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The invention relates to a new class of 
viruses having the capacity to cause lymphadenopathies, 
which are then capable of beinq replaced by acquired 
immune deficiency syndrome (AIDS) in man. The invention 

10 also relates to antigens capable of being recoqnized by 
antibodies induced in man by this new class of virus. It 

'--'. also relates to the antibodies induced by antigens 
obtained from these viruses. 

This invention rela~es, furthermore, to cloned 
15 DNA sequences possessing sequence analogy or complemen-

• tarity with the qeno~ic RNA of· .the abovementioned virus. 
It also relates to the methods for preparing these clo­
ned DNA sequences. 

The invention also relates. to polypeptides 
20 containinq amino acid sequences encoded by the cloned 

DNA sequences. 

25 

30 

In addition, the invention.relates to appli­
cations of these antigens to the in vitro diagnosis in 
man of potentials for certain forms of AIDS and, in 
respect of some of these antigens, to the production of 
immunogenic compositions and vaccinating compositions 
against this retrovirus. The invention likewised relates 
to the applications of the abovementioned antibodies for 
the same purposes and, for some of them, to their appli­
cation to the production of acitve principles of drugs 
against these forms of human AIDS .. 

Finally, the invention relates to the applica­
tion of the cloned DNA sequences, 

as probes in diagnostic 
35 kits. 
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The isolation and characterization of a first 
retrovirus, known as LAV, whose responsibility in the 

developement of AIDS had beeri recoqnized1 formed the 
subject of a description in a paper by F. BARRE-SINOUSSI 

s. et al. already in 1983 (Science, vol. 220, N• 45-99, 20, 
p. 868-871). Application of some extracts of this virus, 
and more especially of some of its proteins, ·to the dia­

qnosis of the· presence of antibodies against the virus 
was described more especially in European Patent Appli-

10 cation n• 138.667. Since then, other similar strains and 
\.._,.. some variants of LAV have been isolated. Examples which 

may be recalled are those known by the names·HTLV-III 
and ARV. 

f. ,. 

1tCv 
:,. \.._.,.· 

To apply th~ new rules of nomenclature pu-

15 blished in Nature in May 1986, the retroviruses capable 
of inducing i~ man the abovementioned lyaphadenopathies 
and AIDS will be given the overall desiqnation •aiv•, an 
abbreviation of the term •auman Immunodeficiency Virus•. 
The subgroup of retroviruses formed by LAV and its va-

20 

25 

30 

riants was initially designated by the terms ··LAV type 
I 

I• or •tAV-I•. The latter subqrotip will be desiqnated 
hereinafter HIV-1, it being understood that the term LAV 
will still be retained to denote that strain, among the 
strains of retrovirus (in particular LAAV, IDAV-1 and 
IDAV-2) belonqinq to the HIV-1 virus class which are 
described in the abovementioned European Patent Appli­
cation 138,667, which was used in the comparative ex­

peri~ents described later, namely LAV8RU, which was 
depos1ted with the Collection ·Nationale des Cultures de 
Micro-organismes (CNCM) (National C~llection of Micro­
organism Cultures) of the Institut Pasteur de Paris, 
France, ·on 15th July 1983 und·er n• I-232. 

The new retrov~rus which forms the subj'ect of 
the present patent and the virus strains which are rela-

3.5 ted to it and which are, like. it, capable of multiplying 
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in human lymphocytes, formerly known as. •LAV type II• 
or •LAV-II•, are henceforward known as •Hiv-2•, it beinq 
understood that the desiqnations of certain HIV-2 
isolates described later will ·be followed by three 

s letters which refer to the patients fro• whom they were 
isolated. 

The .•ff1v-2• qroup can be defined as a group of 
viruses havinq in vitro a tropism for human T4 lympho­
cytes, and which have a cytopathoqenic effect with res-

10 pect to these lymphocytes when they multiply therein, 
and then either cause qeneralized and persistent 
polyadenopathies or one of the forms of AIDS. The HIV-2 
retroviruses have proved to be different from the HIV-1 
type viruses under the conditions mentioned later. Like 

15 these latter viruses, they are different from the other 
human retroviruses which are already known (HTLV-I and 
HTLV-II). 

Although there is fairly wide genetic varia­
bility in the virus, the different BIV-1 strains iso-

20 lated to date from American, European, Haitian and 
African patients have antigenic sites in common conser­
ved on their principal proteins, i.e. core protein p25, 
envelope qlycoprotein gp110 and transmembrane protein 
gp41-43. This relationship makes it possible, for 

25 .example, for the prototype LAV strain to be used as a 
strain of antigens for detectinq antibodies against all 
HIV-1 class viruses, in all people who carry them, re­
gardl~ss of their origin. This strain is hence current~y 
used for detecting an~i-HIV-1 antibodies in blood donors 

30 and patients, in particular by immunofluorescence and in 
particular by the technique known as ELISA, ·~estern 

Blot" (or immuno-imprinting) and •RIPA•, an abbreviation 
for Radioimmunoprecipitation Assay. 

However, in a seroloqical study peformed with 
35 an HIV-1 lysate on patients who oriqinated from West 
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gative 

showed 

ti en ts 
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it was observed that some of them qave serone­
or very weakly positive reactions, whereas they 

clinical and immunological-signs of AIDS. 
The cultured ·lymphocytes of one of these pa­

were the source of a first.HIV-2 retrovirus iso-
lated, whose structure in electron microscopy and whose 
proteine profile in sos gel electrophoresis show a re­
semblance to those of HIV-1. However, this new retro­
virus HIV-2 possesses overall only a slight relationship 

10 to HIV-1, from the standpoint both of the antigenic ho­
mology of its proteins and of the homology of its gene­
tic material. 

15 

20 

This new retrovirus, or retroviruses havinq 
equi val.ent antigenic and immunological properties, can 
hence constitute sources of antiqens for the diaqnosis 
of infection by this virus and.~he variants which.induce 
an AIDS form of· the type which had been observed in the 
initial instances in African patients or in people who 
had spent time in Africa. 

Typically, this vi~us was isolated from the 
blood, <;lrawn ·Jn the presence of hepar.in, from a 28-year­
old heterosexual patient who had never· been transfused 
and who was not a druq addict~ Since 1983, he_,had had 
substantial chronic diar.rhoea, and substantial weiqht 

25 loss (17 kg) with intermittent fever. More recently, he 
had had Candida and Serratia infections, includinq an 
oesophageal candidias.is typical of AIDS. 

This patient also had anaemia, cutaneous aner­
gy, Lymp.hopenia and a T4 lymphocyte/TS lymphocyte ratio 
of 0.15, with a T4 lymphocyte level of less than 100 per 
mm 3 of serum_w. His lymphocytes in culture did not respond 
to stimulation with phytohaemaqqlutinin and concanaval 
in A. This patient was also diagnosed as suffering from 
recurrent bacteriaemia due to ~. enteriditis, cryptospo-

35 ridioses, infections due to Isospora belli and cerebral 
toxoplasmoses. 
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This combination of siqns was evidence of 

•complex symptoms.linked with Aios• or •ARC" (abbrevia­
tion for •AIDS-Related Complex•), of the type caused by 
HIV-1 virus. These various observations were also in 

s conformity with the criteria applied by the Center of 
Disease Control (CDC) of Atlanta, USA. 
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The cul turinq · o·f the lymphocytes from these 
patients and the isolation of the retrovirus were per­
formed accordinq to the technique already described for 
the isolation of HIV-1 in the paper by BARRE-SINOUSSI et 
al. and European Patent Application n• 84/401.834 -
0.138.667. They are recalled briefly below. Lymphocytes 
stimulated for 3 days with phytohaemagqlutinin (PHA) 

were cultured in RPMI 1640 culture medium to· which 1-0\ 
of foetal calf serum and 10- 5 M ~-mecaptoethanol, in-
terleukin-2 and anti-(human 
added. 

interferon a) • serum are 

The production of virus was followed by its 
reverse transcriptase activity. In the culture super­
natant, the peak viral activity appeared at between day 
14 and day 22, and then decreased. The.~ecline and· death 
of the cell .culture. followed. As with HIV-1, sections of 
lymphocytes infected with HIV-2 showed, in electron mi-
croscopy, 
particles 
The cell 

virions which had reached maturity, and viral 
budding at the surface of the infected cells. 

lines used for producing the cultures of these 
isolated viruses can be, depending on the case, cell 
lines of the HUT, CEM or MOLT type, or any immortalized 
lymphocyt~ Line bearinq T4 recep-tors. 

The virus was then propagated in cultures of 
lymphocytes from blood donors, and then .in continuous 
lines of leukaemic ori.qin, such .as HUT 78. It was then 
characterized by its antigens and its nucleic acid a·s 
being substantially different· from HIV-1. The virus was 
purified as described in the prior documents already 
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A fir•t: i•olat:e of thi• viru• vaa deposited 
CNCll on 19th December 1985 under n• I-502. It 

was subsequently desi9nated by the naae LAV-II MIR. A 
second isolate was deposited with tbe CNCll on 21st 
February 1986 under n• I- 532 •. This second isolate.has 
the reference name LAV-II ROD. .These isolates will 
sometimes be referred to later simply as MIR or ROD. 

In a qeneral manner, the invention relates to 
any variant of the above viruses, _or any equivalent vi-

10 rus (for example, such as HIV-2-IRMO and HIV-2-EBO, de­
posited with the CNCM on 19th December 1986 under n•s 
I-642 and I-643, .respectively), containin9 structural 
proteins which have the same iJDJDunoloqical propeties as 
those of the HIV-2 viruses deposited with the CNCM under 

• 15 n•s I-502 or .. I-532. The definitions of criteria of equi-

20 

25 

30 

valence will.be returned to later. 

In ~th~r words, the inv~ntion concerns a new 

human HtV-2 retrovirus, ~aving the ability of inf~cting 
. . 

the ·human~T4 iymphocytes and having the capacity to cause 

AIDS in human, this retrovirus being constituted of one 

of the retroviruses deposited with the CNCM under 

n • s 
n•s 

and 

1·502' 
87 01 

87 01 

I-5.32, l-642 and t..643 and with the ECACC under 

1001 and with the ECACC under n•s 87 01 1001 

1002 (respectively corresponding to n•s 1~02 

and 1"532) or a variant of one of these retroviruses 

co~ptlsing ~11 ·of the antigens which are recoJnized by 

the -antibodies formed against the corresponding antigens 

of anyone of these retroviruses which have been deposited 

with the CRCM or the ECACC. 

r . 

{--



.. 

·-0 
7 

The invention· also relates to a aetbocl for 
producin9 the HIV-2 virus or variants of the latter in 
permanent cell lines derived froa T4 lymphocytes, or 
lyaphocytes bearing the T4· phenotype, this method con-

s sisting in culturing these lines which have been in­
fected beforehand with HIV-2 virus and, in particular 
when. the level of reverse transcriptase activity has 
reached a specified threshold~ in recovering the amounts 
of virus released into the culture medium. 

10 A preferred permanent line for the purpose of 
c~lturinq . HIV-2 is, for example, of the HUT 78 cell 
type. An HUT ·79 line infected with HIV-2 was deposited 
on 6th February 1986 with the•CNCM under .n· I-519. Cul­
turing is, for example, carried out as follows : 

15 The HUT 78 cells (106 /ml) ·are co-cultured with 

20 

infected normal human lymphocyte (10 6/ml). The culture 
medium is RPMI 1646 with 10\ foetal calf serum. After 15 

to 21 days,··, a cytopathoqenic effect is observed in the 
HUT 78 cells. The reverse transcriptase is assayed one 
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week after this observation, in the culture supernatant. 

It is then possible to beqin to recover the virus from 

this supernatant. 

Another preferred line for culturing belonqs 

to the line·s known under the desiqnation CEM. 

The infection and then the culturinq of the 

infected CEM cells can be carried out, in particular, as 

follows. 

T4 lymphocytes infected beforehand with HIV-2 

virus and uninfected cells of the CEM line are co-cultu­

red for the time required for infection of the CEM. The 

culture conditions are then, moreover, continued in a 

suitable medium, for example that described below, ·and 

when the reverse transcriptase activity of the infected 

cells has reached a sufficient level the virus produced 

is recovered from the culture Fedium. 

In pa·rticular, co-culturinq was carried out, 

under the ·conditions specified below, of human T4 lym­

phocytes which had been infected five days beforehand 

with a strain of HIV-2 virus oriqinatinq from a patient 

hereinafter \desic;J'nated "ROD", on the one hand, and CEM, 

on the other hand. 
The infected T4 lymphocytes, activated before­

hand with phytohaemaqqlutinin, proved to possess a re­
verse transcriptase activity of .5.000 cpm/106 normal T 

lymphocytes three days after the beqinninq of the in­

fection. Culturing was continued until the measured 

reverse transcriptase activity reached 100.000 cpm in 
the su_pernatant. These T4 lymphocytes were then placed 

in contact with CEM cells (3 x 10 6 infected normal T 

lymphocytes) and reincubated in the followin~ culture 

medium : RPMI 1640 containing 2 .. 92 mg/ml of L-qlutamine, 

10\ of decomplemented· foetal calf serum, 2.Jlq/ml of 
Polybrene, 0.05\ of anti-interferon-alpha serum, 100.000 

35 ..)19/ml of penicillin, 10.)19/ml of streptomycin and 10.000 

.)19/ml of neomycin. 
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The culture medium is chanqed twice weekly. 
The measurements of reverse transcriptase 

activity measured in the supernatant were.as follows : 
on day O : 1.000 (backqround) 

5 on day 15 20~000 

10 

on day 21 200.000 

on day 35 1. 000 .000 
A CEM culture infected with HIV-2 virus was 

deposited with the Collection Nationale de Cultures de 
Micro-organismes (CNCM) of the Institut Pasteur under n· 

I-537 on 24th March 1986. 
A few characteristics of the antigens a_nd nu­

cleic acids involved in the structure of HIV-2 emerqe 
from the experiments carried out under the conditions 

15 described below. They ~ill, in many cases, . be better 
assessed by comparison with the same type of characte-

. . 
ristics relatin~ to other types of retrovirus, in parti-

cular HIV-1 and SIV. 
In. that which follows, reference will be made 

20 to the drawinqs, in which 
Figures· 1a, 1b and 1c relate to crossed immu­

no-precipitation experiments between sera, respectively, 

of patients affected with HIV-1 and HIV-2, and of rhesus 
monkeys infected with STLV-III, on the one hand, and vi-

25 ral extracts of HIV-1, on the other hand ; 
Fiqures 2a and 2b show comparative results for 

the electrophoretic mobilities of .the protei~s of HIV-1, 
HIV-2 and STLV-III respectively, in SDS-polyacrylamide 
gels 

30 Figure 3 shows the results of crossed hybridi-

35 

zation between qenomic sequences of HIV-1, HIV-2 and 
•' 

STLV-III on the one hand, and probes containing diffe-
rent subqenomic sequences of the HIV-1 virus, on the 
other hand ; 
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Fiqure 4 is a restriction map of the cONA de­
rived from the RNA of HIV~2 ROD ; 

Fiqure 5 . is a r.estriction map of an E2 fraq­
ment of the.cDNA derived from HIV~2, this fraqment co~~ 
taininq a reqion corresponding to the J' LTR.region of 
HIV-2 ; ' 

Fiqure 6 is a nucleotide sequence of a portion 
of E2,_ this sequence corresponding to the 03/R reqion of 
HIV-2 

. ' 

Fiqure 7 shows 
- on the one hand, and schematically, structu­

ral elements of HIV-1 (Figure 7A) and, aliqned with a 
reqion containinq the HIV~1 3' LTR, the sequence derived 

. ' . 

from the E2 region of the HIV-2 cDNA, and 
on the other hand, the common nucle.otides 

.present, respectively, in the. sequence derived from the 
E2 region of HIV-2 and in the corresponding sequence of 
HIV-1, placed in alignment at the cost of a number of 
deletions and insertions (fig. 7B); 

Figure 8 shows schematically the structures of 
several clones of a· phage A modified by several inserts 
originating from the cDNA derived from HIV-2 (clones 
ROD4, ROD27 and ROD35) sequences derived, in their 
turn, from ROD4, ROD27 and ROD35, subcloned in a plasmid 
pUC18, have also been shown schematically in this figu­
re, these latter sequences being placed to correspond 
with the regions of ROD4, ROD27 and RODJS from which 
they respectively o~iginate 

Figure 9 shows the relative intensities of 
hybridization petween 

a/ eleven fragments removed from different re­
gions of the complete HIV-1. qeriome (the fraqments being 
shown schema~ically at the bottom of the figure), on the 
one hand, and the HIV-2 cDNA, present in ROD4, on the 
other hand, and 
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b/ fraqments . oriqinatinq from BIV-2 with the 

same cDNA. 
Generelly, the HIV-2 antiqens used in the com­

parative tests,- the description of which follows, ori­

qinate from the Hiv-...:2 MIR strain deposited with the CNCM 

under n· I-502, and the DNA sequences derived from the 

qenomic DNA of HIV-2 oriqinate from the strain HIV-2 ROD 

deposited with the CNCM under n• I-352. 

I - ANTIGENS. IN PARTICULAR PROTEINS AND 

'GLYCOPROTEINS 

The virus initially cultured in HUT 78 was la­

belled metabolically with [ 35 S]cysteine and (3 5s]methio­

nine, the infected cells beinq incubated in the presence 

of these radioactive amino acids in culture medium de­

void of the correspondinq unlabelled amino acid, for a 

period of 14 to 16 hours, especially·accordinq to the 

technique described in the paper desiqnated as reference 

(21) in the biblioqraphy presented at the end of the 

description, as reqards the labellinq with [ 35 s]cystei­

ne. The supernatant is then clarified and the virus then 

ultracentrif-uged for one hour at 100.000 q on a cushion 

of 20\ sucrose. The principal antigens of the virus se­

parated by electrophoresis in a polyacrylamide gel 

(12.5\) under denaturinq conditions (SDS), or in a qel 

composed of poly-acrylamide (10') + bisacrylamide 

(0.13\) with sos (0.1\ final concentration). The follo­

wing coloured markers are used as molecular weiqht refe­

rences : 
myosin 

phosphorylase B 

BSA : 

ovalbumin 
a.-chymotryps._i n, 
~-lactoglobulin 

lysozyme 

200 kd 

97.4 kd 

68 kd 
·43 kd 

25.7 kd 
18.4 kd 

14. 3 kd 
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Other · molecular weiqht markers were used in 

other experiments. This appli~s, in particular, to Fi­
qures 1a, 1b and 1c, which.refer to other known mole­
cular weight· markers ·(under the ·letter M in these fi-
gures). The antigens are st1ll·more readily distinqui­

shed after immuno-precipitation (RIPA) or by immuno­

imprintinq (Western blot), using the antibodies present 
in the· patient•s serum their apparent molecular 
weiqhts, determined· by their apparent aiqrations, are 

10 very close to· those of the HIV-1 antiqens. 
It is qenerally specified that, in the text 

which follows, the numbers which follow the designations 
•p• and/or "qp• correspond to·the ·approximate molecular 

weiqhts of the correspondinq proteins and/or glycopro-
15 teins, divided by 1000. For example, p36 has a molecular 

weight of the ·order of 36 . .000. It is, however, under­

stood that these molecular weight values can vary within 
a range which can reach 5\, 10\ or even more, depending 
on the techniques used for the determination of these 

20 molecular weights. 
Repetition of the experiments enabled the ap­

parent· molecular weights of the HIV-2 antigens to be 
deter•ined more accurately. Thus, it was found that the 
molecular weights of the three core proteins, which had 

25 initially been assigned molecular weights of the order 
of 13.000, 18.000 and 25.000, respectively, in fact had 
apparent molecular weights closer to the following va-

30 

lues 12.000, 16.000 and 26_.000, respectively. These 
proteins are hereinafter desiqnated by the abbreviations 
p12, p16 and p26. 

The same considerations apply to the existence 
of protein or glycoprotein bands whose apparent molecu­
lar weights· were assessed at values which could.range 
from 32. 000 to 42. 000-45·. 000. Repetition of the measu-

35 rements finally enabled a band correspondinq to an 

·.-
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apparent molecular weiqht of 36.000 to be precisely de­
fined. In the text.which follows, this band is desiqna­
ted by the abbreviation p36. Another band at 42.000-
45.000 (p42) is consistently observed also. One or other 

5 of p36 or p42 probably co.nstitutes a trans111embrane qly­
coprotein of the virus. 

10 
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25 
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A major envelope. qlycoprotein havinq a mole­
cular weiqht of the order of 130-140 kd is consistently 
observed this qlycoprotein is designated hereinafter 
by the term qp140. 

It is appropriate to note that, in general, 
the molecular weiqhts are assessed with an accuracy of 
± 5\, 

little 
this accuracy even beinq capable of becominq a 
lower for antiqens of hiqh molecular weiqht, as 

was 
. . + 

for qp140 '(molecular weiqht of 140 (Kd-10%) found 

This qroup of antigens (when they are labelled with 
35 . 

[ S]cysteine 
• 

is only faintly recoqnized, if at all, by 
sera of patients containinq anti-HIV-1 antibodies in the 
detection systems used in the laboratory or by the use 
of tests employing HIV-1. lysates, such as those marketed 
by DIAGNOSTICS PASTEUR under the name .ELAVIA". Only the 
p26 protein was weakly immunoprecipitated by such sera. 
The envelope protein was not precipitated. The serum of 
the patient infected with the new virus (HIV-2) faintly 
recognizes a p34 protein of HIV-1. In the detection sys­
tem used, the other HIV-1 proteins were not recoqnized. 

In contrast, HIV-2 possesses some proteins 
which show some immunological relationship with compara­
ble structural proteins or glycopr~teins, separated un­
der similar conditions from a retrovirus recently iso­
lated from captive macaques of the rhesus species, whe­
reas this immunoloqica.l rel.ationship tends to become 
obliterated for other proteins or qlycoproteins. This 
latter retrovirus, which ·is presumed to be the aetiolo­
gical agent of AIDS in monkeys, was designated by the 
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investigators who isolated it (bibliographic re·ferences 

(16-18) below] by the name •sTLV-III •. For convenien-. mac 
c.e of reference, it will be designated in the text which . 

follows simply by the term •sTLV-III• (or alternatively 

by the term SIV, an abbreviation for •simian Immunodefi­

ciency Virus•). 

Another 

or SIV AGM), has 

retrovirus, designated •sTLV-IIIA<JI• 

been isolated in wild qreen monkeys. 
However, in contrast to the virus present in rhesus macaque 

10 monkeys, the presence of •sTLV-IIIA<J4 does not appear 
to induce an AIDS-type disease in African qreen monkeys. 

Nevertheless, the immunological relationship 

of the structural proteins and glycoproteins of HIV-2 on 

the one hand and the STLV-IIImac and STLV-IIIAQC retro-

15 viruses on the other hand, and consequently the rela­
tionship of their nucleic acid sequences, remains li-

• 
mited. Experiments have enabled a first distinction to 

be established between the retroviruses capable of in­

fecting man or monkeys ; the following emerges ; 

20 The HIV-2 virus does not multiply in chronic 
fashion in ·~he lymphocytes of rhesus monkeys when it has 

been injected in vivo and under working conditions which 

permit the development of the STLV-III virus, as have · me 
been described by N. L. Letvin et al. , Science ( 1985), 

25 vol. 230, 71-75. 
This apparent inability of HIV-2 to develop in 

monkeys under natural conditions enables the HIV-2 vi­

rus, on the one hand, and ~he STLV-III virus isolates, 
on the other hand, to be differentiated biologically. 

30 Employing the same techniques as those recor-

ded above, it was found that it was also possible to 
obtain the following from STLV-III : 

a principal p27 core protein, having a· mole­
cular weight of the order·of 27 kilodaltons, 

35 a major envelope glycoprotein, qp140, 
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a p32 protein, probably transmembrane, which 
is not observed in RIPA when the virus has· been labelled 

beforehand· with c35 s]cysteine, but which can be observed 
in immuno-imprintinq experiments (Western blots) in the · 
form of broad bands. 

The major envelope qlycoprotein of HIV-2 has 
proved to be immunologically closer to the major enve­

lope glycoprotein of STLV-III than to the major envelope 

qlyco-protein of HIV-1~ 
These findings apply not only in respect of 

the molecular weights, 130-140 kilodaltons for the major 
glycoproteins of HIV-2 and· STLV-III compared with appro­

ximately 110 for the major envelope glycoprotein of HIV-

1, but also in.respect of the immunological properties, 
since sera drawn from patients infected with HIV-2, and 
more especially ·antibodies formed against the HIV-2 
gp140, recognize the STLV-III gp140 whereas, in compara­
ble. experiments, the same sera and the same antibodies 
to HIV-2 do not recognize the HIV-.1 qp110. However·, an­
ti- HIV-2 do not recognize the HIV-1 gp110. However, an­
ti-HIV-1 sera which have never reacted with the HIV-2 
gp140s precipitate.a [35s]cysteine-labelled 26kd protein 

present in extracts of HIV-2. 
The major ·core protein of HIV-2 appears to 

have an average molecular·weight (approximately 26.000) 
intermediate between that of the HIV-1 p25 and the p27 
of STLV-III. 

These observations are d~rived from experi­
ments carried out with viral extracts obtained from 
HIV-2 isolated from one of the abovementioned patients. 
Similar results have been obtained with viral extracts 
of HIV-2 isolated from the second patient. 

Cells infected, respectively, with HIV-1, 
HIV-2 and STLV-III were incubated in a medium contai·ning 
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200 p Ci/ml of c35s]cysteine in a medium free from unla-
.. 

belled cysteine for 16 hours. The clarified supernatants 
were centrifuqed at 60.000 q for 90 minutes. The pellets 
were lysed in an R~PA buffer (1), i11111unoprecipitated· 

5 · with dif.ferent sera and then subjected to electrophore­

sis on polyacrylamide gel charged with sodium dodecyl 
sulphate (SDS-PAGE). 

10 
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The results observed are illustr~ted by figu­
res 1a, 1b and 1c. 

Figure 1a shows the observed results of immu­
no-precipitation between a viral extract of HIV-1 obtai­
ned from a CEM C1.13 cell line and the following sera, 

respectively: 
anti-HIV-1-positive serum (band 1) I 

serum obtained from the first patient mentio-
ned above (band 2) I 

serum of a healthy African carrier of anti-

HIV-1 antibodies (band 3), 
serum obtained from a. macaque infected with 

STLV-III (band 4), and 
.serum of the second patient mentioned above 

(band 5). 
In Figure 1b, there are recorded the observed 

results of immunoprecipitation between the HIV-2 anti­
gens obtained from the first patient, after prior cultu­
re with HUT-78 cells, and different sera, more especial­
ly the serum of the abovementioned first patient (band 

1), the anti-HIV-1-positive serum (band 2), the serum of 

the macaque infected with STLV-III (band 3) and the 
serum of the abovementioned second patient (band 4). 

Finally, Figure 1c illustrates the observed 
results of immunoprecipitation between the .antigens of 
an STLV..:.III isolate obtained from a macaque ~avinq a 
simian AIDS. The sera.used, to which the bands 1 to 5 
refer, are the same as those recorded above in relation 
to Figure 1a. 
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M refers to the markers myosin (200 kd), qa­

lactosidase (130 kd), bovine serum albumin (69 kd), 

phosphorylase B ( 93kd), ovalbumin ( 46kd) and ·carbonic 
anhydrase. (30 ·kd). 

Figures 2a and 2b show comparative results for 

the electrophoretic mobilities of the proteins of ·HIV-1, 

HIV-2 and STLV-III. 

·Figure 2a relates to the experiments carried 

out with extracts of virus labelled with [ 35 s]cysteine, 

after immunoprecipitation on SOS-PAGE. The different 

·bands relate to the following virus extracts : virus 

obtained from patient 1 and immunoprecipitated by the 

serum originating from the same patient (band 1), 

extract of the same virus immunoprecipitated with a 
neqative 

carrying 

extract 

control serum· originating from· a person not 

·anti-HIV-1 or anti-HIV-2 antibodies (band2), 

of STLV-III virus immunoprecipitated with a 

serum originating from a macaque infected with STLV-III 

(band 3), immunoprecipitation observed between extracts 

of the same virus and a negative control serum (band 4), 

and extra~t of' HIV-1 immunoprecipitated with the serum 

of a European patient infected with AIDS. 

Figure 1b shows the results obtained in 

Western blot (immuno-imprintinq) experiments. Cell ly­

sates originating from uninfected or infected HOT-78 
cells were s·ubjected to electrophoresis on SDS-PAGE, and 

then transferred eiectrophoretically to a nitrocellulose 

filter before.being reacted with the serum of the above­

mentioned · first patient (serum diluted 1/-100). The ni­

trocellulose filter was then washed and the detection of 

the bound antibodies visualized with 125 t-labelled goat 
anti-human I9G. 

·The spots 
respectively, to 

observed in bands 1, 2 and 3 relate, 

the aqqlutination experiments between 
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the aboveaentioned seru• and extracts of uninf ec~ed BUT-

78 cells (band -1), extracts of BUT-78 cells infected 

with an BIV•2 virus (band 2) and extracts of RUT-78 

cells infected with STLV-III. (band· 3). Tbe numbers which 

5 appear in· the marqins beside each of· the bands corres­

pond to the approximate molecular weights of the·aost 

representative· viral proteins (aolecular weights in 

kilodal tons) . 

10 

15 

II - NUCLEIC ACIDS 

1 / The RNAs of the HIY-2 ret·royirus 

The RNA of the virus, deposited on a ·filter 

according to the •spot blot• technique, did not hybri­

dize, under stringent conditions, with the DNA of BIV-1. 

By -•stringen~ conditions•, th~re are under­

stood the conditions under which the hybridization reac­

tion between the RNA of thetBIV-2 and the chosen probe, 

radio-actively- labelled with 32 p (or labelled in a dif­

ferent manner), followed by the washing of the probe, 

are carried out. · The hybridization, on a aeabrane, is 

20 carried out at 42•c in the presence of an aqueous so­

lution of 0 ,l't SDS/SX SSC· containing SO't formanide (volume/volume) 

for 18 hours The membrane on which the hybridiza-

tion reac·tion has been carried out is then washed at 

&s•c in a buffer containinq 0.15\ of sos and 0.1 X ssc. · 
25 By· •non-strinqent conditions•, there. are un-

dersteod the conditions unde·r which the hybridization 

reaction and ·the washing are carried out~ T~e hybridi­

zation is carried out by bringing into contact with the 

chosen p.robe, labelled with 32 P (·or otherwise labelled), 

30 namely at 42•c in a 5 X SSC buffer, 0.1\ sos, containing 

30\ of fo_rmamide for 18 hour'. The washing of the mem­

brane is carr_ied ·out at so·c with a buffer containing 

0.1\ of SDS and 2 X SSC. 

Hybridization experiments were also carried 

35 
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out with a hybridization probe consistinq of a recom­

binant plasmid pBT1 obtained by cloninq the DNA of HIV-1 

originating from~J19 (Cell 1985, vol. 40, p. 9) in the 

vector pUC18. Under non-strinqent conditions, o~ly very 
~eak hybridization was observed between the RNA of HIV-2 

and the cloned DNA derived from HIV-1. 

Other probes containinq cloned sequences of 

HIV-1 were used 
a/ single-stranded probes of subqenomic DNA of 

HIV-1, produced from subclones of the HIV-1 genome and 

inserted in phage M13. The cloned regions related to the 

protease gene or the "endonuclease• gene. 

Only one probe of the endonuclease reqion of 
HIV-1 (nucleotide sequence between bases n·s. 3760 and 

4130) gave a weak hybridi~ation under non-strinq~nt con­
ditions with HIV-2. ·The "protease• probe. CHIV-1 nucleo- · 

• 
tide sequence b_etween bases n • s. 1680 and 1804) did not 

hybridize even under non-strinqent conditions with 

HIV-2. 
b/ A probe pRS3, consisting of the sequence 

coding for ~he •env~lope" region of HIV-1 (subcloninq. in 
pUC18) did not give hybridization under non-stringent 

conditions with HIV-2. 
The •spot blot• technique is also known as 

"dot blot" (transfer by spots). 
Further results of hybridization between ge­

nomic RNAs of HIV-1, HIV-2 and STLV-III, on the one 
hand, and probes containing different subgenomic sequen­
ces of the HIV-1 virus·, on the other hand, appear in 

Figure 3. 

The supernatants of the different culture 
media (in the proportion of 0.5 to 1 ml for each spot) 
were centrifuged. for ·s minutes at 45.000 revolutions per 
minute the pellets were resuspended in an NTE buffer 
containing 0.1\ of sos and deposited on a nitrocellulose 
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filter. The l•tter was pre-soaked in a 2 x SSC medium 
C0.3 M NaCl, 0.03 M sodium citrate). After bakinq (for 2 

hours at ao•c), the filters were hybridized with various 
probes contrainin9 genomic sub-fraqments of HIV-1, under 
non-stringent conditions (30\ formamide, 5 X SSC, 40.C), 
washed at so·c with a 2 x ssc solution containinq 0.1\ 
of SOS and then autoradiographed for 48 hours at -1o·c 
with enhancing screens~ 

The probes 1-4 are single-stranded probes 
obtained by the "prime cut• method as described in (25). 
Briefly, the single-stranded fragments oriqinatinq from 
the M13 virus and bearinq subqenomic HIV-~ inserts (30) 
were ligated to oligomeric fragments (17 nucleotides) 
originating from M13 (BIOLABS). The complementary strand 
was then synthesized with Klenow enzyme in a TM buffer 
(10 mM Tris, pH 7.5, 10.mMMg~l 2 ) in the pre~ence of 
dATP, . dGTP, -dTTP and dCTP, labelled with 32 P at the 
alpha-position (Amersham, 3000 Ci/mmol). The DNA was 
then digested.with the appropriate restriction enzymes, 
heat denatured ·and subjected to electrophoresis on a 
denaturing.. polyacrylamide gel ( containinq 6\ of acryla­
mide, 8 M urea in a TOE buffer). The gel was then auto­
radioqraphed for 5 minutes. The probe was then cut out 
and eluted in a 300 mM NaCl, 0.1\ sos buffer. Specific 
activities 
estimated 

(SA) of these 
at S x 10 8 

single-stranded probes were 
10 9 disintegrations per 

minute/microgram (dpm/)lg). 
The characteristic sequences present in the 

different probes were as follows 
Probe 1 nucleotides 990-1070, 
Probe 2 nucleotides 980-1260, 
Probe 3 nucleotides 2170-2240 
Probe 4 nucleotides 3370-3640. 

The numbering · of the above nucleotides are 
those envisaged in the paper under reference (30). 

\ 
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Lastly, the probe 5 consists of a plasmi~ 

pUC18 bearinq the EcoR1-Sac1 fraqment of the HIV clone . 
in AJ19 (31), which was subjected to nick translation to 

obtain an SA of approximately 10 8 dpm/ "'1 • 

The relative arranqements of the subqenomic 

fraqments present in the probes with respect to the 

whole HIV-1 qenome are shown schematically in Fiqure 3." 

The different spots correspond, respectively, as fol­

lows: 

\..._.,. 10 spot A : a virus is obtained from a culture of 
1 

~-
' 

~.· 

CEM C1.13 cells infected with HIV-1, 

spot B : a virus is obtained from HUT-78 cells 

infected with STLV-III, 

spots c and D· : isolates obtained, respecti-

15 vely, from the viruses of the abovementioned two African 

patients, 

spot E negative control cell extract obtai­

ned from uninfected HUT-78 cells, 

spot F virus obtained from a patient from 

20 Zaire sufferinq from AIDS, which had been cultured in 

normal T lymphocytes in the presence of TCGF. 

All the spots· were obtained with an.amount of 

virus corresponding to 25.000 dpm of reverse transcrip­

tase activity, except for the spots c : 15.000 dpm. 

25 Th$ following observations were made : 

The qenomic RNAs of the two HIV-2 isolates ob­

tained from purified viral particles did not hybridize 

with any of the probes under the stringent conditions 

described above, although the viral particles were iso-

30 lated and purified from culture supernatants of highly 

infected cells showing evidence of hiqh reverse trans­

criptase activity. 

35 

Under the non-stringent conditions described 

above, the following observations. were made : all the 
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probes hybridized intensely with the qenomic RNAs obtai­
ned from the control HIV-1 preparations and from another 
isolate obtained from a patient from Zaire suf f erinq 
from AIDS. 

5 Two of the probes·obtained (nucleotides 990-
1070 and 990-1260, both originatinq from the qaq region 
of HIV-1) hybridized slightly with the spots from ex­
tracts of the HIV-2 retroviruses ; only one of these two 
probes (nucleotides 990-1260) also showed slight hybri-

10 dization with the STLV-III spot (Fiqure 3). As reqards 
the probe containing a fraqment of the R2l region (nu­
cleotides 2170-2240), hybridization was observed with 
STLV-III and, albeit much more weakly, with the RNA of 
HIV-2. The other probe of the pol reqion (nucleotides 

15 3370-3640) did not give hybridization with any of the . 
HIV-2 and STLV-III spots .. • 

Lastly, the probe modified by nick translation 
and containing ·the entire ~ gene and the LTR (nucleo­
tides 5290-9130) of HIV-1 did.not hybridize either with 

20 the RNAs of STLV-III or with those of HIV-2. 
It w111 also be noted that anoter probe which 

contained the 5' end of the .22.l readinq frame of HIV-1 
(correspondinq to the protease region) did not hybridize 
either with the RNAs of HIV-2 or with the RNAs of STLV-

25 III. 
It consequently also results from the f'ore­

qoinq ·that the HIV-2 virus appears more remote, from.the 
structural standpoint, from the HIV-1 virus than it is 
from. STLV-III. HIV-2 nevertheless differs significantly 

30 from STLV-III, which bears out the different results ob­
served in respect of the infective capacities of the 
HIV-2 viruses, which are virtually nil in monkeys, com­
pared with the unquestionable ineffective capacities o·f 
STLV-III viruses in these same specites of monkeys. 

35 
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The restriction maps and the genomic RNA se­

of HIV-2, or of the cDNAs obtained from these 
• qenomic RNAs are accessible to those versed in the art, 

since the strains of HIV-2 deposited with the CNCM can, 

after suitable multiplication, provide him with the 

qenetic equipment required for the determination of 

these restriction maps and nucleotide sequences. The 

conditions under which the restriction map of the qenome 

of one of the HIV-2 isolates of this invention were es-

10 tablished, and the conditions under which certain por­

tions of cDNA derived from these qenomes were sequenced, 

are described ·below. 
The restriction map of the genome of a retro­

virus which is representative of HIV-2 retroviruses is 

15 shown in Fi·gure 4. The· restriction map of a substantial 

fraqment of this cDNA is shown i~ Fiqure 5. Finally, a 
• 

portion of this latter fragment has been sequenced. 

This sequence, and a number of the restriction 

sites which it contains, are shown in Fiqure 6. The clo-

20 ned whole cDNA - or cloned f raqments of this cDNA - can 

themselves be used as specific hybridization probes. 

2/ cDNA and fragments of this cDNA deriyes, 

respectiyely. from the RNA of BIV-2 ~ 

The conditions under which the abovementioned 

25 cDNA was obtained are described below. 
The · first staqe of manufacture of this cDNA 

comprised the production of an oliqo(dT) servinq as a 

primer or of an initiator cDNA strand, for carryinq out 

an ·endoqenous reaction activated·by a deterqent, usinq 

30 the reverse transcriptase of HIV-2, on purified virions 

obtained from supernatants of infected CEM cells. The 

CEM cell line was a lymphoblastoid CD4 + cell line 

described by G.E.Foley et al. in cancer 18 : 522-529 

(1965), which is considered to be incorporated herein by 

35 reference. These CEM cells used are infected with an ROD 
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isolate, which·was shown to produce substantial amounts· 

of HIV-2 continuously. 

After the synthesis of the second strand (in 

the presence of nucleotides and a bacterial DNA poly-

5 merase), the double-stranded cDNAs were inserted into a 

bacterial phaqe vector M13 TG130. A phaqe library of 10 4 

recombinant M13 phages was obtained and subjected to an 
.in 4.i.tll. screening with an HIV-1 probe. The latter con­

tains a 1.5 kb fraqment originating fro• the 3' end of 

10 the cDNA derived from the RNA of the LAV isolate (shown 
in Fiqure 7A). Approximately 50 positive plaques were 

detected, purified and characterized by crossed hybridi­

zation of the inserts and sequencing of the ends. 

15 

This _procedure enabled different clones to be 
isolated, · containinq sequences approximately complemen­

. tary to the 3' end of the polyadenylated RNA of the LTR 

[abbreviation 
cribed by s. 

for •1onq termlnal repeat• of Hrv~1, des­

Wain Hobson et al. in Cell 40 : 9-17 
(1985)] region, considered to be incorporated herein by 

20 reference. 

The largest of the inserts of the group of M13 
clones in question, which hybridize with the 3' LTR re­

gion of HIV-1, is an approximately 2 kb clone designated 

E2. Like the 3' LTR region of HIV-1, the clone E2 con-

25 tains an AATAAA signal situated approximately 20 nucleo­
tides upstream f~om a poly(A) terminal portion, and a 3' 

LTR region corresponding to that of HIV-2. After partial 
seq~encinq, this 3' LTR. region of HIV-2 proved to pos­

sess a distant relationship with the homologous region 
30 of HIV-1. 

Figure 5 is a restriction map of the fragment 
of E2 (elon9ated rectanqular area) incorporated.in plas­
mid pSPE2 which contains it. It comprises part of the R 
reqion and the OJ reqion-of HIV-2. The drawinq does not 

35 show the boundaries of the R and 03 regions .. 
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The sequence o.f part of E2 is shown· in Figure 
6. The. positions of specific restriction sites are in­
dicated therein. The small degree of relationship bet­
ween the 3' LTR regions of HIV-1 and HIV-2 is illustra-
ted in Figure 7~ In effect, only approximately 50\ of 
the nucleotides of the two LTR sequences can be placed 
in alignment (approximately 50\ sequence homology), at 
the cost of some insertions or deletions. In comparison,· 
the sequence homology of the corresponding reqions of 
the different variant American and African isolates of 
HIV-1 is greater than 95\, without insertion or dele­
tion. 

HIV-2, 
of the 

The clone E2. was used as a specific probe for 
for the identification on a hybridization filter 

sequences originating from HIV-2 and present in 
other clones. 

This probe also detects the genomic RNA of 
HIV-2 under stringent conditions. It likewise permits 
detection, by the so-called "Southern blot" method on 
the DNA of·. CEM ·or similar cells infected with an ROD 
isolate or with other HIV-2 isolates. No signal is de­
tected under the same stringency conditions in tests of 
hybridization of this probe with cDNAs originatinq from 
uninfected cells or from cells infected with HIV-1. 

25 These results confirmed the· exogenous nature of HIV-2 
with respect to HIV-1. An approximately 10 kb species, 
probably corresponding to the non-integrated viral DNA, 
was detected as a principal constituent in the undi­
gested DNA of cells infected with HIV-2. Anoter DNA ha-

30 vinq an apparent size of 6 kb, possibly corresponding to 
a circular ·form of the viral DNA, was also detected. 

35 

The other portions of the HIV-2 qenome were 
also identified. For this.purpose, a genome library was 
constructed in phage lambda L47. Phage lambda·L47.1 has 
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b.een described by W.A.11. Loenen et al. in Gene .1'2 249-
259 (1980), which publication ia considered to be incor-
porated herein by reference. 

The 9enoae library ia constructed with fra9-
ments obtained. by ·d-tgeation of the DlfA ·originating from 
the CEM cell line infected with BIV-2 ROD, after partial 
gestion with the enzyme Sau3A. 

Approximately 2 x 10~ recombinant plaques were 

s.creened in .l.itJl with a clone containing the labelled E2 
10 insert of the RIV-2 cDMA. Ten recoabinant phages were 

detected on plaques and purified. The restriction maps 
of three of these pha9es, characterized by their capa­

15 

city 
sert 
nomic 

for •southern blot• hybridization with the E2 in­
under stringent ~onditions, as well as with sub9e­
probes of. HIV-1 under non-stringent conditions. 

A clone bearinCJ a 9.5 kb insert and derived 
.the whole circular viral DNA, containin9 the coa­
RIV-2 genome, was identified. It was designated 

•Lambda ROD t•. The .other two clones, Lambda ROD 27 and 

from 
plete 

20 Lambda ROD 35, derived from integrated proviruses, bear 
LTR sequences of the viral coding· sequences and adjacent 
cell DNA sequences. The different sequences are shown in 
Figure 8. 

Frapents of the Lambda clones were subcloned 
25 in plasmid v.ector pUC18. The fragments originating from 

A ROD 4, A ROD 27 and A ROD 35, and subclones respecti­
vely, in the abovementioned plasmid vector, are also 
seen in Figure 8. The following sublclones were obtai­
ned: 

30 pROD 27-5, derived froa Lallbda ROD 27, con-
tains a 5.2 kb region of the RIV-2 'genome and adjacent 
cell sequences (5' LTR and 5' coding viral ~equence 
around an EcoRI site); 

pROD . 4.8, derived from Lambda ROD 4, contains 
35 an approximately 5 kb RindIII fra911ent. This fragment 
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corresponds to the central portion of the HIV-2 genome; 

pROD 27-5' and pROD 4.8 contain HIV-2 inserts 

which overlap each other; 
pROD 4. 7 contains a 1. 8 k.b HindIII fragment of Lambda 

5 
ROD 4; this fragment is placed in the 3 direction with 

respect to the subcloned fragment in pROD 4.8, and con­

tains appro~imately O. 8 kb of codi.ng viral sequences and 

a portion situated between the BamHl and HindIII cloning 
sites of the left arm of phage Lambda (Lambda L 47.1) ; 

10 

1 5 

20 

25 
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35 

pROD 35 contains all the HI.V-2 coding sequen­

ces in the 3 direction with respect to the EcoRI site, 
the 3' LTR end and approximately 4 kb of adjacent nu-

cleotide sequences of cellular origin 
pROD 21~5· and.PROD 35, present in E. coli HB 

101, were deposited with the CNCM under 

I-626 and I-633 
pROD 4.7 and pROD 8, present in E. coli TG1, 

were deposited .---------------- with the CNCM, respectively, 

under n•s I-627 and I-628. 
The complete HIV-2 ROD qenome, the restriction 

map of which· is seen in Fiqure 4, was reconstituted from 

pROD 35, linearized beforehand with EcoRI, and pROD 27-

5'. The EcoRI insert of pROD27-5 was ligated in the cor­

rect orien~ation in the EcoRI site of pROD 35. 
The degree of relationship between HIV-2 and 

the other human or simian retroviruses was assessed by 

mutual hybridization experiments. The relative homology 

between t.he different regions of HIV-1 and HIV-2 genomes 

was determined by tests of hybridization of fragments 
originating, respectively, from cloned HIV-1 genome and 
from radioactively labelled lambda ROD 4. The relative 
positions of these fr~9ments (numbered from 1 to 11) 
with respect to the HIV-1 qenome are seen at the bottom 
of Fiqure 9. 
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Even under very low stringency conditions (Tm-
42 •c>, t·he HIV-1 and HIV-2 qenomes hybridize only at the 
level of their respective g§,Sl qenes (spots 1 and ·2), 
reverse transcriptase. regions in ,ggl (spot 3), end re­
gions of ,ggl, Q (or AQX) qenes (spot 5) and F (or 3' 
orf) genes and 3 1 LTR (spot.11). The HIV-1 fragment used 
for detecting the first cDNA clones of HIV-2 corresponds 
to· the subclone of spot 11, which hybridizes relatively 
well with HIV-2 under non-stringent conditions. A signal 
originating from spot 5 is the only one which persists 
after stringent washing. The envelope gene, the .tn gene 
region and part of R.2.l appear to be.highly divergent. 
These data, as well as the sequence obtained with LTR 
(Figure 3), demonstrate that HIV-2 is not (at all 
events, as regards its ehvelope) a variant of HIV-1. 

It is observed that HIV-2 is more closely re-
• lated to SIV [described by M. D. Daniel et al in Science 

228 : 1201-1204 (1985)], which must be considered _to be 
incorporated herein by reference] than it is to HIV-1. 

All the proteins of SIV, including the enve-
lope protein, 
ti en ts infected 
cro~s-reactivity 

are immunoprecipitated by sera of pa­
with HIV-2, while · the serological 

of HIV-1 and HIV-2 is limited to the 
core proteins. However, SIV and HIV-2 can be distingui­
shed by the differences mentio.ned above in respect of 
the molecular weights of their proteins. 

As regards the nucleotide sequences, it is 
also noted that HIV-2 is related to SIV. 

Furthermore, the characterization of HIV-2 
also makes it possible to demarcate the region of the 
envelope glycoprotein which is responsible for the bin­
ding of the virus to the surface of the target cells -and 
the subsequent internalization of the virus. The inter-
action takes 
appears that 

place via the CD4 molecule itself, and it 
HIV-1 and HIV-2 use the same receptor. 
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Thus, althou9h. there are lar9e differences between the 
~ genes of RIV-1 and 2, the restricted hoaolo9ous re-
9ions of the envelopes of the two foras of RIV can be. 
considered to .be ~onstituents of bindin9 to a co .. on 

5 receptor of T4 lymphocytes. These sites are called on to 
fora epitopes bearing .·the iamuno9enicity of peptides 
which might be used to elicit in man a protective i ... u­
noresponse against RIV viruses. 

Advantageous sequences for forming probes in 

10 hybridization reactions with the genetic aaterial of pa­

tients carrying vi1'uses or proviruses, in particular for 
detecting the presence of HIV-2 virus RllA in their lym­
phocytes, contain a nucleotide sequence resulting from 
the combination of 5 kb JlindIII fragments of ROD 4 and E2 

15 cDNA. The experiments can be carried out by all methods, 
in particula~ by the •Notthern blot•, •southern blot• 
and •aot blot• techniques. 

Further characteristics of the invention will 
also emerge, without implied liaitation, in the course 

20 of ·the descrip~ion which follows of exaaples of identi­
fication of certain portions of the retroviral genome 
and of the production .of a number of recombinant DNAs 

. involving various portions of a cDNA derived from the 
retroviral genome of HIV-2. 

25 
EXAMPLES 

EXAMPLE I 

DNA probe; for use in kits for. diagnosis of HIY-2 
A cDNA complementary to the genome RNA, ob-

30 tained from purified virions, was prepared by the fol­
lowing method . : 

The supernatant obtained after 48 hours' cul­
turing of CEM cells infected with an RIV-2 ROD isolate 
of RIV-2 was ultracentrifuged~ The centrifugation pellet 

35 containing the virion was ; centrifuged on a sucrose 
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to form a new centrifuqation pellet, substan­
by the same me.thod as that described in E.uropean 

Application _ EP-A - 0. 138. 667, already men-

The purified HIV-2 preparation was used for 

the synthesis of cDNA, employinq an endoqenous reaction 

activated by a· deterqent. 
In ·summary, the virion preparation was added 

to a reaction mixture containinq 50 mM Tris-HCL, 5 mM 

MqC12 , 10 mM DTT, 0.025' of the detergent.marketed under 
the name TRITON. ® and 50 pM of each of the 4 deoxynucleo­
s1ae triphosphates and an oliqo(dT) initiator. The 
reaction was carried out for 90 minutes at 37•c. 

After extraction with phenol of the proteins 

15 present ·in the first reaction medium, the second cDNA 
chain was synthesized in th& presence of RNAse H, E.coli 
DNA polymerase 1 and the 4 deoxynucleotides, for 1 hour 
at 1s•c and 1 hour at 22•c. Blunt ends were created on 
this double-stranded cDNA by the action of T4 DNA poly-

20 merase. All the reagents for this procedure are commer­
cially· avaiiable (AMERSHAM cDNA kit) and were used as 

recommended by the supplier. 
After (1) liqation of adapters (linkers) 

containinq ·an ~RI site (marketed by Pharmacia) to the 
25 blunt ends of the cDNA in the presence ~f a T4 DNA li­

gase (marketed by BIOLABS), (2), digestion of these 

linkers with the restriction endonuclease ~RI, and (3) 
removal of the linker fraqments by gel filtration (gel 
column·· marketed under the name ULTROGEL(E) on AcA 34 

30 (LKB-IBF), the cDNA is inserted in an M 13 TG 130 vector 
cleaved with .E.cg,RI. A library of cDNAs was obtained 
after transformation of E.coli strain TG1. Approximately 
104 recombinant M13 plaques were obtained .. 

To select, in the cDNA library, recombinant 
35 M13 clones containing the HIV-2 cDNA, the technique of 

r . . 
. 

. 

. 

• . 

t 
f 
(; 
if• 
~: 
t:. 
t 
Ci". r 
r 
t 
t 
!. 
r 

r 

.l 



• i 
t: 

·;. 

.. 
~ 
~· 

\ 
1 , 
l 
t 
t· 
~ .. 
; 
•· 
g 
i 

l 
f 
:-· 

31 

plaque hybridization was used. The DNA of the M13 pla­

ques was transferred to nitrocellulose filters and 

hybridized with subqenomic HIV-1 probes derived from the 

··lambda J19• clone of an LAV (or HIV) virus decribed in 

5 the European patent application. This probe contained an 
insert consistinq of a portion having an approximate 

lenqth of 1500 base pairs (bp) of HIV-1 DNA. This insert 

10 

bounded by two HindIII restriction sites, respecti­
inside the open readinq frame of the •env• qene 

in the R. segment of the 3' LTR end of HIV-1. This 

contained the 3' ·end of the env qene, the whole F 
the U3 seqment ·a·nd a portion of the R segment of 

the LTR, having an approximate length of 1500 base pairs 

was 
vely, 

and 

probe 
qene, 

(bp). 

15 The probe containing the 1.5 kg .HindIII insert 
was labelled .. with c32 P]-dCTP and -dTTP (3000 Ci x 10-J 

mole) by incubating the probe in the presence of initia­

tors and Klenow DNA polymerase I for 4 hours at 1s•c 
(using an AMERSHAM kit). The tests of hybridization of 

20 the cDNA c.lones. of the library were performed overnight 
under low stringency conditions, in a solution of a 

·hybridization medium containinq 5 X SSC, 5 X Denhart, 

25\ of formamide~ 100 Jig/ml of denatured salmon sperm 
DNA and the labelled probe (2 x 10 7 cpm with a specifi-

25 city of 10 9 cpm/J1g) at 37•c. The filters were subjected 

to three washing stages, successively in the presence of 

the three solutions whose compositions are stated as 

follows : 

Washinq n• 1·: SXSSC~ 0.1\ SDS,at 2s•c for 4x15 minutes 

30 Washinq n• 2: 2XSSC, 0.1\ SDS,at 42•c for 2x30 minutes 
Washing n• 3:0.1XSSC, 0.1\ sos, at 6s•c for 2x30minutes 
Each washinq is followed by autoradioqraphy of the fil­
ters. 

Several positive clones were detected after 

35 washinq n• 1 and were still detected after washinq n• 2 . 
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However, all the siqnals disappeared after washinq n• 3. 

This indicates that the positive clones had only a weak 

relationship with the HIV-1 genome, which was neverthe­

less sufficient to perform the. -abovementioned selection. 
The positive clones were subcultured, redeposited on 
plaques and aqain hybridized with the same probe under 
the stringency conditions corresponding to washing n• 1. 

Most of them were still positive. 
The clones were also selected using a total 

10 
human DNA probe under conditions of moderate stringency 
and bY hybridization in 5 X SSC, 5 X Denhart and 40\ 
formamide, followed by washing in 1 X SSC, 0.1\ SDS at 

15 

20 

so•c. None of the previously positive clones was de­
tected, 
repeated 

and consequently did not correspond to specific 
DNA or to the cDNA of the ribosomal RNA. 
The positive M13 recombinant clones were cul­

tured in a liquid medium and t:haracterized as follows : 
(1) Size of their insertion : 

An M13 single-stranded type DNA was obtained 
from each individual clone, and the synthesis of the 
second strand was performed with an M13 17-mer initiator 
sequence and the Klenow enzyme. The inserts were excised 
using .E&2RI (BOEHRINGER) and analysed by agarose gel 
electrophoresis. The majority of the inserts contained 

25 
from 200 to 600 and 200 bp, with the exception of the 
clone designated E2 .1, .which had an approximate length 
of 2 kbp. 

(2) Analysis pf the nucleotide sequence : 
Several clones were partially sequenced using 

30 the dideoxy method of Sanger et al., described in Proc. 

35 

Natl. Acad. Sci. 74:~463-7 (1977), which forms part of 
the present description. Various independent clones con­
tained similar nucleotide sequences, with the exception 
of the poly(A) chains at their 3' ends, the lengths of 
which were different. These results demonstrate that 

l 
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these cDNA clones were derived from the RNA template. 

Detailed sequence analysis of these cDNA clones, inclu­

dinq the 3' end of the HIV-2 qenome, showed a limited 

relationship with HIV-1. 

(3) Hybridization with the genomic RNA and pNA of 

HIV-2 : 

(a) Production of the genomic RBA of HIV-2 . 

An infected supernatant was centrifuqed 

(50.000 revolutions, 30 minutes). The pellet of the 

deposit was resuspended in 10 mM Tris pH 7.5, 1 mM EDTA, 

0.1\ SOS. One of the insertion clones, F1.1, was label­

led and used as a probe for hybridization with the 

qenomic RNA of different viral isolates, accordinq to 

the "dot-blot• technique. 

The •dot-blot• ~echnique comprised the follo­

winq staqes : 
• 

(1) Depositinq the sample (HIV-2 lysate) in spots 

on a nitrocellulose membrane soaked beforehand in 20 X 

SSC (3 M NaCl, 0.3 M sodium citrate) and dried in th~ 

air, (ii) bakinq the membrane for 2 hours at 80°C J and 

(iii) performing the hybridization. 

This hybridization was performed under high 

stringency conditions (5 X SSC, 5 X Denhart, 50\ for­

mamide at 42.C). It was followed by washinq in 0.1 X 

SSC, 0.1\ sos at 65•c. Under these conditions, the probe 

hybridizes strongly· to the spots originating from two 

independent isolates of HIV-2, including LAV-II ROD, 

from which the cloned cDNA originated. A weak hybridi­

zation signal was detected with the spot formed by STLV-

III mac [Simian T-lymphotropic Virus (also known as 

•s1v•1, type III macaque], and no hybridization was 

detected with the HIV-1 isolates . 

The •southern-blot" experiments, employinq the 

clone E2.1 containinq the 2-kb insert as a 32 P-labelled 

35 probe, did not reveal any hybridization ~:th the DNAs of 

:i 
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uninfected cells, but detected bands in detached cells 
infected with HIV-2, under high stringency conditions. 
HIV-2 shows polymorphism at levels of its restriction 
map which are equivalent to those of the restriction 

5 maps of HIV-1. With the complete cellular ONA of in­
fected cells~ two types of signal are detected by· the 
•southern blot• method (1) in DNA fractions having 
molecular weights MW of approximately 20 kb and more, in 
the case of integrated forms of the virus, and (2) in 

10 the fractions of l~wer MW (9,10 kb), in the case of the 
virus not integrated in the qenome. 

These characteristics are highly specific to a 
retrovirus. 

Some experiments performed with STLV-III (SIV-
15 3) from infected cells enabled it to be established that 

the simian retrovirus is relatively distant from HIV-2 
• 

(the siqnal is· detected exclusively under low strinqency 
conditions). These experiments show that the abovemen­
tioned probes permit the specific detection of HIV-2. 

20 (4) Subcloninq of the cQNA of HIV-2 in a bacterial 
plasmi:d vector : 
The positive M13 clone, E 2.1, was selected 

and subcloned in a plasmid vector. The ONA of the recom­
binant M 13 CTG 130) phage E 2 was purified in the form 

25 of a single-stranded DNA CM-13-ROD-E2) containing the 
2 kb insert containing the 3' portion of the HIV-2 geno­
me (obtained from HIV-2 ROD). This insert was transfer-
red to plasmid pSP65, described by Melton, D.A., in 357 
Nucleic Acid Res. 12:035-7056 (1984). 

30 A second chain was constructed·in yitro in the 
presence of ·the 17-mer initiator sequence CAMERSHAM), 
the four. nucleotides A, C,_,T, G, and DNA polymerase I 

(Klenow). The ~RI insert was excised by ~RI diqes­
tion and purified on agarose qel, and then ligated to 

35 pSP65 which had itielf been diqested beforehand with 

,..··, 
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~I. The ligation mixture was used to transfora E.cgli 

strain DR1, and recoabinants were selected on the basis 
of their capacity f~r resistance to aapicillin. The re­
coabinan~s identified were cultured on LB aediua (Luria 

. . . 

medium) containing SO pg/al of aapilillin. These recom-
binant plasmids were purified and aonitored for the 
presence of the correct inserted fragment. 

One of the clones obtained, designated by the 
I . 

10 

reference. pSPE2, was deposited with the CRCM in Paris, 
France, under access n·.I-595 on 5th September 1986. 

15 

20 

The inserts derived from the cDNAs of HIV-2 
and which were present inserted in the abovementioned 
probe contained the nucleotide sequence which has been 
defined above, in confo~mity with a part of E2. 
EXAMPLE II 
Cloning of a cDNA complementary tg the DBA _complementary 

to the genomic RNA of BIV-2 yirigns 

RIV~2 virions were purified from S litres of a 
culture supernatant from a CEM line infected with a ROD 
isolate. A first strand. _of cDNA· was synthesized in con­
tact with ·sedimented purified virus, in the presence of 
an oligo(dT) initiator and employing an endogenous reac­
tion activated by .a detergent, according to the techni­
que described by Alizon et al., Mature l12., 757-760 

25 (1984). The RNA/cDNA hybrids were purified by extraction 
with a phenol/chloroform mixture and by precipitation 
with ethanol. The.second strand of cDlfA was produced in 
the presence of DNA polymerase l/RNAse B, according to 
the method described by Gubler and Hoffman(Gene 25:263-269(1983)),1he 

30 description in this paper is considered to be incorpo­
rted herein by reference. 

The double-stranded. cDNA was provided with 
blunt ends in the presence of DNA polymerase T4, using 
the constituents of a cDNA synthesis kit marketed by 

lS AMERSHAM. 
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EcoRI adaptors (linter), marketed by PHARMACIA 
were attached to.the end of.the cDHA; tbe cDHA thereby 
aodified was inserted, after di9estion in the presence 
of EcoRI, into a dephosphorylated phaCJe vector M13t9130 

s which was itself digested with EcoRI, also marketed by 
AMEJlSBAM. A cDRA band was obtained after transforaation 
of E.coli strain TG1. Recombinant piaques (10 4) were 
screened in · situ on filters permittinCJ replicas by hy­

bridization with the clone J19 containin9 the 1.5 kb 

10 RindIII fragment mentioned above, ori9inatin9 from HIV-
1. 

The.filters were prehybridized in the presence· 
of a medium ~ontainin9 S X SSC, S X DERBARDT solution, 
25\ formamide - and denatured salmon sperm DNA ( 100 

15 micro-gr-es/ ~1), at .. 37•c for 4 hours, and then hybri­
dized for 16 hours in the same buffer (Ta -42.C) in the 
presence of addittona.l la•lled probe (4 x 10 7 cpm), to 
provide a final hybridization butter solution containing 

20 

.106 cpm/al. . 
Washing was carried out with a 5 X ssc, 0.1, 

SDS solµtion at 2s•c for 2 hours (it being understood 
that 20 X SSC corresponds to a 3 M NaCl and 0.3 M sodium 
citrate solution). The plaques which responded positive­
ly were purified and the M13 single-stranded DNAs were 

25 prepared and their ends sequenced according to the me-
thod of Sanger et al. 
Hybridization of a DNA of cells infected with HIV-1 and . 

HIV-2 and pf BNAs pf Biy-1. BIY-2 and pf SIV yiripns . 
.. 

res.pectiyelv. with a probe deriy~d (rom •,$.loned cQIA of 

30 HIV-2 •. 

Tbe DNAs were extracted f roa infected CEM 
cells continuously producing BIV-1 and BIV-2, respecti­
vely. DNA samples of these two retroviruses, ~i9ested in 
soae cases with 20 1o19 of RGI, and undigested in other 

35 cases, were subjected to electrophoresis on 0.8, agarose 
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qel and transferred by the •southern• method to a nylon 

membrane. Small volumes of infected supernatant, taken 

up in an NTE buffer containinq 0.1\ of sos and having 
the same reverse transcriptase activity, were deposited 
on nitrocellulose which had been soaked beforehand in a 
2 X SSC solution. 

A prehybridization was carried out in a solu­
tion containing SO\ of formamide, 5 X SSC, 5 X Denhart 

·and 100 mg/ml.of denatured salmon sperm DNA, for 4 hours 

at 42•c. A hybridization was performed in the same buf­
fer, to which 10\ of dextran sulphate and 10 6 cpm/ml of 
E2 labelled insert (specific activity 10 9 cpm/µg) had· 

been added, for 16 hours at 42·c. Two washings were then 
carried out with a 0.1 X SSC, 0.1\ SOS solution for 30 
min each. After exposure for· 16 hours with an intensifyinq 

scree·n, the Southern blot membrane is dehybridized in 0. 4 N NaOH, 
• 

neutralized, and _rehybridized under the same conditions 
with the HIV-1 .probe labeiled with 10 9 cpm/µg. 
EXAffPLE III 
Cloning in phage lambda of the complete DNA of the HIV-2 
proyirus 

The DNA of CEM cells infected with HIV-2 ROD 
(figure 2, bands a and c) is partially diqested.with 

,SAy3A . The 9-15 ·kb fraction was selected on a 5-40\ 
sucrose gradient and ligated to the .aAmHI arm of the 
lambda L4 7 . 1 vector . The plaques ( 2 x 10 6> obtained 
after in yitro packaging and deposition on E.coli strain 
LA · 101 were screen.ed in situ by hybridization with the 
insEfrt o.f the E2 cioned cDNA. Approximately 10 positive 
clones were purified on plaques and propagated in E.coli 
C600 recBC. The·clones lambda ROD 4, ROD 27 and ROD 35 
were amplified, and their DNAs characterized by drawing 
up their restriction maps and by hyb~idization by Sou­
thern' s method with the cDNA ·clone of HIV-2 under strin­
gent conditions and with the gag-pol probes of HIV-1 

·: 
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under non-stringent conditions. 

Figure 8 shows schematically the structures of 

3 of th.e recombinant phages obtained I . ROD 4 I ROD 27 and 

ROD 35. 

diagrams 

from . t.he 

The elonqated rectanqular ·portions of these 

correspond to proviral sequences originating 

DNAs of the initially infected CEM cells, the 

clear portions corresponding to retroviral sequences, 

the shaded portions to portions of cellular DNAs and the 

black portions to the LTR in the said viral sequences. 

The thin lines designated by the letters L and 

R correspond to the arms originating ·from the Lambda 

L47.1 phage vector which was used for the cloning. 

Some· of the restriction sites have also been 

indicated these are, more especially, the following 

sites : B : .BAmHI ; E : ~RI ; H : B.i.ndIII ; K : .KenI 
. Ps : ~I ; Pv _: RJw,I I ; s : ~I ; x : ~I • 

These viral sequences have portions in common 

with the E2 sequence. The relative positions of these 

20 portions, determined by hybridization with E2, are also 

seen in the fiqu~es. 

25 

ROD 4 is derived from a circular viral DNA. 

ROD 27 and ROD 35 are derived from proviruses integrated 

in a cellular DNA structure. 

Lastly, the inserts subcloned under the condi-

tions described above, and their relative positions with 

respect to the · correspondinq ROD· 4, ROD 27 and ROD . 35 

sequences, are shown in these.figures; 

These are, more especially, the inserts of 

JO plasmids pROD 27-5', pROD 35-3' , pROD 4. 6, pROD 4. 8 and 

pROD 4.7. 

Figure 9 is a representation of the relative 

intensities of the hybridization spots which were pro­

duced between ROD-4 and .sub-fragments 1 to 11 origina~ 

35 ting, respectively, from th~ different portions of a 
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single-stranded DNA oriqinatinq from an M13 subclone 
containinq a nucleic acid derived from the whole LAV 
qenome. The relative positions of these various fraq­

ments with respect to the whole LAV qenome (determined 
by sequencinq) are shown at the bottom of the fiqure. 
Point 12 corresponds to a control spot produced.usinq a 

control DNA of the phaqe lambda. 

transfer 
The 
(dot 

hybridization experiments in the spot 

blot) method were carried out under the 

low stringency conditions of Example II using, by way of 
a probe, the lambda ROD 4 recombinant containinq the 
total cDNA of HIV-2. The washings were then carried out 
successively 
0.1\ sos at 
(Tm-2o·c> and 

The 

under the following conditions : 2 X SSC, 
2s·c (Tm-42.C), 1 X SSC, 0.1\ SDS at 6o•c 

0.1\ x SSC, 0.1\ SDS at 6o·c (Tm-3.C). 

spots shown were obtained after radiogra-
phic exposure overnight. 
EXAMPLE IV 

• 

In vitro diagnostic test for the presence of HIV-2 virus 
20 in a biological medium 

MATERIAL AND ME~HODS 
P8.tients 

HIV-2-infected patients were recruited amonq 
individuals visiting the Egas Moniz Hospital in Lisbon 

25 either for hospitalization or for consultation, between 
September 1985 and :'$.e'ptember 1986. For this selection, 

all individuals of African origin or having stayed in 
Africa underwent a serum test for antibodies aqainst 
both HIV -1 (Immunofluorescence -IFA- and/or ELISA) and 

30 .HIV-2 (IFA). Only those patients who were proved serolo­
qically to be· infected with HIV-2 were included ·in the 
study. 

Virus isolation 

In 12 patients, HIV-isolation was attempted as 
35 previo~sly described. Briefly, the patients' peripheral 
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blood lymphocytes (PBL) were stimulated with PHA, co­

cul tured with normal human PHA-stimulated PBLs and 

maintained in the· presence of interleukin~2 CIL-2). Cul-· 

tures were monitored for the presence of cytopathic 

5 effect (CPE) and for reverse transcriptase (RT) activity 

10 

in the supernatant. 

Immunofluoresceuce assay (IFA> 

IFA slides were prepared as follows : HIV-2-

inf ected MOLT-4 cells were washed· twice in PBS and laye-

red onto IFA glass slides (10 4 .cells/well), air dried 

and fixed with cold acetone. For IFA these cells were 

reacted with a 1/10 dilution of the test serum for 45 

minutes at 37•c, washed, dried, and reacted with a fluo­

rescein-conjuqated qoat ~ntihuman IqG, A, M (1/100 di-

15 luted) for 30 minutes at ,37•c. After washinq, cells were 

counterstained in 0.006\ Evans blue, mounted in 90\ gly-

20 

cerol, 10\ PBS and examined ~nder a fluorescence micro­

scope. 

ELISA 

Some patients' sera were examined for antibo­

dies to HIV-1 using . the commercially available serum 
; 

tests ELAVIA (Pasteur Diagnostics) or ABBOTT. 

Radioimmunoprecipitation assay CRIPA> 

HIV-1· or Hi:V-2 infected CEM cells were cul-

25 tured in the presence of 355 cysteine (200 microCi/ml) 

for 16 hours. The supernatant was collected, viral par­

ticles were peLleted and lysed in RIPA buffer (Tris-HCl 

50 mM pH 7.5, NaCl 150 mM, EDTA 1 mM, 1\ Triton X100® 

sodium deoxycholate 0.1\, sos 0.1\). For each reaction, 

30 50 microlitres of a dilution of lysate corresponding to 

105 cpm was reacted with 5 microlitres of test serum for 

18 hours at 4•c. Immune complexes were bound to Sepha­

rose@protein A (PHARMACIA), washed, and eluted by boi­

ling for 2 minutes. Elu~ed antigens were then analysed 

35 by SDS-polyacryl-amide gel electrophoresis and autora­

diography. 
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Dot-blot hybridization 
Virus isolated from patients' PBLs were pelle­

ted and lysed in Tris-HCl 10 mM pH 7.5, NaCl 10 mM, EOTA 

1 .mM, sos O. 5\. One microli tre of each lysate, co.rres-
5 pondinq to 50.000 cPm of RT act.ivity, was deposited onto 

nitro-cellulose. Hybridization and washing were conduc­
ted in hiqh stringency conditions : hybridization in . 

10 

15 

20 

25 

6 x SSC, 5 X Denhart, 50\ formamide, for 18 hours at 

42•c ; and washing in 0~1 x ssc, 0.1\ sos at 6s·c. We 

used HIV-1 and HIV-2 probes, 32 P labelled to a specific 

activity of 10 8 cpm/micro9ram. The HIV-1 probe corres­

ponds to the complete qenome of the LAV~u isolate, and 
HIV-2 probe was ·derived from a 2 kilobases cDNA clone 

from LAV-2aoo isolate. 
RESULTS 

Patient population 

Thirty patients with seroloqical and/or viro­
logic evidence of HIV-2 infection were studied. They 
were 12 males and 18 females. The mean aqe was 35, ran-

qinq 11-55. All patients, except one, have stayed for 

several years in West Africa : 26 were born and living 
in Guinea-Bissau and 2 were oriqinatinq from the Cape 
Verde Islands. One patient was an 11-year old boy from 

Anqola who had lived in the Cape Verde islands for se-
veral years. The only European in the study population 

was a 40 year-old Portuquese man who had lived for 8 

years in Zaire, and denied any stay in West Africa. 
Clinical presentation 

Amonq the 30 patients 17 had AIDS, accordinq 
30 to the CDC criteria. The major symptom in these patients 

was chronic diarrhoea, toqether in most cases with a 

weiqht loss of more than 10 kiloqrams in a year. In 10 

patients the diarrhoea was found to be associated with 
the presence of an intestinal opportunistic infection ; 

35 in 7 cases the pathogen was ·Isospora belli alone, one 
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patient had Cryptosporidium alone and 2 had both patho­

qens. In 3 cases no opportunistic intestinal pathoqen 

was found. Amonq all 17 AIDS cases, oesophaqeal candi­

diasis was diagnos·ed in 8. Six AIDS patients had res­

piratory symptoms~ Pulmonary tuberculosis was diaqnosed 

in 2 and another unidentified mycobacterium was found in 

one. Two patients had pulmQnary asperqillosis, one fol­

lowinq a tuberculosis. Two other AIDS patients had 

recurrent episodes of pneumonitis with no pathogen iden­

tified, and one patient had Pneumocystis ~arinii pneu­

monia, which was only diagnosed post-mortem. Four of the 

17 AIDS patients had Kaposi's sarcoma : in 3 cases it 
appeared limited to the skin, and in one patient post­

mortem examination revealed disseminated visceral le­

sions. Central nervous system disorders were found in 2 

AIDS patients : one had cerebral lymphoma, and the other 

had subacute e~cephalitis of ~nknown cause. 

Four patients were presenting with the sym­
ptoms of the AIDS-related complex (ARC) : two had dif-

fuse lymphadenopathy with persistent fever, one had 

chronic diarrho~a with weight loss, and one had recur­

rent episodes of bronchopneumonia and multiple lympha­
denopathies. 

Among the 9 remain~nq patients, 6 had no sym­

ptoms that could be· considered as related to HIV irt­
fection, one had pulmonary ·tuberculosis alone, one had 

persistent diffuse lymphadenopathy alone,· and one pre­
sented with neurologic syphillis. During the 12 months' 

period of ·the study 7 patients died, all presenting with 

AIDS. 
Serological studies · · 

Each patient had at least one serum test for 
antibodies to both HIV-1 and HIV-2. "All patients I sera 

were tested by "IFA for an~ibodies to HIV-2, and all were 

positive. Amonq them, 21 were also tested for antibodies 

. I 
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to HIV-2 by RIPA : all clearly p·recipitated the hiqh­
molecular weiqht .envelope qlycoprotein of the virus, 
termed qp _140, and 16 of them also reacted with the 
major core protein p26, whereas only one reacted with 
another viral core protein, termed p16. 

The sera were evaluated f.or the presence of 
cross-reactinq antibodies to HIV-1 usinq different as­
says. An I.FA test was used in 24 sera : 12 were neqa­
tive, 10 were weakly reactive, and 2 were positive. In 
ELISA, 21 were tested : 16 were neqative, and 5 were po­
sitive. Finally, 11 sera were tested for antibodies to 
HIV-1 proteins by RIPA. Three failed to react with any 
viral protein, 2 only precipitated the pol qene product 
p34, and 5 re~cted with the major core protein p25. Two 
sera reacted only faintly with the envelope qlycoprotein 
qp 110 of HIV-1 .... These two ser~, and all sera with posi­
tive IFA or ELISA tests for antibodies to HIV-1, had a 
strong reactivity with the qp 140 of HIV-2 in RIPA, in­
dic•tive of infection with HIV-2 rather than with HIV-1. 
Only one patient, that we did not include in the study 
population, was seroloqically found to be infected with 
HIV-1 and not with HIV--2. This patient was a 21-year-old 
woman from Central Africa (Sao Tome Islands) with AIDS. 
Virus isolation 

Isolation of retroviruses from peripheral 
blood lymphocytes was attempted in 12 patients. HIV was 
isolated 
cytopathic 

in 11, accordinq to the presence of a typical 
effect, and of a peak of particle-associated 

reverse transcriptase activity in the culture superna­
tants. 

All 11 isolates were identified as HIV-2 usinq 
a dot-blot hybridization technique. Viral dots from 10 
isolates were. found to st~onqly hybridize in stringent 
conditions of hybridization and washing with a HIV-2 
probe derived from a cloned HIV-2 cDNA, whereas none of 
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them hybridized with a HIV-1 probe in the same condi­
tions. One isolate only faintly hybridized with the 
HIV-2 probe, but it failed to hybridize with the HIV-1 
probe. 

Immunological eyaluation 

Thirteen patients were evaluated for the num­
ber of circulatinq lymphocy.tes identified as helper T 
cells (CD4+) and the ratio of helper:supressor T ceils. 
Amonq these patients, 11 had AIDS : their mean absolute 
helper T cells count was 243 to300/microlitre and their 

mean helper · suppressor. ratio was 0.2Sto 0.15. One 
patient, clinically presentinq with ARC, had a number of 
helper T lyinphocyte·s of 240/microlitre and a ratio of 
0.18. Another patient, with neurological syphillis and 

15 no evident HIV-related symptom, had a helper T lympho­
cyte count of 690/microlitre and a ratio of 0.82. · 

• DISCUSSION 

In this study, we demonstrated BIV-2 infection 
in 30 West African patients presentinq either with AID_S, 

20 ARC or with no apparent HIV-related symptoms. The re­
sults ne"'ertheless permit the conclusion that HIV-2 
must be considered to be a major aetiological agent of 
AIDS in West African patients. The seroloqical and vi­
rologic profiles that we observed indicate that HIV-2 

25 infection was not often associated with HIV-1 infection 
in our patients. Despite important antigenic and genetic 
differences, HIV-1 and HIV-2 display similar tropism for 
CD4+ T lymphocytes, similar cytopathic effects, similar 

morphology, and share common immunoreactive epitopes in 

30 some of their constitutive proteins. Since all West 
African patients with HIV infection in this study were 
found to be infected with HIV-2 and none of them with 
HIV-1, the new virus HIV-2 may be the major cause ·of 
AIDS in West Africa. 

35 The symptoms of HIV-2-related AIDS were not 
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different from those of. HIV-1 relat~d AIDS in Central 
Africa The most common symptom was chronic diarrhoea, 

with important weiqht loss, mostly due to ·Isospora belli 
and/or Cryptosporidium. The frequency of other opportu-

5 nistic infections, srich as candidiasis, myc6bacteria 

10 

15 

20 

(including M. tuberculosis) and toxoplasmosis was found 
comparable to that in HIV-1-related African AIDS. Pneu­
mocystis carinii pneumonia, a very common complication 

of AIDS in the USA and Europe, has only been ·found once 

in our study, and cryptococcal meningitis was not de-

tected. 
Nevertheless, the immunolocjical abnormalities 

found in HIV-2-infected AIDS patients are identical to 

those described in HIV-1-related AIDS. 

Among the 30 patie.nts, who all had serum anti-
bodies reactive with HIV-2 antiqens, only 7 had HIV-1 
specific antibodies detectable usinCJ IFA or ELISA .. In 
RIPA, all of these 7 p~tients had antibodies reactive 
with the other major core proteins p25 (HIV-1) or p26 
CHIV-2), which share strongly immunoreactive .epitopes. 

Five patients. lac~ed such antibodies : all 5 had a ne­
gative HIV-1 ELISA. IFA was borderline in 3 and negative 
in 2. However, although some of them were not completely 
evaluated, we found 9 patients with sezwa antibodies to 

25 the viral core protein p26 of HIV-2 who had a weakly 
reactive or · ne·gative HIV-1-specific IFA and/or ELISA. 
These findings point . to the importance of includinq 
HIV-2 antigens in the HIV serum tests used in Africa and 

. 30 

perhaps in other areas. 
A retrovirus was isolated from the peripheral 

lymphocytes of 11 patients. In ·all cases, viral growth 
was obtained within 2 weeks, characterized by the 
presence of reverse transcri·ptase activity in the 
culture supernatant and of cytopathic effect. However, 

35 this cytopathic effect appeared to vary in importance 
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from one isolate to another: some isolates provided 
numerous larqe-sized syncytia toqether with important; 
cell 
of 

lysis, 
limited 

whereas others· exhibited only few syncytia 
size, and affected poorly the viability of 

the culture. 
5 

10 

RNA from all but one isolate was found to 
clearly hybridize in hiqh strinqency conditions with a 
prove derived from a HIV-2 cDNA clone, representinq the 
3' ·end of the qenome. None hybridized with a HIV-1 probe 
in the same conditions. This demonstrates that the 
isolates infectinq these patients all belonqed to the 
same type of virus. One isolate only poorly hybridized 
with HIV-1. This virus, however, was isolated from a 
patient with serum antib~dies reactinq with all the 

15 antiqens of HIV-2 in RIPA. 

20 

This invention relates qenerally, in addition 
to HIV-2 viru~ its variants, to any equivalent virus 
which is infectious for man and possesses immunoloqical 
characteristics specific to HIV-2. The invention relates 
qenerally to any virus which, in addition to the 
pro~erties posses~ed by the HIV-2 viruses deposited with 
the CNCM, 'also possesses the characteristics which 
follow. 

The preferred tarqet for the HIV-2 retrovirus 

25 consists of human Leu 3 cells (or T4 lymphocytes) and 
and "immortalized• cells derived from these T4 
lymphocytes, for example cells of the HUT 78 lines dealt 
with in the context of this patent application. In other 

30 

words, it has a specific tropi~m for these cells. It.can 
be cultured in permanent lines of the HUT, CEM, MOLT or 
similar type, expressinq the T4 protein. It is not 
infectious for TS lymphocytes. It is ~ytotoxic for the 
human T4 lymphocytes. The cytopathoqenic nature of ~IV-2 
viruses with respect to T4.lymphocytes manifests itself, ,, 

35 in particular,· by the appearance of multinucleated 
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cells. It has a reverse transctiptase activity which 

requires the presence of Mq2+ ions and has a stronq 

affinity for polyadenylate-oliqodeoxythymidylate 

(poly(A)-oliqo(dT) 12~18). It has a density of appro-

5 ximately 1.16 in a sucrose qradient~ It has a mean 

diameter of 140 nanometres and a core having a mean 

diameter of 41 nanometres. The lysates of this virus 

contain a p26 protein which does not cross immunolo­

gically with the p24 protein of HTLV-I virus or HTLV-II 

10 

15 

20 

virus. These .p26 proteins hence have a molecular weiqht 

which is sliqhtly higher (by approximately 1000) than 

the corresponding .p25 proteins of HIV-1 and slightly 

lower (again, of the order of approximately 1000 lower) 

.than the correspondin~ p27 proteins of the SIV. The 

lysates of HIV-2 contain, in addition, a p16 protein 

which is not immunoloqically recognized by the P19 

protein of HTLV-I or of HTLV-II in RIPA (abbreviation 

for radioimmunoprecipitation assay) experiments. They 

contain, in addition, an envelope qlycoprotein havinq a 

molecular weiqht of the order of 130,000 - 140,000, 

which does not cross immunoloqically with the qp 110 of 

HIV-1 but which~ on the other hand, crosses 

immunologically with the qp 140 envelope qlyco-protein 

of STLV-III. These . lysates also contain proteins or 

25 9lycoproteins which can be labelled with c35 s)cysteine, 

havinq molecular weiqhts, respectively, of the order of 

36,000 and 42,000 4·5,000. The genomic RNA of HIV-2 

does not hybridize with the genomic RNA of HIV-1 under 

strinqent conditions. Under non-stringent conditions, it 

30 does not hybridize with nucleotide sequence derived from 

HIV-1 and containing the ~ qene and the LTR adjacent 

to it. In particular, it does not .hybridize with the 

nucleotide. sequence 5290-9130 of HIV-1, nor with 

sequences of the .22.l region of the HIV-1 genome, in 

35 particular with the nucleot~de se~uence 2170-2240. under 
non-strinqent ___ conditions, ___ it ___ hybridizes 
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weakly with nucleotide sequences of the HIV-1 region, in 

particular the nucleotide sequences 990-1070 and 

990-1260. 

It should be noted that any retrovirus which 

5 
is infectious for man, capable of inducing one of the 

forms of AIDS, havinq the abovementioned essential 

properties and whose genomic RNA is capable of 

hibridizinq under stringent conditions with those HIV-2 

viral strains deposited with the CNCM (or with a cDNA or 

10 
cDNA fragment derived from these genomic RNAs} is to be 

considered to be an equivalent of HIV-2. 
The invention also relates to each of the 

antigens, in particular proteins and qlycoproteins in 

the purified state, such as· may be obtained from HIV-2. 

15 
Reference to "purified• proteins or glycoproteins 

implies that these proteins or qlycoproteins lead, 

respectively, only to single bands in polyacrylamide gel 

electrophoresis, in particular under the experimental 

conditions which have been described above. Any suitable 

20 

25 

30 

35 

method of separation and/or purification for obtaning 

each of ··these can be used. By way of example of f 
technique which can be employed, that describes by R.C. 

MONTELARO et al·., J. of Virology, June 1982, pp. 

1029-1038, will be mentioned. 

The invention relates qenerally to all 

antigens, in particular proteins, glycoproteins or 

polypeptides, originating from an HIV-2 and having 
immunological properties equivalent to those of these 

antiqenic compounds of HIV-2. Two antigens are said to 

be •equivalent", in the context of this account, 

inasmuch as they are recognized by the same antibodies, 

in particular antibodies· -which· can be isolated from a 

serum obtained from a patient who has been. infected with 
an HIV-2, or inasmuch as they meet the conditions for 
•immunoloqical equivalence" stated below. 

-~ .... 
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Amonq equivalent polypeptides, proteins or 

glycoproteins, there must be .included fragments of the 

·above antiqens (or peptides reconstituted by chemical 

synthesis), inasmuch as they give rise to immunological 

cross-reactions with th~ antiqens fro• which they are 

derived. In other words, the invention relates to any 

polypeptide . which has, in common with a.bovementioned 

antigens I identical or similar epi tope·S capable of beinq 

recognized by the same .. antibodies. Belonqinq to this 

latter type of polypeptides are the products of 

expression of corresponding sequences of the DNAs which 

code for .. the c6tresponding polypeptide sequences. 

The HIV-2 virus has proved to be usable as a 

source of antigens for detecting antibodies in all 

people who have come .into"contact with the HIV-2 virus . 

The invention relates generally to any 
• 

composition wh~ch can be used for the diagnosis of the 

presence in 

people who 

a biological fluid serum, in particular of 

have come into contact with HIV-2, of 

20 antibodies against at least one of the antigens of 

HIV-2. This composition can be applied to the selective 

diagnosis of the corresponding variety of AIDS, em­

ploying diagnostic techniques such as those described in 

the European patent application cited above, except that 

25 extracts , lysates or purified antigens of HIV-2 are 

used instead· of those of HIV-1. In this connection, the 

invention relates more especially to compositions 

containing at· least one of the· proteins p12, p16, p26, 

which are the internal p~oteins, or p36 or gp 140. By 

30 . way of examples of compositions, those which simulta­

neously contain the following will be mentioned. 

. 35 

p26 and qp 36 

.p26, p36 and qp 140, 

· _p12, p16 and p26·, 

p16, p26 and gp 140, ·etc. 

.. _ ... 
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so 
it is. self-evident that these compositions 

signify only examples. In particular, the invention 
relates to the viral extracts or lysates containing this 
qroup of proteins and/or qlycoproteins or all tractions 

5 from which one or more of the abovementioned proteins or 
qlycoproteins has been separated beforehand. 

10 

The invention also relates to compositions 
containing a combination of proteins and/or 
qlycoproteins of an HIV-2 with proteins and/or 
qlycoproteins of an HIV-1; for example: 

either core proteins of HIV-1 and HIV-2, in 
particular the p25 of an HIV-1 and p26 of an HIV-2, or 
alternatively the p18 of an HIV-1 and the p16 of an 
HIV-2, 

15 or envelope_ glycoproteins of an HIV-1 and 
envelope glycoproteins of an HIV-2, in particular the 
qp 110 of HIV-1 and the gp 140 of HIV-2, or alternati­
vely the p42 of HIV-1 and the p36 or p42-45 of HIV-2, 

or, of course, mixtures of proteins and/or 

20 qlycoproteins of an HIV-1 and proteins and/or qlycopro­
teins of and HIV-2. 

Su~h compositions, used for diagnosis, 
consequently make possible procedures for diagnosis of 
AIDS or of the symptoms which are associated with it, 

25 which extend over a wider spectrum of the aetiological 
aqents responsible. It qoes without saying that the use 
for diaqnostic procedures of compositions which contain 
only proteins and/or qlycoproteins of HIV-2 is 
nevertheless .. useful for more selective diagnosis of the 

30 category of retrovirus which can be held responsible for 
the disease. 

The invention also relates to the DNAs or DNA 
fraqments, more especially cloned DNAs and DNA frag­
ments, obtained from the RNA and cDNAs derived from the 

35 RNA of the HIV-2 retrovirus. The invention also 

t. 
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relates especially to all equivalent DNAs, in particular 
any DNA possessinq sequence homoloqies with the DNA of 
HIV-2, especially with the sequences which code for the 
~ and pol reqions of the strain of HIV-2 deposited 

5 with the CNCM, equal at least ~o 50 \, preferably to 

10 

15 

20 

25 
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35 

70 \ and still more advantaqeously to 90 \. It will also 
be stated qenerally that the invention relates to any 
equivalent DNA (or RNA) capable of hybridizinq with the 
DNA or RNA of HIV-2 in the •spot blot• technique, under 
non strinqent conditions as defined above. 

The invention likewise relates to the sera 
capable of beinq produced in animals by inoculatinq the 
latter with HIV-2. The invention hence relates more 
especially to the polyclonal antibodies directed more 
specifically aqainst each of the antigens, in particular 
proteins or qlycoproteins, of the virus. It also relates 
to the monoclonal antibodies Which can be produced by 
traditional techniques, these monoclonal antibodies 
beinq directed, respectively, more specifically aqainst 
the different proteins of HIV-2. 

Thes.e polyclonal or monoclonal antibodies can 
be used in different applicatioris. Their use for neutra­
lizinq the correspondinq proteins, or even inhibitinq 
the infectivity of the whole virus, will mainly be 
mentioned. They can also be used, for example, for 
demonstratinq the viral antigens in bioloqical 
preparations or for carryinq out procedures for 
purification of the correspondinq proteins and/or 
9lycoproteins, for example by using them in affinity 
chromatoqraphy columns. 

It is understood that, in general, the 
available technical literature (in particular that for 
which the bibliographic references are in the context of 
the present description) in respect of HIV-1 and.the 
virus designated HTLV~III is to be considered to be 

i 
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incorporated herein by reference, inasmuch as the 
techniques described in this literature are applied 

under similar conditions to the isolation of HIV-2 virus 
or of the equivalent viruses, and. to the producti~n from 
these viruses of their different constituents (in 
particular proteins, qlycoprotein_s, polypeptides and 

nucleid acids). Use can also be made of the teachings of 

this technical literature as regards the application ~f 

the different constituents in question, in particular to 
diaqnostic procedures of the correspond_inq forms of . LAS 

or AIDS. 

The present invention relates more especially 

to a method for in vi trO diagnosis of AIDS, which 

comprises bringing a serum or another biological medium 
originating from a patient who is the subject of the 
diagnosis into contact with a compositioncontaininq at 
least one of the proteins or•qlycoproteins of HIV-2, or 

alternatively an extract or lysate of the virus, and the· 

detection of · the immunoloqical reaction. Examples of 

such compositions have .been stated above. 
P~efer~ed methods involve, for example, immu­

noenzymatic reactions of .the ELISA or iuunofluorescence 
type. The ti tratio.ns can be measurements by direct or 

indirect immunoflueorescence, by direct or indirect 

immunoenzymatic assays. 
Thus, . the present invention also relates to 

extracts of virus (either an extract of one or more 
HIV-2 viruses alone, or a mixture of extracts oriqina­

tinq from one or more HIV-2 viruses, on the one hand, 
and one or more HIV-1 viruses, on the.other hand), these 

extracts beinq labelled. Any suitable type of label can 

be used 
like. 

extract 

enzymatic, fluorescent, radioactive and the 

Such ·titrations comprise, for example 
the deposition of· specified· amounts of the 

or of the composit~on referred to accordinq to 
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the present invention in the wells of a microtitration 

plate ; 
introduction into these wells of increasinq 

dilutions of serum principally containinq the antibodies 

whose presence is to be detected in vitro ; 

the incubation of the. microtitration plate ; 

careful washing of the microtitration ~late 

with a suitable buffer ; 

the introduction into the wells of the 

microtitration plate of labelled antibodies specific for 

human immunoglobulins, the labelling beinq carried out 

with an enzyme chosen from those which are·capable of 

hydrolysing a substrate in such a way that the latter 

then underqoes a modification ·of its absorption of 

radiation, at least in particular wavelenqth band, and 

the detection, preferably in comparative 
• relative -to a control, of the extent of fashion 

hydrolysis of the substrate, as a measurement of the 

potential risks or of the effective presence of the 

disease. 
The present invention also relates to outfits 

or kits for_ the above diagnosis, which comprise : 

, an extract or a more highly purified fraction 

of the types of virus stated above, this extract or 

fraction being ·labelled, for example radioactively, 

enzymatically or by immunof luorescence ; 

anti-(human immunoqlobulins) or a protein A 

(advantageously, bound to a support which is insoluble 

in water, such as aqarose beads) ; 
an extract of lymphocytes obtained from a 

person in qood health 
-buffers and, where appropriate, substrates for 

the visualization of the labellinq. 

It emerqes from .the foreqoinq that the 

invention relates to the diaqnosis of HIV-2 virus, or of 

I 
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a variant, as a result of the use of the probes 

described above, in a method employinq dif.ferent stages 

recorded below, the·se stages being arranged specifically 

to bring out the characteristic properties of the HIV-2 

5 virus. 

10 

The invention naturally also relates to the 

use of the cDNAs 

containing them) 

or their fragments (or recombinants · 

as probes for the diagnosis of the 

presence or absence of HIV-2 virus in samples of serum 

or of other biological fluids or tissues obtained from 

patients suspected of being carriers of the HIV-2 virus. 

These probes are preferably also labelled (radioact1ve, 

enzymatic, fluorescent labels, and the like). Especially 

advantageous probes f6r carryirig out the method for 

15 diagnosis of the HIV-2 viius, or of a variant of HIV-2, 

can be characterized in that they comprise all or a 

fraction of the cDNA complemen~ary to the genome .of the 

HIV-2 virus, or alternatively, ·in particular, the 

fragments present in the various clones identified 

20 above. There will be mentioned, more especially, a 

fraction of the cDNA of HIV-2 present in. the clone E2, 
, I . 

more especi~liy the sequ_ence of the 3 •· end (LTR) and/or 

of the 5' end of the HIV sequence of the abovementioned 
. . 

clone E2, or alternatively the cDNA containing the ~ 

25 region, of the cDNA. o.f the HIV-2 virus. 

The probes .employed in this method for 

diagnosis of the HIV-2 virus and in the diagnostic kits 

are in no way limited to the probes described above . 

They comprise, on the contrary, all the nucleotide 

30 sequences originating from the genome of the HIV-2 

virus, of a variant of HIV-2 or of a structurally 

related virus, inasmuch as they enable antibodies 

directed against an HIV-2 to be detected in biological 

fluids· of people capable of developing one of the forms 

35 of AIDS. Naturally, the use· of nucleotide sequences 

. . 
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oriqinatinq from an HIV-2 which is initially infectious 
for man in nevertheless preferred. 

The detection can be carried out ·in all 
manners known per se, in particular by brinqinq these 

5 probes into contact either with the nucleic acids 
obtained from cells present in these sera or other 
bioloqical media, for example cerebrospinal fluids, 
saliva, and the like, or with these media themselves 

inasmuch as their nucleic acids have been rendered 

10 accessible to 

beinq under 
between these 
detection of 

hybridization with these probes, this 

conditions which permit hybridization 
probes and these nucleic acids, and by 

the hybr~dization which may be produced. 
The abovementioned diagnosis, involving hybridization 

15 reactions, can also be carried out usinq mixtures of 
probes oriqinatinq, respectively, from an HIV-1 and an 
HIV-2, insofar as it is unnec·essary to differentlate 
between the type of HIV virus sought. 

20 

25 

In qeneral, the method for diagnosis of the 
presence or absence of the HIV-2 virus or a variant, in 
samples of sera. or other fluids or tissues obtained from 
patients suspected of beinq carriers of the HIV-2 virus, 
comprises the following stages : 

1) the manufacture of a labelled probe, 
2) at least one hybridization staqe performed 

under strinqent conditions, by brinqinq the DNA of cells 
in the sample from the suspect patient into contact with 
the said labelled probe·on a suitable membrane, 

3) washing of the said membrane with a 

30 solution which provides for the retention of these 
strinqent conditions for the hybridization, and 

4) the detection of the presence or absence of 
the HIV-2 virus by an immunodetection method. 

In another preferred embodiment of the method 

35 accordinq to the invention, the abovementioned 
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hybridization is performed under non-stringent 

conditions and the washing of the membrane is carried 

out under conditions adapted to those for the 

hybridization. 

The ·invention relates 

viruses~ characterized in 

corresponds with a cDNA 

in particular 

that their 

whose GAG and 

to 

viral 

ENV 

HIV-2 
RNA 

genes 

contain the following nucleotide sequences· -----

( GAGRODN and ENVRN). They result from the 

sequencing of the corresponding regions of the cDNA 

corresponding to· the HIV-2 ROD genome. They are 

aligned with the amino-acids for which they code. 

It is clearly understood that the reference which 

is sometimes done for conveniency in the specification 

and even in the claims as fpr as the possibility of 

hybridization between the RNAs, must be interpreted as 

meaning that the appropriate corresponding chain 

derived from cDNAs themselves obtained from these RNAs 

20 which are capable of reciprocal hybridization. 

25 
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CAGIODI 

. 
H1tGl7AlaAr1A1aSerValLeuAr;Gl1L71Ly1Alal1pCla 
A?CGCCGCGACAAACtCCGtCttGACAGGCAAAAAAGCAGATCU . . . . ... ·• . 
L1a~luArstleAr1teuAr1ProGl1Cl7L71L71L71TyrAr1 · 
ttACAA.lGAA%CACGtT.t.CCGCCCCGCCCA.AAGAAAA4CTACAGG . . - . . . 
LeuLysli1tleValtrpAlaAlal1Dt71t~uAspArglheGl7 
CTAAAACATAtTCTGTGGGCAGCGA.lT.u.AtTCGACACATtCGGA 

100 • ·. . • • 
LeullaCluSerLeuLeuCluSerL71GluCl7CysClcty1lle 
tTAGCACAGlGCCTCTTGCAGTCA.AAJ.GAGCGTTGTCAAAAAAtt 

• • • • • 
LeuThrValLeuA1plroKetValPr~thrCl7SerGluA1uLeu 
CTTACAGtTTTAGATCCAAtGGTACCG!CAGGTTCAGllAATTTA 

. .. . 200 • . • 
L71SerLeulheA1nthrValCysValtletrpCr1IleEi1Ala 
AliAGtCttTttAATACtGtCTGCGTCATtTCGTGCATACACGC~ 

; .·· ·. . . . : •... . ... ,· ~ .. · -~ .• .. .·. . . . 
CluCluL71ValLy1A1pThrCluGl7AlaL11GlntleValAr1 
CAACAGAAAGTGAAAGATACTGAACGAGCAAAACAAATAGTGCGG 

. . . •· . .. . • . ·300 . . • 
lrslisLeuValA1aGluThrGlytbrA1aGluL71MetProSer 
AGACAtCtAGTCGCAG.AAACAGCAAC?GCAGAGAAAATGCCAAGC 

• ' 
. ; ... • • 

thrSerAr1lrothrAlaProSerSerGluL71Gl7Gl7AsGT7r 
ACAAGTAGACCAACAGCACCATCTAGCGACAACGGAGGAAATTAC 

• • • 400 
~roVa1G1alisV~~G11Gt7A1GTyrThrll1IleProLeuSer 
CCAGTGC4'.ACATGTAGGCCGCAACTACACCCATATACCGCTGAGT . . . . . . . . 
1roAr&ThrLeuAsaAlatrpVa1Ly1LeuValGluCluLy1Ly1 
CCCCCAACCCtAAATGCCTGGGTAAAAtTAGTAGAGGAAAAAA4G . . . . . . 
PheGlyAlaGluValVal1roG1yPheG1aAlaLeuSerG1uGl7 
tTCGGGGCAG.\AGTAGTGCCAGGATTTCAGGCAC·tCTCAGJ.AGGC 

500. • • • • • 
C71Thti'rot7rA_s p 11 eAs cC ln:te tLeuAs nC y s Vai lC 1 yAs p 
TGCACGCCCTATGAIATCAACCAAATGCTTAATTGTCIGGGCCAC . . . . . .... . 
BisGlnAlaAlaMetClalletleAr:GlQiletleAsaGluGlu 
CAtC.UGCAGCCATGCAGATAATCAGG.GA.CAtTATCAA TGAGGAA 

• 600 • . • • 
A laA laGiu'l"rpAs p Va lC 1ali1 Pro tl e?roC 1 yPr oLeuPr o ... 
GCAGCAGAATGGGATGTGCAACATCCAAT4CCAGGCCCCTTACCA .. - . . .. ... . 
A laG l7GlateaAr&Glu1'roArgGl7Se.rAsp 1 leAlaGlyThr 
GCCGCGCAGC?TAGAGAGCCAAGG.GCAtCTGACATAGCAGGGACA 

• • 700 . • • 
ThrSerThrYalGlGGluClalleGlatrpHetrbeAr1ProGlD 
ACAAGCACACt.lC.lJ.CAACACAtCCAGTCGAtGttTACCCCACA.&. 
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. . .. . 
A1alrotalfroYal;l7A••llet7rAr1Ar1trpll1Gla~~. 
AATCCtGTACC1GtACCAA.ACATCtAtAGAAG1tCCATCC1CltA 

• • • . 100 • 
Cl7teuGlaL71C71falAr1KetT7rA1arrot~rAa~tl1L•• 
CCAttGCACAAGtGTCtCAGGATGtACA.lCCCCACCA.ACATCCTA 

• • • • • • 
A1plleLfsClaCl7~roL71ClaProJheGlaSert7rYall1~ 
ClCATAAAACAGCCACClJ.AGGAGCCGttCCAJ.AGCTATCTAGAt 

• • • . • 900 
Ar1Ph1T7rLy1SerL1uAr1Al1GluGlatbrA1p1roAlafal 
AGlttCTACAAAAGCttGAGCGCACAACUACAGAtCCAGCAnG 

• • • • • 
L71AsaTrpHetTbrGlutbrteateuValCl~A•u~laA1afro 
AACAA?TGGAtGACCC!AACACtCCtACtAC.LlAATGCC.U.CCC& . . . . . . . .. 
A1pC71L7st.eaValteut.71Cl7teoGl7Het.tau1rothrLe• 
··~ACtGTAAA TTAGtCC TAAAAGGACTACCCA tCilCCCTACCttA 

1000 . • • • 
GluGluKetLeutbrilaC71GlaCl7YalCl7Gl7!roGl7Gla 
GAAGAGAtCCtGACCGCCTGtCACGGCCTAGGtGCGCCAGCCCAO 

• • • • • 
·t.71AlaArcteuHettlaCluAlateuL71GlaYalll1Gl7Pro 

AAAGCtACATtAAtCGCAGAGGCCCTCAAAGAGGtCATAGGlCCt 
• . 1100. - • • . 

Atarroile!ro!beA11AlaAlaGlDClaArst1aAla!beL71 
CCCCCTATCCC1tTCGCAGCAGCCCACC~GAG.LlACCCAtTTl'4 . ·.. ..·· .... 

• •• • • • • • 
C71trpAaaC71Gl7t11CluGl7Bl1SerAl1lr1GlaC71lr& 
TGCtCGUCTGtCGUACCAAGGCCACtCGGCUGAC.U.TGCCGA 

~ • 1200 • 
A~1ProA~1Ar1GluGl7C71Trpt71C71Cl7L71ProGtyli1 
GCACCTAGAAGGCAGGGCTGCtGGAAGTGTCGTAAGCCACGACAC 

• • • •• • 
%leHetThrisaC71Pro~1pArgGluAlaGlJPheLeuClyLe• 
AtCAtCACAA•CTGCCCAGATACACACGCACGit~TtTAGCACTG 

" . . • • • . 1300 
Cl7ProTrpCl7Lyst1sProArgAsuPbeProfalAlaGlnVal 
GGCCCTTGGGCAAACAAGCCCCGCAACTtCCCCCTGGCCCAAGTT 

• • • • • 
1ro~lnGlyLeuThrProThrAla!roProVa1Asp!roA1aV~l 
CCGCAGGGGCTGACACCAACAGCACCCCCAGT;CATCCACCAGTC 

• • • • • • 
AspLeuLeuGluL71T7rMetGlnGtuCt7Lyslr1GlnAr:Gla 
CATCTACTCGACAAA?ATATCCAGCAAGCCAAA..LGACAG.AGAGAC 

1400 • • • • 
ClaAr1GluAr1Prot7rLysCluValThrGluAspLeuLeuBi1 
CAGACACAGACACCATACAACCA.ACTCACAGAGCACTTACTGC.\C 

• • • • 
LeuGlaGlaGlyGlathrProTyrArsGlulroProThrCluAsp 
CTCCACCACCCCCACACACCATACACGGAGCCACCAACAGACCAC 

• 1500' • • • 
Leat.euBi1teuA1DSert.euPbeCl7L71A1pCla 
.ttGCTGCACCTCAAttCTCTCTTTCCAAAAGACCAG 

-'·· 
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52/ Nucleic· acid according to claim 46, characterised 

. in that 1 t contains. a ilucleotidic sequence coding for 

the totality or part of the a•inoacid sequence 

indicated hereafter, the encoded a•inoacid sequence 
having.the capacity of giving a specific immunological 

reaction with antibodies against a HIV-2 retrovirus as 

defined. in anyone of claims f to 9 when it is 
contacted with a serum· of a patient infected 
specifically with a HIV-2 retrovirus. 
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lroValG1aB1aYaiG1JG11Asa!7rrlar&lalle1roL••lar . . - . . 

• • • • • • 
1roArsllrLaU.aU.1a!rp f alL7sLes lalGlaGlul.7sJ.7a '. 

5 • • • • • 
!beGl7AlaGluValValProGl7PheClaAlaLeuSerGluCl7 

500. • • • • 
C71TbrProt7rA1pileAa1LClDHetLea.AanC71ValGl7A1p 

. . .. - . 
10 Ki1GlDAl&AlaXetGlalleileAraGlallelleA•nGluCla 

• 600 • • • 
AlaAlaClatrpA1pValGlaaia1rol18'roG17ProLeulro 

15 

• • • • 
AlaGl7Gl1LLeur:Cl11lr.0Ar:cGl7SerA.1plleAlaC?l1thr 

. . . ·-
• • 701 • . • 

Tb.rSer~rValGluGlaGlalleGlatrpBet!beAr1ProGl~ · 

. . 
20 • .. • a.oo • 

Gl7LeuGlDL71C71;ValA.r:lletT7rAsa!roThrA10.IleI.e11 
. . . 

r 

• • • • 
~· A•pileL71GlDGl7!roL71CluPraPheCl1LSerT7rValA1j 

• • • . • 900 
Ar 1PbetyrL71 Se_rLeur:AlaG luC: 1D.ThrAs p!ro!.la Va 1 

25 
\._..,· 

• •• • • • 
· ;f1A1utrpHettbrGlDThrteuLeaValGlaAaDJ:laA11l!ro. 

• • • • • • 
A.1pC71L::r•L•uValLeaJ.71Gl7LeaGlJHetA1nl'rothrLew 

30 1000. • • • 
GlaGluJletLeatllrAlaC11ClDCl7ValGl1Gl7!roGl7Gla 

• • • • • 
L7sA.l&Ar1teal1tAlaGl1LllaLeaL7•CluValileGl7fro 

. . 
- 1100 ·- • 41aProl1e!ra1keA1aA.la.\laG1aG1• 

35 
• .. • • 

111111111111111111111111111111 
* C L K S * 

I 
. I 

·I 

l 
, .. j 
'.-: 

: i 

:-\ . I 
I 
.1 

; l 

~ I 
! 
l 
! 



-
108 

53/ Nucleic acid according to claim 46, characterised 
in that it contains a nucleotidic sequence coding for 
the totality or part of the aainoacid sequence 

5 indicated hereafter, the encodt:td . aminoacid sequence 
having the.capacity of giving a specific i .. unological 
reaction with antibodies against HIV-2 retrovirus as 

defined in anyone of claias 1 to 9 when this aminoacid 
sequence is contacted with a serum of a patient 

10 infected with a HIV-2 retrovirus : 
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ISftl 

UetHetA11aGl11LeaLeulleAlalleLeuLe11.llaSerAlaC71 . . 

• • • • 
LeuValTyrCy1ThrGlDt7rValThrValPbetyrGlyValPro 

5 

• • • • • 
ThrTrpLysAsuAlaThrileProLeuPheCysAlaThrArgAsa 

100 • • • 
~rgAapThrTrpGl7ThrileGlnCy1LeuProA1pAanA1pA1p 

10 • • • • • 
t7rGluGlallethrLeuA1nValThrGluAlaPheA1pAlaTrp 

• 200 • • 
A1uA1nThrValTbrGluGlnAlaileGluAspVal'trp!li1Leu 

15 

. - . . . 
~heGluThrSerlleL1aP~oCy1ValL11LeaThr!roLeuCy1 

• • • 300 • 
'9'alAlal.JetLy1C71SerSerThrGluSerSerThrGlyA111Asn 

• • • • • 
!hr%hrSerL71SerThrSerthrThrThrThrThrProThrA1p 

20 • • • 400 
C:lnGlu<a~GluileS~rGluA1pThrProCy1J.IaAr·gAlaA11> 

• • • • • 
.. \......; AsuCrsSerGlyLeuGlyGluGluGluthrileAsaCvsGlnPhe 

• .. • • 
25 

A1nMetThrGlyLeuGluAr1AspLysLysLysGln?yrAsnGlu 

300 • • • 
~hrtrpT7rSerL1sAspValValCysGluTb:AsuAsuSer!hr 

• • • • 
AauGln?brGtuCystyr~etAsuEisC~s~snthrSerVallle 

30 • 600 • • • 
1'hrGl uSerCy 1A1 pty s Eis. TyrTrpAspA 1 :I leArgPheAr& 

• • • • 
T7rC71AlaProrroGlyTyrAlaLeuLeuAr1C11A1nA1pThr 

• - 700 • • 

35 
&aaT7rSerGl7f~eAlaProAaRC71SerL71YalValAlaSer 

.. -~------
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TbrC71tbrAr18ecKecGla%hrGla%hrSertbr!rprb.Cl1· . . . 

• • . • 800 • 
5 !heA1DGlythrAr1AlaGluA1uAr;Thrt7rileT7rTrpli1 

• • • • 
ClyArgA1pAsnAr;Thril~IleSerLeuA1nL71T7rT7rA1a 

• • • • too 
LeuSerLev&i>CyaLy1Ar:rroGlyAsnLy1TbrValLy1Gla 

10 
• • • • 

tleHetLeuN~tSerGlyBisValPheBisSer!isTyrGlnPro-

• • • • • 
lleAanL71ArgProArgGlnAlaTrpCysTrpPbeL71Glytya 

. 
1000 • • • 

15 TrpL71AapAlaHetGlnGluValL7sTbrLeuAlaLysli1Pro 

• • • • • 
A:gTyr4rcGlyThrAsnAspfhrArgAs'DileSerPheA1aAla 

• 1100 • • 
~roGlyL71Gl7SerAaplroGluValAlaTyrMetTrpthrAaa 

20 
• • • • • 

C71ArcGlY,GluPheLeuT7rCysA1nHetThrTrpPheLeuAsa . . 
'· 

· .. ··Qj··'···: ... .- ... ,, . 
. '··:.'· .... 

• • 12uo • 
YrplleGluAsnLy1Thr!i1Ar;AsnTyrAlaProCy1iisile 

25 • • • • • • 

Ly1GluilelleAsuThrTrpEisLysValClyArgA1nValT7r 

• • • 1300 
LeuProProAr:GluGlyGluLeuSerCysAsuSerThrValThr 

• • • • • • 
Serl lel leAlaA1ul leAsp T.rpG ~.nAsnAsuAsuG lnThrAsa 

30 
• • • • 

IleThrPheSerAlaGluValAlaGluLeuTyrAr;LeuGluLe• 

l•OO • . • • • 
Cl7A1pt7rL71LeuValGluileTarlroileGl7!beAlaPre 

35 

111111111111111111111111111111 
* C L M S * 



111 

~llrLy1CluL7aAr1t7rSerSerAlali1Gl7Ar1Bi1TbrAr1 
.;· .. 

s • lSOO • • • 
ClyValPheValLeuGlyPbeLeuGlyPheLeu.llaThrAlaGlJ' 

• • • • 
SerAlalietGlyAlaAr:AlaSerLeuTbrValSerAlaGlnSer 

] ,, 
• • 1600 • • 

10 Ar;ThrLeuLeuAlaGlyileValGlnGlnGlnGlnGlnLeuLeu 

• • • • 
AspValVaLL11ArgGlnGlnGluLeuLeuArgteuThrValTrp 

. . 

• • • 17 00 • 
GlyTbrLysA1nLeuGluAlaArgValThrAlaileGluLy1Tyr 

15 • 
• • • 

LeuGlnAspGlnAlaArgLeuAsnSerTrpGlyCysAlaPheArg 

• • • • 1800 
GlnValCys!Ii1ThrThrValProTrpValAsnAs11SerLeuAla 

• • • • 
20 ProAspTrpAspAsnMetth:TrpGlnClutrpGluLysGlnVal 

• • •• • • 
Ar;T.yrL"euGluA:la.AsnI feS erLys Ser.LeuG iu~ fn.AlaG ii 

1900 • • • 
Ile<;luGlnCluI.ysAsnHetTyrCluLeuGlnLysLeuAsnSer 

25 
• • . . • • 

TrpAspilePbeGlyAsutrpPheAspLeuThrSerTrpValLys 

• 2000 • • 
TyrileGlnTyrGlyValLeuilelleValAlaValileAlaLeu 

• • • • • 
30 Ar,IleValileT1rValValGlnMetLeuSerArgLeuArgLy1 

• • 2100 • 
~lyTyrAr&ProValPbeSerSerProProGlyTyrileGlDGln 

• 

35 -~-·----·-------------
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IleEi1IleEisL71A1pAr1GlyG1DProA1aA1nGluCluTbr 

• • • . Z200 
GluGluAspGlyGly$erAsuGlyGlyA1pAr1TyrTrpProTrp 

' . . ' . . . 
1rolleAlaTyrileBislheLeuileAr&GlnLeuileAr1Le• -

• • • • 
teu~brArgLeutyrSerileCysArgAspLeuLeu~erArgSer 

2300 • • • .. • 
PheLeuThrLeuGluLeuileT7rGlnA1DLeaAr1A1pTrpLa• 

• 
• • • • • A~gLeuArgThrAlalheLe~GluTyrG1yCysGlutrpileG1a 

• ' 2400 • • • 
GluAlaPheGluAlaAlaAlaArgAlaThrArgGluThrLeuAla 

' . . . •· 
Cl~AlaC~1ArgGlyLeutt~ArgValt~uGiaAr3lleCl1Ar1 

• • 2500 • • 
ClylleLeuAlaVaiProArgArglleArgGluGlyAlaGluile 

AlaLeuLe\l 

--·------
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54/ Recombinant nucleic acid ·comprising a cDNA or 

part of this cDNA according to anyone of claims 46 to 
53 and/or a RNA or part of a RNA corresponding to this 
cDNA inserted in a nucleic acid coming from a vector. 
55/ Recombinant nucleic acid according to claim 52, 
characterised in that it is labelled. 
56/ Process for the detection of a retrovirus capable 
of having a cytopathogenic effect for man, of the 
HIV-2 type or of . its RNA, in a biological liquid or 
. tissue especially for the in vitro diagnosis in man 
for the potentiality or existence of LAS or AIDS, 
characterised by conta9ting nucleic acids conta.ined in 
this biological liquid or tissue with a probe 
containing a nucleic acid according to anyone of 
claims 49 to 53 in stringent hybridization condition.a, 
or containing a DNA presenting a sequence homologie of 
at least 70%, preferably of at least 90% with the RNA 
of a retrovirus according to anyone of claims 1 to 9 

I . 

and capable of hybridizing with this one, in non 
· stringent conditions with the "spot blot" technique 

the above contacting being realised for the time 
necessary for said hybridization to occur and being 
followed of the washing of the hybride formed, with a 
solution ensuring the preservation of said stringent 
conditions and the detection of the bybride formed. 
57/ A process ·for the production of a retrovirus 
capable of having a cytopathogenic effect for man, of 
the HIV-2 type characterised by culturing in human T4 
lymphocytes or in permanent cell lines derived from 
said T4 ·lymphocytes and carrying the T4 phenotype, 
which lymphocytes or cell. lines had previously been 
infected with an isolate of HIV-2 virus as defined in 
anyone of claims 1 to 9, particularly when the level 
of reverse transcriptase activity has reached a 
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determined threshold, recovering and purifying the 

amounts of virus released in the culture media of 

said lymphocytes or celle lines, particularly by 

differential centrifugation in a gradient of sucrose 

or metrizamide • 

. 58/ A process for the production of specific antigens 

of the HIV-2 retrovirus characterised by lysing, 

particularly by means of detergent, such as sodium 

dodecylsulfate for instance 0.1% SDS in a RIPA buffer) 

of the purified virus obtained· after realisation of 

the process according to claim 57 and recovering the 

lysate containing said antigens : 

59/ Process for the product.ion of a hybridization 

probe for the detection ot" RNA of HIV-2 retrovirus 

characterised by the insertion of a DNA sequence, 

particularly according to• anyone of claims 46 to 53, 

in a cloning vector, by in vitro recombination, 

cloning the ·modified vector obtained in a competent 

20 cellular host·, and recovering the DNA-recombinants 

obtained .• . 
60/. The hybridoma secreting the monoclonal antibody 

according to claim 45. 

61/ Application of the polyclonal antibodies 

2 5 according to claim 44 or of the monoclonal antibodies 
according to claim 45, to the detection of HIV-2 

retrovirus as defined in anyone of claims 1 to 9 in a 
biological preparation. 

30 

""35 

62/ Application of the polyclonal antibodies 

according to claim 44 or of the monoclonal antibodies 

according to claim 45, to the detection of antigens of 

the HIV-2 retrovirus as defined in anyone of claims 1 
to 9 in a biological preparation. 

63/ Application of · the polyclonal antibodies 

according to claim 44 or of the monoclonal antibodies 

according to claim 45 to 1 the purification of viral 
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antigens of HIV-2 retrovirus as defined in anyone of 

claims 1 to 9. 
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