
(19) United States 
US 2003O235.835A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0235835A1 
Alizon et al. (43) Pub. Date: Dec. 25, 2003 

(54) CLONED DNA SEQUENCES RELATED TO 
THE ENTRE GENOMIC RNA OF HUMAN 
IMMUNODEFICIENCY VIRUS II (HIV-2), 
POLYPEPTIDES ENCODED BY THESE DNA 
SEQUENCES AND USE OF THESE DNA 
CLONES AND POLYPEPTIDES IN 
DIAGNOSTIC KITS 

(75) Inventors: Marc Alizon, Paris (FR); Luc 
Montagnier, Le Plessis Robinson (FR); 
Denise Guetard, Paris (FR); Francois 
Clavel, Rockville, MD (US); Pierre 
Sonigo, Paris (FR); Mireille Guyader, 
Toulouse (FR) 

Correspondence Address: 
FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 
LLP 
1300 ISTREET, NW 
WASHINGTON, DC 20005 (US) 

(73) Assignee: Institut Pasteur 

(21) Appl. No.: 10/302,947 

(22) Filed: Nov. 25, 2002 

Related U.S. Application Data 

(60) Division of application No. 07/810,908, filed on Dec. 
20, 1991, now Pat. No. 6,544,728, which is a division 
of application No. 07/752,368, filed on Sep. 3, 1991, 
now abandoned, which is a division of application 

No. 07/013,477, filed on Feb. 11, 1987, now Pat. No. 
5,079.342, which is a continuation-in-part of appli 
cation No. 07/003,764, filed on Jan. 16, 1987, now 
Pat. No. 5,051,496, which is a continuation-in-part of 
application No. 06/933,184, filed on Nov. 21, 1986, 
now abandoned, which is a continuation-in-part of 
application No. 06/916,080, filed on Oct. 6, 1986, 
now abandoned, and which is a continuation-in-part 
of application No. 06/835,228, filed on Mar. 3, 1986, 
now Pat. No. 4,839,288. 

(30) Foreign Application Priority Data 

Jan. 22, 1986 (FR)............................................ 86 OO911 
Feb. 6, 1986 (FR)............................................ 86 O1635 

Feb. 13, 1986 (FR)............................................ 86 O1985 
Mar. 18, 1986 (FR)............................................ 86 O3881 
Mar. 24, 1986 (FR)............................................ 86 04215 

Publication Classification 

(51) Int. Cl. .............................. C12O 1/68; C12O 1/70; 
CO7H 21/02 

(52) U.S. Cl. ................................ 435/6; 435/5; 536/23.72 

(57) ABSTRACT 

A method for diagnosing an HIV-2 (LAV-II) infection and a 
kit containing reagents for the same is disclosed. These 
reagents include cDNA probes which are capable of hybrid 
izing to at least a portion of the genome of HIV-2. In one 
embodiment, the DNA probes are capable of hybridizing to 
the entire genome of HIV-2. These reagents also include 
polypeptides encoded by Some of these DNA sequences. 
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CLONED DNA SEQUENCES RELATED TO THE 
ENTRE GENOMIC RNA OF HUMAN 

IMMUNODEFICIENCY VIRUS II (HIV-2), 
POLYPEPTIDES ENCODED BY THESE DNA 

SEQUENCES AND USE OF THESE DNA CLONES 
AND POLYPEPTIDES IN DAGNOSTIC KITS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. of Alizon et al. for 
“Cloned DNA Sequences Related to the Entire Genomic 
RNA of Human Immunodeficiency Virus II (HIV-2), 
Polypeptides Encoded by these DNA Sequences and Use of 
these DNA Clones and Polypeptides in Diagnostic Kits,” 
filed Jan. 16, 1987, which is a continuation-in-part of U.S. 
patent application Ser. No. 931,866 filed Nov. 21, 1986, 
which is a continuation-in-part application of U.S. patent 
application Ser. No. 916,080 of Montagnier et al. for 
“Cloned DNA Sequences Related to the Genomic RNA of 
the Human Immunodeficiency Virus II (HIV-2), Polypep 
tides Encoded by these DNA Sequences and Use of these 
DNA Clones and Polypeptides in Diagnostic Kits, filed 
Oct. 6, 1986 and U.S. patent application Ser. No. 835,228 of 
Montagnier et al. for “New Retrovirus Capable of Causing 
AIDS, Antigens Obtained from this Retrovirus and Corre 
sponding Antibodies and their Application for Diagnostic 
Purposes, filed Mar. 3, 1986. The disclosures of each of 
these predecessor applications are expressly incorporated 
herein by reference. 
0002 The invention relates to cloned DNA sequences 
analogous to the genomic RNA of a virus known as Lym 
phadenopathy-Associated Virus II (“LAV-II”), a process for 
the preparation of these cloned DNA sequences, and their 
use as probes in diagnostic kits. In one embodiment, the 
invention relates to a cloned DNA sequence analogous to the 
entire genomic RNA of HIV-2 and its use as a probe. The 
invention also relates to polypeptides with amino acid 
Sequences encoded by these cloned DNA sequences and the 
use of these polypeptides in diagnostic kits. 

BACKGROUND OF THE INVENTION 

0003. According to recently adopted nomenclature, as 
reported in Nature, May 1986, a substantially-identical 
group of retroviruses which has been identified as one 
causative agent of AIDS are now referred to as Human 
Immunodeficiency Viruses I (HIV-1). This previously-de 
Scribed group of retroviruses includes Lymphadenopathy 
Associated Virus I (LAV-I), Human T-cell Lymphotropic 
Virus-III (HTLV-III), and AIDS-Related Virus (ARV). 
0004 Lymphadenopathy-Associated virus II has been 
described in U.S. application Ser. No. 835,228, which was 
filed Mar. 3, 1986, and is specifically incorporated herein by 
reference. Because LAV-II is a Second, distinct causative 
agent of AIDS, LAV-II properly is classifiable as a Human 
Immunodeficiency Virus II (HIV-2). Therefore, “LAV-II" as 
used hereinafter describes a particular genus of HIV-2 
isolates. 

0005) While HIV-2 is related to HIV-1 by its morphology, 
its tropism and its in vitro cytopathic effect on CD4 (T4) 
positive cell lines and lymphocytes, HIV-2 differs from 
previously described human retroviruses known to be 
responsible for AIDS. Moreover, the proteins of HIV-1 and 
2 have different sizes and their Serological croSS-reactivity is 
restricted mostly to the major core protein, as the envelope 
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glycoproteins of HIV-2 are not immune precipitated by 
HIV-1-positive Sera except in Some cases where very faint 
croSS-reactivity can be detected. Since a significant propor 
tion of the HIV infected patients lack antibodies to the major 
core protein of their infecting virus, it is important to include 
antigens to both HIV-1 and HIV-2 in an effective serum test 
for the diagnosis of the infection by these viruses. 
0006 HIV-2 was first discovered in the course of sero 
logical research on patients native to Guinea-Bissau who 
exhibited clinical and immunological symptoms of AIDS 
and from whom Sero-negative or weakly Sero-positive reac 
tions to tests using an HIV-1 lysate were obtained. Further 
clinical Studies on these patients isolated viruses which were 
Subsequently named “LAV-II.” 
0007 One LAV-II isolate, Subsequently referred to as 
LAV-II MIR, was deposited at the Collection Nationale des 
Cultures de Micro-Organismes (CNCM) at the Institut Pas 
teur in Paris, France on Dec. 19, 1985 under Accession No. 
1-502 and has also been deposited at the British ECACC 
under No. 87.001.001 on Jan. 9, 1987. A second LAV-II 
isolate was deposited at CNCM on Feb. 21, 1986 under 
Accession No. 1-532 and has also been deposited at the 
British ECACC under No. 87.001.002 on Jan. 9, 1987. This 
second isolate has been subsequently referred to as LAV-II 
ROD. Other isolates deposited at the CNCM on Dec. 19, 
1986 are HIV-2 IRMO (No.1-642) and HIV-2 EHO (No.1- 
643). Several additional isolates have been obtained from 
West African patients, some of whom have AIDS, others 
with AIDS-related conditions and others with no AIDS 
Symptoms. All of these viruses have been isolated on normal 
human lymphocyte cultures and Some of them were there 
after propagated on lymphoid tumor cell lines Such as CEM 
and MOLT. 

0008. Due to the sero-negative or weak sero-positive 
results obtained when using kits designed to identify HIV-1 
infections in the diagnosis of these new patients with HIV-2 
disease, it has been necessary to devise a new diagnostic kit 
capable of detecting HIV-2 infection, either by itself or in 
combination with an HIV-1 infection. The present inventors 
have, through the development of cloned DNA sequences 
analogous to at least a portion of the genomic RNA of 
LAV-II ROD Viruses, created the materials necessary for the 
development of Such kits. 

SUMMARY OF THE INVENTION 

0009. As noted previously, the present invention relates 
to the cloned nucleotide Sequences homologous or identical 
to at least a portion of the genomic RNA of HIV-2 viruses 
and to polypeptides encoded by the same. The present 
invention also relates to kits capable of diagnosing an HIV-2 
infection. 

0010 Thus, a main object of the present invention is to 
provide a kit capable of diagnosing an infection caused by 
the HIV-2 virus. This kit may operate by detecting at least 
a portion of the RNA genome of the HIV-2 virus or the 
provirus present in the infected cells through hybridization 
with a DNA probe or it may operate through the immuno 
diagnostic detection of polypeptides unique to the HIV-2 
WUS. 

0011 Additional objects and advantages of the present 
invention will be set forth in part in the description which 
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follows, or may be learned from practice of the invention. 
The objects and advantages may be realized and attained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 

0012 To achieve these objects and in accordance with the 
purposes of the present invention, cloned DNA sequences 
related to the entire genomic RNA of the LAV-II virus are set 
forth. These Sequences are analogous Specifically to the 
entire genome of the LAV-II ROD strain. 
0013 To further achieve the objects and in accordance 
with the purposes of the present invention, a kit capable of 
diagnosing an HIV-2 infection is described. This kit, in one 
embodiment, contains the cloned DNA sequences of this 
invention which are capable of hybridizing to viral RNA or 
analogous DNA sequences to indicate the presence of an 
HIV-2 infection. Different diagnostic techniques can be used 
which include, but are not limited to: (1) Southern blot 
procedures to identify viral DNA which may or may not be 
digested with restriction enzymes; (2) Northern blot tech 
niques to identify viral RNA extracted from cells; and (3) dot 
blot techniques, i.e., direct filtration of the Sample through 
an ad hoc membrane Such as nitrocellulose or nylon without 
previous Separation on agarose gel. Suitable material for dot 
blot technique could be obtained from body fluids including, 
but not limited to Serum and plasma, Supernatants from 
culture cells, or cytoplasmic extracts obtained after cell lysis 
and removal of membranes and nuclei of the cells by 
ultra-centrifugation as accomplished in the “CYTODOT” 
procedure as described in a booklet published by Schleicher 
and Schull. 

0.014. In an alternate embodiment, the kit contains the 
polypeptides created using these cloned DNA sequences. 
These polypeptides are capable of reacting with antibodies 
to the HIV-2 virus present in sera of infected individuals, 
thus yielding an immunodiagnostic complex. 

0.015 To further achieve the objects of the invention, a 
vaccinating agent is provided which comprises at least one 
peptide Selected from the polypeptide expression products of 
the viral DNA in admixture with suitable carriers, adjuvents 
stabilizers. 

0016. It is understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory only and are not restrictive of the 
invention as claimed. The accompanying drawings, which 
are incorporated in and constitute a part of the Specification, 
illustrate one embodiment of the invention and, together 
with the description, Serve to explain the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 generally depicts the nucleotide sequence 
of a cloned complementary DNA (cDNA) to the genomic 
RNA of HIV-2. FIG. 1A depicts the genetic organization of 
HIV-1, position of the HIV-1 HindIII fragment used as a 
probe to screen the cDNA library, and restriction map of the 
HIV-2 cDNA clone, E2. FIG. 1B depicts the nucleotide 
sequence of the 3' end of HIV-2. The corresponding region 
of the HIV-1 LTR was aligned using the Wilbur and Lipman 
algorithm (window: 10, K-tuple: 7; gap penalty: 3) as 
described by Wilbur and Lipman in Proc. Natl. Acad. Sci. 
USA80:726-730 (1983), specifically incorporated herein by 
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reference. The U3-R junction in HIV-1 is indicated and the 
poly A addition signal and potential TATA promoter regions 
are boxed. In FIG. 1B, the symbols B, H., Ps and Pv refer to 
the restriction sites BamHI, HindIII, Pst and PvulI, respec 
tively. 

0018 FIG. 2 generally depicts the HIV-2 specificity of 
the E2 clone. FIG. 2A and B specifically depict a Southern 
blot of DNA extracted from CEM cells infected with the 
following isolates: HIV-2ROD (a,c), HIV-2DUL (bd), and 
HIV-1BRU (e.f). DNA in lanes a,b,f was Pst I digested; in 
c,d,e DNA was undigested. FIG. 2C and D specifically 
depict dot blot hybridization of pelleted virions from CEM 
cells infected by the HIV-1 (1), Simian Immunodefi 
ciency Virus (SIV) isolate Mm 142-83 (3), HIV-2 (4), 
HIV-2 (5), and HIV-1 (6). Dot 2 is a pellet from an 
equivalent volume of Supernatant from uninfected CEM. 
Thus, FIG. 2A and C depicts hybridization with the HIV-2 
cDNA (E2) and FIG. 2B and D depicts hybridization to an 
HIV-1 probe consisting of a 9 Kb SacI insert from HIV-1 
BRU (clone lambda J 19). 
0019 FIG. 3 generally depicts a restriction map of the 
HIV-2 ROD genome and its homology to HIV-1. FIG. 3A 
Specifically depicts the organization of three recombinant 
phage lambda clones, ROD 4, ROD 27, and ROD 35. In 
FIG. 3A, the open boxes represent viral sequences, the LTR 
are filled, and the dotted boxes represent cellular flanking 
Sequences (not mapped). Only Some characteristic restric 
tion enzyme sites are indicated. 2 ROD 27 and 2 ROD 35 are 
derived from integrated proviruses while 2 ROD 4 is derived 
from a circular viral DNA. The portion of the lambda clones 
that hybridzes to the cDNAE2 is indicated below the maps. 
A restriction map of the 2 ROD isolate was reconstructed 
from these three lambda clones. In this map, the restriction 
sites are identified as follows: B: BamHI, E: EcoRI, H: 
HindIII; K: KpnI; Ps: PstI; Pv: PvulI; S: SacI; X: Xbal. R 
and L are the right and left BamHI arms of the lambda L47.1 
VectOr. 

0020 FIG. 3B specifically depicts dots 1-11 which cor 
respond to the single-stranded DNA form of M13 Subclones 
from the HIV-1 cloned genome (J19). Their size and 
position on the HIV-1 genome, determined by Sequencing is 
shown below the figure. Dot 12 is a control containing 
lambda phage DNA. The dot-blot was hybridized in low 
Stringency conditions as described in Example 1 with the 
complete lambda), ROD 4 clone as a probe, and Successively 
washed in 2XSSC, 0.1% SDS at 25° C. (Tm -42° C), 
1XSSC, 0.1% SDS at 60° C. (Tm -20° C), and 0.1XSSC, 
0.1% SDS at 60° C. (Tm -3°C.) and exposed overnight. A 
duplicate dot blot was hybridized and washed in Stringent 
conditions (as described in Example 2) with the labelled 
lambda J19 clone carrying the complete HIV-1 genome. 
HIV-1 and HIV-2 probes were labelled the same specific 
activity (10 cpm/g). 
0021 FIG. 4 generally depicts the restriction map poly 
morphism in different HIV-2 isolates and shows comparison 
of HIV-2 to SIV. FIG. 4A specifically depicts DNA (20 ug. 
per lane) from CEM cells infected by the isolate HIV-2 
(panel 1) or peripheral blood lymphocytes (PBL) infected by 
the isolates HIV-2M (panel 2) and HIV-2MR (panel 3) 
digested with: EcoRI (a), PstI(b), and HindIII (c). Much less 
viral DNA was obtained with HIV-2 isolates propagated on 
PBL. Hybridization and washing were in stringent condi 
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tions, as described in Example 2, with 10 cpm/ml. of each 
of the E2 insert (cDNA) and the 5kb. HindIII fragment of 
ROD 4, labelled to 10 cpm/ug. 
0022 FIG. 4B specifically depicts DNA from HUT 78 (a 
human T lymphoid cell line) cells infected with STLV3 
MAC isolate Mm 142-83. The same amounts of DNA and 
enzymes were used as indicated in panel A. Hybridization 
was performed with the same probe as in A, but in non 
Stringent conditions. AS described in Example 1 washing 
was for one hour in 2XSSC, 0.1% SDS at 40° C. (panel 1) 
and after exposure, the same filter was re-washed in 0.1X 
SSC, 0.1% SDS at 60° C. (panel 2). The autoradiographs 
were obtained after overnight exposition with intensifying 
SCCCS. 

0023 FIG. 5 depicts the position of derived plasmids 
from ROD 27, ROD 35 and ROD 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0024. Reference will now be made in detail to the pres 
ently preferred embodiments of the invention, which, 
together with the following examples, Serve to explain the 
principles of the invention. 
0025. The genetic structure of the HIV-2 virus has been 
analyzed by molecular cloning according to the method Set 
forth herein and in the Examples. A restriction map of the 
genome of this virus is included in FIG. 4. In addition, the 
partial sequence of a cDNA complementary to the genomic 
RNA of the virus has been determined. This cdNA sequence 
information is included in FIG. 1. 

0026. Also contained herein is data describing the 
molecular cloning of the complete 9.5 kb genome of HIV-2, 
data describing the observation of restriction map polymor 
phism between different isolates, and an analysis of the 
relationship between HIV-2 and other human and simian 
retroviruses. From the totality of these data, diagnostic 
probes can be discerned and prepared. 
0.027 Generally, to practice one embodiment of the 
present invention, a Series of filter hybridizations of the 
HIV-2 RNA genome with probes derived from the complete 
cloned HIV-1 genome and from the gag and pol genes were 
conducted. These hybridizations yielded only extremely 
weak signals even in conditions of very low Stringency of 
hybrization and washing. Thus, it was found to be difficult 
to assess the amount of HIV-2 viral and proviral DNA in 
infected cells by Southern blot techniques. 
0028. Therefore, a complementary DNA (cDNA) to the 
HIV-2 genomic RNA initially was cloned in order to provide 
a specific hybridization probe. To construct this cDNA, an 
oligo (dT) primed cDNA first-strand was made in a deter 
gent-activated endogenous reaction using HIV-2 reverse 
transcriptase with Virions purified from Supernatants of 
infected CEM cells. The CEM cell line is a lymphoblastoid 
CD4+ cell line described by G. E. Foley et al. in Cancer 18: 
522-529 (1965), specifically incorporated herein by refer 
ence. The CEM cells used were infected with the isolate 
ROD and were continuously producing high amounts of 
HIV-2. 

0029. After second-strand synthesis, the cDNAs were 
inserted into the M 13 tg 130 bacteriophage vector. A 
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collection of 10" M13 recombinant phages was obtained and 
screened in situ with an HIV-1 probe spanning 1.5 kb. of the 
3' end of the LAV isolate (depicted in FIG. 1A). Some 
50 positive plaques were detected, purified, and character 
ized by end Sequencing and cross-hybridizing the inserts. 
This procedure is described in more detail in Example 1 and 
in FIG. 1. 

0030 The different clones were found to be complemen 
tary to the 3' end of a polyadenylated RNA having the 
AATAAA Signal about 20 nucleotides upstream of the poly 
A tail, as found in the long terminal repeat (LTR) of HIV-1. 
The LTR region of HIV-1 has been described by S. Wain 
Hobson et al. in Cell 40:9-17 (1985), specifically incorpo 
rated herein by reference. The portion of the HIV-2 LTR that 
was Sequenced was related only distantly to the homologous 
domain in HIV-1 as demonstrated in FIG. 1B. Indeed, only 
about 50% of the nucleotides could be aligned and about a 
hundred insertions/deletions need to be introduced. In com 
parison, the homology of the corresponding domains in 
HIV-1 isolates from USA and Africa is greater than 95% and 
no insertions or deletions are seen. 

0031. The largest insert of this group of M13 clones was 
a 2 kb. clone designated E2. Clone E2 was used as a probe 
to demonstrate its HIV-2-specificity in a series of filter 
hybridization experiments. Firstly, this probe could detect 
the genomic RNA of HIV-2 but not HIV-1 in stringent 
conditions as shown in FIG. 2, C and D. Secondly, positive 
signals were detected in Southern blots of DNA from cells 
infected with the ROD isolate as well as other isolates of 
HIV-2 as shown in FIG. 2, A and FIG. 4, A. No signal was 
detected with DNA from uninfected cells or HIV-1 infected 
cells, confirming the exogenous nature of HIV-2. In undi 
gested DNA from HIV-2 infected cells, an approximately 10 
kb. Species, probably corresponding to linear unintegrated 
Viral DNA, was principally detected along with a Species 
with an apparent Size of 6 kb., likely to be the circular form 
of the viral DNA. Conversely, rehybridization of the same 
filter with an HIV-1 probe understringent conditions showed 
hybridization to HIV-1 infected cells only as depicted in 
FIG. 2, B. 
0032) To isolate the remainder of the genome of HIV-2, 
a genomic library in lambda phage L47.1 was constructed. 
Lambda phage L47.1 has been described by W.A.M. Loenen 
et al. in Gene 10:249-259 (1980), specifically incorporated 
herein by reference. The genomic library was constructed 
with a partial Sau3AI restriction digest of the DNA from the 
CEM cell line infected with HIV-2ROD. 

0033. About 2x10 recombinant plaques were screened 
in situ with labelled insert from the E2 cDNA clone. Ten 
recombinant phages were detected and plaque purified. Of 
these phages, three were characterized by restriction map 
ping and Southern blot hybridization with the E2 insert and 
probes from its 3' end (LTR) or 5' end (envelope), as well as 
with HIV-1 subgenomic probes. In this instance, HIV-1 
probes were used under non-Stringent conditions. 
0034. A clone carrying a 9.5 kb. insert and derived from 
a circular viral DNA was identified as containing the com 
plete genome and designated AROD 4. Two other clones, 
AROD 27 and AROD 35 were derived from integrated 
proviruses and found to carry an LTR and cellular flanking 
Sequences and a portion of the viral coding Sequences as 
shown in FIG. 3, A. 
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0.035 Fragments of the lambda clones were subcloned 
into a plasmid vector p UC 18. 
0036) Plasmid pROD 27-5 is derived from AROD 27 and 
contains the 5' 2. Kb of the HIV-2 genome and cellular 
flanking sequences (5' LTR and 5' viral coding Sequences to 
the EcoRI site) 
0037 Plasmid p ROD 4-8 is derived from AROD 4 and 
contains the about 5 Kb HindIII fragment that is the central 
part of the HIV-2 genome. 
0038 Plasmid pROD 27-5' and p ROD 4.8 inserts over 
lap. 

0039) Plasmid pROD 4.7 contains a HindIII 1.8 Kb 
fragment from 2 ROD 4. This fragment is located 3' to the 
fragment subcloned into pROD 4.8 and contains about 0.8 
Kb of Viral coding Sequences and the part of the lambda 
phage (L47.1) left arm located between the BamHI and 
HindIII cloning sites. 
0040 Plasmid pROD 35 contains all the HIV-2 coding 
sequences 3' to the EcoRI site, the 3' LTR and about 4. Kb 
of cellular flanking Sequences. 
0041) Plasmid pROD 27-5' and pROD 35 in E. coli strain 
HB 101 are deposited respectively under No. 1-626 and 
1-633 at the CNCM, and have also been deposited at the 
NCIB (British Collection). These plasmids are depicted in 
FIG. 5. Plasmids pROD 4-7 and pROD 4-8 in E. coli strain 
TG1 are deposited respectively under No. 1-627 and 1-628 
at the CNCM. 

0042. To reconstitute the complete HIV-2 ROD genome, 
pROD 35 is linearized with EcoRI and the EcoRI insert of 
pROD 27-5" is ligated in the correctorientation into this site. 
0043. The relationship of HIV-2 to other human and 
Simian retroviruses was Surmised from hybridization experi 
ments. The relative homology of the different regions of the 
HIV-1 and 2 genomes was determined by hybridization of 
fragments of the cloned HIV-1 genome with the labelled 
AROD 4 expected to contain the complete HIV-2 genome 
(FIG. 3, B). Even in very low stringency conditions (Tm 
-42 C.), the hybridization of HIV-1 and 2 was restricted to 
a fraction of their genomes, principally the gag gene (dots 1 
and 2), the reverse transcriptase domain in pol (dot 3), the 
end of pol and the Q (or Sor) genes (dot 5) and the F gene 
(or 3' orf) and 3' LTR (dot 11). The HIV-1 fragment used to 
detect the HIV-2 cDNA clones contained the dot 11 Sub 
clone, which hybridized well to HIV-2 under non-stringent 
conditions. Only the Signal from dot 5 persisted after Strin 
gent washing. The envelope gene, the region of the tat gene 
and a part of pol thus seemed very divergent. These data, 
along with the LTR sequence obtained (FIG.1, B), indicated 
that HIV-2 is not an envelope variant of HIV-1, as are 
African isolates from Zaire described by Alizon et al., Cell 
40:63-74 (1986). 
0044) It was observed that HIV-2 is related more closely 
to the Simian Immunodeficiency Virus (SIV) than it is to 
HIV-1. This correlation has been described by F. Clavel et al. 
in C.R. Acad. Sci. (Paris) 302:485-488 (1986) and F. Clavel 
et al. in Science 233: 343-346 (1986), both of which are 
Specifically incorporated herein by reference. Simian Immu 
nodeficiency virus (also designated Simian T-cell Lympho 
tropic Virus Type 3, STLV-3) is a retrovirus first isolated 
from captive macaques with an AIDS-like disease in the 
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USA. This simian virus has been described by M. D. Daniel 
et al. in Science 228: 1201-1204 (1985), specifically incor 
porated herein by reference. 
0045 All the SIV proteins, including the envelope, are 
immune precipitated by Sera from HIV-2 infected patients, 
whereas the serological cross-reactivity of HIV-1 to 2 is 
restricted to the core proteins. However SIV and HIV-2 can 
be distinguished by Slight differences in the apparent 
molecular weight of their proteins. 

0046. In terms of nucleotide sequence, it also appears that 
HIV-2 is closely related to SIV. The genomic MA of SIV can 
be detected in stringent conditions as shown in FIG. 2, C by 
HIV-2 probes corresponding to the LTR and 31 end of the 
genome (E2) or to the gag or pol genes. Under the same 
conditions, HIV-1 derived probes do not detect the SIV 
genome as shown in FIG. 2, D. 

0047. In Southern blots of DNA from SIV-infected cells, 
a restriction pattern clearly different from HIV-2 and 
other isolates is seen. All the bands persist after a Stringent 
Washing, even though the Signal is considerably weakened, 
indicating a sequence homology throughout the genomes of 
HIV-2 and SIV. It has recently been shown that baboons and 
macaques could be infected experimentally by HIV-2, 
thereby providing an interesting animal model for the Study 
of the HIV infection and its preventive therapy. Indeed, 
attempts to infect non-human primates with HIV-1 have 
been Successful only in chimpanzees, which are not a 
convenient model. 

0048. From an initial Survey of the restriction maps for 
certain of the HIV-2 isolates obtained according to the 
methods described herein, it is already apparent that HIV-2, 
like HIV-1, undergoes restriction site polymorphism. FIG. 
4A depicts examples of Such differences for three isolates, 
all different one from another and from the cloned HIV 
2ROD. It is very likely that these differences at the nucle 
otide level are accompanied by variations in the amino-acid 
Sequence of the viral proteins, as evidenced in the case of 
HIV-1 and described by M. Alizon et al. in Cell 46: 63-74 
(1986), specifically incorporated herein by reference. It is 
also to be expected that the various isolates of HIV-2 will 
exhibit amino acid heterogeneities. See, for example, Clavel 
et al., Nature 324 (18):691-695 (1986), specifically incor 
porated herein by reference. 

0049 Further, the characterization of HIV-2 will also 
delineate the domain of the envelope glycoprotein that is 
responsible for the binding of the Surface of the target cells 
and the Subsequent internalization of the virus. This inter 
action was shown to be mediated by the CD4 molecule itself 
in the case of HIV-1 and similar studies tend to indicate that 
HIV-2 uses the same receptor. Thus, although there is wide 
divergence between the env genes of HIV-1 and 2, Small 
homologous domains of the envelopes of the two HIV could 
represent a candidate receptor binding Site. This site could 
be used to raise a protective immune response against this 
group of retroviruses. 

0050 From the data discussed herein, certain nucleotide 
Sequences have been identified which are capable of being 
used as probes in diagnostic methods to obtain the immu 
nological reagents necessary to diagnose an HIV-2 infection. 
In particular, these Sequences may be used as probes in 
hybridization reactions with the genetic material of infected 
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patients to indicate whether the RNA of the HIV-2 virus is 
present in these patient's lymphocytes or whether an analo 
gous DNA is present. In this embodiment, the test methods 
which may be utilized include Northern blots, Southern 
blots and dot blots. One particular nucleotide Sequence 
which may be useful as a probe is the combination of the 5 
kb. HindIII fragment of ROD 4 and the E2 cDNA used in 
FIG. 4. 

0051. In addition, the genetic sequences of the HIV-2 
Virus may be used to create the polypeptides encoded by 
these Sequences. Specifically, these polypeptides may be 
created by expression of the cDNA obtained according to the 
teachings herein in hosts Such as bacteria, yeast or animal 
cells. These polypeptides may be used in diagnostic tests 
Such as immunofluorescence assays (IFA), radioimmunoas 
says (RIA) and Western Blot tests. 
0.052 Moreover, it is also contemplated that additional 
diagnostic tests, including additional immunodiagnostic 
tests, may be developed in which the DNA probes or the 
polypeptides of this invention may serve as one of the 
diagnostic reagents. The invention described herein includes 
these additional test methods. 

0053. In addition, monoclonal antibodies to these 
polypeptides or fragments thereof may be created. The 
monoclonal antibodies may be used in immunodiagnostic 
tests in an analogous manner as the polypeptides described 
above. 

0.054 The polypeptides of the present invention may also 
be used as immunogenic reagents to induce protection 
against infection by HIV-2 viruses. In this embodiment, the 
polypeptides, produced by recombinant-DNA techniques 
would function as Vaccine agents. 
0.055 Also, the polypeptides of this invention may be 
used in competitive assays to test the ability of various 
antiviral agents to determine their ability to prevent the virus 
from fixing on its target. 
0056 Thus, it is to be understood that application of the 
teachings of the present invention to a Specific problem or 
environment will be within the capabilities of one having 
ordinary skill in the art in light of the teachings contained 
herein. Examples of the products of the present invention 
and representative processes for their isolation and manu 
facture appear above and in the following examples. 

EXAMPLES 

Example 1 

Cloning of a cDNA Complementary to Genomic 
RNA 

0057. From HIV-2 Virions 
0.058 HIV-2 virions were purified from 5 liters of Super 
natant from a culture of the CEM cell line infected with the 
ROD isolate and a cDNA first strand using oligo (dT) primer 
was Synthesized in detergent activated endogenous reaction 
on pelleted virus, as described by M. Alizon et al. in Nature, 
312: 757-760 (1984), specifically incorporated herein by 
reference. RNA-cINA hybrids were purified by phenol 
chloroform extraction and ethanol precipitation. The Sec 
ond-strand cDNA was created by the DNA polymerase 
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I/RNAase H method of Gubler and Hoffman in Gene, 25: 
263-269 (1983), specifically incorporated herein by refer 
ence, using a commercial cDNA Synthesis kit obtained from 
Amersham. After attachment of EcoRI linkers (obtained 
from Pharmacia), EcoRI digestion, and ligation into EcoRI 
digested dephosphorylated M13 tg 130 vector (obtained 
from Amersham), a cDNA library was obtained by trans 
formation of the E. coli TGI strain. Recombinant plaques 
(10) were screened in situ on replica filters with the 1.5 kb. 
HindIII fragment from clone J19, corresponding to the 3' 
part of the genome of the LAVBRU isolate of HIV-1, 'p 
labelled to a specific activity of 10 cpmug. The filters were 
prehybridized in 5xSSC, 5x Denhardt solution, 25% forma 
mide, and denatured salmon sperm DNA (100 ug/ml.) at 37 
C. for 4 hours and hybridized for 16 hours in the same buffer 
(Tm -42° C) plus 4x107 cpm of the labelled probe (10 
cpm/ml. of hybridization buffer). The washing was done in 
5xSSC, 0.1% 8DS at 25° C. for 2 hours. 20xSSC is 3M 
NaCl, 0.3M Na citrate. Positive plaques were purified and 
Single-Stranded M13 DNA prepared and end-Sequenced 
according to the method described in Proc. Natl. Acad. Sci. 
USA, 74:5463-5467 (1977) of Sanger et al. 

Example 2 

Hybridization of DNA from HIV-1 and HIV-2 
Infected Cells and RNA from HIV-1 and 2 and SIV 

Virons. With a Probe Derived From an HIV-2 
Cloned cDNA 

0059 DNA was extracted from infected CEM cells con 
tinuously producing HIV-1 or 2. The DNA digested with 20 
ug of Pst digested with or undigested, was electrophoresed 
on a 0.8% agarose gel, and Southern-transferred to nylon 
membrane. Virion dot-blots were prepared in duplicate, as 
described by F. Claveletal. in Science 233:343-346 (1986), 
Specifically incorporated herein by reference, by pelleting 
Volumes of Supernatant corresponding to the same amount 
of reverse transcriptase activity. Prehybridization was done 
in 50% formamide, 5xSSC, 5x Denhardt Solution, and 100 
mg/ml. denatured salmon sperm DNA for 4 hours at 42 C. 
Hybridization was performed in the same buffer plus 10% 
Dextran Sulphate, and 10 cpm/ml. of the labelled E2 insert 
(specific activity 10 cpm/ug.) for 16 hours at 42° C. 
Washing was in 0.1XSSC, 0.1% SDS for 2x30 nm. After 
exposition for 16 hours with intensifying Screens, the South 
ern blot was dehybridized in 0.4 N NaOH, neutralized, and 
rehybridized in the same conditions to the HIV-1 probe 
labelled to 10 cpm/ug. 

Example 3 

Cloning in Lambda Phage of the Complete 
Provirus DNA of HIV-2 

0060 DNA from the HIV-2 infected CEM (FIG. 2, 
lanes a and c) was partially digested with Sau3AI. The 9-15 
kb. fraction was Selected on a 5-40%. Sucrose gradient and 
ligated to BamHI arms of the lambda L47.1 vector. Plaques 
(2x10) obtained after in vitro packaging and plating on E. 
coli LA 101strain were screened in situ with the insert from 
the E2 c)NA clone. Approximately 10 positive clones were 
plaque purified and propagated on E. coli C600 recBC. The 
ROD 4, 27, and 35 clones were amplified and their DNA 
characterized by restriction mapping and Southern blotting 
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with the HIV-2 cDNA clone under stringent conditions, and 
gag-po probes from HIV-1 used under non Stringent con 
ditions. 

Example 4 

Complete Genomic Sequence of the ROD HIV-2 
Isolate 

0061 Experimental analysis of the HIV-2 ROD isolate 
yielded the following Sequence which represents the com 
plete genome of this HIV-2 isolate. Genes and major expres 
Sion products identified within the following Sequence are 
indicated by nucleotides numbered below: 

0062 1) GAG gene (546-2111) expresses a protein 
product having a molecular weight of around 55Kd 
and is cleaved into the following proteins: 
0063 a) p 16 (546-950) 
0064 b) p 26 (951-1640) 
0065 c) p 12 (1701-2111) 
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0067 3) Q protein (4869-5513) 
0068 4) R protein (5682-5996) 
0069 5) X protein (5344-5679) 
0070) 6) Y protein (5682-5996) 
0071 7) Env protein (6147-8720) 
0072) 8) F protein (8557-9324) 
0073) 9). TAT gene (5845-6140 and 8307-8400) is 
expressed by two exons Separated by introns. 

0074) 10) ART protein (6071-6140 and 8307-8536) 
is similarly the expression product of two exons. 

0075) 11) LTR:R (1-173 and 9498-9671) 
0076) 12) U5 (174-299) 
0077. 13) U3 (8942-9497) 

0078. It will be known to one of skill in the art that the 
absolute numbering which has been adopted is not essential. 
For example, the nucleotide within the LTR which is des 
ignated as “1” is a somewhat arbitrary choice. What is 

0.066 2) polymerase (1829-4936) 

GGTCGCTCTGCGGAGAGGCTGGCAGATTGAGCCCTGGGAGGTTCTCTCCAGCACTAGCAG 

GTAGAGCCTGGGTGTTCCCTGCTAGACTCTCACCAGCACTTGGCCGGTGCTGGGCAGACG 
1 OO 

GCCCCACGCTTGCTTGCTTAAAAACCTCTTAATAAAGCTGCCAGTTAGAAGCAAGTTAAG 

TGTGTGCTCCCATCTCTCCTAGTCGCCGCCTGGTCATTCGGTGTTCACCTGAGTAACAAG 
200 

ACCCTGGTCTGTTAGGACCCTTCTTGCTTTGGGAAACCGAGGCAGGAAAATCCCTAGCAG 

important is the Sequence information provided. 

GTTGGCGCCTGAACAGGGACTTCAAGAAGACTCAGAAGTCTTGGAACACGGCTGAGTGPA. 

GGCAGTAAGGGCGGCAGGAACAAACCACGACGGAGTGCTCCTAGAAAGGCGCGGGCCGAG 
400 

GTACCAAAGGCAGCGTGTGGAGCGGGAGGAGAAGAGGCCTCCGGGTGAAGGTAAGTACCT 

ACACCAAAAACTGTAGCCGAAAGGGCTTGCTATCCTACCTTTAGACAGGTAGAAGATTGT 
5 OO 

MetGlyAlaArgAsnServalleular gGlyLysLysAlaaspCluLeuglu ArgIle 
GGGAGATGGGCGCGAGAAACTCCGTCTTGAGAGGGAAAAAAGCAGATGAATTAGAAAGAA 

600 

ArgLeuArgProGlyGlyLysLysLysTyrArgLeuILysHis IleValTrpAlaAlaAsn 
TCAGGTTACGGCCCGGCCGAAAGAAAAAGTACAGGCTAAAACATATTGTGTGGGCAGCGA 

LysLieu.AspArgPheGlyLieu.AlaGluSerLeuleugluSerLysGlugly CysGlnLys 
ATAAATTGGACAGATTCGGATTAGCAGAGAGCCTGTTGGAGTCAAAAGAGGGTTGTCAAA. 

7 OO 

IleLeuThrValILeuAspProMetValProThrClySerGluAsnLeuLys SerLeuPhe 
AAATTCTTACAGTTTTAGATCCAATGGTACCGACAGGTTCAGAAAATTTAAAAAGTCTTT 

AsnThrWalCysVallleTrpCysIleHisAlaGluglulysWallys AspThrCluGly 
TTAATACTGTCTGCGTCATTTGGTGCATACACGCAGAAGAGAAAGTGAAAGATACTGAAG 

8 OO 
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-continued 
AlalysGlnhleValArgArgHisLeuValAlaGluThrClyThrAlaGluILysMetPro 

GAGCAAAACAAATAGTGCGGAGACATCTAGTGGCAGAAACAGGAACTGCAGACAAAATGC 
9 OO 

SerThrSerArgProThrAlaProSerSerGluLysGlyGlyAsnTyrProValGln His 
CAAGCACAAGTAGACCAACAGCACCATCTAGCGAGAAGGGAGGAAATTACCCAGTGCAAC 

ValGlyGlyAsnTyrThrHis IleProLeuSerProArgThrLeuAsn AlaTrpValILys 
ATGTAGGCGGCAACTACACCCATATACCGCTGAGTCCCCGAACCCTAAATGCCTGGGTAA 

1OOO 

LeuValGluglulysLysPheGlyAlaGluValValProGlyPheGlin AlaleuSerGlu 
AATTAGTAGAGGAAAAAAAGTTCGGGGCAGAAGTAGTGCCAGGATTTCAGGCACTCTCAG 

GlycysThrProTyrAspIleAsnGlinMetLieu.AsnCysValGlyAspHis GlinalaAla 
AAGGCTGCACGCCCTATGATATCAACCAAATGCTTAATTGTGTGGGCGACCATCAAGCAG 

1100 

MetGlin IleIleArgGluIleIleAsnGluglu AlaalaGluTripAspValGlnLisPro 
CCATGCAGATAATCAGGGAGATTATCAATGAGGAAGCAGCAGAATGGGATGTGCAACATC 

1200 

IleProGlyProLeuProAlaGlyGlnLeuArgGluProArgGlyserAspIleAlaGly 
CAATACCAGGCCCCTTACCAGCGGGGCAGCTTAGAGAGCCAAGGGGATCTGACATAGCAG 

ThrThrSerThrValGlug luglinIleGlnTrpMetPheArgProGlnAsnProValPro 
CGACAACAAGCACAGTAGAAGAACAGATCCAGTGGATGTTTAGGCCACAAAATCCTGTAC 

1300 

WalGlyAsnIleTyrArgArgTripIleGlnIleGlyLieuglinLys CysValArgMetTyr 
CAGTAGGAAACATCTATAGAAGATGGATCCAGATAGGATTGCAGAAGTGTGTCAGGATGT 

AsnProThrAsnIleLeuAspIleLysGlnGlyProLysGluProPheGlnSerTyrVal 
ACAACCCGACCAACATCCTAGACATAAAACAGGGACCAAAGGAGCCGTTCCAAAGCTATG 

1 400 

AspArgPheTyrLys SerLeular galagluglinThrAspProAlaVallys AsnTrpMet 
TAGATAGATTCTACAAAAGCTTGAGGGCAGAACAAACAGATCCAGCAGTGAAGAATTGGA 

15 OO 

ThrolnThrLeuleuValGlnAsn AlaasniProAspCysLysLieuValleullys GlyLieu 
TGACCCAAACACTGCTAGTACAAAATGCCAACCCAGACTGTAAATTAGTGCTAAAAGGAC 

GlyMetAsnProThrLeuglugluMetLeuThrAlaCysGlnGlyValGlyGlyProGly 
TAGGGATGAACCCTACCTTAGAAGAGATGCTGACCGCCTGTCAGGGGGTAGGTGGGCCAG 

1600 

GlinLys AlaargLeuMetAlaGluAlaleullysGluVallleglyProAlaProIlePro 
GCCAGAAAGCTAGATTAATGGCAGAGGCCCTGAAAGAGGTCATAGGACCTGCCCCTATCC 

PhealaAlaAlaGlinGlin ArgLysAlaPhelysCysTripAsnCysGlyLysGluglyHis 
CATTCGCAGCAGCCCAGCAGAGAAAGGCATTTAAATGCTGGAACTGTGGAAAGGAAGGGC 

17 OO 

SerAlaArgGlnCysArgAlaProArgArgGlnGlyCysTrpLys CysGlyLysProGly 
ACTCGGCAAGACAATGCCGAGCACCTAGAAGGCAGGGCTGCTGGAAGTGTGGTAAGCCAG 

1800 

ThirdlyArgPhePheArgThrclyProLeugly 
His IleMetThrAsnCysProAspArgGlnAlaGlyPhelieuglyLieuglyProTrpGly 

GACACATCATGACAAACTGCCCAGATAGACAGGCAGGTTTTTTAGGACTGGGCCCTTGGG 

LysGluAlaProGlnLeuProArgGlyProSer SerAlaGlyAlaAspThrasnSerThr 
LysLysProArgAsnPheProValAlaGlinValProGlinglyLeuThrProThrAlaPro 

GAAAGAAGCCCCGCAACTTCCCCGTGGCCCAAGTTCCGCAGGGGCTGACACCAACAGCAC 
1900 

ProSerGlySerSerSerGlySerThrClyGluIleTyrAlaAlaArgGluLysThrClu 
ProValAspProAlaValAspILeuleuglulysTyrMetGlinglnglyLys Argglin Arg 

CCCCAGTGGATCCAGCAGTGGATCTACTGGAGAAATATATGCAGCAAGGGAAAAGACAGA 
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-continued 

ArgAlaGluArgGluThrIleGlnGlySerAspArgGlyLieuThrAlaProArgAlaGly 
GluglinArgGluArgProTyrLysGluValThrCluaspieuleuHisLeugluglingly 

GAGAGCAGAGAGAGAGACCATACAAGGAAGTGACAGAGGACTTACTGCACCTCGAGCAGG 
2OOO 

GlyAspThrIleGlnGlyAlaThrAsn ArgGlyLieu.AlaalaProGlnPheSerLieuTrP 
GluThrProTyrArgGluProProThrCluAspLeuLeuHisLeuAsnSerLeuPheGly 

GGGAGACACCATACAGGGAGCCACCAACAGAGGACTTGCTGCACCTCAATTCTCTCTTTC 
2100 

LysArgProValValThrAlaTyrIleGluglyGlnProValGluValleuILeuAspThr 
LysAspGlin 

GAAAAGACCAGTAGTCACAGCATACATTGAGGGTCAGCCAGTAGAAGTCTTGTTAGACAC 

GlyAlaAspAspSerIleWalAlaGlyIleGlulieuGlyAsnAsnTyr SerProLysIle 
AGGGGCTGACGACT CAATAGTAGCAGGAATAGAGTTAGGGAACAATTATAGCCCAAAAAT 

2200 

ValGlyGlyIleGlyGlyPhelleAsnThrLysGluTyrLysAsnValGluIleGluVal 
AGTAGGGGGAATAGGGGGATTCATAAATACCAAGGAATATAAAAATGTAGAAATAGAAGT 

LeuAsnLysLysValArgAlaThrIleMetThrClyAspThrProIleAsnIlePheGly 
TCTAAATAAAAAGGTACGGGCCACCATAATGACAGGCGACACCCCAATCAACATTTTTGG 

2300 

ArgAsnIleLeuThrAlaleuglyMetSerLeuasnLeuProValAlalysValGluPro 
CAGAAATATTCTGACAGCCTTAGGCATGTCATTAAATCTACCAGTCGCCAAAGTAGAGCC 

24 OO 

IleLysIleMetLieuIysProGlyLysAspGlyProLysLeular gGlnTrpProLeu Thr 
AATAAAAATAATGCTAAAGCCAGGGAAAGATGGACCAAAACTGAGACAATGGCCCTTAAC 

s: s: s: s: s: s: 

LysGluILysIleGlu AlaleullysGluIleCysGluILysMetGlulysGluglyGlnLeu 
AAAAGAAAAAATAGAAGCACTAAAAGAAATCTGTGAAAAAATGGAAAAAGAAGGCCAGCT 

25 OO 

Gluglu AlaProProThrAsnProTyrAsnThrProThrPheAlaIleLysLysLysAsp 
AGAGGAAGCACCTCCAACTAATCCTTATAATACCCCCACATTTGCAATCAAGAAAAAGGA 

LysAsnLysTripArgMetLieuIleAspPheArgGlulieu.AsnLysValThrolin AspPhe 
CAAAAACAAATGGAGGATGCTAATAGATTTCAGAGAACTAAACAAGGTAACTCAAGATTT 

2600 

ThrolulleglnLeugly IleProHisProAlaGlyLieu.AlalysLys ArgargIleThr 
CACAGAAATTCAGTTAGGAATTCCACACCCAGCAGGGTTGGCCAAGAAGAGAAGAATTAC 

27 OO 

Wallieu AspValGlyAspAlaTyrPheSerIleProLeuHis Glu AspPheargProTyr 
TGTACTAGATGTAGGGGATGCTTACTTTTCCATACCACTACATGAGGACTTTAGACCATA 

ThrAlaPheThrLeuProServalAsnAsn AlagluProGlyLysArgTyrIleTyrLys 
TACTGCATTTACTCTACCATCAGTGAACAATGCAGAACCAGGAAAAAGATACATATATAA 

2800 

ValleuProGlnGlyTrpLysGly SerProAlaIlePheGln HisThrMetArgGln Val 
AGTCTTGCCACAGGGATGGAAGGGATCACCAGCAATTTTTCAACACACAATGAGACAGGT 

LeugluroPheargLys AlaasnLysAspValIleIleIleGlnTyrMetAspAspIle 
ATTAGAACCATTCAGAAAAGCAAACAAGGATGTCATTATCATTCAGTACATGGATGATAT 

29 OO 

LeuIleAlaserAspArgThrAspleugluHis AspArgWalValleuglnLeulysGlu 
CTTAATAGCTAGTGACAGGACAGATTTAGAACATGATAGGGTAGTCCTGCAGCTCAAGGA 

3OOO 

Leulieu.AsnGlyLieuglyPheSerThrProAspGlulysPheGlnLys AspProProTyr 
ACTTCTAAATGGCCTAGGATTTTCTACCCCAGATGAGAAGTTCCAAAAAGACCCTCCATA 
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-continued 
His TrpMetGlyTyrgluLeuTrpProThrLysTrpLysLeuglinLysIleGlnLeuPro 

CCACTGGATGGGCTATGAAC ATGGCCAACTAAATGGAAGTTGCAGAAAATACAGTTGCC 
31 OO 

GlnLysGluIleTrpThrWalAsnAspIleGlnLysLieuValGlyValleuaspTrpAla 
CCAAAAAGAAATATGGACAG 

AlaglinLeuTyrProGlyI 
AGCACAACTCTACCCAGGGA 

3200 

ThrLeuThrCluGluWalG 

CAATGACATCCAGAAGCTAGTCGGTGTCCTAAATTGGGC 

eLysThrLysHisLeucysArgLeuIleArgglyLysMet 
AAAGACCAAACACTTATGTAGGTTAATCAGAGGAAAAAT 

nTrpThrCluLeuAlaGluAlaGluILeugliuglu Asnarg 
GACACTCACAGAAGAAGTACAGTGGACAGAATTACCAGAAGCAGAGCTAGAAGAAAACAG 

IleIleLeuSerGlnGlug 

33 OO 

nGluglyHisTyrTyrolnGluglulysGluTeuGluAla 
AATTATCCTAAGCCAGGAACAAGAGGGACACTATTACCAAGAAGAAAAAGAGCTAGAAGC 

ThrWalGlnLysAspGlnG uAsnGlnTrpThrTyrLysIleHisGlnGluglulysIle 
AACAGTCCAAAAGGATCAAGAGAATCAGTGGACATATAAAATACACCAGGAAGAAAAAAT 

LeulysValGlyLysTyrA 
TCTAAPAG 

AlaglinValValGlnLysI 

3400 

alysWallysAsnThrHis ThrAspGlyIleArgLeulieu 
AGGAAAATATGCAAAGGTGAAAAACACCCATACCAATGGAATCAGATTGTT 

eGlyLysGluAlaleuVal IleTrpGlyArgileProLys 
AGCACAGGTAGTTCAGAAAA AGGAAAAGAAGCACTAGTCATTTGGGGACCAATACCAAA. 
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3500 

PheHisLeuProValGluArgGluIleTrpGluglinTrpTrpAspAsnTyrTrPGln Val 
ATTTCACC 

ThrTripI 
GACATCCATCCCACACTGGGACT 

LeuValGlyAspProIleProG 

ACCAGTAGAGAGAGAAATCTGGGAGCAGTGGTGGGATAACTACTGGCAAGT 
3600 

eProAspTrpAspPheValSerThrProProLeuValArgLeuAlaPheAsn 
CGTGTCTACCCCACCACTGGTCAGGTTAGCGTTTAA 

yAlaGluThrPheTyrThrAspGlySerCysAsnArg 
CCTGGTAGGGGATCCTATACCAGGTGCAGAGACCTTCTACACAGATGGATCCTGCAATAG 

3700 

GlnSerLysGluglyLys AlaG yTyrWalThrAspArgGlyLysAspILysWallysLys 
GCAATCAAAAGAAGCAAAAGCAGGATATGTAACAGATAGAGGGAAAGACAAGGTAAAGAA 

Leugliuglin ThrThrAsnGling 
ACTAGAGCAAACTACCAATCAGCAAGCAGAACTAGAAGCCT 

38 OO 

SerGlyProLysValAsnIleI 
CTCGGGTCCAAAAGTTAATATTA AGTAGACT CACAGTATG 

GlnProThrCluSerGluSerLysIleValAsnGlnIleI 
CCAACCAACAGAGTCACAAAGTPAAATAGTGAACCAGATCA 

GluAlaIleTyrValAlaTrpValProAlaHisLysGlyI 
GGAAGCAATCTATGTTGCATGGGTCCCAGCCCACAAAGGCA 

4 OOO 

nAlaGluILeuglu AlaPheAlaletAlaleuThrAsp 
TGCGATGGCACTAACAGA 

eValAspSerGlnTyrValMetGlyIleserAlaser 
AATGGGGATCAGTGCAAG 

39 OO 

eGlugluMettleLysLys 
AGAAGAAATGATAAAAAA 

eGlyGlyAsinglngluVal 
AGGGGGAAACCAGGAAGT 

AspHisLeuValSerGlnGlyIleArgGlinValleuPhelieuglulysIllegluProAla 
AGATCATTTAGTGAGTCAGGGTATCAGACAAGTGTTGTTCC GGAAAAAATAGAGCCCGC 

GlnGlugluHisGlullys TyrHis SerAsnWallysGlulieuSerHisLysPheGlyIle 
TCAGGAAGAACATGAAAAATATCATAGCAATGTAAAAGAAC 

41 OO 

ProAsnLeuValAlaArgGlnIleWalAsnSerCysAlaG 

GTCTCATAAATTTGGAAT 

nCysGlnGlnlysGlyGlu 
ACCCAATTTAGTGGCAAGGCAAATAGTAAACTCATGTGCCCAATGTCAACAGAAAGGGGA 

4200 

AlaIleHis GlyGlinValAsn AlaGluILeuglyThrTrpG. nMetAspCysThrHisLeu 
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-continued 
AGCTATACATGGGCAAGTAAATGCAGAACTAGGCACTTGGCAAATGGACTGCACACATTT 

GluglyLysIleIleIleValAlaValHisValAlaserGlyPhellecluAlaGluVal 
AGAAGGAAAGATCATTATAGTAGCAGTACATGTTGCAAGTGGATTTATAGAAGCAGAAGT 

430 O 

IleProGlnGluSerGlyArgGlnThrAlaleuPheleuleullysLeualaserArgTrp 
CATCCCACAGGAATCAGGAAGACAAACAGCACTCTTCCTATTGAAACTGGCAAGTAGGTG 

ProIleThrHisLeuHis ThrAspAsnGlyAlaAsnPheThrSerGlnGluVallys Met 
GCCAATAACACACTTGCATACAGATAATGGTGCCAACTTCACTTCACAGGAGGTGAAGAT 

4 400 

ValAlaTrpTrpIleGlyIleGluglinSerPheGlyValProTyrAsnProGlnSerGln 
GGTAGCATGGTGGATAGGTATAGAACAATCCTTTGGAGTACCTTACAATCCACAGAGCCA 

4500 

GlyValValGluAlaMetAsnHis HisLeuILys AsnglinIleSerArgIleArgGluglin 
AGGAGTAGTACAAGCAATGAATCACCATCTAAAAAACCAAATAAGTAGAATCAGAGAACA 

AlaAsnThrIleGluThrIleValleuMetAlaIleHis CysMetAsnPhelysArgArg 
GGCAAATACAATAGAAACAATAGTACTAATGGCAATTCATTGCATGAATTTTAAAAGAAG 

4600 

GlyGlyIleClyAspMetThrProSerGluArgLeuIleAsnMetIleThrThrCluGln 
GGGGGGAATAGGGGATATGACTCCATCAGAAAGATTAATCAATATGATCACCACAGAACA 

GluIleGlnPheleuglinAlalysAsnSerLysLieuIysAspPheArgWalTyrPheArg 
AGAGATACAATTCCTCCAAGCCAAAAATTCAAAATTAAAAGATTTTCGGGTCTATTTCAG 

47 OO 

GluglyArgAspGlnLeuTrpLysGlyProGlyGluIeuleuTrpLysGlyGlugly Ala 
AGAAGGCAGAGATCAGTTGTGGAAAGGACCTGGGGAACTACTGTGGAAAGGAGAAGGAGC 

4800 

ValleuVallysValGlyThrAspIleLysIleIleProArgArgLys AlalysIleIle 
AGTCCTAGTCAAGGTAGGAACAGACATAAAAATAATACCAAGAAGGAAAGCCAAGATCAT 

ArgAspTyrglyGlyArgGlnGluMetAspSerGlySerHisLeugluglyAlaArgGlu 
MetGluglu AspLysArgTrpIleValValProThrTrpArgValProGlyArg 

CAGAGACTATGGAGGAAGACAAGAGATGGATAGTGGTTCCCACCTGGAGGGTGCCAGGGA 
4900 

AspGlyGluMetAla 
MetGluILysTrpHis SerLieuVallysTyrLeuILysTyrLysThrLysAspILeuglullys 

GGATGGAGAAATGGCATAGCCTTGTCAAGTATCTAAAATACAAAACAAAGGATCTAGAAA 

ValCysTyrValProHisHisLysValGlyTrpAlaTrpTrpThrCysSerArgVallle 
AGGTGTGCTATGTTCCCCACCATAAGGTGGGATGGGCATGGTCGACTTGCAGCAGGGTAA 

5 OOO 

PheProLeulysGlyAsnSerHisLeugluIleGlnAlaTyrTripAsnLeuThrProGlu 
TATTCCCATTAAAAGGAAACAGTCATCTAGAGATACAGGCATATTGGAACTTAACACCAG 

51OO 

LysGlyTrpLeuSerSerTyrSerValArgIleThrTrpTyrThrCluLysPheTrpThr 
AAAAAGGATGGCTCTCCTCTTATTCAGTAAGAATAACTTGGTACACAGAAAAGTTCTGGA 

AspValThrProAspCysAlaAspValILeuIleHis SerThrTyrPheProCysPheThr 
CAGATGTTACCCCAGACTGTGCAGATGTCCTAATACATAGCACTTATTTCCCTTGCTTTA 

52OO 

AlaGlyGluValArgArgAlaIleArgGlyGluILysLeuleuSerCysCysAsnTyrPro 
CAGCAGGTGAAGTAAGAAGAGCCATCAGAGGGGAAAAGTTATTGTCCTGCTGCAATTATC 

ArgAlaHisArgAlaGlinValProSerLeuglnPheLeuAlaLeuVal ValValGlnGln 
CCCGAGCTCATAGAGCCCAGGTACCGTCACTTCAATTTCTGGCCTTAGTGGTAGTGCAAC 

53OO 

l 
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MetThrAspProArgGluThrValProProGlyAsnSerGlyGluglu ThrIleGly 
Asn AspArgProGlnArgAspSerThrThrArgLysGlin ArgArgArgAspTyrArgArg 

AAAATGACAGACCCCAGAGAGACAGTACCACCAGGAAACAGCGGCGAAGAGACTATCGGA 
54 OO 

Glu AlaPheAlaTrpLeuasnar gThrWalGluAlaIleAsn Argglu AlaValAsnHis 
GlyTeular gLeuAlalysGlnAspSerArgSerHisLysGlin ArgSerSerGluSerPro 

GAGGCCTTCGCCTGGCTAAACAGGACAGTAGAAGCCATAAACAGAGAAGCAGTGAATCAC 

LeuProArgGluILeuIlePheGlinValTrpGlin Arg SerTrpArgTyrTripHisAspGlu 
ThrProArgThrTyrPheProGlyValAlaGluValleuGlulleLeuAla 

CTACCCCGAGAACTTATTTTCCAGGTGTGGCAGAGGTCCTGGAGATACTGGCATGATGAA 
5500 

GlnGlyMetSerGluSerTyrThrLysTyrArgTyrLeucy slleIleGlnLysAlaVal 
CAAGGGATGTCAGAAAGTTACACAAAGTATAGATATTTGTGCATAATACAGAAAGCAGTG 

TyrMetHisValArgLysGlyCysThrcysbeuGlyArgGlyHis GlyProGlyGlyTrp 
TACATGCATGTTAGGAAAGGGTGTACTTGCCTGGGGAGGGGACATGGGCCAGGAGGGTGG 

5 6.OO 

ArgProGlyProProProProProProProGlyLeuVal 
MetAlaGluAlaProThrClu 

AGACCAGGGCCTCCTCCTCCTCCCCCTCCAGGTCTGGTCTAATGGCTGAAGCACCAACAG 
5700 

LeuProProValAspGlyThrProLeu ArggluProGlyAspGluTripIleIleGluIle 
AGCTCCCCCCGGTGGATGGGACCCCACTGAGGGAGCCAGGGGATGAGTGGATAATAGAAA 

LeuargGluIleLysGluglu Alaleullys HisPheAspProArgLeuleuIleAlaleu 
TCTTGAGAGAAATAAAAGAAGAAGCTTTAAAGCATTTTGACCCTCGCTTGCTAATTGCTC 

58OO 

MetGluThrProLeuLysAlaProGluSerSerLeu 
GlyLysTyrIleTyrThrArgHisGlyAspThrLieugliuglyAlaArgGluILeuIleLys 

TTGGCAAATATATCTATACTAGACATGGAGACACCCTTGAAGGCGCCAGAGAGCTCATTA. 

LysserCysAsnGluProPheSerArgThrSerGluglin AspValAlaThrClnGlulieu 
ValleuglinArgAlaleuPheThrHisPheArgAlaGlyCysGlyHis SerArgIleGly 

AAGTCCTGCAACGAGCCCTTTTCACGCACTTCAGAGCAGGATGTGGCCACTCAAGAATTG 
59 OO 

Alaarg GlinglyGlugluIleLeuSerGlnLeuTyrArgProLeugluThrcysAsnAsn 
GlnThrArgGlyGlyAsnProLeuSerAlaIleProThrProArgAsnMetGlin 

GCCAGACAAGGGGAGGAAATCCTCTCTCAGCTATACCGACCCCTAGAAACATGCAATAAC 
6000 

SerCysTyrcysLysArgCysCySTyrHis CysGlinMetCysPhelieu.AsnLysGlyLieu 
TCATGCTATTGTAAGCCATGCTGCTACCATTGTCAGATGTGTTTTCTAAACAAGGGGCTC 

GlyIleCysTyrglu ArgLysGlyArgArgArgArgThrProLysLysThrLysThrHis 
MetAsnGluArgAlaAspGlugliuglyLieuglinArgLysLeuargleuIle 

GGGATATGTTATGAACGAAAGGGCAGACGAAGAAGGACTCCAAAGAAAACTAAGACTCAT 
6100 

ProSerProThrProAspLys 
ArgLeuleuHis GlnThr 

MetMetAsnGlnLeuILeuIleAlaleleulieu Ala 
CCGTCTCCTACACCAGACAAGTGAGTATGATGAATCAGCTGCTTATTGCCATTTTATTAG 

SerAlacysLeuValTyrCys ThrolnTyrValThrValPheTyrglyValProThrTrp 
CTAGTGCTTGCTTACTATATTGCACCCAATATGTAACTGTTTTCTATGGCGTACCCACCT 

k 62OO 

LysAsnAlaThrIleProLeuPheCysAlaThrArgAsn ArgAspThrTrpGlyThrille 
GGAAAAATGCAACCATTCCCCTCTTTTGTGCAACCAGAAATAGGGATACTTGGGGAACCA. 

6300 

GlincysLieuProAspAsnAspAspTyrglingluIleThrLieu.AsnValThrClualaPhe 
TACAGTGCTTGCCTGACAATGATGATTATCAGGAAATAACTTTGAATGTAACAGAGGCTT 
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AspAlaTripAsnAsnThrWalThrCluGlnAlaIleGluAspValTrpHisLeuPheGlu 
TTGATGCATGGATAATACAGTAACAGAACAAGCAATAGAAGATGTGTGGCATCTATTCG 

6400 

ThrSerIleLysProCysVally sLeuThrProLeucysValAlaMetLysCysSerSer 
AGACATCAATAAAACCATGTGTCAAACTAACACCTTTATGTGTAGCAATGAAATGCAGGA 

ThrcluserSerThrClyAsnAsnThrThrSerLys SerThrSerThrThrThrThrThr 
GCACAGAGAGCAGCACAGGGAACAACACAACCTCAA AGAGCACAAGCACAACCACAACCA. 

65 OO 

ProThrAspGlnGluglinglu IleserGluAspThrProCysAlaargalaAspAsnCys 
CACCCACAGACCAGGAGCAAGAGATAAGTGAGGATACTCCATGCGCACGCGCAGACAACT 

6600 

SerGlyLieuglyGlugliuglu ThrIleAsnCysGlnPheAsnMetThrClyLieuglu Arg 
GCTCAGGATTGGGAGAGGAAGAAACGATCAATTGCCAGTTCAATATGACAGGATTAGAAA 

AspILysLysLysGlnTyrAsnGluThrTrpTyrSerLySASpValValCysGluThrAsn 
GAGATAAGAAAAAACAGTATAATGAAACATGGTACT CAAAAGATGTGGTTTGTGAGACAA 

67OO 

AsnSerThrAsnGlnThrClnCysTyrMetAsnHis CysAsnThrSerValIleThrClu 
ATAATAGCACAAATCAGACCCAGTGTTACATGAACCATTGCAACACATCAGTCATCACAG 

SerCysAspLysHis TyrTripAspAlaIleArgPheArgTyrcys AlaProProGlyTyr 
AATCATGTGACAAGCACTATTGGGATGCTATAAGGTTTAGATACTGTGCACCACCGGGTT 

68 OO 

Alaleulieu ArgCysAsnAspThrAsnTyr SerGlyPheAlaProAsnCys SerLysVal 
ATGCCCTATTAAGATGTAATGATACCAATTATTCAGGCTTTGCACCCAACTGTTCTAAAG 

s: s: s: s: 69 OO 

ValAlaser Thrcys ThrArgMetMetGluThrClnThrSerThrTrpPheGlyPheAsn 
TAGTAGCTTCTACATGCACCAGGATGATGGAAACGCAAACTTCCACATGGTTTGGCTTTA 

GlyThrArgAlaGluAsnArgThrTyrIleTyrTripHis GlyArgAspAsnArgThrille 
ATGGCACTAGAGCAGAGAATAGAACATATATCTATTGGCATGGCAGAGATAATAGAACTA. 

7 OOO 

IleserLieu.AsnLysTyrTyrAsnLeuSerLieuHis CysLysArgProGlyAsnLysThr 
TCATCAGCTTAAACAAATATTATAATCTCAGTTTGCATTGTAAGAGGCCAGGGAATAAGA 

WallysGlinIleMetLeuMetSerGlyHis ValPheHisSerHis TyrglnProIleAsn 
CAGTGAAACAAATAATGCTTATGTCAGGACATGTGTTTCACTCCCACTACCAGCCGATCA 

71 OO 

LysArgProArgGlnAlaTrpCysTrpPhelysGlyLysTrpLys AspAlaMetGlinglu 
ATAAAAGACCCAGACAAGCATGGTGCTGGTTCAAAGGCAAATGGAAAGACGCCATGCAGG 

72OO 

WallysGluThrLeuAlaLysHisProArgTyrArgGlyThrAsnAspThrArgAsnIle 
AGGTGAAGGAAACCCTTGCAAAACATCCCAGGTATAGAGGAACCAATGACACAAGGAATA 

SerPheAlaAlaProGlyLysGlySerAspProGluValAlaTyrMetTrpThrAsnCya 
TTAGCTTTGCAGCGCCAGGAAAAGGCTCAGACCCAGAAGTAGCATACATGTGGACTAACT 

73OO 

ArgGlyGluPheLeuTyrCysAsnMetThrTrpPheLeuAsnTrpIleGluAsnLysThr 
GCAGAGGAGAGTTTCTCTACTGCAACATGACTTGGTTCCTCAATTGGATAGAGAATAAGA 

HisArgAsnTyrAlaProCysHis IleLys GinIleIleAsnThrTripHisLysWalGly 
CACACCGCAATTATGCACCGTGCCATATAAAGCAAATAATTAACACATGGCATAAGGTAG 

7400 

ArgAsnValTyrLeuProProArgGluglyGluLeuSerCysAsnSerThrValThrSer 
GGAGAAATGTATATTTGCCTCCCAGGGAAGGGGAGCTGTCCTGCAACTCAACAGTAACCA. 

7500 
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IleIleAlaasnIleAspTrpGln Asn.asn.AsnGlnThrAsnIleThrPheSerAlaGlu 

GCATAATTGCTAACATTGACTGGCAAAACAATAATCAGACAAACATTACCTTTAGTGCAG 

WalAlaglulieuTyrArgLeuglulieuGlyAspTyrLysLieuVal GluIleThrProIle 
AGGTGGCAGAACTATACAGATTGGAGTTGGGAGATTATAAATTGGTAGAAATAACACCAA 

76OO 

GlyPheAlaProThrLysGluILysArgTyr SerSerAlaHis GlyArgHis ThrArgGly 
TTGGCTTCGCACCTACAAAAGAAAAAAGATACTCCTCTGCTCACGGGAGACATACAAGAG 

ValPheValleuglyPhel.euglyPhel.eu.AlaThrAlaGlySerAlaMetGlyAlaAla 
GTGTGTTCGTGCTAGGGTTCTTGGGTTTTCTCGCAACAGCAGGTTCTGCAATGGGCGCGG 

7700 

SerLeuThrValSerAlaGlinSerArgThrLeuLeUAlaGlyIleValGlnGlnGlnGln 
CGTCCCTGACCGTGTCGGCTCAGTCCCGGACTTTACTGGCCGGGATAGTGCAGCAACAGC 

7800 

GlnLeulieu.AspValWallys ArgGlnGlnGluILeulieu ArgLieuThrWalTrPGlyThr 
AACAGCTGTTGGACGTGGTCAAGAGACAACAAGAACTGTTGCGACTGACCGTCTGGGGAA 

LysAsnLeuglinAlaArgWalThrAlaIleGluILysTyrLeuglinAspGlnAlaArgLieu 
CGAAAAACCTCCAGGCAAGAGTCACTGCTATAGAGAAGTACCTACAGGACCAGGCGCGGC 

79 OO 

AsnSerTrpGlyCysAlaPheArgGlnValCysHis ThrThrValProTrpValAsnAsp 
TAAATTCATGGGGATGTGCGTTTAGACAAGTCTGCCACACTACTGTACCATGGGTTAATG 

SerLeualaProAspTrpAspAsnMetThrTrpGlnGluTrpGlulysGlinValArgTyr 
ATTCCTTAGCACCTGACTGGGACAATATGACGTGGCAGGAATGGGAAAAACAAGTCCGCT 

8 OOO 

Leuglu AlaasnIleSerLys SerLeugluglin AlaGlin AleGlnGlnGluILys AsnMet 
ACCTGGAGGCAAATATCAGTAAAAGTTTAGAACAGGCACAAATTCAGCAAGAGAAAAATA 

8100 

TyrolulieuGlnLysLieu.AsnSerTrpASpIlePheGlyAsnTrpPheAsplieu ThrSer 
TGTATGAACTACAAAAATTAAATAGCTGGGATATTTTTGGCAATTGGTTTGACTTAACCT 

TrpVally sTyrIlleglnTyrglyValILeuIleIleValAlaVallleAlaLeuArgIle 
CCTGGGTCAAGTATATTCAATATGGAGTGCTTATAATAGTAGCAGTAATAGCTTTAAGAA 

820 O 

VallleTyrValValGln MetLeuSerArgLeuArgLysGlyTyrArgProValPheSer 
TAGTGATATATGTAGTACAAATGTTAAGTAGGCTTAGAAAGGGCTATAGGCCTGTTTTCT 

SerIleSerThrArgThirdlyAspSerGlnPro 
AsnProTyrProGlnGlyProGlyThrAlaserGln 

SerProProGlyTynIleGlnGlnIleHis IleHisLysAspArgGlyGlnProAlaasin 
CTTCCCCCCCCGGTTATATCCAACAGATCCATATCCACAAGGACCGGGGACAGCCAGCCA 

8300 

ThrLysLysGlnLysLysThrValGluAlaThrValGluThrAspThrClyProGlyArg 
ArgArgAsnArgArgArgArgTrpLysGlin Arg TripArgGlnIleLeuAlaleu Alaasp 
Gluglu Thirdluglu AspGlyGlySerAsnGlyGlyAspArgTyrTripProTripProIle 

ACGAAGAAACAGAAGAAGACGGTGGAAGCAACGGTGGAGACAGATACTGGCCCTGGCCGA 
84 OO 

SerIleTyrThrPheProAspProProAlaAspSerProLeuAspGlnThrIleGln His 
AlaTyrIleHisPheleulleArgGlnLeuIleArgLeuleuThrArgLeuTyr SerIle 

TAGCATATATACATTTCCTGATCCGCCAGCTGATTCGCCTCTTGACCAGACTATACAGCA 

LeuglinglyLeuThrIleGlnGluLeuProAspProProThrHisLeuProGluSerGln 
CysArgAspLeuleuSerArg SerPhelieu ThrLieuglinLeuIleTyrglinAsnLeuArg 

TCTGCAGGGACTTACTATCCAGGAGCTTCCTGACCCTCCAACTCATCTACCAGAATCTCA 
85 OO 

ArgLeuAlAGluThr MetGlyAlaSerGlySerLysLys 
AspTrpLeuargleular gThrAlaPheleuglnTyrglyCyaGluTripIleGlnGluAla 

GAGACTGGCTGAGACTTAGAACAGCCTTCTTGCAATATGGGTGCGAGTGGATCCAAGAAG 
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His SerArgProProArgGlyLieuglinglu ArgLeulieu ArgAlaArgAlaGlyAlaCys 
PheGlnAlaAlaAlaArgAlaThrArgGluThrLeualaGlyAlaCysArgGlnLeuTrp 

CATTCCAGGCCGCCGCGAGGGCTACAAGAGAGACTCTTGCGGGCGCGTGCAGGGGCTTGT 
8600 

GlyGlyTyrTripAsnGluSerGlyGlyGluTyrSerArgPheGlnGlugly SerAspArg 
ArgValleuglu ArgIleGlyArgGlyIleLeuAlaValProAlgArgIleArgGlnGly 

GGAGGGTATTGGAACGAATCGGGAGGGGAATACTCGCGGTTCCAAGAAGGATCAGACAGG 
87 OO 

GluglinLysserProSerCysGluglyArgGlnTyrglinglnglyAspPheNetAsnThr 
AlaglulleAlaleulieu 

GAGCAGAAATCGCCCTCCTGTGAGGGACGGCAGTATCAGCAGGGAGACTTTATGAATACT 

ProTrpLysAspProAlaalaGluargGluILysAsnLeuTyrArgGlnGlnAsnMetAsp 
CCATGGAAGGACCCAGCAGCAGAAAGGGAGAAAAATTTGTACAGGCAACAAAATATGGAT 

88OO 

AspValAspSerAspAspAspAspGlinValArgWalSerWalThrProLysValProLeu 
GATGTAGATTCAGATGATGATGACCAAGTAAGAGTTTCTGTCACACCAAAAGTACCACTGA 

ArgProMetThrHis ArgLeuAlaIleAspMetSerHisLeuIleLysThrArgGlyGly 
AGACCAATGACACATAGATTGGCAATAGATATGTCACATTTAATAAAAACAAGGGGGGA 

89 OO 

LeugluglyMetPheTyrSerGluArgArgHisLysIleLeuAsnIleTyrLeuglullys 
CTGGAAGGGATGTTTTACAGTGAAAGAAGACATAAAATCTTAAATATATACTTAGAAAAG 

9 OOO 

Glug lugly IleIleAlaAspTrpGlnAsnTyrThrHisGlyProGlyValArgTyrPro 
GAAGAAGGGATAATTGCAGATTGGCAGAACTACACTCATGGGCCAGGAGTAAGATACCCA 

MetPhePheGlyTrpLeuTrpLysLeuValProValAspValProGlnGluglyGluAsp 
ATGTTCTTTGGGTGGCTATGGAAGCTAGTACCAGTAGATGTCCCACAAGAAGGGGAGGAC 

910 O 

ThrcluThrHis CysLeuVal.HisProAlaGlnThrSerLysPheAspAspProHisGly 
ACTGAGACTCACTCCTTAGTACATCCAGCACAAACAAGCAAGTTTGATGACCCGCATGGG 

GluThrLeuValTrpGluPheAspProLeuLeuAlaTyrSerTyrCluAlaPhelleArg 
GAGACACTAGTCTGGGAGTTTGATCCCTTGCTGGCTTATAGTTACGAGGCTTTTATTCCG 

93 OO 

TyrProGlugluRheGlyHisLysser GlyLieuProGlugliugluTrpLys Alaar gLieu 
TACCCAGAGGAATTTGGGCACAAGTCAGGCCTGCCAGAGGAAGAGTGGAAGGCGAGACTG 

93OO 

LysAlaargGlyIleProPheSer 
AAAGCAAGAGGAATACCATTTAGTTAAAGACAGGAACAGCTATACTTGGTCAGGGCAGGA 

AGTAACTAACAGAAACAGCTGAGACTGCAGGGACTTTCCAGAAGGGGCTGTAACCAAGGG 
94.00 

AGGGACATGGGAGGAGCTGGTGGGGAACGCCCTCATATTCTCTGTATAAATATACCCGCT 

AGCTTGCATTGTACTTCGGTCGCTCTGCGGAGAGGCTGGCAGATTGAGCCCTGGGAGGTT 
95 OO 

CTCTCCAGCAGTAGCAGGTAGAGCCTGGGTGTTCCCTGCTAGACTCTCACCAGCACTTGG 
96.OO 

CCGGTGCTGGGCAGACGGCCCCACGCTTGCTTGCTTAAAAACCTCCTTAATAAAGCTGCC 

AGTTAGAAGCA 
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Example 5 

Sequences of the Coding Regions for the Envelope 
Protein and GAG Product of the ROD HIV-2 

Isolate 

007.9 Through experimental analysis of the HIV-2 ROD 
isolate, the following Sequences were identified for the 
regions encoding the env and gag gene products. One of 
ordinary skill in the art will recognize that the numbering for 
both gene regions which follow begins for convenience with 
“1” rather than the corresponding number for its initial 
nucleotide as given in Example 4, above, in the context of 
the complete genomic Sequence. 
0080) Envelope Sequence 

Envelope sequence 
MetMetAsnGlnLeuleuIleAlaIleLeuIeuala SerAlaCys 
ATGATGAATCAGCTGCTTATTGCCATTTTATTAGCTAGTGCTTGC 

LeuValTyrCysThrClnTyrValThrValPheTyrglyValPro 
TTACTATATTGCACCCAATATGTAACTGTTTTCTATGGCGTACCC 

ThrTrpLysAsnAlaThrIleProLeuPheCysAlathrargAsn 
ACGTGGAAAAATGCAACCATTCCCCTGTTTTGTGCAACCAGAAAT 

100 

ArgAspThrTrpGlyThrIleGlnCysLieuProAspAsnAspAsp 
AGGGATACTTGCGGAACCATACAGTGCTTGCCTGACAATGATGAT 

TyrglingluIleThrLeuAsnValThrCluAlaPheAspAlaTrp 
TATCAGGAAATAACTTTGAATGTAACAGAGCCTTTTGATGCATGG 

200 

AsnAsnThrValThrCluGlnAlaIleCluAspValTrpHisLeu 
AATAATACAGTAACAGAACAAGCAATAGAAGATGTCTGGCATCTA 

PhegluThrSerIleLysProCysVallysLeuThrProLeucy's 
TTCGAGACATCAATAAAACCATGTGTCAAACTAACACCTTTATGT 

3OO 

ValAlaMetLysCysSerSerThrCluserSerThrClyAsnAsn 
GTAGCAATGAAATGCAGCAGCACAGAGAGCAGCACAGGGAACAAC 

ThrThrSerLysserThrSerThrThrThrThrThrProThrAsp 
ACAACCTCAA AGAGCACAAGCACAACCACAACCACACCCAGAGAC 

400 

GlinGluglinglu IleserGluAspThrProCysAlaargalaAsp 
CAGGAGCAAGAGATAAGTGAGGATACTCCATGCGCACGCGCAGAC 

AsnCysSerGlyLieuglyGlugliuglu ThrIleAsnCysGlnPhe 
AACTGCTCAGGATTGGGAGAGGAAGAAACGATCAATTGCCAGTTC 

AsnMetThrClyLieuglu ArgAspLysLysLysGlnTyrAsnGlu 
AATATGACAGGATTAGAAAGAGATAAGAAAAAAGACTATAATGAA 

5 OO 

ThrTrpTyrSerLysAspValValCyaGluThrAsnAsnSerThr 
ACATGGTACT CAAAAGATGTGGTTTGTGAGACAAATAATAGCACA 

AsinglnThrClnCysTyrMetAsn His CysAsnThrSerValIle 
AATCAGACCCAGTGTTACATGAACCATTGCA ACACATCAGTCATC 

600 

ThroluserCysAapLysHisTyrTripAspAlaIleArgPheArg 

15 
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ACAGAATCATGTGACAAGCACTATTGGGATGCTATAAGGTTTAGA 

Tyrcys AlaProProGlyTyrAlaLeulieu ArgcysAsn AspThr 
TACTGTGCACCACCGGGTTATGCCCTATTAAGATGTAATGATACC 

FOO 

AsnTyrSerGlyPheAlaProAsnCyaSerLysValValAlaser 
AATTATTCAGGCTTTGCACCCAACTGTTCTAAAGTAGTAGCTTCT 

Thrcys ThrArgNetMetGluThrClnThrSerThrTrpPhegly 
ACATGCACCAGGATGATGGAAACGCAAACTTCCACATGGTTTGGG 

8 OO 

PheasinglyThrArgAlaGluAsnArgThrTyrIleTyrTrpHis 
TTTAATGGCACTAGAGCAGAGAATAGAACATATATCTATTGGCAT 

GlyArgAspAsnArgThrIleIleSerLieu.AsnLysTyrTyrAsn 
GGCAGAGATAATAGAACTATCATCAGCTTAAACAAATATTATAAT 

9 OO 

LeuSerLieuHis CysLysArgProGlyAsnLysThrWallys Glin 
CTCAGTTTGCATTGTAAGAGGCCAGGGAATAAGACAGTGAAACAA 

IleMetLeuMetSerGlyHis ValPheHisSerHisTyrClnPro 
ATAATGCTTATGTCAGGACATGTGTTTCACTCCCACTACCAGCCG 

IleAsnLysArgProArgGlnAlaTrpCysTrpPhelysGlyLys 
ATCAATAAAAGACCCAGACAAGCATGGTGCTGGTTCAAAGGCAAA. 

1 OOO 

TrpLysAspAlaMetGlnGluVallys ThrLeuAlaLysHisPro 
TGGAAAGACGCCATGCAGGAGGTGAAGACCCTTGCAAAACATCCC 

ArgTyrArgGlyThrAsnAspThrArgAsnIleSerPheAlaala 
AGGTATAGAGGAACCAATGACACAAGGAATATTAGCTTTGCAGCG 

1 OOO 

ProGlyLysGlySerAspProGluValAlaTyrMetTrpThrAsn 
CCAGGAAAAGGCTCAGACCCAGAAGTAGCATACATGTGGACTAAG 

CysArgGlyGluPheleuTyrCysAsnMetThrTrpPhel.eu.Asn 
TGCAGAGGAGAGTTTCTCTACTGCAACATGACTTGGTTCCTCAAT 

1200 

TrpIleGluAsnLysThrHis ArgAsnTyrAlaProCysHis Ile 
TGGATAGAGAATAAGACACACCGCAATTATGCACCGTGCCATATA 

LysGlnIleIleAsnThrTripHisLysVslGlyArgAsnValTyr 
AAGCAAATAATTAACACATGGCATAAGGTAGGGAGAAATGTATAT 

1300 

LeuProProArgGluglyGluLeuSerCysAsnSerThrValThr 
TTGCCTCCCAGGGAAGCGGAGCTGTCCTGCAACTCA ACAGTAACC 

SerIleIleAlaasnileAspTrpGlnAsnAsnAsnGlnThrAsn 
AGCATAATTGCTAACATTGACTGGCAAAACAATAATCAGACAAAC 

IleThrPheSerAlaGluValAlaGlulieuTyrArgLeuglulieu 
ATTACCTTTAGTGCAGAGGTGGCAGAACTATACAGATTGGAGTTG 
14 OO 

GlyAspTyrLysLeuValGluIleThrProIleGlyPheAlaPro 
GGAGATTATAAATTGGTAGAAATAACACCAATTGGCTTCGCACCT 

ThrLysGluILys ArgTyrSer SerAlaHisGlyArgHisThrArg 
ACAAAAGAAAAAAGATACTCCTCTGCTCACGGGAGACATACAAGA 
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15 OO 

GlyValPheValleuGlyPhel.euglyPhel.eu.AlaThrAlaGly 
GGTGTGTTCGTGCTAGGGTTCTTGGGTTTTCTCGCAACAGCAGGT 

SerAlaMerglyAlaArgAlaserLeuThrValSerAlaGlnSer 
TCTGCAATGGGCGCTCGAGCGTCCCTGACCGTGTCGGCTCAGTCC 

1600 

ArgThrLeuIeualaGlyIleValGlnGlnGlnGlnGlnLeulieu 
CGGACTTTACTGGCCGGGATAGTGCAGCAACAGCAACAGCTGTTG 

AspValVallys ArgGlnGlnGluILeulieu ArgLeuThrWalTrp 
GACGTGGTCAAGAGACAACAAGAACTGTTGCGACTGACCCTCTGG 

17 OO 

GlyThrLysAsnLeuglinAlaArgWalThrAlaIleGluILysTyr 
GGAACGAAAAACCTCCAGGCAAGAGTCACTGCTATAGAGAAGTAG 

LeuglinAspGlnAlaArgLeuAsnSerTrpGlyCysAlaPheArg 
CTACAGGACCAGGCGCGGCTAAATTCATGGGGATGTGCGTTTAGA 

1800 

GlnValCysHis ThrThrValProTrpValAsnAspSerLeuAla 
CAAGTCTGCCACACTACTGTACCATGGGTTAATGATTCCTTAGCA 

ProAspTrp-AspAsnMetThrTrpGlnGluTrpGluLysGln Val 
CCTGACTGGGACAATATGACGTGGCAGGAATGGGAAAAACAAGTC 

ArgTyrLeuglu AlaasnIleserLys SerLeugluglin AlaGlin 
CGCTACCTGGAGGCAAATATCAGTAAAAGTTTAGAACAGGCACAA 

19 OO 

IleGlnGlnGlulysAsnMetTyrolulieuGlnLysLieu.AsnSer 
ATTCAGCAAGAGAAAAATATGTATGAACTACAAAAATTAAATAGC 

TrpAspIlePheGlyAsnTrpPheAspLeuThrSerTrpVallys 
TGGGATATTTTTGGCAATTGGTTTGACTTAACCTCCTGGGTCAAG 

2OOO 

TyrIleGlnTyrClyValleulleIleValAlaVallleAlaLeu 
TATATTCAATATGGAGTGCTTATAATAGTAGCAGTAATAGCTTTA 

ArgIleVallleTyrWalValGlinMetLieuSerArgLeuArgLys 
AGAATAGTGATATATGTAGTACAAATGTTAAGTAGGCTTAGAAAG 

2100 

GlyTyrArgProValPheSerSerProProGlyTyrIleGlink: * 
GGCTATAGGCCTGTTTTCTCTTCCCCCCCCGGTTATATCCAATAG 

IleHisIleHisLysAspArgGlyGlnProAlaasnGluglu Thr 
ATCCATATCCACAAGGACCGGGGACAGCCAGCCAACGAAGAAACA 

2200 

Gluglu AspGlyGlySerAsnGlyGlyAspArgTyrTripProTrip 
GAAGAAGACGGTGGAAGCAACGGTGGAGACAGATACTGGCCCTGG 

ProIleAlaTyrIleHisPhelieuIleArgGlnLeuIleArgLieu 
GCGATAGCATATATACATTTCCTGATCCGCCAGCTGATTCGCCTC. 

LeuThrArgLeuTyrSerIleCysArgAspLeubeuSerArg Ser 
TTGACCAGACTATACAGCATCTGCAGGGACTTACTATCCAGGAGC 
2300 

PhelieuThrLeuglinLeuIleTyrglinAsnLeuArgAspTrpLeu 
CTCCTGACCCTCCAACTCATCTACCAGAATCTCAGAGACTGGCTG 

16 
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-continued 

ArgLeuArgThrAlaPheleuglnTyrglyCysGluTripIleGln 
AGACTTAGAACAGCCTTCTTGCAATATGGGTGCGAGTGGATCCAA 

24 OO 

GlulalaPheGlnAlaAlaAlaArgAlaThrArgGluThrLeuala 
GAAGCATTCCAGGCCGCCGCGAGGGCTACAAGAGAGACTCTTGCG 

GlyAlaCysArgGlyLieuTripArgValleuglu ArgIleGlyArg 
GGCGCGTGCAGGGGCTTGTGGAGGGTATTGGAACGAATCGGGAGG 

25 OO 

GlyTleLeuAlaValProArgArgIleArgGlnGlyAlaGluIle 
CGAATACTCGCGGTTCCAAGAAGGATCACAGAGGGAGCAGAAATC 

AlaLeuLeuk * * GlyThrAlaValSerAlaGlyArgLeuTyrglu 
GCCCTCCTGTGAGGGACGGCAGTATCAGCAGGGAGACTTTATGAA 

26 OO 

TyrSerMetGluglyProSerSerArgLysGlyGluLysPheval 
TACTCCATGCAAGGACCCACCAGCAGAAAGGGAGAAAAATTTGTA 

GlnAlaThrLysTyrgly 
CAGGCAACAAAATATGGA 

Gag sequence 
HetGlyAlaArgAsnServalleuargGlyTysLys AlaaspClu 
ATGGGCGCGAGAAACTCCGTCTTGAGAGGGAAAAAAGCAGATGAA 

Leuglu ArgIleArgLeuArgProGlyGlyLysLysLysTyrArg 
TTAGAAAGAATCAGGTTACGGCCCGGGCGAAAGAAAAAGTACAGG 

Leullys His IleValTrpAlaAlaAsnLysLieu.AspArgPheGly 
CTAAAACATATTGTGTGGGCAGCGAATAAATTGGACAGATTCGGA 

1 OO 

LeualaGluSerLeuleugluSerLysGlugly CysGlnLysIle 
TTAGCAGAGAGCCTGTTGGAGTCAAAAGACGGTTGTCAAAAAATT 

LeuThrValILeuAspProMetVal ProThrCly SerGluAsnLeu 
CTTACAGTTTTAGATCCAATGGTACCGACAGGTTCAGAAAATTTA 

200 

LysserLeuPheAsnThrValCysVallleTrpCysIleHisAla 
AAAAGTCTTTTTAATACTGTCTGCGTCATTTGGTGCATACACGCA 

GluglulysWallysAspThrCluGlyAlaLysGlnIleValArg 
GAAGAGAAAGTGAAAGATACTGAAGGAGCAAAACAAATAGTGCGG 

3OO 

ArgHisLeuValAlaGluThrClyThrAlaGluLysMetProSer 
AGACATCTAGTGGCAGAAACAGGAACTGCAGAGAAAATGCCAAGG 

ThrSerArgProThrAlaProSerSerGluLysGlyGlyAsnTyr 
ACAAGTAGACCAACAGCACCATCTAGCGAGAAGGGAGGAAATTAC 

400 

ProValGlnHis ValGlyGlyAsnTyrThrHisIleProLeuSer 
CCAGTGCAACATGTAGGCGGCAACTACACCCATATACCGCTGAGT 

ProArgThrLeuAsn AlaTrpWallysLieuValGluglulysLys 
CCCCGAACCCTAAATGCCTGGGTAAAATTAGTAGAGGAAAAAAAG 

PheglyAlaGluVal ValProGlyPheglnAlaLeuSerGlugly 
TTCGGGGCAGAAGTAGTGCCAGGATTTCAGGCACTCTCAGAAGGC 

5 OO 
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-continued 

CysThrProTyrAspIleAsnGlinMetLieu.AsnCysWalGlyAsp 
TGCACGCCCTATGATATCAACCAAATGCTTAATTGTGTGGGCGAC 

His Glin AlaalaMetGlnhleIleArgGluIleIleAsnGluglu 
CATCAAGCAGCCATGCAGATAATCAGGGAGATTATCAATGAGGAA 

600 

AlaAlaGluTrpAspValGlnHisProIleProGlyProLeuPro 
GCAGCAGAATGGGATGTGCAACATCCAATACCAGGCCCCTTACCA. 

AlaGlyGlnLeuArgGluProArgGlySerAspIleAlaGlyThr 
GCGGGGCAGCTTAGAGAGCCAAGGGGATCTGACATAGCAGGCACA 

7 OO 

ThrSerThrValGlug luglinIleGlnTrpMetPheArgProGln 
ACAAGCACAGTAGAAGAACAGATCCAGTGGATGTTTAGGCCACAA 

AsnProValProValGlyAsnilleTyrArgArgTrpIleGlnIle 
AATCCTGTACCAGTAGGAAACATCTATAGAAGATCGATGCAGATA 

800 

GlyLieuglinLys CysValArgMetTyrasnProThrAsnIleLeu 
GGATTGCAGAAGTGTGTCAGGATGTACAACCCGACCAACATCCTA 

AspIleLysGlnGlyProLysGluProPheclinSerTyrWalAsp 
GACATAAAACAGGGACCAAAGGAGCCGTTCCAAAGCTATGTAGAT 

9 OO 

ArgPheTyrLys SerLeular galagluglinThrAspProAlaVal 
AGATTCTACAAAAGCTTGAGGGCAGAACAAACAGATCCAGCAGTG 

s: s: s: s: 

LysAsnTrpMetThrClnThrLeuILeuValGlnAsn AlaAsnPro 
AAGAATTGGATGACCCAAACACTGCTAGTACAAAATGCCAACCCA 

AspCysLysLieuValleullysGlyLieuglyMetAsnProThrLieu 
GACTCTAAATTAGTGCTAAAAGGACTAGGGATGAACCCTACCTTA. 

10 OO 

GlugluMetLeuThrAlaCysGlnGlyValGlyGlyProGlyGln 
GAAGAGATGCTGACCGCCTGTCAGGGGGTAGGTGGGCCAGGCGAG 

LysAlaargLeuMetAlaGluAlaLeulysGluVal IleGlyPro 

17 
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-continued 
AlaProIleProPhealaAlaAlaGlinGlin ArgLys AlaPhelys 
GCCCCTATCCCATTCGCAGCAGCCCAGCAGAGAAAGGCATTTAAA 

CysTripAsnCysGlyLysGluglyHis SerAlaArgGlnCysArg 
TGCTGGAACTGTGGAAAGGAACGGCACTCGGCAAGACAATGCCGA 

1200 

AlaProArgArgGlnGlyCysTrpLys CysGlyLysProGlyHis 
GCACCTAGAAGGCAGGGCTGCTGGAAGTGTGGTAAGCCAGGACAC 

IleMetThrAsnCysProAspArgGlnAlaGlyPhelieuglyLieu 
ATCATGACAAACTGCCCAGATAGACAGGCAGGTTTTTTAGGACTG 

1300 

GlyProTrpGlyLysLysProArgAsnPheProValAlaGlinVal 
GGCCCTTGGGGAAAGAAGCCCCGCAACTTCCCCGTGGCCCAAGTT 

ProGlnglyLeuThrProThrAlaProProValAspProAlaVal 
CCGCAGGCGCTGACACCAACAGCACCCCCAGTGGATCCAGCAGTG 

AspILeuleuglulysTyrMetGlnglinglyLysArgGlin ArgClin 
GATCTACTGGAGAAATATATGCAGCAAGGGAAAAGACAGAGAGAG 
14 OO 

Glin ArgCluArgProTyrLysGluValThrCluaspLeuleuHis 
CAGAGAGAGAGACCATACAAGGAAGTGACAGAGGACTTACTGCAC 

LeugluglinglyGluThrProTyrArgGlnProProThrCluAsp 
CTCGACCAGGGGGAGACACCATACACGCAGCCACCAACAGAGGAC 

15 OO 

LeuleuHisLeuAsnSerLieuPheGlyLysAspGln 
TTGCTGCACCTCAATTCTCTCTTTGGAAAAGACCAG 

Example 6 

Peptide Sequences Encoded By the ENV and GAG 
GeneS 

0081. The following coding regions for antigenic pep 
tides, identified for convenience only by the nucleotide 
numbers of Example 5, within the env and gag gene regions 
are of particular interest. 

AAAGCTAGATTAATGGCAGAGGCCCTGAAAGAGGTCATAGGACCT 
1100 

env1 (1732-1809) 
ArgWalThrAlaIleGluIyeTyrLeuglinAspGlnAlaArgLeuAsnSerTrpGlyCysAlaPheArgGlinValCys 
AGAGTCACTGCTATAGAGAAGTACCTACAGGACCAGGCGCGGCTAAATTCATGGGGATGTGCGTTTAGACAAGTCTGC 

1 OOO 

env2 (1912-1983) 
SerLys SerLieugluglin AlaGlinIleGlnGlnGlulysAsnMetTyrglulieuGlnLysLieu.AsnSerTrp 
AGTAAAAGTTTAGAACAGGCACAAATTCAGCAAGAGAAAAATATGTATCAACTACAAAAATTAAATAGCTGG 

1940 

env3 (1482-1530) 
ProThrLysGluILys ArgTyr SerSerAlaHis GlyArgHisThrArg 
CCTACAAAAGAAAAAAGATACTCCTCTGCTCACGGGAGACATACAAGA 

15 OO 

env4 (55-129) 
Cys'ThrClnTyrValThrValPheTyrglyValProThrTrpLysAsn AlaThrIleProLeuPheCysAlaThr 
TGCACCCAATATGTAACTGTTTTCTATGGCGTACCCACGTGGAAAAATGCAACCATTCCCCTGTTTTGTGCAACC 

1 OO 
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-continued 

env5 (175-231) 
AspAspTyrolnGluIleThrLieu.AsnValThrClualaPheAspAlaTripAsnAsn 
GATGATTATCAGGAAATAACTTTGAATGTAACAGAGGCTTTTGATGCATGGAATAAT 

200 

env6 (274-330) 
GluThrSerIleLysProCysVallysLeuThrProLeucysValAlaMetLysCys 
GAGACATCAATAAAACCATGTGTGAAACTAACACCTTTATGTGTAGCAATGAAATGC 

env7 (607-660) 
AsnHis CysAsnThrSerValIleThrCluSerCysAspLysHis TyrTripAsp 
AACCATTGCA ACACATCAGTCATCACAGAATCATGTGACAAGCACTATTGGGAT 
610 

env8 (661-720) 
AlaIleArgPheArgTyrcys AlaProProGlyTyrAlaLeuleular gCysAsnAspThr 
GCTATAAGGTTTAGATACTGTGCACCACCGGGTTATGCCCTATTAAGATGTAATGATACC 

FOO 

env9 (997-1044) 
LysArgProArgGlin AlaTrpCysTrpPhelys glyLysTrpLys Asp 
AAAAGACCCAGACAAGCATGGTGCTGGTTCAAAGGCAAATGGAAAGAC 
1 OOO 

env10 (1132-1215) 
LysGly SerAspProGluValAlaTyrMetTrpThrAsnCysArgGlyGluPheleuTyrcysAsnMetThrTrpPheleuAsn 
AAAGGCTCAGACCCAGAAGTAGCATACATGTGGACTAACTGCAGAGGAGAGTTTCTCTACTGCAACATGACTTGGTTCCTCAAT 

env1.1 (1237-1305) 

1200 

ArgAsnTyralaProCysHis IleLysGlnIleIleAsnThrTripHisLysValGlyArgAsnValTyr 
CGCAATTATGCACCGTGCCATATAAAGCAAATAATTAACACATGGCATAAGGTAGGGAGAAATGTATAT 

gag1 (991-1053) 

1300 

AspCysLysLieuValleullys GlyTeuGlyMetAsnProThrLeugliugluMetLieuThrAla 
GACTGTAAATTAGTGCTAAAAGGACTAGGGATGAACCCTACCTTAGAAGAGATGCTGACCGCC 

1 OOO 

0082) Of the foregoing peptides, env1, env2, env3 and 
gag1 are particularly contemplated for diagnostic purposes, 
and env4, envis, env6, env7, env8, env9, env10 and env11 
are particularly contemplated as protecting agents. These 
peptides have been Selected in part because of their Sequence 
homology to certain of the envelope and gag protein prod 
ucts of other of the retroviruses in the HIV group. For 
vaccinating purposes, the foregoing peptides may be 
coupled to a carrier protein by utilizing Suitable and well 
known techniques to enhance the host's immune response. 
Adjuvants Such as calcium phosphate or alum hydroxide 

may also be added. The foregoing peptides can be Synthe 
sized by conventional protein Synthesis techniques, Such as 
that of Merrifield. 

0083. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
processes and products of the present invention. Thus, it is 
intended that the present application cover the modifications 
and variations of this invention provided they come within 
the Scope of the appended claims and their equivalents. For 
convenience in interpreting the following claims, the fol 
lowing table Sets forth the correspondence between codon 
codes and amino acids and the correspondence between 
three-letter and one-letter amino acid Symbols. 

DNA. CODON AMINO ACID 3 LET AMINO ACID 1 LET 

T TTT TCT TAT TGT PHE SER TYR CYS F S Y C 
T C TTC TCC TAC TGC PHE SER TYR CYS F S Y C 

A TTA TCA TAA TGA LEU SER k k k k k k L. S. k k 
G TTG TCG TAG TGG LEU SER k k k TRP L. S. k W. 

T. CTT CCT CAT CGT LEU PRO HIS ARG L. P. H. R. 

C. C. CTC CCC CAC CGC LEU PRO HIS ARG L. P. H. R. 
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-continued 

A CTA. CCA CAA CGA LEU PRO GLN ARG L 
G CTG CCG CAG CGG LEU PRO GLN ARG L 

T ATT ACT AAT AGT ILE THR ASN SER I 
A. C. ATC ACC AAC AGC ILE THR ASN SER I 

A. ATA ACA. AAA AGA ILE THR LYS ARG I 
G ATG ACG AAG AGG MET THR LYS ARG M 

T GTT GCT GAT GGT WAT ALA. ASP GLY W 
G. C. GTC GCC GAC GGC WAT ALA. ASP GLY W 

A TGA, GCA GAA. GGA WAT, ATA GLU GLY W 
G. GTG GCG GAG GGG WAT, ATA GLU GLY W 

3 Letter 1 Letter CODONS 

ATA A. GCT, GCC GCA. GCG 

ARG R CGT CCC CCA. CCG. AGA AGG 

ASN N AAT AAC 

ASP D GAT GAC 

CYS C TGT. TCC 

GLN Q CAA. CAG 

GLU E GAA GAG 

GLY G GGT GGC GGA. GGG 

HIS H CAT CAC 

ILE I ATT ATC ATA 

LEU L CTT CTC CTA CTC TTA TTC 

LYS K AAA AAC 

MET M ATG 

PHE F TTT TTC 

PRO P CCT CCC CCA CCC 

SER S TCT TCC TCA TCC ACT ACC 

THR T ACT ACC ACA ACC 

TRP W TGC 

TYR Y TAT TAC 

WAL W CTT CTC GTA GTG. 

TAA TAG TGA 

What is claimed is: 

1. A method for diagnosing an HIV-2 infection which 
comprises: 

(a) contacting genetic DNA or RNA from a body sample 
obtained from a person Suspected of having an HIV-2 
infection with a DNA probe derived from at least a 
portion of the genome of the HIV-2 virus; and 

(b) determining whether a hybridized complex is created. 
2. The method of claim 1 wherein said body sample is 

Selected from the group consisting of tissue, blood cells, 
cells and body fluids. 

19 
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3. The method of claim 1 wherein the presence of the 
hybridized complex is determined by a process Selected 
from the group consisting of Southern blot, Northern blot 
and dot blot. 

4. The method of claim 1 wherein the cDNA probe is 
analogous to the entire genome of the HIV-2 virus. 

5. A DNA probe capable of hybridizing to the entire 
genome of the HIV-2 virus. 

6. A method for diagnosing an HIV-2 infection which 
comprises: 

(a) contacting Sera obtained from a patient Suspected of 
having an HIV-2 infection with a polypeptide expres 
sion product of a DNA segment derived from the 
genome of the HIV-2 virus; and 

(b) determining whether an immunocomplex is formed. 
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7. The method of claim 6 wherein the formation of the 
immunocomplex is determined by a process Selected from 
the group consisting of radioimmunoassays (RIA), radioim 
munoprecipitation assays (RIPA), immunofluoresence 
assays (IFA), enzyme-linked immunosorbent assays 
(ELISA) and Western blots. 

8. A process for detecting the presence of a virus Selected 
from the group consisting of LAV-II, HIV-2, STLV-III and 
other viruses which form complexes with LAV-II reagents 
comprising: 

(a) contacting DNA or RNA from a sample suspected of 
containing viral genetic material with a DNA probe 
derived from a portion of the genome of the HIV-2 
Virus, and 

(b) determining whether a hybridized complex is created. 
9. A peptide Selected from the group consisting of env1, 

env2, env3, env4, envis, env6, env7, env8, env9, env10, 
enV11 and gag1. 

10. Akit for diagnosing an HIV-2 infection by the method 
of claim 6 and comprising env1, env2, env3 and gag1 
peptides as the polypeptide expression product. 

11. A vaccinating agent comprising at least one peptide 
Selected from the group consisting of env4, envis, env6, 
env7, env8, env9, env10 and env11 in admixture with 
Suitable carriers. 

12. A peptide having common immunological properties 
with the peptide Structure of the envelope glycoprotein of a 
Virus of the HIV-2 class, Said peptide having no more than 
40 amino acid residues. 

13. A peptide according to claim 12 having either of the 
following formulas: 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of either of 
the following peptide Sequences: 

RVTAIEKYLODQARLNSWGCAFRQVC 

14. A peptide according to claim 12 having either of the 
following formulas: 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 

20 
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terized above of the immunological properties of either of 
the following peptide Sequences: 

15. A peptide according to claim 12 characterized as 
having either of the following formulas 

XEL--YK-W-I-P-G--APTK-KR----- A. 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of either of 
the following peptide Sequences: 

ELGDYKLWEITPIGFAPTKEKRYSSAH 

YKLWETPGFAPTKEK 

16. A peptide according to claim 12 characterized as 
having either of the following formulas: 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of one of the 
following peptide Sequences: 

CTQYVTVFYGVPTWKNATIPLECAT 

WTWFYGWPTWKNAT 

EKLWWTWYYGWPWWKEATTTLFCAS 

17. A peptide according to claim 16 characterized as 
having one of the following formulas: 
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18. A peptide according to claim 12 characterized as 
having either of the following formulas: 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of one of the 
following peptide Sequences: 

DDYQEITL-NVTEAFDAWNN 
L-NWTE 

19. A peptide according to claim 18 characterized as 
having one of the following formulas: 

DDYQEITL-NVTEAFDAWNN 
L-NWTEAF 

PNPOEIELENVTEGFNMWKN 
LENWTEGF 

PNPQEIALENVTENFNMWKN 
LENWTENF 

20. A peptide according to claim 12 characterized as 
having one of the following formulas: 

XS-KPCWKLTPLCWA, 

in which-X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of one of the 
following peptide Sequences: 

ETSIKPCWKLTPLCWAMK 

DQSLKPCWKLTPLCVSLK 

KPCWKLTPLCW 

SLKPCWKLTPLCW 

Dec. 25, 2003 

21. A peptide according to claim 20 characterized as 
having one of the following formulas: 

PCWKLTPLC 

22. A peptide characterized as having either of the fol 
lowing formulas: 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of one of the 
following peptide Sequences: 

NHCNTSWTESCD 
NTSWIT 

TSCNTSVITQACP 
NTSAT 

23. A peptide according to claim 22 characterized as 
having one of the following formulas: 

NHCNTSWTESCD 
NTSWIT 

TSCNTSVITQACP 
NTSWIT 

INCNTSWITQACP 
NTSWIT 

INCNTSAITQACP 
NTSAT 

24. A peptide according to claim according to claim 12 
characterized as having the following formula: 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lack 
ing these groups shall not be essentially modified, the 
groups having from one to five amino acid residues, 
and each of the hyphens corresponding to an aminoacyl 
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residue chosen from those which permit the conserva 
tion for the peptide characterized above of the immu 
nological properties of either of the following peptide 
Sequences: 

11 YCAPPGYALLRC-NDT 

YCAPAGFAILKCNNKT. 

25. A peptide according to claim 24 characterized as 
having one of the following formulas: 

YCAPPGYALLRC-NDT 

YCAPAGFAILKCNNKT. 

YCAPAGFAILKCNDKK 

YCAPAGFAILKCRDKK 

26. A peptide according to claim 12 characterized as 
having the following formula: 

X------A-C------W--Z 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lack 
ing these groups shall not be essentially modified, the 
groups having from one to five amino acid residues, 
and each of the hyphens corresponding to an aminoacyl 
residue chosen from those which permit the conserva 
tion for the peptide characterized above of the immu 
nological properties of either of the following peptide 
Sequences: 

N--MRQAHCNISRAKWNA 

27. A peptide according to claim 26 characterized as 
having one of the following formulas: 

NKRPRQAWCWFKG-KWKT 

N--MRQAHCNISRAKWNA 

D.--IRRAYCTINETEWDK 

I.--IGQAHCNISRAQWSK 

28. A peptide according to claim 12 characterized as 
having either of the following formulas: 

7 X-G-DPE------NC-GEF-YCN----- NZ 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of one of the 
following peptide Sequences: 
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KGSDPEWAYMWTNCRGEFLYCNMTWFLN 

NCRGEFLYCN 

-GGDPEIWTHSFNCGGEFFYCNSTOLFN 

NCGGEFFYCN 

29. A peptide according to claim 28 characterized as 
having one of the following formulas: 

KGSDPEWAYMWTNCRGEFLYCNMTWFLN 

NCRGEFLYCN 

-GGDPEIWTHSFNCGGEFFYCNSTOLFN 

NCGGEFFYCN 

-GGDPEITTHSFNCRGEFFYCNTSKLFN 

NCRGEFFYCN 

-GGDPEITTHSFNCGGEFFYCNTSGLFN 

NCGGEFFYCN 

30. A peptide according to claim 12 characterized as 
having either of the following formulas: 

X----- C-IKQ-I------ G---YA 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lacking 
these groups shall not be essentially modified, the groups 
having from one to five amino acid residues, and each of the 
hyphens corresponding to an aminoacyl residue chosen from 
those which permit the conservation for the peptide charac 
terized above of the immunological properties of one of the 
following peptide Sequences: 

RNYAPCHIKQIINTWHKVGRNWY 

CHIKQII 

TITLPCRIKQFINMWQEWGKAMY 

CRIKQFI 

31. A peptide according to claim 30 characterized as 
having one of the following formulas: 

RHYAPCHIKQIINTWHKVGRNWY 

CHIKQII 

TITLPCRIKQFINMWQEWGKAMY 

CRIKQFI 

SITLPCRIKQIINMWQKTCKAMY 

CRIKQII 

NITLQCRIKQIIKMVAGR-KAIY 

CRIKQII 
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32. The antigenic peptide gag1 characterized as having 
the following formula: 

XNCKLVLKGLGMNPTLEEMLTAZ 

in which X and Z are OH or NH or, to the extent that the 
immunological properties of the natural peptides lack 
ing these groups shall not be essentially modified, the 
groups having from one to five amino acid residues, 
and each of the hyphens corresponding to an aminoacyl 
residue chosen from those which permit the conserva 
tion for the peptide characterized above of the immu 
nological properties of the following peptide Sequence: 
XNCKLVLKGLGMNPTLEEMLTA 

33. An antigenic composition containing at least one gag1 
peptide according to claim 32 or at least an oligomer of this 
peptide, characterized as having the capacity to be recog 
nized by human biological fluids Such as Serum containing 
anti-HIV-2 antibodies and under appropriate conditions anti 
HIV-1 antibodies. 

34. An antigenic composition containing at least one 
peptide according to claims 13, 14 or 15, or at least an 
oligomer of the peptide, characterized in that the peptide 
Specifically recognizes the presence of anti-HIV-2 antibod 
CS. 

35. An immunogenic composition containing at least one 
peptide according to any one of the claims 16-31 or at least 
an oligomer of the peptide or the peptide conjugated with a 
carrier molecule, in association with an acceptable pharma 
ceutical vehicle for the production of vaccines, the compo 
Sition characterized in that it induces antibody production 
against the peptide in Sufficient quantities to form an effec 
tive immunocomplex with the entire HIV-2 retrovirus and its 
corresponding proteins. 

36. An immunogenic composition according to claim 35 
further comprising peptides having formulas corresponding 
to the envelope glycloprotein sequences of HIV-1 and HIV-2 
which have an amino acid homology greater than 50%. 

37. An immunogenic composition according to either of 
claims 35 or 36 having at least one peptide or at least an 
oligomer of the peptide or the peptide conjugated with a 
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carrier molecule, the composition corresponding to a peptide 
chosen from the group consisting of Env4, Enviš, Env6 and 
Env10. 

38. A procedure for the in vitro diagnosis-of HIV-2 
infections in a biological fluid, comprising: 

contacting the biological fluid with at least one peptide 
according to claims 12, 13.14.15 or 32, or a conjugate 
of the peptide with a carrier molecule, 

detecting the eventual presence in the biological fluid of 
an antigen-antibody complex by physical or chemical 
methods. 

39. The diagnostic procedure of claim 38, wherein the 
detection Step is performed by a test Selected by the group 
consisting of enzyme-linked immuno absorbant assay 
(ELISA), immunofluoresence assay (IFA), radioimmunoas 
Say (RIA), and radioimmunoprecipitation assay (RIPIA). 

40. A kit for the in vitro diagnosis of an HIV-2 infection 
in a biological fluid comprising: 

a peptide composition containing a peptide according to 
claims 12, 13, 14, 15 or 32, or a mixture of Such 
peptides, or a conjugate of Such peptides with a carrier 
molecule; 

an appropriate reaction environment for the production of 
an antigen-antibody complex; 

one or more reagents adapted for the detection of the 
formation of antigen-antibody complexes, and 

a biological fluid as a reference Sample having no anti 
bodies recognized by Said peptide composition. 

41. An protein selected from the group described in 
Example 4 consisting of p 16, p 26, p 12, polymerase, Q 
protein, R protein, X protein, Y protein, env protein, F 
protein, TAT, ART, U5 and U3. 

42. Akit for diagnosing an HIV-2 infection by the method 
of claim 6 and comprising as the polypeptide expression 
product a protein of claim 41. 

43. A vaccinating agent comprising at least one protein of 
claim 41 in association with appropriate carriers. 
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