The invention relates to a new class of
: .viruses having the capacity to cause lymphadenopathies,
i ~ which are then capable of being replaced by acquired
i immune deficiency syndrome (AIDS) in man. The invention
10 also relates to antigens capable of being recognized by
antibodies induced in man by this new class of virus. It
also relates to the antibodies . induced by antigens
obtained from these viruses. ' '
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This invention relates, furthermore, to cloned
DNA sequences possessing sequence analogy or complemen-
tarity with the genomic RNA of the abovementioned virus.
It also relates to the methods for preparing these clo-
ned DNA sequences. '

The invention also relates to polypeptides
containing amino acid sequences encoded by the cloned
DNA sequences. = '

¢ 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 compositionms
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-éppli-
30 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 responsibiliﬁy in the
developement of AIDS had been recognized, formed the
subject of a description in a paper by F. BARRE-SINOUSSI

. 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-
gnosis of the presence of antibodies against the virus
was described more especially in European Patent Appli-
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.

To apply the new rules of nomenclature pu-
blishgd in Nature in May 1986, the retroviruses capable
of inducing in man the abovementioned lymphadenopathies
and AIDS will be given the overall designation “HIV®, an
abbreviation of the term "Human Immunodeficiency Virus".
The subgroup of.:etroviruses formed by LAV and its va-
riants was initially designated by the terms "LAV type
I* or "LSV-I'. The latter subgroup will be designated
hegeinafter'HIV41, it being understood that the term LAV
will still be retained to denote that strain, among the
strains of retrovirus (in particular LAAV, IDAV-l and
IDAV-2) Dbelonging 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-
periments described later, namely LAV oy Which was
deposited with the Collection Nationale des Cultures de
Micro-organismes (CNCM) (National Collection of Micro-
organism Cultures) of the " Institut Pasteur de Paris,
France, on 15th July 1983 under n® 1-232. _

The new retrovirus which forms the subjéct of
the present patent and the virus strains which are rela-
ted to it and which are, like it, capable of multiplying
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in human lyhphOCYtes, formerly known as. "LAV type II*
or “LAV-II", are henceforward known as “HIV-2%, it being
understood that the designations of certain HIV-2
isolates described later will be followed by three
letters which refer to the patients from whom they were

" isolated.

The "HIV-2" group can be defined as a gfoup of
viruses having in vitro a tropism for human T4 lympho-
cytes, and which have a cytopathogenic effect with res-
pect to ‘these lymphocytes when they multiply therein,
and then either cause generalized 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
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 HIV-1 strains iso-
lated to date from American, European, Haitian and
African patignts-have antigenic sites in common conser-
ved on their principal proteins, i.e. core protein p25,
enﬁelope glycoprotein gp110 and transmembrane protein
gp41-43. This felationship makes it possible, for
example, for the prototype LAV strain to be used as a
strain of antigens for detecting antibodies against all
HIV-1 class viruses, in all people who carry them, re-
gardless of their origin. This strain is hence currently
used for detecting anti-HIV-1 antibodies in blood donors
and patients, in particular by immunofluorescence and in
particular by the technique known as ELISA, *Western
Blot" (or immuno-imprinting) and "RIPA®", an abbreviation
for Radioimmunoprecipitation Asééy} .

However, in a serological study peformed with
an HIV-1 lysate on patients ﬁho originated from West
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Africa, it was observed that some of them gave serone-
gative or very weakly pdsitive reactions, whereas they
showed clinical and immunological signs of AIDS. |

The cultured -lymphocytes of one of these pa-
tients were the source of a first HIV-2 retrovirus iso-
lated, whose structure in electron microscopy and whose
proteine profile in SDS gel electrophoresis show a re-
semblance to those of HIV-1. However, this new retro-
virus HIV-2 possesses overall only a slight relationship
to HIV-1, from thé.standpoint both of the antigenic ho-
mology of its proteins and of the homology of its gene-
tic material.
_ ' This new retrovirus, or retroviruses having
equivalent antigenic and immunological properties, can
hence constitute _sodrceé of antigens for the diagnosis
of infection by this virus and,the 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 virus was isolated from the

. blood, drawn :in the presence of heparin, from a 28-year-

old -heterosexual patient who had never been transfused
and who was not a drug addict. Since 1983, he had had
substantial chronic diarrhoea, and substantial weight
loss (17 kg) with intermittent fever. More recently, he
had had Candida and Serratia infections, including an
oesophageal candidiasis typical of AIDS.

- This patient also had anaemia, cutaneous aner-
9y, Lymphopeni; and a T4 lymphocyte/T8 lymphocyte ratio
of 0.15, with a T4 lymphocyte level of less than 100 per
mm3 of serum. His lymphocytes in culture did not respond
to stimulation with phytohaemagglutinin and concanaval
in A. This patient was also diagnosed as suffering from
recurrent bacteriaemia due to S. gn;g;iﬂi;ig, cryptospo-

ridioses, infections due to Isospora belli and cerebral
toxoplasmoses.
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This combination of signs was evidence of
"complex symptoms. linked with AIDS" or "ARC" (abbrevia-
tion for “AIDS-Related Complex®), of the type caused by
HIV-1 virus. These various observations were also in
conformity with the criterié:applied by the Center of
Disease Control (CDC) of Atlanta, USA.

The culturing of the lymphocytes from these
patients and the isolation of the retrovirus were per-
formed according tb 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 phytohaemagglutinin (PHA)
were cultured in RPMI 1640 culture medium to which 10%
of foetal  calf serum and 30-5 M p-mecaptoethanol, in-
terleukin-2 and anti-(human interferon a) serum are
added. _

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 decline and death
of the cell culture-followed.'As with HIV-1, sections of

lymphocytes infected with HIV-2 showed, in electron mi-

croscopy, virions which had reached maturity, and viral

particles budding at the surface of the infected cells.

The cell lines used for producing the cultures of these
isolated viruses can be, depending'bn the case, cell
lines of the HUT,'CEM or MOLT type, or any immortalized
lymphocyte Line bearing T4 receptors. |

The virus was then propagated in cultures of
lymphocytes from blood donors, and then in continuous
lines of 1leukaemic origin, such as HUT 78. It was then
characterized by its antiQens and its nucleic acid as
being substantially different from HIV-1. The virus was
purified as described in the prior documents already
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_lehtionéd A'.tirst isolate of this virus was deposited

with the CNCM on 19th Decenber 1985 under n’ I- -502. 1t

was. subsequently des;qnated by the name LAV-II HIR A

second isolate was deposxted with the CNCM on 21st
February 1986 under n° I- 532. This second isolate has
the reference name LAVfII'.ROD, These isolates will
sdmetimes be referred to later simply as MIR or ROD.

In a general manner, the invention relates to
any variant of the above viruses, or any equivalent vi-
rus (for example, such as HIV-2-IRMO and HIV-2-EHO, de-
posited with the CNCM on 19th December 1986 under n°s
I-642 and 1I-643, respectively), containing structural
proteins which have the same immunological propeties as
those of the HIV-2 viruses deposxted with the CNCM unde:
n’s I-502 or .I-532. The definitions of criteria of equz--

valence will be returned to later.

In other words, the invantion concerns a new
human HIV-2 retrovirus, having the ability of infecting
the human' T4 ifmphocytes and having the capacity to cause
AIDS {in human, thié retrovirus being constitutéd of one
of the retroviruses deposited with the CNCM under

"n®s 1502, 1532, 1642 and 1643 and with the ECACC undér

n®s 87 01 1001 and with the ECACC under n®s 87 01 1001
and 87 01 1002 (respectively corresponding to n°s I502
and 1532) or a vafiantlof one of these retroviruses
comprising all of the-antigens which are teéognized by
the -antibodies forded against the corresponding antigens
of anyone of these retroviruses which have been deposited
vith the CNCM or the ECACC. .

30
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| The invention also relates to a method for
producing the HIV-2 virus or variants of the latter in
permanent cell 1lines derived from T4 lymphocytes, or
lymphocytes bearing the T4 phenotype, this method con-
sisting in culturing these lines which have been in-
fected beforehand with HIV-2 virus and, in particular
when the 1level of reverse transcriptase activity has
reached a specified threshold, in recovering the amounts
of virus released into the culture medium. -

A preferred permanent line for the purpose of
culturing HIV-2 is, for example, of the HUT 78 cell
type. An HUT 78 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 :

The HUT 78 cells (10§/m1)'are co-cultured with
infected normal huhan lymphocyte (10‘/!1). The culture
medium is RPMI 1640 with 10\ foetal calf serum. After 15
to 21 days, a cytopathogenic effect is qbserved in the
HUT 78 cells. The reverse transcriptase is assayed one

~
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week after this observation, in the culture supernatant.
It then possible to begin to recover the virus from
this supernatant. | _

Another preferred ‘line for culturing belongs
to the lines known under the designation CEM.

The infection and then the culturing of the
infected CEM cells can be carried out, in particular, as
follows. '

is

T4 lymphocytes infected beforehand with HiV-Z
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
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 pedium.

In particular,

suitable medium,

co-culturing was carried out,
the conditions specified below, of human T4 lym-
phocytes which had been infected five days beforehand
with a strain of HIV-2 virus originating from a patient
hereinafter .designated "ROD", on the one hand, and CEM,
on the other hand. ' | '

The infected T4 lymphocytes, activated before-
hand with hhytohaemagglutinin, proved to possess a re-
verse transcriptase activity of 5.000 cpm/106 normal T
lymphocytes three days

under

after the beginning of the in-
until the measured
reached 100.000 cpm in
These T4 lymphocytes were then placed
in contact with CEM cells (3 x 106

fection.

Culturing was continued

reverse transcriptase activity

the supernatant.
: infected normal T
and reincubated in the following culture
RPMI 1640 containing 2.92 mg/ml of L-glutamine,
10% of decomplemented - foetal calf serum, 2/ug/mi of

Polybrene, 0.05% of anti-interferon-alpha serum, 100.000

medium

35 Mg/ml of penicillin, 10/ng/m1 of streptomycin and 10.000

,ng/ml of neomycin.
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The culture medium is changed twice weekly.
The measurements of reverse transcriptase
activity measured in the supernatant were. as follows :

on day O : _ - 1.000 (background)
on day 15 : 20.000

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 and nu-
cleic acids involved in the structure of HIV-2 emerge
from the experiments carried out under the conditions
described below. They will, in many cases, be better
assessed by comparison with the same type of characte-
ristics relating to other type; of retrovirus, in parti-
cular HIV-1 and SIV. _ '

In. that which follows, reference will be made
to the drawings, in which :

- 'FigureS! 1a, 1b and 1c relate to crossed immu-
no-precipitaﬁion 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-
ral extracts of HIV-1, on the other hand ;
- Figgres 2a and 2b show comparative results for
the electrophoretic mobilities of .the proteins of HIV-1,
HIV-2 and STLV-III respectively, in SDS-polyacrylamide
gels ;

- "_Figure 3 shows the results of crossed hybridi-
zation between genomic sequences of HIV-1, HIV-2 and
STLV-III on thé one hand, and probes containing diffe-
rent subgenomic sequences of the HIV-1 virus, on the
other hand ; | '
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- . _Figure 4 is a restriction map of the cDNA de-
rlved from the RNA of HIV-2 ROD ;
- Figure 5 . is a restriction map of an E2 frag-
ment of the cDNA derived from HIV-2, this fragment con-
taining a regron_correspondlnq to the 3' LTR region of
HIV-2 ;° |
- Figure 6 is a nucleotide sequence of a portion
of E2, this Sequence corresponding to the U3/R region of
HIV-2 ; .
- Figure 7 shows Q' _

- on the one hand, “and schematrcally, structu-
ral elements of HIV-1 (Flgure 7A) and, aligned with a
region contalnlng the HIV—1 3' LTR, the sequence derived
from the E2 region of the HIV-2 cDNA, and

- on the: other hand, the common nucleotldes

.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); | _

- Figurels shows schematically the structures of

., several clones of a phaged modified by several inserts

originating from thelthNA 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 ROD35 from which

they respectlvely orrgrnate ; o _

- , Frgure 9 shows the relative intensities of

hybridization between ' |
a/ eleven fragments removed from different re-

gions of the complete HIV-1 genome (the fragments belng

shown schematlcally 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/ fragments  originating from HIV-2 with the
same cDNA. ' - o “

Generelly, the HIV-2 antigens used in the com-
parative tests, the description of which follows, ori-
ginate from the HIV-2 MIR strain deposited with the CNCM
under n° I-502, and the DNA sequences derived from the
genomic DNA of HIV-2 originate 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 [3ss]cysteine and [3SS]methid-
nine, the infected cells being incubated in the presence
of these radioactive amino acids in culture medium de-
void of the corresponding unlabelled amino acid, for a
period of 14 to 16 hours, especially according to the
technique described in the paper designated as rgference'
(21) in the bibliography presented at the end of the
description, as regards the labelling with [3ss]cystei—
ne. The supernatant is'thén clarified and the virus then
ultracentrifuged for one hour at 100.000 g on a'cushion
of 20% sucrose. The principal antigens of the virus se-
parated by electrophoresis in a polyacrylamide gel
(12.5%) under 'denaturing conditions (SDS), or in a gel
composed of poly-acrylamide (10%) + bisacrylamide
(0.13%) with SDS (0.1% final concentration). The follo-
wing coloured markers are used as molecular weight refe-
rences : o : | ' '

myosin : 200 kd
phosphorylase B : 97.4 k4
BSA : " 68 kd
ovalbumin : - 43 kd

. a-chymotrypsin : 25.7 kd
-lactoglobulin : ~  18.4 Xxd
lysozyme : '_ 14.3 kd
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Other molecular weight markers were used in
other experiments. - This applies, in particular, to Fi-
gures 1a, 1b and 1c, which refer to other known mole-

‘cular weight markers - (under the letter M in these fi-

gures). The antigens are still more readily distingui-
-shed - after”'immuno-precipitation (RIPA) or by immuno-
imp:inting (Western blot), using the antibodies present
in +the patient's serum : their apparent molecular
weights, determined- by their apparent llgratlons, are
very close to those of the HIV-1 antigens.

It is generally specified that, in the text
which follows, the numbers which follow the designations
"p" and/or "gp" correspond to the approximate molecular
weights of the correspondlng protelns and/oxr glycopro-
teins, divided by 1000. For example, p36 has a molecular

. weight of the order of 36.000. It is, however, under-

stood that theée'molecu;ar 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
molecular weights. ' o

' Repetition of the experiments enabled the ap-
parent- molecular weights of the HIV-2 antigens to be
determined more accurately. Thus, it was found that the
molecular wéights of the three core proteins, which had
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-
lues : 12.000, 16.000 and 26.000, respectively. These
proteins are hereinafter desigﬁated-by the abbreviations
p12, p16 and p26.

The same conSide:ations 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-
rements finally enabled a band corresponding to an
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apparent molecular weight of 36.000 to be precisely de-
fined. 1In the text which follows, this band is designa-
ted by the abbreviation p36. Another band at 42.000-
45.000 (p42) is consistently observed also. One or other
of p36 or P42 probably constitutes a t:ahsmembrane gly-
coprotein of the virus.

A major envelope glycoprotein having a mole-
cular weight of the order of 130-140 kd is consistently
observed : this glycoprotein is designated hereinafter
by the term gp140.

_ It is appropriate to note that, in general,
the molecular weights are assessed with an accuracy of
+ 5%, this accuracy ieven being capable of becoming a
little 1lower for antigens of high molecular weight, as
was found for"gp140‘(molecular weight of 140 (kd%10%)

_ This group of antigens (qhen they are labelled with

[355]cysteine is only faintly recognized, if at all, by

sera of patients containing anti-HIV-1 antibodies in the
detection syétems' used in the labotatory 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 protéin of HIV-1. In the detection sys-
tem used,_the other HIV-1 proteins were not recognized.

. In contrast, HIV-2 possesses some proteins
which show some immunological relationship with compara-
ble structural proteins or glycoproteins, separated un-
der similar conditions from a retrovirus recently iso-
lated froﬁ captive macaques of the rhesus species, whe-
reas this immunological relationship tends to become
obliterated for other proteins or glycoproteins: 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 references
(16-18) below] by the name "STLV- III '. For convenien-
ce of reference, it will be designated in the text which .
follows simply by the term *"STLV-III" (or alternatively

5 by the term SIV, an abbreviation for *Simian Immunodefi-
ciency Virus"). - |
| Another retrovirds, designated "STLV-III

AG!
AGM), - has been isolated in wild green monkeys.
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or SIV
However, in contrast to the virus .present in rhesus macaque

10 monkeys, the presence of "STLV- IIIA(H- does not appear

to induce an AIDS-type disease in African green monkeys.
Nevertheless, the immunological relationship

of the structural prbteins and glycoproteins of HIV-2 on

~ the one hand and the STIV-IIImac'ahd STLV-III, o, Tetro-

415 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 ‘the 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
been described by N. L. Letvin et al ' 5c1ence (1985),

25 VvOl. 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 the STLV-III virus isolates,
on the other hehd, 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, gp140,
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- a p32 protein, prohabiy transmembrane, which
is not observed in RIPA when the virus has been labelled
beforehand with [3SS]¢ysteine, but which can be observed

in immuno-imprinting experiments (Western blots) in the

form of broad bands. _
The major. envelope glycoprotein of HIV-2 has

'proved to be immunologically closer to'the major enve-

lope glycoprotein of STLV-III than to the major envelope
glyco-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-
Xximately 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 -antibodiés 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 gp110. 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 [3ss]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 derived 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-IXI were incubated in a medium containing

|
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200 p Ci/ml of [3SS]cysteine in a medium free from unla-
belled cysteine for 16 hours. The clarified supernatants
were centrifuged at 60.000 g for 90 minutes. The pellets
were lysed in an 'RIPA buffer (1), immunoprecipitated
with different sera and then-subjected to electrophore-
sis on polyécrylamide gel charged with sodium dodecyl
sulphate (sDs- PAGE) : :

The results observed are 111ustrated by flgu-
res 1a, 1b and 1c. _
' Figure 1a shows the observed results of immu-
no-precipitatibn.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},
- serum obtained from the first patient mentio-
ned above (band 2},

- 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 priof'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 se;uh (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 having 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), ga-
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 [BSS]cysteine,
after immunoprecipitation on SDS-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
negative control serum originating from a person not

- ‘carrying -anti-HIV-1 or anti-HIV-2 antibodies (band2),

extract 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 extract of HIV-1 immunoprecipitated with the serum
of a European patient infected with AIDS.

Figure 1b shows the results obtained in
Western blot * (immuno-imprinting) experiments. Cell ly-
sates originating from uninfected -or infected HUT-78
cells were subjected to electrophoresis on SDS-PAGE, and
then transferred électrophoretically 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 125I-—labelled goat
anti-human IgG.

- The spots observed in bands 1, 2 and 3 relate,

respectively, to the agglutination expeiiments between
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the abovementioned serum and extracts of uninfected HUT-
78 cells (band 1), ‘extracts of HUT-78 cells infected
with an HIV-2 virus (band 2) and extracts of HUT-78
cells infected with STLV-III (band 3). The numbers which
appear in the margins beside each of the bands corres-
pond to the approximate molecular weights of the most
représentative' viral proteins (molecular weights in
kilodaltons).

11 - NUCLEIC ACIDS

1/ The RNAs of the HIV-2 retrovirus

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 HIV-1.

By ‘"stringent conditions®, there are under-
stood the conditions under which the hybridization reac-
tion between the RNA of ther HIV-2 and the chosen probe,
radio-actively labelled with 32p (or labelled in a dif-
ferent manner), followed by the washing of the probe,
are carried out. The hybridization, on a membrane, is

.carried out at 42°C in the presence of an aqueous so-

lution of 0,1% SDS/5X SSC containing 50% formanide (volume/volume)
for 18 hours..__ . The membrane on which the hybridiza-
tion reaction has been carried out is then washed at
65°C in a buffer containing 0.15% of SDS and 0.1 X SSC. - .

: By “non-stringent conditions®, there are un-
derstood the conditions under which the hybridization
reaction and the washing are carried out. The hybridi-
zation is carried out by bringing into contact with the
chosen probe, labelled with 2P (or otherwise labelled),
namely at 42°C in-a 5 X SSC buffer, 0.1% SDS, COntaining
3080 of formamide for 18 hours. The washing of the mem-
brane is carried -out at 50°C with a buffer containing
0.1% of SDS and 2 X SSC. |

Hybridization experiments were also carried
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out with a hybridization probe chsisting of a recom-
binant plasmid pBT1 obtained by cloning the DNA of HIV-1
originating from dJ19 (Cell 1985, vol. 40, p. 9) in the
vector pUC18. Under non-stringent conditions, only very
weak hybridization was observed between the RNA of HIV-2
and the cloned DNA derived from HIV-1. '

Other probes containing cloned sequences of
HIV-1 were used : |

a/'single-stranded probes of subgenomic DNA of
HIV-1, prbducéd from subclones of the HIV-1 genome and
inserted in phage M13. The cloned iegions related to the
protease gene or'the "endonuclease” gene.

_ Only one probe of the endonuclease region of
HIV-1 (nucleotide sequence between bases n°'s. 3760 and
4130) gave,a-weak hybridization under non-stringent con-
ditions with HIV-2. The "protease" probe (HIV-1 nucleo--
tide sequence between bases.ﬁ's. 1680 and 1804) did not
hybridize even under non-stringent conditions with
HIV-2.

b/ A probe pRS3, consisting of the sequence
coding for qhe “ehvelope” region of HIV-1 (subcloning in
puCc18) 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 probesﬁcontaining 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 SDS and deposited on a nitrocellulose
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filter. The latter was pre-soaked in a 2 x SSC medium
(0.3 M NaCl, 0.03 M sodium citrate). After baking (for 2
hours at 80°C), the filters were hybridized with various
probes contraining genomic sub-fragments of HIV-1, under
hoﬂ-stringent conditions (30% formamide, 5 X SSC, 40°C),
washed at 50°C with a 2 X SSC solution containing 0.1%
of snsi and then autoradiographed for 48 hours at -70°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 originating from
the M13 virus and bearing subgenomic HIV-1 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 mMMgclz) in the presence of
dATP, - dGTP, d4TTP and ‘dCTP., ~ labelled with 25 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
denaturingl polyac;ylamidé gel (cohtaining 6% of acrylé--
mide, 8 M urea in a TDE buffer). The gel was then auto-
radiographed for 5 minutes. The probe was then cut out
and eluted in a 300 mM NaCl, O.1% SDS buffer. Specific
activities (sA) of_'these single-étranded probes wefe

estimated at 5 x 10° - 102 disintegrations per

minute/microgram (dpm/ug).

~ The characteristic sequences present in the
diffgrent 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 _humbering- of the above nucleotides are

those envisaged in the paper under reference (30).
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Lastly, the probe 5 consists of a plasmid
pUC18 bearing the EcoR1;Sac1 fragment of the HIV clone
in AJ19 (31), which was subjected to nick translation to
obtain an SA of approximately 108 dpm/ 9.

The relative arrangements of the subgenomic
fragments present in the probes with respect to the

- whole HIV-1 genome are shown schematically in Figure 3.

The different spots correspond, respectively, as fol-
lows: '

- .. spot A : a virus is obtained from a culture of
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-
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
Zaire suffering 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.

The following observations were made :

The genomic 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-
lated and purifiéd from culture supernatants of highly
infected cells showing evidence of high reverse trans-
criptase activity. _ '

Under the non-stringent conditions described
above, the following observations were made : all the
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probe$ hybridized intensely with the genomic RNAs obtai-
ned from the control HIV-1 préparations and from another
isolate obtained from a patient from Zaire suffering
from AIDS. ' ' ' '

Two of the probes obtained (nucleotides 990-
1070 and 990-1260, both originating from the'qag 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-
dization with the STLV-III spot (Figure 3). As regards
the probe containing a fragment of the pgol region (nu-
cleotides 2170-2240), hybridization was observed with
STLV-1IT and, albeit much more weakly, with the RNA of
HIV-2. The other probe of the pol region (nucleotides
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 env gene and the LTR (nucleo-
tides 5290-9130) of HIV-% did not hybridize either with
the RNAs of STLV-III or with those of HIV-2.

It will also be noted that anoter probe which
contained the 5' end of the pol feading frame of HIV-1
(corresponding to the protease region) did not hybridize
either with the RNAs of HIV-2 or with the RNAs of STLV-
III.

It consequently also results from the fore- .
going that the HIV-2 vitus'appears more remote, from the
structural standpoint, from the HIV-1 virus than it is
from. STLV-III. HIV-2 nevertheless differs significantly
from'STLV-III, which bears out the different results ob-
served in respect of the infective capacities of the
HIV-2 viruses, qhich are virtually nil in monkeys, com-
pared with the unquestionable ineffective capacities of
STLV-III viruses in these same sbecites of monkeys.
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The restriction maps and the genomic RNA se-

quences of HIV-Z, or of the cDNAs obtained from these
) *
genomic 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
genetic equipment required for the determination of
these restriction maps and nucleotide sequences. The
conditions under which the restriction map of the genome
of one of the HIV-2 isolates of this invention were es-
tablished, and the conditions under which certain por-
tions of cDNA derived from these genomes were sequenced,
are described below.

: ' The xrestriction map of the genome of a retro-
virus which is representative of HIV-2 retroviruses is
shown in Figure 4. The restriction map of a substantial
fragment of this cDNA is shown in Figure 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 Figure 6. The clo-
ned whole cDNA - or cloned fragments of this cDNA - can
themselves be used as spgcific hybridization probes.

2/ cDNA and fragments of this cDNA derives,

tively. § the RNA of HIV-2 -

The conditions under which the abovementioned
cDNA was obtained are described below.

The " first stage of manufacture of this cDNA
comprised the production of an oligo(dT) serving as a
primer or of an initiator cDNA strand, for carrying out
an -endogenous reaction activated by a detergent, using
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
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-
merase), the double-stranded cDNAs were inserted into a
bacterial phage vector M13 TG130. A phage library of 104
recombinant M13 phages was obtained and subjected to an
in §i;u  screening with an HIV-1 probe. The latter con-
tains a 1.5 kb fragment originating from the 3' end of
the CDNA derived from the RNA of the LAV isolate (shown
in Figure 7A). Approximately 50 positive plaques were
detected, purified and characterized by crossed hybridi-
zation of the inserts and Sequencing of the ends.

This procedure enabled different clones to be
isolated, containing sequencés'Approximately complemen-

. tary to the 3' end of the polyadenylated_RNA of the LTR

{abbreviation for "long terminal repeat® of HIV-1, des-
cribed by S. Wain Hobson et al. in Cell 40 : 9-17
(1985)] region, considered to be incorporated herein by
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 désignated
E2. Like the 3' LTR region of HIV—1; the clone E2 con-
tains an AATAAA signal situated approximately 20 nucleo-
tides upstream from a poly(A) terminal portion, and a 3°
LTR region correspbnding to that of HIV-2. After partial
sequencing, this 3' LTR region of HIV-2 proved to pos-
sess a distant relationship with the homologous region
of HIV-1. |

Figure 5 is a restriction map of the fragment
of E2 (elongated rectangular area) incorporated in plas-
mid PSPE2 which contains it. It comprises part of the R
region and the U3 region.of HIV-2. The drawing does not
show the boundaries of the R and U3 regions.
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The sequence of part of E2 is shown in Figute
6. The positions of specific restriction sites are in-
dicated therein. The small-degree of relationship bet-
ween the 3' Ltﬁ regions of HIV-1 and HIV-2 is illustra-
ted in Figure 7. In effect, only approximately 50% of
the nucleotides of the £wq_LTR sequences can be placed
in alignment (approximately 50% sequence homology), at
the cost of some insertions or deletions. In comparison,
the sequence hombloqy of the corresponding regions of
the different variant American and African isolates of
HIV-1 1is greater than 95%, without insertion or dele-
tion. | ' . ' , -

"The clone E2 was used as a specific probe for
HIV-2, for the identification on a hybridization filter
of <the sequences originating from HIV-2 and present in
other clones. o '
This probe also detects the genomic RNA of

. HIV-2 under stringent conditionsf 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 originating from
uninfected cells or from cells infected with HIV-1.
These results confirmed the exogenous nature of HIV-2
with respect to HIV-1. Aﬁ 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-
ving_an appafent size of 6 kb, possibly corresponding to
a circular form of thé viral DNA, was also detected.

The other portions of the HIV-2 genome were -
also identified. For this .purpose, a genome library was
constructed in phage lambda L47. Phage lambda L47.1 has
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been described by W.A.M. Loenen et al. in Gene 1Q 249-

259 (1980), which publication is considered to be incor-
iporated hefein by reference.

The genome library is constructed with frag-

5 ments obtained by ‘digestion of the DNA originating from

the CEM cell line infected with HIV-2 ROD, after partial |
gestion with the enzyme Sau3a. ' '

Approximately 2 x 10°® recombinant plaques were g
_ séreened'in sity with a clone containing the labelled E2 !
10 insert of the HIV-2 cDNA. Ten recombinant phages were
detected on plaques and purified. The restriction maps
of three of these phages, charaéterizeﬂ by their capa-
city for “"Southern blot®" hybridization with the E2 in- :
sert under stringent conditions, as well as with subge-

15 nomic probes of HIV-1 under non-stringent conditionms.

A clone bearing a 9.5 kb insert and derived
from the whole circular viral DNA, containing the com-
plete HIV-2 genome, was identified. It was designated
"Lambda ROD 4°. The other two clones, Lambda ROD 27 and

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. ' : *

R s 6 S A T g AT P 1, s

Fragments of the Lambda clones were subcloned

25 in plasmid vector pUC18. The fragments originating from
A ROD 4, A ROD 27 and A ROD 35, and subclones resbecti-
vely, in. the abovementioned plasmid vector, are also
seen in Figure 8. The following sublclones were obtai-
ned: ' : _ :

30 - | PROD 27-5, derived frdu Lambda ROD 27, con-
tains a 5.2 kb region of the HIV-2 genome and adjacent
cell sequences (5' LTR and 5' coding viral sequence
around an EcoRI site); |
- PROD 4.8, derived from Lambda ROD 4, contains

35 an approximately 5 kb HindIII fragment. This fragment
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corresponds to the central portion of the HIV-2 genome;
- pROD 27- 5' and pROD 4.8 contaln HIV-2 inserts
which overlap each other;
- pROD 4.7 contains a 1. 8 kb HxndIII fragment of Lambda
ROD 4; thls fragment is placed in the 3 direction with
respect to the subcloned fragment in pROD 4.8, and con-
tains approxlmately 0.8 kb of coding viral sequences and
a portion situated between the BamHl and HindIII cloniné
sites of the left arm of phage Lambda (Lambda L 47.1) :
- PROD 35 contains all the HIV -2 coding sequen-
ces in the 3 direction with respect to the EcoRI 51te,
the 3' LTR end and approximately 4 kb of adjacent nu-
cleotide sequences of cellular origin ;
- . PROD 27-5' and_pROD 35, present in E. coli HB
101, were deposited with the CNCM under
1-626 and I-633 ; : N
- _ pROD 4 7 and pROD 8, present in E. coli TG1,
were dep051ted — with the CNCM, respectively,
under n ‘s I-627 and 1-628.

‘The complete HIV-2 ROD genome, the restriction

map of which is seen in Figure 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 orientation in the EcoRI site of pROD 35.

The degree of reiationship between HIV-2 and
the other human-Of simian retroviruses was assessed by

_ mutual hybridization experiments. The relative homology

" between 'the different regions of HIV-1 and HIV-2 genomes

30

35

was determined by tests of hybridization of fragments
originating, respectively, from'c;oned HIV-1 genome and
from radioactively .labelled lambda ROD 4. The relative
positions of these fragments (numbered from 1 to 11)
with respect to the HIV~1 genome are seen at the bottom‘
of Flgure 9.
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Even under very low stringency conditions (Tm-
42°C), the HIVF1 and HIV-2 genomes hybridize only at the
level of their respective gag genes (spots 1 and'Z),
reverse transcrlptase . regions in pgl (spot 3), end re-
gions of pol, Q (or sor) genes (spot 5) and F (or 3'
orf) genes and 3' 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 tat gene
iegion and part of pol 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 5§;gng§

228 : 1201-1204 (1985)], which must be considered to be

incorporated herein by reférence]'than it is to HIV-1.
_All ~the proteins of SIV, including the enve-

lope protein, are immunoprecipitated by sera of pa-

tients infaéted with HIV-2, while the serological

cross-reactivity of HIV-1 and HIV-2 is limited to the

core proteins;'However, SIV and HIV-2 can be distingui-.

shed by the differences mentioned above in respect of
the molecuiar 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 6f 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 place via the CD4 molecule itself, and it
appears that HIV-1 and HIV-2 use the same receptor.
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" Thus, althouéh, thézé aré'larqe differences between the

eny genes of HIV-1 and 2, the restricted homologous re-
gions of £he énvelopes of the two forms of HIV can be
considered to _be constituents of binding to a common
receptor of T4 lymphocytes. These sites are called on to
form epitopes bearing . the immunogenicity of peptides
which might be used to elicit in man a protective immu-
nbresponse against HIV viruses.

Advantageous sequences for forming probes in
hybridization reactions with the genetic material of pa-
tients carrying viruses or proviruses, in particular for
detecting the presence of HIV-2 virus RNA in their lym-
phocytes, contain a nucleotide sequence resulting from
the combination of 5 kb HindIII fragments of ROD 4 and E2
cDNA. The experiments can be carried out by all methods,

- . in particular by the "Notthern blot®, “Southerm blot"

20

25

30

35

and ;dot blot* techniques.

Further fchdracteristics of the invention will
also emerge, without implied limitation, in the course
of the description which follows of examples of identi-
fication _6f 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 genone of H1IV-2.

EXAMPLES
EXAMPLE I o ,
' A CcDNA complementary to the genome RNA, ob-

~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 HIV-2 ROD isolate
of HIV-2 was ultracentrifuged. The centrifugétion pellet
containing the virion was | centrifuged on a sucrose
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gradient to form a new centrifugation pellet, substan-
tially by the same nefhod as that described in European
Patent Application ___ EPQA - 0.138.667, already men-
tioned. | ' ' _

The purified HIV-2 preparation was used for
the synthesis of cDNA,'embloying'an endogenous reaction
activated by a detergent.

'In 7summary, the virion preparation was added

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

MgCl,, 10 mM DTT, 0.025% of the detergent_marketéd under
the name TRITON ® and 50 uM of each of the 4 deoxynucleo-
side triphosphates and an oligo(dT) initiator. The

reaction was carried out for 90 minutes at 37°C.

After éxtractign with phenol of the proteins
present 'in the first reaction medium, the second cDNA
chain was synthesized in the presence of RNAse H, E.coli
DNA polynetase~i'and the 4 deoxynucleotides, for 1 hour
at 15°C and 1 hour at 22°C. Blunt ends were created on
this double-stranded cDNA by the action of T4 DNA poly-
merase. All the reagents for this procedure are commer-
cially available (AMERSHAM CcDNA kit) and were used as
recommended by the supplier.

After (1) ligation of .adapters (linkers)

containing -an BQQRI #ite'(marketed_by Pharmacia) to the

blunt ends - of the cDNA in the presence of a T4 DNA li-
- gase (marketed by BIOLABS), (2); . digestion of these
linkers with the restriction endonuclease EcoRI, and (3)

removal of the linker fragments by gel fiitration (gel
column - marketed under the name ULTROGEL@ on AcA 34
(LKB-IBF), the cDNA is inserted in an M 13 TG 130 vector

cleaved with EcoRI. A libraiy of cDNAs was obtained

after transformation of E.coli strain TG1. Approximately
10% recombinant M13 plaques were obtained. '

To select, in the cDNA library, recombinant
M13 clones containing the HIV-2 cDNA, the technique of
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plaque hybridization was used. The DNA of the M13 pla-
ques was transferred to nitrocellulose filters and
hybridized with subgenomic HIV-1 probes derived from the

.*lambda J19" clone of an LAV (or HIV) virus decribed in

the European patent application. This probe contained an
insert consisting of a portion having an approximate
length of 1500 base pairs (bp) of HIV-1 DNA. This insert
was bounded by two HindIII restriction sites, respecti-
vely, inside the open reading frame of the “env” gene
and in the R segment of the 3' LTR end of HIV-1. This
probe contained the 3' end of the env gene, the whole F
gene, the U3 segment and a portion of the R segment of
the LTR, having an approximate length of 1500 base pairs
(bp). . -
The probe containing the 1.5 kg HindIII insert

mole) by incubating the probe in the presence of initia-
tors and Klenow DNA polymerase I for 4 hours at 15°C
(using an AMERSHAM kit). The tests of hybridization of
the cDNA clones of the library were performed overnight
under low stringency conditions, in a solution of a

5hybridization medium containing 5 X SSC, 5 X Denhart,

25% of formamide, 100 pg/ml of denatured salmon Sperm
DNA . and the labelled probe (2 x 107 cpm with a specifi-
city of 109 Cbm/ug) 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 :

Washing n°® 1: SXSSC, 0.1% SDS,at 25°C for 4x15 minutes
Washing n°® 2: 2XssC, 0.1% sDS,at 42°C for 2x30 minutes
Washing n®* 3:0.1XSSC, 0.1% SDS, at 65°C for 2x30minutes
Each washing'is followed by autoradiography of the fil-
ters. . | '
Several positive clones were detected after
washing n* 1 and were still detected after washing n° 2.
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However, all the signals disappeared after washing 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 again 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
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
50°C. None of the previously positive clones was de-
tected, and consequently did not correspond'to specific
repeated DNA or to the cDNA of the ribosomal RNA.

The positive M13 recombinant clones were cul-

~tured in a liquid medium and tharacterized 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 EcoRI (BOEHRINGER) and analysed by agarose gel
electrophoresis. The majority of the inserts contained
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 of the nucleotide sequence :

Several clones were partially sequenced using
the dideoxy method of Sanger et al., described in Proc.
Natl. Acad. sci. 74:5463-7-(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
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these cDNA clones  were derived from the RNA template.
Detailed sequence analysis of these cDNA clones, inclu-
ding the 3' end of the HIV-2 genome, showed a limited
relationship with HIV-1. o

(3) Hybridi . ith the ic RN2 i1 DNA of

HIV-2 : |

(a) Production of the genomic RNA of HIV-2 :

An infected supernatant was centrifuged
(50.000 revolutions, 30 minutes). The pellet of the
deposit was resuspended in 10 mM Tris pH 7.5, 1 mM EDTA,
0.1% SDS. One of the insertion clones, F1.1, was label-
led and used as a probe for hybridization with the
genomic RNA of different viral isolates, according to
the “dot-blot" technique. '

The “dot-blot" technique comprised the follo-
wing stages : ' '
(1) Depositing the samplé (HIV-2 lysate) in spots
on a nitrocellulose membrane soaked beforéhand in 20 X
SSC (3 M NaCl, 0.3 M sodium citrate) and dried in the
air, (ii) baking the membrane for 2 hours at 80°C, 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 washing in 0.1 X
§sC, 0.1% SDs at 65°C. Under these conditiohs, 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 khown as
“sIV"), +type 111 macaquej, and no hybridization was
detected with the HIV-1 isolates. _

The "Southern blot" experiments, employing the
32P-1abe11ed
probe, did not reveal any hybridization with the DNAs of

clone E2.1 containing the 2-kb insert as a
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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 equlvalent to those of the restriction
maps of HIV-1 With the complete cellular DNA of in-
fected eells; two types of signal are detected by the
"Southern blot" ﬁethod _} (1) in DNA fraCtions having
molecular weights MW of approxlmately 20 kb and more, in
the case of lntegrated forms of the virus, and (2) in
the fractions of lower MW (9,10 Xb), in the case of the
virus not 1ntegrated in the genome. |

These characterlstlcs are highly specific to a
retrovirus. '

SOme experlments performed with STLV-III (SIV-
3) from 1nfected cells enabled it to be established that
the simian retrovlrus is relatlvely distant from HIV-2
(the signal is detected exclusively under low stringency
conditions). Theee experiments show that the abevemeh-
tioned probes permit the specific detection of HIV-2.

(4) Subcloning of the cDNA of HIV-2 in a bacterial

plasmid vector : .

The pesitive M13 clone, E 2.1, was selected
and subcloned_in a plasmid vector. The DNA of the recom-
binant M 13 (TG 130) phage E 2 was purified in the form
of a single-stranded DNA'(M-13-ROD—EZ) 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).

A second chain was constructed -in gi;;g in the
presence of ‘the 17-mer initiator sequence (AMERSHAM),
the four nucleotides A, C,-T, G, and DNA polymerase I
(Klenow). The_ ECORT insert was'excised by EcoRI diges-
tion and purified on agardselgel, and then ligated to
pSP65 which had itself been digested beforehand with
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EQQRI The ligation mixture was used to transform E.coli
strain nn1. and recombinants were selected on the basis
of their capacity tor resistance to ampicillin. The re-
combinants identified were cultured on LB medium (Luria
5 ned;un) conte;nxng 50 uq/nl of amp;lxlliu. These recom-
bxnant plasnxds were pur;tled and monitored for the
presence of the correct inserted frag-ent.
One of the clones obtained, desxgneted by the
reference  pSPE2, was deposited with the CNCM in Paris,
! 10 France, under access n°'.I-595 on 5th September 1986. '
W, : The inserts derived from the cDNAs of HIV-2
and which were present inserted in the abovementioned
probe contained the nucleotide sequence ‘which has heen
defined above, in conformity with a part ot E2.
15 EKAHELE_II S | _ _
e} ic RNA of HIV-2 viri | |
: HIV-2 virions were purified from 5 litres of a
% ' culture supernatant from a CEM line 1nfected with a ROD
3 20 isolate. A first strand of cDNA was syntheszzed 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., Nature 312, 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 cDNA was produced in

- the presence of DNA polymerase I/RNAse H, according to
the method described by Gubler and Hoffman(Gene 25:263-269(1983))The

VN QA VRS

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 CcDNA synthesis kit marketed by
35 AMERSHAM.

e T e A
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' EcoRI adaptors (linker), marketed by PHARMACIA
were attached to the end of'thé CDNA ; the cDNA thereby
modified was inserted, after digestion in the presence
of EcoORI, into a dephosphorylated phage vector M13tg130

5 which was itself digested with ECoRI, also marketed by
 AMERSHAM. A 'CDNA band was obtained after transtornation
of E.coli stra:n. TG1. Recombinant plaques (10 4) were
screened in situ on filters permittzng replicas by hy-
bridization with the clone J19 containing the 1.5 kb

10 HindIII tiagment mentioned'above; originating from HIV-

1.

The;filters were ptehybridized in the presenée-
of a medium containing 5 X SSC, 5 X DENHARDT solution,
25% formamide and denatured salmon sperm DNA (100

15 nicto-granneslmﬁl) 'at 37°C for 4 hours, and then hybri-
dized for 16 hours in the same buffer (Tm -42°C) in the
presence of addxt;onal labelled probe (4 x 107 cpm), to
provzde a final hybrldxzatxon buffer solution containing
10 cpm/ml. =

20 _ Washan was carried out with a 5 X ssc, 0.1%
SDS solution at 25°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 Plagues which responded positive-~
ly were purified and the H13.single~str;nded_DNAs were

25 prepared and their ends sequenced according to the me-
thod of Sanger et al

30 HIY;Z _ . . _ _ _
. The DNAs were extracted from infected CEM
cells cdntinuqusly §roducinq_nlv-1 and HIV-2, respecti-
vely. DNA samples of these two retroviruses, diqested in
some cases with 20 ug of PstI, and undigested in other

35 cases, were subjected to electrophoresis on 0.8% agarose

]
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gel and transferred by the "Southern® method to a nylon
membrane. Small volumes of ihfected supernatant, taken
up 1n an NTE buffer containing O. 1% of SDS and having
the same reverse transcrlptase activity, were deposxted.
5 on nitrocellulose whlch had been soaked beforehand in a
2 X SsC solution.
B \ prehyhrldlzatlon was carrled out in a solu-
tion contaznlng 50% of formamlde, 5 X ssc, 5 X Denhart
"and 100 mg/ml of denatured salmon sperm DNA, for 4 hours
10 Aat 42°C. A hybridization was performed in the same buf-
fer, to which 10% of dextran sulphate and 106 cpm/ml of
E2 labelled insert (specific aqtivity.109 cpm/pg) had
been added, for 16 hours at 42‘C"Two washings were then
carried out w1th ao0.tX ssc, 0.1% SDS solution for 30
15 lln each. After exposure for 16 hours with an intensifying
screen,the Southern blot membrane is dehybridized in 0.4 N NaOH,

neutralized, and rehybridized under the same conditions
' 9

with the HIV-1 probe labeiled with 10 cpm/ﬁg.

EXAMPLE III ' . _
20 Mnmmmﬁwmﬂw

provirus '

The DNA of CEM cells lnfected with HIV-2 ROD
(figure 2, bands a and c) is partlally dlgested Wlth
Sau3A . The 9-15 kb fraction was selected on a 5-40%

25 Sucrose gradlent and llgated to the BQmHI arm of the
lambda L47.1 vector. The plaques (2 x 10 ) obtained
after jin vitro packaging and deposition on E.colji strain
LA 101 were screened in situ by hybridization with the

insert. of the E2 cloned CDNA. Approximately 10 positive
30 clones were purlfled on plaques and propagated in E.coli
C600 recBC. The clones lambda ROD 4, ROD 27 and ROD 35
were amplified, and thelr DNAs characterlzed by draw1ng
up their restriction maps and by hybrldlzatlon by Sou-
, thern's method with the cDNA clone of HIV-2 under strin-
{ g 35 gent condltlons and with the ggg_ggl probes of HIV-1

b g




%
x
L

RBEETE A I MR e

10

15

20

25

30

35

38

under non-stringent conditions.

: Figure 8 shows schematically the structures of
3 of the recombinant phages obtained, ROD 4, ROD 27 and
ROD 35. _ _ ' '

The elongated' rectangular portions of these
diagrams correspond to provirai sequences originating
from . the 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 folloﬁing

_ sites : B : BagpHI ; E : ECORI ; H : HipdIII ; K : KpnI ;
'Ps : PstI ; Pv : Pvull ; S : BacI ; X : Xbal.

These viral sequences have portions in commbn
with the E2 sequence. The relative positions of thesé
portions, determined by hybridization with E2, are also
seen in the figures.

_ 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  corresponding ROD 4, ROD 27 and ROD 35
sequences, are shown in these figures. ' |

These are, more especially, the inserts of
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-
ting, respectively, from the different portions of a

i
{
i
H
i
i
H
:
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single-stranded DNA originating from an M13 subclone
containing a nucleic acid derived from the whole LAV
genome. The relative positions of these various frag-

ments  with respect to the whole LAV genome (determined.

by sequencing) are shown at the bdtton of the figure.
Point 12 corresponds to a control spot produced using a
control DNA of the phage lambda. _

The hybridization experiments in the spot
transfer (dot blot) method were carried out under the
low stringency conditions of Example II using, by way of
a probe, the 1lambda ROD 4 recombinant containing the
total cDNA of HIV-2. The washings were then carried out
successively under the following conditions : 2 X ssC,
0.1% SDS at 25°C (Tm-42°C), 1 X ssc, 0.1% SDS at 60°C
(Tm-20°C) and 0.1% x SSC, 0.1% SDS at 60°C (Tm-3°C).

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

Patients

HIV-2-infected patients were recruited among
individuals visiting the Egas Moniz Hospital in Lisbon
either for hospitalization or for consultation, between
September 1985 and September 1986. For this selection,
all individuals of African origin or having stayed in
Africa underwent a serum test for antibodies against

both HIV -1 (Immunofluorescence -IFA- and/or ELISA) and

HIV-2 (IFA); Only those patients who were proved serolo-

gically to be infected with HIV-2 were included 'in the

study. ' -

Vi isolati |
In 12 patients, HIV .isolation was attempted as

previously described. Briefly, thé patients' peripheral
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blood lymphocytes (PBL) were stimulated with PHA, co-
cultured with normal human PHA-stimulated PBLs and
maintained in the“presenée of interleukin-2 (IL-2). Cul--
tures were  monitored for the presence of cytopathic
effect (CPE) and for reverse transcriptase (RT) activity
in the supernatant. '
Immunofluorescence assay (IFBA)

IFA slides were prepared as follows : HIV-2-
infected MOLT-4 cells were washed twice in PBS and laye-
red onto IFA glass slides (104‘cells/we11), 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-conjugated goat antihuman IgG, A, M (1/100 di-
luted) for 30 minutes at .37°C. After washing, cells were
counterstained in 0.006% Evans blue, mounted in 90% gly-
cerol, 10% PBS and examined tnder a fluorescence micro-
scope. '

ELISA

Some ‘patients' sera were examined for antibo-
dies to HIV-1 using  the commercially available serum
tests_ELAViA'(PaSteur'Diagnosticsi or ABBOTT.

Radioi ipitati (RIPA) _

HIV-1 or HIV-2 infected CEM cells were cul-
tured in the presence of 35; cysteine (200 microCi/ml)
for 16 hours. The supernatant was collected, viral par-
ticles were pelleted and lysed in RIPA buffer (Tris-HC1
50 mM pH 7.5, NaCl 150 mM, EDTA 1 mM, 1% Triton X100®
sodium deoxycholate 0.1%, SDS 0.1%). For each reaction,
50 miétolitres 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()protehiA (PHARMACIA), washed, and eluted by boi-
ling for 2 minutes. Eluted antigens were then énélysed
by SDS—pblyacryl-amide gel electrdphoresis and autora-
diogréphy. ' S
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Virus isolated from patients' PBLs were pelle-
ted and lysed in Tris-HCI1 10 mM pH 7.5, NaCl 10 mM, EDTA
1 mM, SDS 0.5%. One microlitre of each lysate, corres-
ponding to 50.000 cpm of RT activity, was.depqsited onto
nitro-cellulose. Hybridization and washing were conduc-
ted in high stringency conditions : hybridization in.
6 X SSC, 5 X Denhart, 50% formamide, for 18 hours at
42°c ; and washing in 0.1 X Ssc, 0.1% SDS at 65°C. We
2p labelled to a specific
activity of 108 cpm/microgram. The HIV-1 probe corres-
ponds to the complete genome of the LAV . isolate, and
HIV-2 probe was 'derived from a 2 kilobases cDNA clone

from LAV—ZROD isolate.

* RESULTS

E t . ! 1 ! . ) [}
Thirty patients with serological and/or viro-
logic evidence of HIV-2 infection were studied. They

were 12 males and 18 females. The mean age was 35, ran-

ging 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 originating from the Cape
Verde Islands. One patient was an 11-year old boy from
Angola who had lived in the Cape Verde islands for se-
veral years. The only European in the study population
was a 40 year-old Portuguese man who had lived for 8
years_in Zaire, and denied any stay in West Africa.
Among the 30 patients 17 had AIDS, according
to the CDC criteria. The major symptom in these patients
was chronic diarrhoea, together in most cases with a
weight 1loss of more than 10 kilograms in a year. In 10
patients the diarrhoea was found to be associated with
the presence of an intestinal opportunistic infection ;
in 7 cases the pathogen was Isospora belli alone, one
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patient ‘had Cryptosporidium alone and 2 had both patho-
gens[ In 3 céses no opportunistic intestinal pathogén
was found. Among all 17 AIDS cases, oesophageal candi-
diasis was diagnosed in 8. Six AIDS patients had res-
piratory symptoms. Pulmonary_tuberculosis was diagnosed
in 2 and another unidentified mycobacterium was found in
one. Two patients had pulmonary aspergillosis, one fol-
lowing a tuberculosis. Two other AIDS patients had
recurrent episodes of pneumonitis with'no'pathogen iden-~
tified, and one patient had Pneumocystis carinii 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 encephalitis of unknown 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 diérrhbea with weight loss, and one had recur-
rent episodes of bronchopneumonia and multiple lympha-
denopathies. |

Among the 9 remaining patients, 6 had no sym-
ptoms that could be considered as related to HIV in-
fection, one had pulmonary‘tubérculosis 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. ' '

5 lodical studi

' Each patient had at least one serum test for
antibodies to both HIV-1 and HIV-2. All patients' sera
were tested by IFA for antibodies to HIV-2, and all were
positive. Among them, 21 were also tested for antibodies
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to HIV-2 by RIPA : all clearly precipitated the high-
molecular weight envelope glycoprotein of the virus,
termed gp 140, and 16 of them also reacted with the

'major core protein p26, whereas only one reécted with

another viral core protein, termed p16.

_ The sera were evaluated for the presehce of
cross-reacting antibodies to HIV-1 using different as-
says. An IFA  test was used in 24 sera : 12 were nega-
tive, 10 were weakly reactive, and 2 were positive. In
ELISA, 21 were tested : 16 were negative, 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 profein, 2 only precipitated the pdl Qene product

p34, and 5 reacted with the major core protein pZSL.Two
Sera reacted only faintly with the envelope glycopro;ein
gp 110 of HIV-1. These two serh, and all sera with posi-
tive IFA or ELISA tests for antibodies to HIV-1, had a
strong reaétivity with the gp 140 of HIV-2 in RIPA, in-
dicative of infection with HIV-2 rather than with HIV-1.
Only one patient, that we did not include in the study
population, was serologically 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.
vi isolati

. Isolation of retroviruses from peripheral
blood lymphocytes was attempted in 12 patients. HIV was
isolated in 11, according to the presence of a typical
cytopathic effect, and of a peak of particle-associated
reverse  transcriptase activity in the culture superna-
tants. S _

All 11 -isolates were identified as HIV-2 using

a dot-blot hybridization technique. Viral dots from 10
isolates were found to strongly hybridize in stringent
conditions of hybridization and washing with a HIV-2
probe derived from a cloned HIV-2 cDNA, whereas none of



10

15

20

25

30

35

44

them hybridized with a HIV-1 probe in the same condi-
tions. One 1isolate only faintly hybridized with the
HIV-2 probe, but it failed to hybridize with the HIV-1
probe. , '
I logical ] .

Thirteen patients were . evaluated for the num-
ber o0f circulating lymphocytes identified as helper T
cells (CD4+) and the ratio of helper:supreésor T cells.
Among these patients, 11 had AIDS : their mean absolute
helper T cells count was 243 to 300/microlitre and their
mean helper : suppressor ratio was 0.25to 0.15. One
patient, clinically presenting with ARC, had a number of
helper T lymphocytes of 240/microlitre and a ratio of
0.18. Another patient, with neurological syphillis and
no evident HIV-related symptom, had a helper T lympho-
cyte count of 690/microlitre and a ratio of 0.82."

. .

- In this study, we demonstrated HIV-2 infection
in 30 West African patients presenting either with AIDS,
ARC or with no apparent HIV-related symptoms. The re-
suits nevertheless permit the conclusion that HIV-2
must be consideied to be a major aetiological agent of
AIDS in West African patients. The serological and vi-
rologic profiles that we observed indicate that HIV-2
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
Ch4+ T lymphoéytes, similar cytopathic effects, similar
morphology, and share common immunoreactive epitopes in
some of théir 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. .

The symptoms of HIV-2-related AIDS were not
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Hdifferent from those of HIV-1 related AIDS in Central

Africa : The most common symptom was chronic diérrhoea,
with important weight loss, mostly due to Isospora belli
and/or Cryptosporidium. The frequency of other opportu-
nistic infections, such as candidiasis, mycobacteria
(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 immunological abnormalities
found in HIV-2-infected AIDS patients are identical to
those described in HIV-i-related AIDS. o

" among the 30 patients, who all had serum anti-
bodies reactive with HIV-2 antigens, only 7 had HIV-1
specific antibodies detectable’ using IFA or ELISA.. In
RIPA, all of these-7 patients had antibodies reactive
with the other major core proteins p25 (HIV-1) or p26
(HIV~2), which share strongly iﬁmunoreactivé.epitopes.

Five patients lacked such antibodies : all 5 had a ne-

gative HIV-1 ELISA. IFA was borderline in 3 and negative
in 2. However, aithouqh some of them were not completely
evaluated, we found 9 patients with serum ahtibodies to
the viral core protein p26 of HIV-2 who had a weakly
reactive or 'negétive HIV-1-specific IFA and/or ELISA.

These findings point to the importance of including

HIV-2 antigens in the HIV serum tests used in Africa and
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 transcriptase activity in the
culture supernatant and of cytopathic effect. HowéVér.'
this cytopathic effect appeared to vary in importance
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from one isolate to another: some isolates prévided
numerous large-sized syncytia together with important
cell 1lysis, whereas others exhibited only few syncytia
of limited size, and affected poorly the viability of
the culture. ' '

RNA from all but one isolate ﬁas found to

.clearly hybridize in high stringency éonditions_with a

prove derived from a HIV-2 cDNA clone,'representing the
3' end of the genome. None hybridized with a HIV-1 probe
in the same conditions. This demonstrates that the
isolates ' infecting these patients all belonged to the

same type of virus. One isolate only pooriy hybridized

with HIV-1. This virus, however, was isolated from a
patient - with serum antibodies reacting with all the
antigens of HIV-2 in RIPA. c | |

This invention relates generally, in addition
to HIV-2 virus its vatianfs, to any equivalent virus
which is infectious for man and possesses immunological
characteristics specific to HIV-2. The invention relates
generally to any virus which, in addition +to the
pProperties possessed by the HIV-2 viruses deposited with
the CNCM, lalso possesses the characteristics which
follow. '

The preferred target for the HIV-2 retrovirus

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
words, it has a specific tropism for these cells. It can
be cultured in permanent lines of the HUT, CEH, MOLT or
similar type, expressing the T4 protein. It is not
infectious for T8 lymphocytes. It is cytotoxic for the
human T4 lymphocytes. The cytopathogenic nature of HIV-2
viruses with respect to T4 lymphocytes manifests itself,
in particular,” by the appearance of multinucleated
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cells. It has a reverse transcriptase activity which

requires the presence of Mgz+ ions and has a strong

_affinity: _ for polyadenylate-oligodeoxythymidylate
. (poly(A)-oligo(dT) 12-18). It has a density of appro-
‘ximately 1.16 in a sucrose gradient. 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-1 virus or HTLV-II

virus. These p26 proteins hence have a molecular weight
which is slightly 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 corresponding p27 profeins of the SIV. The

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

_which is not immunologically 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 glycoprotein having a
molecular weight 6f the order _of 130,000 - 140,000,
which does not cross immunologically with the gp 110 of
HIV-1  but which, on the other hand, crosses
immunologically with the gp 140 envelope glyco-protein
of STLV-III. These :lysates' also contain proteins or
glycoproteins which can be labelled with (355)¢YSteine,
having molecuiai weights, :éspectively, of the order of
36,000 and 42,000 - 45,000. The genomic RNA of RIV-2
does not hybridizg with the genomic RNA of HIV-1 under
stringent conditioné.”Under.non—stringent conditions, it

does not hybridize with nucleotide sequence derived from

HIV-1 and containing the env gene 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 ggl' region of the HIV-1 genome, in
particular with the nucleotide sequence 2170-2240. under
non-stringent ______ 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
is infectious for man, capable of inducing one of the
forms of AIDS, having the abovementioned essential
properties and  whose genomic RNA is capable of
hibridizing under stringent conditions with those HIV-2
viral strains deposited with the CNCM (or with a cDNA or
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 glycoproteins in
the purified state, such as may be obtained from HIV-2.
Reference to “purified" proteins or glycoproteins
implies that these proteins or glycoproteins lead,
respectively,'only'to single bands in pol?acrylamide gel
electrophoresis, in particular ' under the experimental
conditions which have been described above. Any suitable
method of separation and/or purification for obtaning
each of ‘these can be used. By way of example of 3
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 generally to all
antigens, in particular proteins, glycoproteins or
polypeptides, originating from an 'HIV-Z and having
immunological properties equivalent to those of these
antigenic compounds of HIV-2. Two antigens are said to
be “equivalent", ih the context of this account,
inasmuch as they are recognized by the same antibodies,
in pérticular 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
*immunological equivalenée“istated below.
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Among equiﬁélent polypeptides, proteins or
glycoproteins, there must be included fragments of the

"above antigens (or peptides reconstituted by chemical

synthesis), inasmuch as they give rise to immunological
cross-reactiohs with the antigens from which they are

derived. In other words, the invention relates to any
polypeptide which has, in common with abovementioned

antigens, identical or similar epitopes capable of being
recognized by . the  same. antibodies. Belonging to this

latter type: of polypeptides are the products of

expression of corresponding sequences of the_DNAs which

code for the corresponding polypeptide sequences.

-~ The HIV-2 virus has proved to be usable as a
source of antigéns for detecting antibodies in all
people who have come into contact with the HIV-2 virus.

o The invention relates generally to any
composition which can be useh for the diagnosis 6f the

presence in a biological fluid serﬁm, in particular of

people who have come into contact with HIV-2, of
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 Europeah-patenf application cited above, except that
extracts , lysates or purified antigens of HIV-2 are
used instead'of'ihose of HIV-1. In this connection, the
invention relates more especially to compositions
¢ontaining_.at1 least one of the proteins pt2, p16, p26,

.which .are_ the internal proteins, or p36 or gp 140. By

way of examples of compositions,'those which simulta-
neously contain the following will be mentioned.

- p26 and gp 36 o

- . p26, p36 aqd gp 140,

- ' p12, p16 and p26,

- p16, p26 and gp 140, etc.
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it is self-evident that these compositions
signify only examples.' In particular, the invention

relates to the viral extracts or lysates containing this

group of proteins and/or glycoproteins or all fractions
from which one or more of the abovementioned proteins or
glycoproteins has. been sepérated beforehand.

The invention also relates to compositions
containing a combination of proteins and/ox
glycoproteins = of an HIV-2 with proteins and/or
glycoproteins 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, '

~ or envelope glycoproteins of an HIV-1 and
envelope glycoproteins of an HIV-2, in particular the
gp 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
élycoproteins of an HIV-1 and proteins and/or glycopro-
teins of and HIV-2.

Such Eompositions, used for diagnosis,
consequently make possible procedures for diagnosis of
AIDS or of the symptoms which are associated with it,
which extend over a wider spectrum of the aetiological
agents responsible. It goes without saying that the use
for diagnostic procedures of compositions which contain
only proteins and/or glycoproteins of HIV-2 is
nevertheless .useful for more selective diagnosis of the
category of retrovirus which can be held responsible for
the disease.

. The invention also relates to the DNAs or DNA
fragments, more especially cloned DNAs and DNA frag-
ments, obtained from the RNA and cDNAs derived from the
RNA of the HIV-2 retrovirus. The invention also
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relates especially to all equivalent DNAs, in particular
any DNA possessing sequence homologies with the DNA of
HIV-2, especially with the sequences which code for the
env and pol regions of the strain of HIV-2 deposited
with the CNCM, equal at least to 50 %, preferably to
70 % and still more advantageously to 90 %. It will also
be stated generally that the invention relates to any
equivalent DNA (or RNA) capable of hybridizing with the
DNA or RNA of HIV-2 in the "spot blot" technique, under
non stringent conditions as defined above.

The invention 1likewise relates to the sera

capable of being produced in animals by inoculating the

latter with HIV-2. The invention hence relates more
especially to the polyclonal antibodies directed more
specifically against each of the antigens, in particular
proteins or glycoprotéins, of the virus. It also relates
to the -monoclonal antibodies which can be produced by
traditional techniques, these monoclonal antibodies
being directed, respectively, more specifically against
the different proteins of HIV-2.

| ' These polyclonal or monoclonal antibodies can
be used in different applications. Their use for neutra-
lizing the corresponding proteins, or even inhibiting
the infectivity of the whole virus, will mainly be
mentioned. They can also be used, for example, for
demonstrating the viral antigens in biological
preparations or for carrying out procedures for
purification of the corresponding proteins and/or
glycoproteins, for example by using them in affinity
chromatography columns. -

It is understood that; in general, the
available technical 1literature (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
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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 production from
these viruses of their different constituents (in
particulér proteins, glycoproteins, polypeptides and
nucleid acids). Use can also be made of the teachings of
this technical literature as regards the application of
the different constituents in question, in particular to
diagnostic = procedures of the corresponding forms of LAS
or AIDS. | S R

The present invention relates more especiaily
to a method for in vitro _diagﬁosis of AIDS, which
comprises bringing a serum or another biological medium
originating from a patient who is the sﬁbject of the
diagnosis into contact with a composition. containing at
least oné of the proteins ort*glycoproteins of HIV-2, or
alternatively an extract or lysate of the virus, and the
detection of the immunoiogical reaction. Examples of
such compositions have been stated above.

Preferred methods involve, for example, immu-
noenzymaticireactiqns of the ELISA or immunofluorescence
fype. The titrations can be measurements by direct or
indirect immunoflueorescence, by direct or indirect
immunoenzymatic assays.

Thus, . the present ' invention alsc relates to
extracts of virus (either an extract of one or more
HIV-2 viruses alone, or a mixture of extracts origina-
ting from one or more HIV-2 viruses;'on the one hand,
and one or more HIV-1 viruses, on the other hand), these
extracts being labelled. Any suitable type of label can
be used : enzymatic, fluorescent, radioactive and the
like. ' ' '

Such-titratioh; comprise, for example :

- the deposition of" specified' amounts of the
extract or of the composition referred to according to
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the present invention in the wells of a microtitration
plate ;

- introduction into these wells of increasing
dilutions of serum principally containihg the.antibodies
whose presence is'to be detected in vitre : |
- the 1ncubat10n of the mlcrotltratlon plate ;

- careful washing of the microtitration plate
with a suitable buffer ; _ _
- the introduction into the welis- of the
microtitration plate of labelled antibodies specific for
human immunoglobulins, the labelling being carried out
with an enzyme chosen from those: whlch are capable of
hydrolysing a substrate in such a way that the latter
then undergoes a modification -of its absorption of
radiation, at least in particﬁlar wavelength band, and
- the detection, preferably in comparative
fashion relative -to a controi, of the extent of
hydrolysis of the substrate, as a measurement of the
potential risks or of the effective presehce of the
disease.
The present invention also relates to outfits
or kits for the above dlaanSlS, which comprise
- . an extract or a more hlghly purified fraction
of the types of virus stated above, this extract or
fraction bein§ ‘labelled, for examéle radioactively,
enzymatically or by immunofluorescence :
- anti-{(human immunoglobulins) 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 good health ; - '
- -buffers and, where appropriate, substrates for
the visualization of the labelling. ' | _
It emerges from .the foregoing that the
invention relates to the diagnosis of HIV-2 virus, or of
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a variant, as .a result of the use of the probes
described above, in a method employihg different stages
recorded below, these stages being arranged specifically
to bring out the characteristic properties of the HIV-2

‘virus.

The invention naturally also relates to the

use of the cDNAs or their fragments (or'recombinants'
containing them) 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 obtalned from
patients suspected of being carriers of the HIV-2 virus.

These probes are preferably also labelled (radloactlve,
enzymatic, fluorescent labels, and the llke) Especxally
advantageous probes for carrying out the method for
diagnosis of the HIV-2 virus, or of a variant of HIV-2,
can be characterized in that they comprise all or a
fraction of the cDNA complementary to the genome of the
HIV-2 virus, or alternatively, "in particular, the

- fragments present in . the various clones identified

above. There will be mentioned, more especially, a
fraction of the cDNA. of HIV-2 present in the clone E2,
more espec1a11y the sequence of the 3°' end (LTR) and/or
of the 5' end of 'the HIV sequence of the abovementioned
clone E2, or alternatlvely the cDNA containing the env
region, of the cDNA of the HIV-2 virus.

The probes employed in thls 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

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

of AIDS. Naturally, the use" of nucleotide sequences




10

15

20

25

30

35

55
originating from an HIV-2 which is initially infectious
for man in nevertheless preferred. '

The detection can be carried out 'in all
manners Xnown per se, in particular by bringing these
probes into contact either with the 'nucleic acids
obtained from cells present in these sera or other
biological media, ' for example cerebrospinal fluids,
séliVa, and the 1like, or with these media themselves
inasmuch as their nucleic acids have been rendered
accessible to hybridization with these probes, this
being under conditions which permit hyb:idizatibn
between these probes and these nucleic acids, and by
detection of the hybridization which may be produced.
The abovementioned diagnosis, involving hybridization
reactions, can also be carried out using mixtures of
probes originating, respectively, from an HIV-1 and an
HIV-2, insofar as it is unnecessary to differentiate
between the type of HIV virus sought.

In general, 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 suspecfed of being carriers of the HIV-2 virus,
comprises the following stages

1) the manufacture of a labelled probe,

2) at least one hybridization stage performed
under stringent conditions, by bringing 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
solution which provides for the retention of these

‘stringent conditions for the hybridization, and

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

In another preferred embodiment of the method
according 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
5 hybridization. 3
The ‘invention relates in particular to HIV-2
viruses, characterized . in that their viral ' RNA
corresponds with a <¢DNA whose GAG and ENV genes
contain the following nucleotide sequences’
10 : — ( GAGRODN and ENVRN). Thevy result from the

sequencing of the corresponding regions of the c¢DNA
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

15 is sometimes done for conveniency in the specification

.and even in the claims as far 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

which are capable of reciprocal hybridization.
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CACRODE

!etclyAlaAt;AsnSctYaILeuArﬁcliLysLysklaLapclu
ATGGGCGCCAGAAACTCCGTICITGAGAGGCAAAAAAGCAGATGCAA

. ® . *® . - -@ L] .
LeuGluAzrglleArgLleuArgProClyGlyLysLyslysTyrArg -
_ tIAGAAAGLAICAGGtTACGGcccGGCGGLAAGAAAAAGTACAGG

LeuLyslxsIleValIrpAlaAlaAsnLysLeuAspA:;PheGly
cTAAAACATATTGTGTGGGC&GCGAATLAAIIGGACAGAIICGGA
100 '
Leu&lacluserLenLeuGluSerL:sGluGlyCysclnLysIle
TTAGCAGAGAGCCTGTTGGAGTCAAAAGAGGGTTGTCAAAAAATT

Leuthr?alheuAspProHetéalttotbrcly3¢rcluAsnLeu
CITACAGITTTAGATCCAAIGGTACCGLCAGGTTCAGAAAATTIA
- - 200 .
LysSerLcuPheAsnThrValesValIletrprsIleK;sAia
LAAAGTCfITTTAATACTGICIGCGICATTIGGIGCAIACACGCA

\._.-

GluGluLysVaILysAlpThrGluGlyLlaLysGluIlev;lArg
GAAGLG&ALGTGALAGATACIGAAGGAGCAAAACAAATAGIGCGG
A::EzsteuvalAIaGlurhtclythrAlaGIuLysHe:ProSer
AGACAtCtAGthCAGAAACAGGAACIGCAGAGAAAATGCCAAGC

th:SerArzProthtAlaProSerSerGluLy:GlyGlyAsutyr
ACAAGTAGACCAACAGCLCCATCTAGCGAGAAGGGAGGAAAITAC
. 400
P:oVaIGlnlstaIGIyGIyAsnTythrﬂstleProLeuSer
cCAGTGCAACAIGTAGGCGGCAACtACACCCATATACCGCIGAGT

PtoAtgfhrLcuA:nAlaT:pValLysLeuValclucluhysLys
CCCCCAACCCTAAATGCCTGGGTAAAATTAGTAGAGGAALAAAAG

> [ ] - -8 L]
PheGlyAlaGluValValProGlyPheGlnAlaLeuSerGluGly
ITCGGGGCAGAAGTAGIGCCLGGAII*CAGGCACTCTCAGAAGGC

500
CysTht?rotyrAsleeAsnclnde:LeuAanysValGIyAsp
TGCACGCCCTATGATATCAACCAAATGCTTAATTIGTGIGGGCGAC

® - - ] © e . coatpy L ]
BisGlnoAlaAlaMetGlnIleIleArgGlullelIleAsnGluGly
CATCAAGCAGCCATGCAGATAATCAGGGAGATTATCAATGAGGAA
. 600
AlaAlaGtuT%yLspValcln!xsProIle?:oclyProLequo"
GCAGCAGLATGGGATGTGCAACATCC@ATACCAGGCCCCTTACCA

AlaGlyGluLeukr;GIu?roAtgGIySérAspIleAlaclyThr
GCGGGGCAGCTITAGAGAGCCAAGGGGATCTGACATAGCAGGGACA
. 700 .
ThrSc:thr'alclucluclnlleclnrtpuetrhektgrtocln
ACAAGCACAGTAGAAGAACACATCCAGTGGATGTTITAGGCCACAL
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AliPrGVklrro'alclyton!lotyrtrglrgttpI!cclliio
LArcctctacctctaccxaacarcrxracaacarccnrccAcArA

. . 800 e
clyLeuGInLy|CylValAtzHotty:Asn!:othtlsnllcLet
GGATTGCAGAAGIGIGICAGGATGTACAACCCGACCAACATICCTA

AspIlelysC1nGlyProLysGluProPheGlaSerTyrValdsp
_ GACATAMAACAGGGACCAAAGGAGCCGTICCAMAGCTATGTAGAT

. 900
Ar;?hetyrlysSQrLcuArgAlacluclnthzlsprroAIAVal
AGATTCTACAAAAGCTIGAGGGCAGAACAAACAGATCCAGCATTG

L lAsnTrpHetrhrclnrhtLenLeuV|lclnlsutlallurto
AAGAATTGGATGACCCLAACACIGCTAGTACALLAIGCCAACCCI.

L:prshysLeuVaILeuLyscIyLeuGIyBothuP:oTh:Lcl
~GACTGTAAATTAGIGCTAAAAGGACTAGGGATCAACCCTACCITA
1000 .
GluGluKetLeuthrLlaCyaclnGlyValclycly!roclycla
GAAGAGAIGCrcACCGCcTG:CAGGGGGTAGGIGGGCCAGGQCAG

LycAtaArgLeuHettlacluAlaLculysGana1110611120
AAAGCTAGATTAAIGGCAGAGGCCCTGALAGAGGTCAIAGGACC!
- 1100 -
A!a!roIle?ro?heAlaAlaAIaGlnGlaL:gLytLIarheLyo
GCCCCIAICCCLTICGCAGCAGCCC&GC§GAGLLAG§CA!{?L4§

o . . ’ e [ ]
CysTrpAsnCysGlylysGluGlyHisSerAladrgGlnCysizg
TGCTGGAACTGTGGAAAGGAAGGGCLCTCGGCLAGLCAATGCGGA
. 1200
AllrroNrgAr;GInGchyst:pLysCysclytys?roclyaxs
GCACCtAGAAGGCAGGGCtGCIGGAAGTGTGGTLAGCCAGGACAC

IlenetrhrAany:ProAapArgGlnAlaGlyrheleuclyheu
AICATGACAAACTGCCCAGAIAGLCAGGCAGGIIITITAGGLCIG
. 1300
Gly?:otrpGlyLysLysProA:;AsnPhePro'aIAlaGannl
GGCCCTTGGGGAAAGAAGCCCCGC&AGTtCCCCGTGGCCCAAGII

?roGlnGIyLeuThrPraThrAla?ro?tovallspProAlaVal
CCGCAGGGGCTGACACCAACAGCACCCCCAGTIGGATCCAGCAGTC

- " * L L . :
AsplLeuleuGluLysTyrHetG1lnGlnGlyLysArgGlnArgGla
CATCTACTGGAGAAATATATCCAGCAAGGGAAAAGACAGAGAGAG

1400 -
GlnLrgGIuAr;PronrLysGlu?althrclnAspLeuLeu!xs
CAGAGAGAGAGACCATACAAGGAAGTGACAGAGGACTTACTGCAC

LeuGluGlnGlyGluThrProTyrArgGluProProThrGluAsp
cTCGAGCAGGGGGAGACACCATACAGGGAGCCACCAACAGAGGAC
¢ [ 1500 . [
Laneu!isLeuLsnSerLeu?beGlyLysAsyGln
TTGCTIGCACCTCAATTICTCTCTTITGCCAAAAGACCAG
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52/ Nucleic acid according to claim 46, char"acterised

~in that it contains a nucleotidic sequence coding for
the totality or part of the aminoacid sequence
. indicated hereafter, the encoded aminoacid sequence

having the capacity of giving a specific immunological
reaction with antibodies against a HIV-2 retrovirus as
defined in anyone of claims 1 to 9 when it is

contacted with a serum of a patient’ infected

specifically with a HIV-2 retrovirus.

AR
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r:OVn161:81:1:}61}61yllu?y:!h:liullcrthcuScr '
s ' o . . . P
2roArgThzrlenisndlalrpVallysleu¥alGluGlulyslys’
[ b ° ] ‘.
Phec1yAlaGlg?alVa1?:oGlyPheGlnAldLeuSg:GlnGly o

500.
CysthrrrotyrAspIleLanGlnne:LenlanysVaIGIyAtp

10 nisc1n;1.51ane:cznz1ez1e1£gc1nxze11eAsuc1a;1u

. 600
LllAlaGlutrpAs;Vz161nnzlProIla!roGIy!roLeu?zo

LiaGlyG}nLenA:gGlu?:pL:gGlyse:LsgIIeAla@Itht

o
15 . 700

Th:Se:rhrVaIGIuGInGInIIeGIntrpBe:rheLt;ProGIn'

As#?ro?ii!ro'alcliAsaIchy:irszgtrpfieclntlr
20 ”o .. s
61yLeuGlnLysCysValLtgHetIytAsa!toIbtA:nIleLeu

-

LspIlelysclnclyrtoLyscIurrorheclnSe:Iy:VaILsi .

: . 900

L:gPherrLysSe:LenAtgAltclnGlnrthspProAIaVal
25

'LysAanrch:rhzslnrhrheuhenValclnlsaIIaAsnI:g.

LsprlLy:LCuVaILinLysclyLenGIgHe:Asn!rothrLe;

11000 .

30 GluGln!etLenIhxllaCyaGIaG1,7;1611617!:061761:

LysLlaLrgLeuHetAlaGIuAlaLeuLytGIuYaIIIeGIy!:o

Lla!roIlc!to!hcAla&la&laclnc13
35

* [+ L ] S * ¢
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53/ Nucleic acid according to claim 46, characterisged
in that it contains a nucleotidic sequence coding for
the totality or part of the aminocacid sequence
indicated hereafter, the encoded . aminoacid sequence
having the'capacity of giving a specific immunological
reaction with antibodies against HIV-2 retrovirus as
defined in anyone of claims 1 to 9 when this aminoacid

‘sequence 1is contacted with a serum of a patient

infected with a HIV-2 retrovirus :
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HetnthsnGInLenLeuIIeAlnlleLcuLanlaSerAlaCys

LeuValTy:cysthrGlnIern1Ih:7:1!betyr61yValrto )

ThrTrplysAsnAlaThrIleProleuPheCysAlaThrArgAsn

100 ' '
A:gAspIh:I:pGlthrIleG1nCysLeuProAspAsnAspAsy

;@i TyrGlnGlulleThrleuAsnValThrGluAlaPheAspAlaTrp

. 200
Atn&sntthalrhrcluGlnAIaIIeGluAspVal!rpEzsLeu

L 4 - . L ] [ [ ]
15 2heGlthrSe:IleL:s!:oCysValLysLeurhtProLeuCys

. + 300
VlIAIauetLthysSerSe:IhrGIuSerSe:IhtGIyAsnAsn

ThrIkrSerlysSerThrSerThrThrThrThrThrProThrdsp

20 . 400
GlnGluGlnGluIieSe:GluasprthroCysAIaAngIaAsn

L ' AsnCysSerGlyLeuGlyGluGluGluThrIleAsnCvsGinPhe

,s Asnné:rhrclyLeucluArgAspLysLysLysclnryrAsnc1n

. - 7h:IrpIyrSerLysAspVa1v;1CysG1nTh‘AsnAsnSer.nt

LsaGlnIhrGInCysTeretAsnEisCysAsnIhtSerVallle

30 600
ThtGIuSerCysAspLys:;strTrpAspAI.IleA'gPheArg

A Ty

TyzxCysAlaProProGlyTyrAlaLeuleuArgCysAsnAspThr

il

700 : '
35 Aauty:SerclyrheLlaProAch7sSerLysVaanIAIaSe:

-
¥
%
L

e

HII\III b I\I\I I\ llll
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ThrCysThrirghetNetGluThrGlaThrSerThrIrpPhebly -

800

!he&sncIytbrA:gAlaGluAsnArgIhttyrIIetyrtrpnxs

GlyL:gAspAsnA:g!hrIlgIleSe:LeuAsnLystyrtyrlal

. 900
LeuSerLeuEstysLysA:gr:oGlyAsnLysIhrVaILysGIn

IleuetLequ:Se:GlyBisValPheRisSerKistrGlnP:o-

IleA:nLysArgProArgGlnAlaIrprsT:pPheLysGlyLy._

1000
TrpLysAspAlaHetGlnGluValLysIhrLeuAlaLystsPro
L:g?yr&:gcIth:AsnAsprh:ArgAsnIIeSe:PheLia&la

. 1100
?roGlyLysGlySe:AspProGluValAlaIy:hetIrpth:Asn
Cy:Ar:GIyGlurheLeuIerysAanetIhrTerheLeuAsn

12v0

frleeGluAsnLysThrﬂsttsAsnIyrAla°roCch;sIlc

L] . L4 . ® -
LysGlnlIlelleAsuThrTzpEisLysValGlyArgAsnValTyy

. 1300
LeuProP’oA:ocluG1yGIuLenSe:CysAsnSerThr?g‘Ihr

SetlléIléhlaAsnIIeAsptfbcLnasnAsnAsnclnIh:Asa
Ilcthr?heSerAlaGluValalaGIuLeuTy:AereuG uleun

1400 ' .
GI)AspIytlysLeuVaIGIuIIthr!roIleGly!hc&la’to

* c L M 1) *

4




?hrLyncluﬂylArgtyfécrserbllai‘Gl"ftﬂiIThtlfS
5 . 1500
: GlyVaIPheValheuGlyPheLeuG1yPheLeuAlthrAlacli
Se:AlaHetGlyAlaArgAIaSerLethtVzISerAlaGInSe:

. . 1600
10 : ArgIh:LeuLeuLlaGlyIleValclnGInGInGInGInLeuLeu

AspVaIValesAtgGlaG1nGluLeuLeuArgLethrVaITrp

. . 1700
GIyTh:LysAsnLeuGlnAlaArgValthrAIaIleGluLysTyr

15 '
LeuGloAspGlnAlaArgleudsnSerTrpGlyCysAlaPheArg

' . 1800
. GInValesBxsthtIh:VaIP:cIrpValAsnASDSerLeuAla

20 ProAspTrpAspAsnlietThrTrpGlaGlulzrpGlulysGlaVal

ArgTyrleuCluAlaAsnIleSeriysSerleuGiuGindlaGiz -

- 1900 . . .
I11eG1nGlnGlulysAsnletTyrGluLleuGlulysLleuAsnSer

.25 _
TrpAspilePheGlyAsnTrpPheAspLeuThrSerTrpVallys

2000
TyrIIeGlnIyrGlyVa1LeuIleIleValA1aValilehlaLeu
30 :sIIeValIleTeralVaIGInHe:LeuSerArgLeuArsLys

. 2100
GlyTytA:gP:oValPheSerSerrrorroGlyTyrIIeGIncln

35
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10

112

IIeEisIleEisLysAspxé;Gchlnttéifalsnclucluth:

. 1200
GIuGluAspGlyGlySexAsnGlyclylspAthyrI:pProtzp

PioIleAlatyrlleﬁisrheLeulleArgGInLeuIleA:gLen

. o S ® .
LethrAtgLeutyrSe:IleCysArgAspLenLeu$erArgSe:

2300
PheLethrLeuGlnLeuIleTy:G1nAsnLequgLspIrpLgu

*

'AizLedhrgThrAIa?heLeuGlnIyrGinysGIuI:pIIgcln

. 2400
GluAla?heGlnAlaAla&1aArgA!arhrA:gGlnIhrLeuAla

c1ys1ac§s¢:gcIngutrpA:gva1LeucxaA:gz1eciyAr;
. 2500

GlyIleLeuAlaVal?roAtgA:gIleArgGlnGlyLlaGlulle

Alaleuleu
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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 532,
characterised in that it is labelled. '

56/ Process for the detection of a retrovirué 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 contacting nucleic acids contained in
this biological 1liquid or tissue with a prdbe
containing a nucleic aci@ according to anyone of
claims 49 to 53 in stringent hybridization conditions,
or containing a DNA presenting a sequence homologie of
at least 70%, preferably of at least 90% with the RNA
of a retrovirus accofd‘ing to anyone of claims 1 to 9
and capable of- hybridizing with this one, in non

" stringent co.nditions 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 hybride 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 a'ctivity has reached a
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determined threshold, recovering and purifying the
amounts of virus released in the culture medium of
gsaid 1lymphocytes or celle 1lines, particularly_ by
differential centrifixgation in a gradient of sucrose
or metrizamide.

. 58/ A process for the production of specific antigens
of the HIV-2 retrovirus characterised by lysing,

part'icularly by means of de_t:efgent, 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 ;ecovering the

lysate containing said antigens ;

59/ Process for the production. of a hybridization

probe for the detection of RNA of HIV-2 retrovirus
characterised by the insertion of a DNA sequence,
particularly according td'anyone of claims 46 to 53,
in a cloning vector, by in_vitro recombination,
cloning the modified vectof obtained in a competent
cellular host, and recovering the DNA-recombinants
obtained. . :

60/ 'l‘he‘ hYbriddma secreting the monoclonal antibody
according to claim 45. o

61/ Application of the polyclonal antibodies
according to claim 44 or of the monoclonél 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. |

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 prebax_;ation. :

63/ Application of - the polyclonal antibodies
according to claim 44 or of the monoclonal antibodies
according' to claim 45 to’ 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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