). It does 

not react with glycoproteins of HIV-1 or ANT 70. These results further indicate that ANT 

70 is different from either HIV-1 or HIV-2 . . 
Enzyme immunosorbent assays using coated viral proteins titrations of ·anti-HIV-I, 

anti-ANT 70 and anti-HIV-2 sera were performed in microwell plates coated with HIY-1 

(ARV-4), ANT 70 and HIV-2 (isolate 53) viral lysates. Two-fold dilutions of each sera, 

beginning at an initial dilution of 1: 100, were tested for their ability to bind to the coated 

antigen. Bound antibody was detected using a horseradish peroxidase-labeled goat 

anti-human IgG conjugate. These results are shown in Figure 11. The anti- HIV-1 serum 

recognized preferentially the HIV-1 proteins but shows a, significant amount of crossreaction 

with ANT 70 proteins. The HIV-2 proteins were barely detected. In contrast, anti-ANT 70 

serum preferentially recognized ANT 70 proteins, showed crossreactivity toward HIV-1 

proteins, and reacted better with the HIV-2 coated wells than did the anti-HIV-1 serum as 

evidenced by the higher optical density values obtained. The anti-HIV-2 serum had a very 

low titer but nevertheless reacted best with HIV-2 proteins. No detectable signal was 

observed on HIV-~ or ANT 70 coated wells. The inability to detect crossreaction in this 

instance is undoubtedly related to the low anti-HIV titer of this serum. 

Analysis of partial chemical cleavage products of viral proteins 

TJ;ie two reagents used for chemicai cleavage, cyanogen bromide and BNPS-skatole, 

were chosen because of thejr high specificities for methionone (29) and tryptophan (30), 

respectively. T~ese two amino acids are also rather hydrophobic and are therefore a]so'less 

likely to be found located in epitopes on the outer surfaces of protein molecules (31). 
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Examination of published amino sequences of the gag and nQl gene products of HIV-I 

(32-36), HIV-2 (I9), SIVagm (10), SIVmac (9), equine infectious anemia virus (EIAV,37) 

and Visna (38) reveals that while there is little amino acid homology between some of these 

diverse isolates, many of the positions of the methionine residues in these proteins and, to an 

even greater extent, the tryptophan residues, ·_are strikingly conserved (figure I2). 

Futhermore, _intraspecies variation in these residues is minimal or abse~t. at least in the case 

of HIV-I (36) and probably holds tme for all of the human and simian immunodeficiency 

retroviruses. 

The partial digestion patterns .of the gag and pill gene products of HIV-I, ANT 70, 

· HIV-2 (LAVrod) and HIV-~2 (isolate 53) are shown in Figure 13. 

Inspection of the CNBr cleavage patterns of the p24 protein from the four isolates 

reveals that the patterns generated for ·HIV-2 (LAV-2rod) and HIV-2 (isolate 53) are 

identical. 

D_ifferent patterns, however, are observed for HIV-I and for ANT 70. Thus, 

significant differences exist in the locations of the methionine residues in the major core 

protein of HIV-I, ANT 70 and HIV-2. In the case of the p I 7 core protein, differences are 

observed between the two HIV-2 isolates. Inspection of the published sequence for HIV-2rod 

indicates that there is a methionine located I8 amino acids from the carboxyl terminus of this 

protein. We conclude that this methionine must be absent in the corresponding protein from 

isolate 53. From the cleavage patte~n it is also possible to deduce the presence of a 

metP.ionine near (10-I5 amino acids) one of the termini of the pI6 from ANT 70. CNBr . 

cleavage of the retroviral reverse transcriptase reveals that again, the proteins from the two 

HIV-2 isolates are identical, while different patterns are. observed for both HIV-I and ANT 

70 proteins. In the case of the p3I endonuclease derived from the 3'-portion of the pill 

gene, similarities can be deduced betw~en all of the isolates although some minor differences 

are apparent. 

BNPS-skatole cleavage of the p24 proteins from the four isolates results iri strikingly 

similar patterns. It is evident from Figure 8 that this is to be expected since the tryptophan 

positions in this protein are very highly conserved, particularly for the retroviruses of human 

and simian origi~. We conclude that the tryptophan positions in the ANT 70 p25 protein also 

conform to this pattern. Inspection of the patterns reveals, however, that minor differences 

can be observed, not in the overall appearance of the pattern but rather in the apparent 
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molecular weights of the species generalized by cleavage. In particular, differences are 

·.detected in the apparent molecular weights of the central spots in each pattern. As expected, 

the patterns for HIV-2 (LAV-2rod) and HIV-2 (isolate 53) are identical. The central spot in 

the pattern for ANT 70 has however, a larger apparent molecular weight while the central 

spot for HIV-1 (ARV-4) has a lower molecular weight. In regard to the p16, the positions 

of the tryptophans in the ANT 70 protein appear to resemble more closely the positions of 

the trytophans found in the HIV-2 protein. The HIV-1 p17 has a tryptophan located 16 

amino acids from the amino terminus of the protein and gives rise to an additional spot not 

·seen in the ANT 70 and HIV-2 patterns following BNPS-skatole cleavage. The tryptophan 

corresponding to the one at position 36 in the HIV -1 p 17 sequence is. conserved in all 

isolates. 

The p~tterns generated by cleavage of the reverse transcriptase from the four isolates 

are complex but it is once again apparent that the two HIV-2 isolates are identical. Patterns 

are obtained for ANT 70 which corresponds neither to the pattern obtained for HIV -1 nor to 

the HIV-2 pattern. Differences in apparent molecular weights of the cleavage products of 

the p31 endonuclease are also observed but the patterns generated from the corresponding 

proteins from HIV-1, ANT 70, and. HIV-2 also show common features which suggests a 

conserved structure. 

Viral Nucleic Acids 

a. Hybridization of HIV-1 and HIV-2 cDNA to viral RNAs . 

. Nuc_leic acids crosshybridization between HIV-1 and RNA from the viruses HIV-2 and 

ANT 70 was evaluated by performing the hybridization with the Sacl-BglII HIV-~ restriction 

fragment which had been inserted into the vector pUC13. This fragment contains a portion 

of the 5' LTR, including the R region, the entire gag gene and most of the pQl gene of 

IDV-1. Under stringent hybridization conditions, hybridization was only observed between 

this probe and the RNA derived from HIV-1 (SF4). No hybridization was observed between 

the probe and either. HIV-2 or ANT 70 (figure 14). This indicates that the gag and pol 

regions of HIV-2 and ANT 70 are significantly different from the corresponding region of 

HIV-1. 
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The HIV-2 probe used contains a sequence of approximately 100 base pairs derived 

from .the env gene of HIV-2. This probe hybridized only to HIV-2 RNA under stringent 

hybridization conditions and no hyb~idization was observed with either HIV-1 or HIV-3. 

b. Homology between ANT 70 cDNA and sequences of HIV-1 and HIV-2. 

The cDNA clone iso 70-11 was used as a probe to assess the degree. of nucleic acid 

homology between the various virus isolates. The filter onto which aliquots of HIV-1, HIV-2 

and ANT 70 had been deposited was subjected to hybridization under stringent conditions. 

The results are also shown in Figure 14. The experiment demonstrates that under strii:lgent 

hybridization conditions, no crosshybridization can be detected between any of the ·virus 

isolates. The ANT 70 derived probe hybridizes only to ANT 70. DNA from ANT 70 cDNA 

clone iso 70-11 was used for hybridization to blots of restriction enzyme digests of cellular 

genomic DNA from cells infected with HIV-1 and ANT 70 as well as DNA from uninfected 

cells. The results are shown in Figure 15. No hybridization was observed in any lane other 

than those lanes containing digests of genomic DNA from ANT 70 infected cells. This also 
. . 

indicates that the iso 70-11 insert is not derived from cellular sequences. 

An additional hybridization was performed using the Sacl-Bglll fragment from the iso 

70-11 insert which corresponds to the left end of the insert farthest from .the sequences 

presumably contained. within the LTR and which, by analogy· with HIV-I and HIV-2, should 

correspond to env gene sequences. Hybridization with this fragment gave rise to the same 

bands as did hybridization with the entire ~ragment. 

c. Sequence analysis o~ clone iso 70-11. 

The locations of a number of restriction enzyme sites hi the iso 70-11 ANT 70 insert 

are shown in Figure 16. Subclones of the insert were made in pUC13 and sequenced using 

the dideoxy-nucleotide-method. 

The presence of a poly A tail confirmed that the is<? 70-11 insert is derived from the 3' end 

of the viral RNA. Adjacent to the poly A tail is the sequence corresponding to the R region 

of the viral 3' LTR. Sequence contained in the ~NT 70 cDNA and the viral sequences to 

which they correspond are shown below: 
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1. HIV-3 LTR 

10 20 30 40 50 
CCCATGGATT TGAAGATACA CATKAAGKAA TACTGATGTG GAAGTTTGAT 

60 70 80 90 100 

AGATCTCTAG GCAACACCCA TGTTGCTATG·ATAACTCACC CAGAGCTCTT 
110 120 130 140 150 

CCAGAAGGAC TAAKAACTGC TGACCTGAAG ATTGCTGACA CTGTGGAACT 
160 170 180 190 200 

TTCCAGCKAA GACTGCTGAC ACTGCGGGGA CTTTCCAGTG GGAGGGACAG 
210 220 230 240 250 

GGGGCGGTTC GGGGAGTGGC TAACCCTCAG AAGCTGCATA TAAGCAGCCG .. 
260 270 280 290 300 

CTTTCTGCTT GTACCGGGTC .TCGGTTAGAG GACCAGGTCT GAGCCCGGGA 
03 R 

310 320 330 340 350 
' 

GCTCCCTGGC CTCTAGCTGA ACCCGCTCGT TAACGCTCAA TAA.~GCTTGC 

Polyadenylation signal 
. 360 

CTTGAGTGAG A-Poly A (SEQ ID NO 3) 
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2. Sequences from HIV-3 3'0RF 

10 20 30 40 50 60 
AACATGGGAAACGCATTGAGAAAAGGTAAATTTGAGGGATGGGCAGCAGTAAGAGAAAGA 
AsnMetGLyAsnAlaLeuArgLysGlyLysPheGluGlyTrpAlaAlaValArgGluArg 

70. 80 90 100 11.0 120 

ATGAGAAGAACTAGAACTTTCCCTGAGTCTGAACCATGCGCACCTGGAGTAGGACAGATC 
MetArgArgThrArgThrPheProGluSerGluProCysAlaProGlyValGlyGlnile 

130 140 150 160 170 180 

TCCAGGGAATTAGCAGCTAGAGGAGGGATACCAAGTTCCCATACTCCTCAAAACAATGCA 
SerArgGluLeuAlaAlaArgGlyGlyileProSerSerHisThrProGlnAsnAsnAla 

190 200 210 220 230 240 

GCCCTTGCATTCCTAGAAAGTCACCAAGAGGAAGAAGTAGGTTTTCCAGTAGCACCTCAA 
AlaLeuAlaPheLeuGluSerHisGlnGluGluGluValGlyPheProValAlaProGln 

250 260 270 280 290 300 

GTGCCTCTAAGGCCAATGACCTATAAAGGAGCATTTGACCTCAGCTTCTTTTTAAAAGAA. 
ValProLeuArgProMetThrTyrLysGlyAlaPheAspLeuSerPhePheLeuLysGlu 

310 320 330 340 350 360 

AAGGGAGGACTGGAAGGGTTAATTTACTCCCATAAAAGAGCAGAAATCCTGGATCTTTGG 
LysGlyGlyLeuGluGlyLeuileTyrSerHisLysArgAlaGluileLeuAspLeuTrp 

GTGTATAA 
ValTyr 

(SEQ ID NO 4) 
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3. Coding sequences from the HIV-3 env gene 

10 20 30 40 50 60 
ATTCAAAGTGAAATGAAAGAACCTAAAAAAACTCCTTTAGCAATTTTCATTGGTTTAGGA 
IleGlnSerGluMetLysGluProLysLysThrProLeuAlailePheileGlyLeuGly 

70 80 90 100 110 120 
ATTACAACCTTAATTTACTTAATTATTGCTATTTCAATGTCACTTAATGGTGGATCATTC 
IleThrThrLeuileTyrLeuileileAlaIIeSerMetSerLeuAsnGlyGlySerPhe 

130 J40 150 160 170 180 
TTTGGCTTCAAAGATTACATGAGTAGTTTATTCAAAAATGAAAAAGCTGGACGAATTGTT 
PheGlyPheLysAspTyrMetSerSerLeuPheLysAsnGluLysAlaGlyArgileVal 

190 200 210 220 230 240 
TTTGGTTTAATTAACATTTGTATTTCAATTGGTGTTCTAGGTATTATTAACGGTTTCTCA 
PheGlyLeuileAsnileCysileSerileGlyValLeuGlyileileAsnGlyPheSer 

ATG 
Met 

(SEQ ID NO 6) 

DISCUSSION 

We have isolated a novel human immunodeficiency-associated retrovirus from a 

Cameroonian woman (ANT 70) and her partner (ANT 70 NA). At the time the original virus 

isolation was performed, the woman was o~y slightly seropositive, gave ambiguous results 

in the western blot test and was clinically asymptomatic. Since that time, the woman has 

begun to develop some of the symptoms of AIDS-related complex (ARC). In contrast, her 
,• 

partner, from whom we were also able to isolate a. virus with the same characteristics as the 

original isolate, was suffering from lymphadenopathy and has since ~eveloped other 

symptoms characteristic of AIDS. This novel isolate may therefore be considered to be a 

human immunodeficiency virus. The fact that this same virus could be isolated from sexual 

partners also suggests a mode of transmission which is similar to that of human retroviruses. 

This is the replacement sheet 

Date: 030Cl~ 



----···---.! 

46 

The virus was first recognized as being different from HJV..:.I on the basis of its 

a leered ability to be captured in a differential antigen capturing assay. This has proven to be 

a highly reliable test which is able to distinguish between HIV-1 and non-HIV-1. strains. That 

this isolate is not HIV-1 is borne out at the protein level by 1.) the differing molecular 

weights of the viral proteins, 2.) a different pattern of crossreactivity with anti- HIV-1 

antiserum than HIV-1, 3.) a drastically reduced ability to be recognized by mouse monoclonal 

antibodies raised against HIV-1 p24 .and p 17 core proteins, 4.) preferential recognition of 

ANT 70 proteins over HIV-I proteins by antisera from the virus carrier, and 5.) patterns of 

partial cleavage of four of the most highly ·conserved viral proteins which do not match the 

patterns obtained when HIV-1 proteins are subjected to the same treatment. Nevertheless, 

sera from the two individuals infected with this virus recognize the HIV-I gp41 envelope 

protein. By the same criteria listed above, .it is also clear that ANT 70 is not HIV-2. Indeed, 

the antigenic differences between ANT 70 and HIV-I are smaller than those between HIV-2 

and HIV-I. This is particularly evident from the results presented in Figures 8 and 10. 

Additional compelling evidence that ANT 70 is a unique virus different from HIV-I 

and HIV-2 comes from the partial peptide maps. We have shown that there are significant 

differences in the .most highly conserved vi'ral proteins. The two HIV-2 isolates ·which were 

used for comparison gave essentially identical cleavage patterns except in the case of CNBr 

cleavage of the pl 7 core protein. It .should be noted, however, that the pl 7 core protein 

exhibits more variability than the p24 protein, at least in HIV-I strains .(34). Whether or not 

this also holds true for HIV-2 awaits sequence determination on more strains than have been 

analyze.ct to date. 

In light of the fact that ANT 70 is antigenically more closely related to HIV-I than 

is HIV-2, as evidenced by a higher degree of crossreactivity which extends even to the gp41 

envelope protein, it was essential to .establish that ANT 70 was more than simply a genetic 

variant of HIV-I. This was possible by investigating the locations of some of the most highly 

conserved ·amino acids in a num~er of viral proteins which are least subject to. genetic 

varia~ion. That major differences were noted in the cleavage patterns indicates that HIV-I, 

HIV-2 and ANT 70 are three genetically distinct viruses. On the other hand, the same series 

of experiments also revealed similarities between the viruses which may indicate that all three 

arose from a common progenitor. 

The hybridization data also support the notion that ANT 70 is fundamentally different 
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from either HIV-1 and HIV-2. As long as the conditions under which the hybridization is 

performed are stringent, a distinction can easily be made between the three virus types. 
. f 

Analysis of the cJ!NA sequences revealed that the insert is derived from the 3' .end 

of rhe viral genome. An analysis of the homology between these sequences and the sequence 

of HIV-1 and HIV-2 reveal that ANT 70 is somewhat more closely related to HIV-1, 

particularly in the LTR sequences (approximately 70% homology). The differences are 

nevertheless of such magnitude as to mle out the possibility that ANT 70 is simply a genetic · 

variant of HIV-1. The ANT 70 3 'LTR also contains the signal sequences which are typical 

of retroviral LTRs. 

Sequences corresponding to the env gene of ANT 70 are found to be even less related 

to either HIV-1 or HIV-2 sequences. While it is true that retroviral env genes frequently 

exhibit genetic variability, the differences in sequence between variants is rarely more than 

10 % . The degree of homology between ANT 70, and HIV-1 and HIV-2 was found, 

however, to be less than 60 % . Such a difference in homology, together with the 

hybridizations results, indicates that ANT 70 belongs to a new class of human 

immunodeficiency retroviruses. 

The existence of a third type of human immunodeficiency virus has immediate 

epidemiological implications and consequences for blood bank testing. As has been shown, 

antibodies from people infected with this virus react preferentially with this virus, although 

· these antibodies also crossr~act with HIV-1 proteins. While it was possible to detect a 

positive reaction in enzyme immunoassays, immunofluorescence assays and Western Blot 

~ssays based in HIV-1 proteins, the fact that the positive signal was due to a crossreaction 

inevitably implies that the sensitivity of such tests will be less for antibodies produe~d in 

response to this virus. This was amply demonstrated by the enzyme immunoassay results 

(Figure 11). Furthermore, one criterion for seropositivity in the Western blot assay is the 

presence of detectable antibodies to both a gag and/or pill protein and one of the envelope 

proteins.. Since in the C?Se of the two individuals infected with ANT 70 and ANT 70 NA, 

respectively, crossreaction was observed to both HIV-1 p24 and the envelope proteins, the 

conclusion which is invariably drawn is that these individuals are infected with HIV-1 but for 

some reason fail to develop high titers. It is possible therefore, that this virus is more 

. widespread than is currently realized. From an epidemiological standpoint, it is essential to 

develop specific diagnostic tests for this virus in order to evaluate the limits of the 
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geographical area fn Africa in which the vims can be found. and to evaluate the extent to 

which this virus has been disseminated. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 
{A) NAME: Innogenetics N.V. 
(B) STREET: Industriepark Zwijnaarde 7 Bus 4 
(C) CITY: Gent 
(E) COUNTRY: Belgium 
(F) POSTAL CODE (ZIP): 9052 
{G) TELEPHONE: 00-32-09.241.07.11 
{H) TELEFAX: 00-32-09.241.07.99 

(ii) TITLE OF INVENTION: HIV-3 retrovirus strains and their use 

(iii) NUMBER OF SEQUENCES: 7 

(iv) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
(B) COMPUTER: IBM PC compatible 
{C) OPERATING SYSTEM: PC-DOS/MS-DOS 
{D) SOFTWARE: Patentin Release ¥.1.0, Version #1.25 (EPO) 

{vi) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: EP 88109200.1 
(B) FILING DATE:· 09-JUN-1988 

(2) INFORMATION FOR SEQ ID NO: 1: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 245 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(ix) FEATURE: 
(A) NAME/KEY: CDS 
(B) LOCATION: 3 .. 245 

(ix) FEATURE: 
{A) NAME/KEY: mat_peptide 
{B) LOCATION: 3 .. Z45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GA ATT CAA AGT GAA ATG AAA GAA CCT AAA AAA ACT CCT TTA GCA ATT 
Ile Gln Ser Glu Met Lys Glu Pro Lys Lys Thr Pro Leu Ala Ile 

1 5 10 •15 

TTC ATT GGT TTA GGA ATT ACA ACC TTA ATT TAC TTA. ATT ATT GCT ATT 
Phe. Ile Gly Leu Gly Ile Thr Thr Leu Ile Tyr Leu Ile Ile Ala Ile 

20 25 30 

TCA ATG TCA CTT AAT GGT GGA TCA TTC TTT GGC TTC AAA GAT TAC ATG 
Ser Met Ser Leu Asn Gly Gly Ser Phe Phe Gly Phe Lys Asp Tyr Met 

35 40 45 

47 

95 

143 
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AGT AGT TTA TTC AAA AAT GAA AAA GCT GGA CGA ATT GTT TTT GGT TTA 191 
Ser Ser Leu Phe Lys Asn Glu Lys Ala Gly Arg Ile Val Phe Gly Leu 

50 55 60 

ATT AAC ATT TGT ATT TCA ATT GGT GTT CTA GGT ATT ATT AAC GGT TTC 239 
Ile Asn Ile Cys Ile Ser Ile Gly Val Leu Gly Ile Ile Asn Gly Phe 

65 70 75 

TC:P. ATG 245 
Ser Met 

80 

( 2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHAR.~CTERISTICS: 
(A) LENGTH: 81 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ile Gln Ser Glu Met Lys Glu Pro'Lys Lvs Thr Pro Leu Ala Ile Phe 
1 5 io 15 

Ile Gly Leu Giy Ile Thr Thr Leu Ile Tyr Leu Ile Ile Ala Ile Ser 
20 25 30 

Met Ser Leu Asn Gly Gly Ser Phe Phe Gly Phe Lys Asp Tyr Met Ser 
35 40 45 

Ser Leu Phe Lys Asn Glu Lys Ala Gly Arg Ile Val Phe Gly Leu Ile 
50 55 60 

Asn Ile Cys Ile Ser Ile Gly Val Leu Gly Ile Ile Asn Gly Phe Ser 
65 70 75 80 

Met 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 360 base pairs 
(B) TYPE: nucleic acid 
(C) -STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CCCATGGATT TGAAGATACA CATAAAGAAA TACTGATGTG GAAGTTTGAT AGATCTCTAG 60 

GCA.~CACCCA TGTTGCTATG ATAACTCACC CAGAGCTCTT CCAGAAGGAC TA.~A.~ACTGC 120 

TGACCTGAAG ATTGCTGACA CTGTGGAACT TTCCAGCAAA GACTGCTGAC ACTGCGGGGA 180 

CTTTCCAGTG GGAGGGACAG GGGGCGGTTC GGGGAGTGGC TAACCCTCAG A.~GCTGCATA 240 
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TAAGCAGCCG CTTTCTGCTT GTACCGGGTC TCGGTTAGAG GACCAGGTCT GAGCCCGGGA 300 

GCTCCCTGGC CTCTAGCTGA ACCCGCTCGT TAACGCTCAA TAAAGCTTGC CTTGAGTGAG 360 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 368 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(ix) FEATURE: 
(A) NAME/KEY: CDS 
(B) LOCATION: 1 .. 368 

(ix) FEATURE: 
(A) NAME/KEY: mat_peptide 
(B) LOCATION: 1 .. ~66 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

AAC ATG GGA AAC GCA TTG AGA AAA GGT AAA TTT GAG GGA TGG GCA GCA 48 
Asn Met Gly Asn Ala Leu Arg Lys Gly Lys Phe Glu Gly Trp Ala Ala 

l 5 10 15 

GTA AGA.GAA AGA ATG AGA AGA ACT AGA ACT TTC CCT GAG TCT GA.~ CCA 96 
Val Arg Glu Arg Met Arg Arg Thr Arg Thr Phe Pro Glu Ser Glu Pro 

20 25 30 

TGC GCA CCT GGA GTA GGA CAG ATC TCC AGG GAA TTA GCA GCT AGA GGA 144 
Cys Ala Pro Gly Val Gly Gln Ile Ser Arg Glu L~u Ala Ala Arg Gly 

35 40 45 

GGG ATA CCA AGT TCC CAT ACT CCT CAA AAC AAT GCA GCC CTT GCA TTC 192 
Gly Ile Pro Ser Ser His Thr Pro Gln Asn Asn Ala Ala Leu Ala Phe 

50 55 60 

CTA GAA AGT CAC CAA GAG GAA GAA GTA GGT TTT CCA GTA GCA CCT CAA 240 
Leu Glu Ser His Gln Glu Glu Glu Val Gly Phe Pro Val Ala Pro Gln 

65 70 75 80 

GTG CCT CTA AGG CCA 11.TG ACC TAT AAA-GGA GCA TTT 
Val Pro Leu Arg Pro Met Thr Tyr Lys Gly Ala Phe 

85 90 

TTT TTA AAA GAA AAG GGA GGA CTG GAA GGG TTA ATT 
Phe i.;eu Lys Glu Lys Gly Gly Leu Glu Gly Leu Ile 

100 105 

AGA GCA GAA ATC CTG GAT CTT TGG GTG 
Arg Ala Glu Ile Leu Asp Leu Trp Val 

115 120 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

TAT AA 
Tyr 

GAC 
Asp 

TAC 
Tyr 

CTC AGC TTC 288 
Leu Ser Phe 

95 

TCC CAT AAA 336 
Ser His Lys 
110 

368 
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(A) LENGTH: 122 amino acids 
(B) TYPE: amino acid 
( D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Asn Met· Gly Asn Ala Leu Arg Lys Gly Lys Phe Glu Gly Trp Ala Ala 
1 5 10 15 

Val Arg Glu Arg Met Arg Arg Thr Arg Thr Phe Pro Glu Ser Glu Pro 
20 25 .30 

Cys Ala Pro Gly Val Gly Gln Ile Ser Arg Glu Leu Ala Ala Arg Gly 
35 40 45 

Gly Ile Pro Ser Ser His Thr Pro Gln Asn Asn .ll,la Ala Leu Ala Phe 
50 55 60 

Leu Glu Ser His Gln Glu Glu Glu Val Gly Phe Pro Val Ala Pro Gln 
65 70 75 80 

Val P.i;-o Leu Arg Pro Met Thr Tyr Lys Glv Ala Phe Asp Leu Ser ?he 
85 90 95 

?he Leu Lys Glu Lys Gly Gly Leu Glu Gly Leu Ile Tyr Ser His i.ys 
100 105 110 

Arg Ala Glu Ile Leu Asp Leu Trp Val Tyr 
115 120 

(2) .INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 243 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(ix) FEATURE: 
(A) NAME/KEY: CDS 
(B) LOCATION: 1.. 243 

(ix) FEATURE: 
(A) NAME/KEY: mat peptide 
(B) LOCATION: 1. .243 

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

ATT CA.~ AGT GAA ATG AAA GAA CCT AAA AAA ACT CCT TTA GCA ATT TTC 48 
Ile Gln Ser Glu Met Lys Glu Pro Lys Lys Thr Pro Leu Ala Ile Phe 

1 5 10 15 ..I. 

ATT GGT TTA GGA ATT ACA ACC TTA ATT TAC TTA ATT ATT GCT ATT TCA 96 
Ile Gly Leu Gly Ile ·Thr Thr Leu Ile Tyr Leu Ile Ile Ala Ile Ser 

20 25 30 

ATG TCA CTT AAT GGT GGA TCA TTC TTT GGC TTC AAA GAT TAC ATG AGT 144 
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Met Ser Leu Asn Gly Gly Ser Phe Phe Gly Phe Lys Asp Tyr Met Ser 
35 40 45 

AGT TTA. TTC AAA A.Z\T GA.I\ AAA GCT GGA CGA ATT GTT TTT GGT TTA ATT 192 
Ser Leu Phe Lys Asn Glu Lys Ala Gly Arg Ile Val Phe Gly Leu Ile 

50 55 60 

AAC ATT TGT ATT TCA ATT GGT GTT CTA GGT A'!''i' ATT AAC GGT TTC TC.!\ 240 
Asn Ile Cys Ile Ser Ile Gly Val Leu Gly Ile Ile Asn Gly Phe Ser 

65 70 75 80 

Jl.TG 243 
Met: 

(2) INFORM.Z\TION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 81 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: '. '. 

Ile Gln Ser Glu Met Lys Glu P.ro Lys Lvs Thr Pro Leu Ala Ile Phe 
l 5 io 15 

Ile Gly Leu Gly Ile Thr Thr Leu Ile Tyr Leu Ile Ile Ala Ile Ser 
20 25 30 

Met Ser Leu Asn G!y Gly Ser Phe Phe Gly Phe Lys Asp Tyr Met Ser 
35 40 45 

Ser Leu Phe Lys Asn Glu Lys Ala Gly Arg Ile Val Phe Gly Leu Ile 
50 55 60 

Asn Ile Cys Ile Ser Ile Gly Val Leu Gly Ile Ile. Asn G!y Phe Ser 
65 . 70 75 80 

Met 
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CLAIMS 

I. HIV-3 retrovirus strain comprising in its nucleic acid sequence a contiguous R region 

and an U3 region sequence showing a homology of more than 70% with the nucleic acid 

sequence .as represented in SEQ ID NO 3, and provided that said HIV-3 retrovirus strain has 

at least one nucleotide difference in its sequence compared to the HIV-3 (ANT 70) retrovirus 

strain deposited under ECACC N° V88060301. 

2. HIV-3 retrovirus strain a~cording to claim 1, further characterized in that said HIV-3 

strain has the essential morphological and immunological properties of the HIV-3 .(ANT 70) 

retrovirus deposited under ECACC N° V88060301, with said properties being summarized 

as follows : 

the virus exhibits a tropis for T4 lymphocytes; 

the virus is cytotoxic for the lymphocytes that is infects; 

the virus has a diameter of approximately 120 nm; 

the virus possesses a magnesium dependent reverse transcriptase activity; 

it can be cultivated in T4 receptor-bearing immortalized cell lines; 

lysates of the virus contain a· p25 protein wh~ch is immunologically distinct 

from the p19 protein of HTLV-1 and.the p24 proteins pf HIV-1 and HIV-2 as 

determined by Western blot analysis and partial CNBr-cleavage, respectively; 

· - lysates of the virus contain a gp120 protein which is immunologically distinct 

from the gpllO protein of HTLV-1, the gp120 of HIV-1 and the gp120 of 

HIV-2 as determined by Western blot analysis; 

the lysate of the virus contains in addition a gp41 glycoprotein with a 

molecular weight of 40,000 - 45,000; 

the genomic RNA of HIV-3 hybridizes neither with the. sequences of HIV-1 

nor with the sequences of HIV-2 under stringent hybridization conditions; 

lysates of the virus contain a p16 protein which differs ~rem the p17 of HIV-1 

and from HIV-2 as determined by partial CNBr-cleavage; 

lysates of the virus contain a p12 protein which differs from the p12 proteins 
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of HIV-1 and HIV-2 as determined by Western blot analysis; 

lysates of the virus contain a p31 ~ndonuclease which differs from the p31 

endonucleases from HIV-1 and HIV-2 as determined by partial CNBr-

clea~age; 

lysates of the virus contain reverse transcriptase proteins which are lower in 

molecular weight than those from HIV-1 and HIV-2 as determined by Western 

blot analysis; 

3. An HIV-3 retrovirus strain of any of claims 1 or 2, characterized in that its RNA 

virtually hybridizes neither with the Env gene and the LTR close to it, in particular not with 

the nucleotide sequence 8352-9538 of HIV-1, nor with the sequences of the .EQl 

region of the HIV-1 genome under stringent conditions. 

4. An HIV-3 retrovirus straiJ?- of any of claims 1 to 3, characterized in that said strain 

termed ANT 70 NA is isolated from the partner of the woman from whom the strain ANT 

70 deposited under ECACC N° V88060301 was isolated. 

5. A composition comprising a total extract or lysate of the HIV-3 retrovirus strain of 

any of claims 1 to 4. 

6. The composition of claim 5 further comprising a lysate of HIV-1, HIV-2, or a mixture 

of both. 

7. A composition comprising at least one antigen of an HIV-3 retrovirus strain as defined 

in claim 2. 

8. The composition of any of claims 5 to 7 further comprising proteins derived from 

HIV-1 and/or HIV-2. 

9. The composition of any of claims 7 or 8, characterized in that it contains at least one 

of the internal core proteins of said HIV-3 retrovirus strain, in particular pl2, p16 or p26 

proteins having apparent molecular weights in the order of 12.000, 16.000 and 26.000 
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res.pectively . 

. 10. The composition of any of claims 7 or 8, characterized in that it contains at least one 

of the envelope proteins of said HIV-3 retrovhus strain, in particular gp4i or gp120 proteins 

having apparent molecular weights in the order of 40-45.000 and 120.000 respectively. 

11. A purified antigen having the immunological characteristics of one of the HIV-3 strain 

retroviral proteins as defined in claim 2. 

12. The antigen of claim 11 obtained by subjecting said HIV-3 strain total protein extract 
~ . 

to preparative electrophoresis or to affinity chromatography and isolating the p12 protein in 

a manner known per se. 

13. The antigen of claim 11 obtained by s_ubjecting said HIV-3 s~rain total protein extract 

to preparative electrophoresis or to affinity chromatography and isolating the p16 protein in 

a manner known per se. 

. . 
14. The antigen of claim 11 obtained by subjecting said HIV-3· strain total protein extract 

to preparative electrophoresis or to affinity chromatography and isolating the p26 protein in 

a manner known per se. 

15. The antigen of claim 11 obtained by subjecting said HIV-3 st~ain total protein extract 

to preparative electrophoresis or to affinity chromatography and isolating the gp41 protein 

in a manner known per se. 

16. The antigen of claim 11 ob~ined by subjecting said HIV-3 strain total protein extract 

to preparative electrophoresis or to affinity chromatography and isolating the gp120 protein 

in a manner known per se. 

17. A polypeptide or peptide which is part of any of the antigens of claims 11 to 16, and 

which is characterized by the fact that it comprises an epitope which is preferentially 

recognized by serum of a patient carrying anti-HIV-3 antibodies as detected by means of 
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Western blotting or radioimmunoprecipitation. 

18. A method for the detection of antibodies against an HIV-3 retrovirus strain of any of 

claims 1 to 4 in a biological liquid, such as serum or spinal fluid. in particular for the 

diagnosis of a potential or existing ARC or AIDS caused by said HIV-3 retrovirus strain, 

characterized by contacting body fluid of a person to be diagnosed with a composition of any 

·of claims 5 to t 0 or with an antigen of any claims 11 to 17, and detecting the immunological 

conjugate formed between said anti-HIV-3 strain antibodies and the antigen(s) used. 

19. A kit for the detection of antibodies against an HIV-3 retrovirus strain of any of 

claims 1 to 4 in. a biological fluid, comprising : 

a composition as defined in any of claims 5 to 10 or an antigen as defined in 

any of claims 11 to 17, and 

a means for detecting the immunological complex formed. 

20. · An immunogenic composition containing an envelope glycoprotein of an HIV-3 strain 

of any of claims 1 to 4, in particular an antigen according to any of claims 15 to 17, in 

combination with a pharmaceutically acceptable vehicle suitable for the constitution of 

vaccines effective against HIV-3. 

21. . Monoclonal antibodies characterized by their ability to specifically recognize one of 

the antigens as defined in any of claims 11 to 17, in particular monoclonal antibodies 

specifically raised against said antigens. 

22. The hybridornas secreting the rno~oclonal antibodies of claim 21. 

23. Nucleic acids, optionally labeled, comprising the sequence corresponding to the entire 

RN A genome derived from an .HIV-3 retrovirus strains of any of claims 1 to 4. 

24. Nucleic acids characterized by nucleotide sequences coding for any of the antigens or 

epitopes as defined in claims. 11 to 17: 
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25. Recombinant nucleic acid comprising a nucleic acid from a vector having any of the 

nucleic acids of claim 24 inserted therein. 

26. A process for the detection of an HIV-3 retrovirus strain.of.any of claims 1 to 4 or 

of its RNA in a biological liquid or tissue, characterized by contacting nucleic acids contained 

in said biological liquid or tissue with a probe containing a nucleic acid according to any of 

claims 23 or 24, or containing a part of any of said nucleic acids which does not hybridize 

to HIV-1 or HIV-2 strains under stringent hybridization conditions, washing the hybrid 

formed with a solution preserving said stringent conditions, and detecting the hybrid formed. 

27. A process for the production of an HIV-3 retrovirus strain of any of claims 1 to 4 

characterized by culturing human T4 lymphocytes, or permanent cell lines derived therefrom 

carrying the T4 phenotype, with lymphocytes or cell .lines that have previously been infected 

with said HIV-3 retrovirus strain, as well as recovering and purifying the retrovirus from the 

culture medium. 

28. A process for the production of the proteins or glycoproteins of any of claims 1 ~ to 

17 or of a part thereof, characterized by inserting the corresponding nucleic acid sequence 

according to claim 24 in an expression vector, transforming a host with said vector, culturing 

the transformed host as well as recovering and purifying the expressed recombinant protein. 

29. A method for detecting antigen of an HIV-3 strain of any of claim 1 to 4, 

:haracterized by coating a surface with an ~unoglobulin fraction raised against said HIV-3 

· ;train, bringing a body or culture fluid to be analyzed into contaCt with the immunoglobulins, 

md detecting the complex formed between the immunoglobulins and the antigen. 
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ABSTRACT 

HIV-3 RETROVIRUS STRAINS AND THEIR USE 

Described are new HIV-3 retrovirus strains comprising in their nucleic .acid sequence a 

contiguous R region and an U3 region sequence showing a homology of more than 70% with 

the nucleic acid sequence as represented in SEQ ID NO 3, and provided that said HIV-3 

retrovirus strains have at -least one nucleotide difference in their sequence compared to the 

HIV-3 (ANT 70) retrovirus strain deposited.under ECACC N ° V88060301. Further described 

are antigens obtained from the virus, particll:Iarly proteins pl2, pl6, p25 and glycoproteins 

gp41 and gpl20 to be used in the diagnosis of ARC or AIDS caused by HIV-3. Iminunogenic 

compositions to be used as vaccines contain an envelope glycoprotein of HIV-3 such as gp41 

or gp120. 
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