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Analysis of the nucleotide sequence of the human retrovirus associated with AIDS in West Africa, HIV-2, shows that it 
is evolutionarily distant from the previously characterized HIV-1. We suggest that these viruses existed long before the 
current AIDS epidemics. Their biological properties are conserved in spite of limited sequence homology; this may help the 
determination of the structure-function relationships of the different viral elements. 

THE acquired immune deficiency syndrome (AIDS) has now 
spread worldwide and appears to be an acute public health 
problem in Africa in particular1-5

• A retrovirus designated 
human immunodeficiency virus (HIV), but previously known 
as LAY, HTLV-III or ARV, was shown to cause AIDS in the 
different areas afflicted by the epidemics6-8. Indeed, isolates 
from North America, Western Europe and Central Africa have 
the same biological properties, and antigenically cross-reactive 
proteins with the same relative molecular mass9-11 . Only studies 
at the molecular level have revealed some differences in the 
nucleotide sequence of North-American and African iso
lates12·13. This sequence variation is also present, though to a 
lesser extent, among different isolates from the USA14-18. 

The western part of Africa seemed relatively spared by AIDS3
• 

Recently, however, several typical cases were found in a survey 
of patients from Guinea Bissau and other countries of West 
Africa19-21 . Unexpectedly, most of these patients did not have 
detectable titres of antibodies against HIV. But they were found 
to be infected by a retrovirus related to HIV by its ultrastructural 
and biological properties, such as cytopathogenicity and tropism 
for cells carrying the CD4(T4) antigen 19. Antibodies raised 
against HIV could immunoprecipitate the gag and pol products 
of these isolates, which have molecular masses that are similar 
but not identical to these antigens of HIV; in contrast, the env 
products could not be immunoprecipitated, whereas previous 
HIV isolates showed wide cross-antigenicity of the envelope 
glycoprotein. Furthermore, the genome of this new retrovirus 
cross-hybridized only poorly in very low stringency conditions 
with HIV DNA probes19

•
22

• We have therefore designated this 
West African AIDS virus as HIV type 2 (HIV-1 referring to the 
AIDS retrovirus previously identified in Central Africa, North 
America and Europe). More than 20 isolates have so far been 
made from patients with AIDS and related conditions, mainly 
originating from west Africa20·21 , but also in some Europeans 
(L.M., unpublished), and epidemiological studies in progress 
indicate a seroprevalence of 1-2% in some populations of West 
Africa (F. Brun-Vezinet, personal communication). 

HIV-2 appears to be closely related to the simian immuno
deficiency viruses (SIV) a group of cytopathic retroviruses whose 
prototype, STL V-3maco was identified in captive rhesus monkeys 
(Macaca mulatta) with an AIDS-like disease23

, and was later 
found to infect other primate species, either wild or in cap
tivity24-26. Genetic comparisons of SIV, HIV-1 and HIV-2 may 
help to elucidate the phylogeny of these viruses and the origins 
of the recent AIDS epidemics. As these retroviruses share most 
of their biological properties, the identification of conserved 
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sequences is important to localize the functional domains of the 
viral proteins and regulating elements, and design new diagnos
tic and therapeutic tools. We present here the complete nucleo
tide sequence of HIV-2, the comparison of its proteins with 
those of HIV-1, and preliminary studies on the regulation of 
HIV-2 expression. 

Nucleotide sequence and L TR analysis 
The sequence presented in Fig. 2 is derived from two A clones 
corresponding to integrated proviral DNA from the ROD isolate 
of HIV-2 (ref. 22), obtained in 198S from an AIDS patient from 
Cape Verde Islands (offshore Senegal, refs 19, 20). The genome 
of HIV-2 is 9,671 nucleotides long (in its RNA form), whereas 
HIV-1 isolates are about 9,200 nucleotides long. This difference 
is partly explained by the respective sizes of the long terminal 
repeats (LTRs, see below). 

The genetic organization of HIV-2 (shown in Fig. 1) ts 
analogous to that of HIV-1, that is: 

S'LTR-gag-pol-central region-env-orf F-3'LTR. 

The 'central region', also identified in the ovine lentivirus visna27, 
contains five major open reading frames (ORFs), four being 
clearly related to the ORFs of HIV-1 that encode the Q (or sor), 
R, tat and art (or trs) genes of HIV-1 (refs 1S-18, 27-31). The 
fifth, which we designate ORF X, has no obvious counterpart 
in HIV-1. Alignments of the nucleotide sequences ofHIV-1 and 
2 show their distant homology (from -60% for the more conser
ved gag and pol genes, to 30-40% for the other viral genes and 
LTRs). To allow these alignments to be made many insertions 
and deletions must be introduced into the sequences. We do 
not find that these insertions are the small duplications that 
would be characteristic of the recent divergence of retroviral 
sequences, as was noted among isolates of HIV-1 (ref. 12). 

The limits of the L TRs and of their internal U3, R and US 
elements, determined by sequence analysis and some com
plementary experiments, are shown in Fig. 2. Classically bound
ing the retroviral L TRs are short inverted repeats 
(S' CTG-CAG 3') located after a polypurine tract for the 3'LTR, 
and before a sequence complementary to the 3' end of a transfer 
RNA that is used as primer by the reverse transcriptase (here, 
as in HIV-1 and visna virus, a lysine tRNA, refs 1S, 27) for the 
S' LTR. The R-US junction, corresponding to the 3' end of the 
polyadenylated viral RNA, was previously localized by sequenc
ing oligo(dT)-primed complementary DNA (eDNA) derived 
from the HIV-2Roo genome22. The length of US+ R, and hence 
the position of the U3-R junction corresponding to the S' cap 
site of the viral RNA were deduced from the size of a HIV-2 
eDNA synthesized using the endogenous reverse transcriptase 
activity and the endogenous tRNA1

ys primer (see Fig. 3). This 
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Fig. 1 Organization of the HIV-2 and HIV-1 genome (BRU isolate, ref. 15). Vertical bars represent the stop codons in the 3 reading frames. 
Arrows indicate the initiator AUG codons in viral genes or potential genes. Tat 1 and 2, art 1 and 2 are the open reading frames containing 

the coding exons of the tat and art genes. 

'strong-stop eDNA' is 302 +/-1 nucleotides long (181 nucleo
tides in HIV-1, ref. 15). Thus, the U5 element is 125 bp long, 
U3 is 556 bp and R 173 bp (respectively 82, 456 and 97 bp in 
HIV-1). All the elements of the HIV-2 LTRs are larger than in 
HIV-1, and alignment by computer programs shows large inser
tions and very distant overall homology for the aligned regions22

• 

However, the three Sp1 binding sites identified in HIV-1 (ref. 
32), are also present in HIV-2 from nucleotide 9,419 to 9,448 
with 17 out of 29 nucleotides homologous to this region of 
HIV-1. The core enhancers identified in HIV-1 (ref. 33) are 
present in HIV-2 from nucleotide 9,389 to 9,416: the first is 50% 
homologous and the second 100% homologous to that in HIV-1 
(Fig. 2). 

The analysis of the virus-specific poly(At RNA (not shown) 
from a cell line infected with and continuously producing HIV-2 
revealed a pattern of transcription reminiscent of that observed 
in HIV-1-infected cells: RNA of over 9 kilobases (kb), corre
sponding to a full-length transcript, and three types of spliced 
messenger RNA of 5, 4.5 and 2 kb, also observed in HIV-1 (refs 
18, 34). 

The gag and pol proteins and HIV phylogeny 
The gag precursor of HIV-2 has a calculated relative molecular 
mass of 57,100 (Mr 57.1K), consistent with the p55 antigen20 

seen by immunoprecipitation with patient sera, and is probably 
processed, by analogy with HIV-1, into the proteins designated 
p16, p26 and p12 (refs 19, 20). By analogy with the p18gag of 
HIV-1, p16 would be at the amino terminus of gag and precede 
p26, whose amino terminus has been sequenced (H. Marquardt, 
personal communication) and starts with the proline residue at 
position 951. The carboxy-terminal part of the gag precursor 
encodes a p12 that contains the cysteine-rich consensus of the 
retroviral nucleic-acid-binding proteins also found twice in the 
p13gag of HIV-1 (ref. 15). The HIV-2 pol ORF could encode the 
p64 and p36 antigens of HIV-2 (ref. 20) which by analogy 
correspond to the p68 and p34 (reverse transcriptase and 
endonuclease, respectivell5

) of HIV-1. 
The gag and pol proteins of HIV-1 and 2 were expected to 

share large conserved domains, as these HIV-2 proteins can be 
precipitated by antibodies in sera from patients infected with 
HIV-1. However, we found that only 58% and 59.4% of the 
amino acids of gag and pol respectively are identical to the 

corresponding HIV-1 products (Table 1a), whereas the more 
distant isolates of HIV-1 (Zairian and US) show 90 to 95% 
amino-acid identity in these proteins (Table 1b and ref. 12). 
Several insertions and deletions have to be introduced in the 
alignments (data not shown), whereas they are rare in the 
comparisons of gag and pol genes between HIV-1 isolates. The 
gag and pol proteins of HIV-2 are no closer to those of the 
Zairian isolates than to the prototype HIV-1 (BRU isolate) 
isolated in 1983 from a French patient6 probably infected in the 
USA. Overall, the difference in gag and pol between HIV-1 and 
HIV-2 is of the same order as that observed among the group 
of the human T-cell leukaemia viruses (HTLV-1 and II) and 
bovine leukaemia virus (BLV). However, this latter group dis
plays a higher conservation in the envelope, 70% amino-acid 
identity between HTLV-1 and HTLV-11, versus about 42% 
between HIV-1 and HIV-2 (see below). Alignments of different 
retroviral pol proteins (Table 1 b) confirm that the HIVs form a 
subgroup that is more related to the lentiviruses visna and equine 
infectious anaemia virus (EIAV) than to any other human or 
animal retrovirus. 

Homologous domains in env 
The envelope glycoproteins of retroviruses are translated from 
a subgenomic viral mRNA (here probably the transcript of 
4.5 kb). Addition of sugar residues (N-linked glycosylation) 
gives rise to a high-Mr precursor which is processed by pro
teolytic cleavage. The length of the leader sequence of the HIV-2 
glycoprotein cannot be precisely determined by alignment with 
that ofHIV-1 (experimentally found to be 32 amino acids long36

) 

because of a lack of sequence homology (Fig. 4). But the amino 
terminus of env contains a relatively hydrophobic stretch in the 
calculated hydropathy plot (not shown) that is probably the 
signal peptide. The potential cleavage site between the external 
envelope glycoprotein (120K) and the transmembrane protein 
(previously thought to be the 36K antigen19

, and now putatively 
identified as a 40K antigen20

) is found at amino acid 505 (Fig. 4) 
immediately after the Lys-Glu-Lys-Arg sequence. This cleavage 
site aligns partly to one (Lys-Ala-Lys-Arg) of the two potential 
cleavage sites found in HIV-1 (the other being located after the 
Arg-Glu-Lys-Arg stretch). The calculated Mr of the extracellular 
glycoprotein (EGP) and of the transmembrane protein (TMP) 
of HIV-2 would be 57K and 41.7K respectively; the discrepancy 
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CCTCCCTCTCCGCACACGCTGCCACA.TTGAGCCCTCGGA.CCTTCTCTCCACCACTACCACCTACACCCTCCCTCTTCCCTGCTACACTCTCACCACCACTTCCCCCGTCCTCCGCACACC 

R--us 100 • 
G C C CCA C GC TTCC! TGC T T AAAAAC C T CTT A AT A A AG CTCC CACTT A CAAGCA AC TT A AG TGT GTGCTC C CA TCTCTCCT AG TCGC CCC CTGCTCA TTCGGTCTTCACCTCAGT AAC.U.C 

. us-- 2oo 
ACCCTGGTCTGTTAGGACCCTTCTTGCTTTGGGir.AACCGACCCAGGAAAATCCCTAG~GTTGGCGCCTGAACAGGGACTTGAACAAGACTGAGI.AGTCTTGGAACACGGCTGACTCA4 

ccCAGTAAcGccccCAcGA~c ... AACCACG~cmcrccrCcrAcAAACC~ccccccc~~crAcCAJMcccrcrc~ccccGAcc~cAAGAGGcc~cccccrCAA~cn~AGTACC~ 
400 

Gag ~ He.tG i yA laArgAa~SerV•I Le~rgG I yLy•L~•A I aAapC I ~LeuCl u.Ara; le 
ACAC<J.M.A ACTG T AGCC GM AGGGCTTGC T ATCC TACCTT TAGACAGG TA~ AGATTGTCC GAGATGCGCCC GAGAA ACTCCCTCTTGAGAGGGAAAM /C. CACATGA.ATT AGAAAGU. 

. 500 . . . . C..p16 . . . . 600 
Ar gLe uAr aPr oC l yG 1 yLysLy 1 Ly1TyrAr gLe uLy1Hi 1 Il eVa 1 TrpAh.A 1 aA1nly8Le uAs pAr gPheG 1 yLeuA 1aCl uSe rLeuLeuCl uSa rLyaGl uGlyCy•Cl nLy 1 

TCAGGTTACCGCCCGGCGGAAAGAAAMCTACAGGCTAAAACATATTGTGTGGGCACCCAATAAATTGGACACATTCGGA.TTAGCA.GAGAGCCTGTTGGA.CTCA.AAAGACCGTTGTCAAA 
. 700 

I 1 eLeuThrVal LeuAspPr oHe tVa 1 ProThrO 1 ySe rGl uAanLeuLyaSe rL.euPheAsnThrValCya Va 1 I 1 eTrpCya I leH laAlaG 1 uC luLyaValLyaAapThrGluC ly 
AAATTCTTACACTT TTAGATCCAATCGTACCCACAGGTTCACAAAATTTAAAAAGTCTTTTTAA.TACTGTCTGCGTCATTTCCTCCATACACCCAGAACAGMMnGMAG.\TACTGAAt; 

• • • • BOO 
AlaLy 1Gl n lie ValAr gAr gHt sLeuVal AlaGl ulhrC I yThrA 1aGl uLytHe tPr oSe rThrSe rAr gPr oThrA 1aPr oSerSe rGl uLyaG1yGl yAanl'yrProValCl nHia 

G AGCAAMC~MT A.GTGCG~GACA TCTA~TGGCAGAAA~ACCAA.C TGC~GAGAAAA~g~CAAGCACAA~TACACCAAC~GCACCATCT~GCGAGAAGC~ACCAAATTA~p2s.u~ 
V .a lG 1 yG I yAsnly rThrH Is I I ePr oLeuSerProArgThrLeuAsnA.l aTrpValLysLeuVa lG I uG 1 uLyaLy•PheGl yA laG luVal ValProC lyPheGlnAlaLeuSerGlu 

A TG T AGGCGG 0. ACT ACA.CC CAT AT ACCGCT GAGTCCCC C,.. ACCC TAAATGCCTCGC TAAA AT TAG TAG~ GAAJ.)J..AAGTTCGGCG CAGA AC TAGTGC CAGCATTTCAGCCACTCTCAG 
1000 

G l yCysThr Pr o TyrAs pi I eAinGI nHe t LeuAsnCysValC 1 yA.s pHt 1Gl nA l aAl a He tGl nIle Il eAr gGl \1 ll ell eAanGl uG l uAlaAlaCl uTrp.\.1 pValGl nHtaPr o 
A AC GCTGCA C GC CC TAT GAT AT CA AC CA A.A. T CCTT AAT TGTCTCGGCGAC CAT CA A.C CAGCCA TGCA GA. T A. AT CAGGGA GATT AT CAA TGAGGAACCA GCA.GAA TGGGA TGTGCAA.CA TC 

llOO 1200 
I 1 eProG 1 yProLeuProAl.aG 1 yC l nLeuAr gG 1 uProArgG 1 ySerAspi 1 eA. I aG 1 yThrThrSe rThrValCl uGl uG 1 nil eG lnTrpHe tPheAraProGlnA•nProYalPro 

CA AT AC CAGGCCCCT T AC CAGCGCGG CACCT T AGAGAGC CA AGGGGATCTGA.CAT J,f; CAGG GACA ACA AG CACAG T AGA AGA A.CACATC CAGTG GATGTT TACCC CACAAAA.TCCTCTAC 
1300 

V• IGI yA sn II e Tyr Ar gAr gTr plleCI n II eCl yLe uC l nlyaCysVa lAr gHe tlyrAsnPr olhrAsn 11 eLe uAs pll eLyaCl nCI yPr oLyaGI uProPheCl nSe rTyrVa 1 
C ACT AGCAAACA.TCTA T ACAAGATGCA TCCAGAT A.GCA TTGCAGAAGTGTGTCACGA TGTACAA.CCCGACCAACATCCTACACAT AAAJ.CA.CGCACCAMCGA.CCCGTTCCA.MGCTATG 

1400 
As pAr gPh el y r L y sSe r Le uAr gA laG 1 uG l nThr A a pPr oA 1 a V a 1 Ly sA an Tr pHe t ThrG 1 nTh r Le uLeuV alG 1 n.AanA 1 aAanPr OA!ll pC y a L y aLeuV alLe uL y aG 1 y Leu 

T AGA T AGATTC 1 AC.U.A ALCTT GACCC CAGA ACAA ACAGA.TC CAC CACT GA A G.\ ATTCGAT GACC CAA ACACTGC TAG 1 ACAAAATCC CA ACC CAGACTGTM ATTAGTGCTAA.AACCA.C 
1500 

C l yMe tA s nPr oThrLe uC1 uGl uKe tLe uThrAlaCyaGI nGlyValC I yG I y Pr oC l yGl nLysA 1aAr gLe uHe tA laC I uA taLe uLyaC1 uVal I leGlyProAlaPr ollePro 
T AGCGA TCAAC CC T A C CTT AGAACAGA TGC T GA C C GCCTCT CAC GGGCT AGGT GGCCCAGGC GAGA AAGCT AGA TT A AT GGCACACCC C CTGAAAGACGTCA T ACCACCTGCCCCT A TCC 

1600 
?heAl aA laA I aC l nG l nAr gLy sA la?heLysCyaTrpAinCy aCl yLyliiG l uC l yH1sSe rAI aAr gGl nCysAr gA laProAr gArgGl nGlyCy1TrpLyaCyaC lyL11ProGl y 

CA TTC G CAG CAG C C CAC CA GA GA.A AGG CA TT T AA ATGCTG C'.l. AC TGTG CiAA AG G.t. AGGG CACTC GG CA ACA Co\ ATGCC GAt:; CACC T AGA AGG CN:;GOCTGCTG Go\ A.GTCTGG TAAGC CAG 
l 700 . • • . . • . • • 1800 

Pol ~ Th rG 1 yAr gPhePheAr gThrGlyPr ole uG 1 yLysG1 uA I aPr oC1 nLe uProAr gClyPr oSerSe rAlaGl yAl aAa pThrAanS. rlbr 
His I 1 eHe tThrAsnCys Pr oAspAr gG 1 nA laG 1 yPheLeuC 1 yLeuG I yPr oTrpGl ylys Lys Pr oAr a;AanPhePn.,va 1 A laG! nValProG InC I yLeuThrProThrAlaPro 

GA CACA 1 CAT CA CAA ACTGCC C ACA T A CA C ACG CAGGTTTIT TAG CACTCGGCCCTTGGG GAA AGA AGCCC CC.CA ACTTCCCCGTGGC C CA AGTTCCG CAGCGGCT GACAC CA ACAGCAC 
1900 

Pr o SerC I ySe r Se r Se rG l ySe rThrC I yGI u ll eTyr A laA l aAr gGl YLys ThrGI uAr gAl aG l u Ar gG l uThr ll eGl nG l ySe rAs pAr gGl yleuThrAlaPr oAr gA.laCl 1 
ProVa l A• pPr oA laVa l Aa pLeuLeuG 1 uLy111TyrKe tC InC 1 nG 1 yLyaAr gC 1 nAr gC 1 uG I nAr gG l uArgPro! yr LyaG 1 uVal !hrG 1 uAapLauLeuHhLeuCluG lnGl y 

CCC CAG TC GAT C CAG CAG TG GA. TC 1 A.CTC GA GAA AT AT ATG CAG CA ACG GAM. A GA CA.GAGA GAG CACAGAGAGAGAC CA. T A CA I(; CiA AG T GACA GAG CACT T ACTG CACCTC GAG CAG C 
2000 

G I yAs pThr I 1 eGl nG 1 yA 1 alhrAHIA.r gG I yle uA 1aA 1 aPr oGl nPh eSe rLa uTr pLysAr gPr o Val Val ThrA.1aTyr I I eG1 uC I yGl nPr oValGl uVal leu LA u.U pTh r 
G I uThr Pr o"fyr Ar gG 1 uPro?roThrG 1 uAspLeuLeuH L111LeuAsnSerle uPheG l y ly »As pG l n e 

GCGACACAC CATA CACCGAGCCACCAACAGACGACTTGCTG CACCTCA.A.TTCTCTCTTTGGAAAAGAC C/CTACT CACACCATACATTCAGCCTCAGCCN;TAGAAGTCTTGTTACACAC 
2100 

C I yA I aAs pAs pSe r II eVa I A l aC I y 11 eG l ule uG lyAanAanTyrSe r Pr oly s 11 eVa lG I yC I y 11 eG I yG I yPh e I I eAsnThrLysGl uTy r l.yaAanValGl u II eCl uVal 
A GGGGCTGA C GA C T CA AT AG TAG CA G GA A! AGACTT AC GGA ACA A TT AT A CCC CA AAAA TACT A G GCCGA AT AG G GGGA TTCA T AAAT A C CAAGGAA TAT AAAAA TGT AGA.UT AGAAGT 

2200 
LeuAsnLy ~ Lya V11!Ar gA 1 aThr I I eHe tThrGl yAapThrProi 1 eAani l ePheG l yAr gA.sn I I ele uThrAlaLeuC l yHe tSerLeuAanLeuProValAlaLyaValCluPro 

TC !AAA TAAAJ. AGG! ACGGGC CAC CA TAAT GACAGGC CACA.CCC GAA!GA ACATTTTTCG CACAJ. AT ATTCT GACAGCCT T AGGCATGTCA.TTAAATC T AC CAGTCGC CA.AAG T ACAGCC 
2300 2400 

I 1 elysll eKe tLe u Lys?roC I y Ly sAs pG 1 yPr oLya Le uAr gCI nTrpPr o LeuTh r Ly sGI ulyall eCI uA i aLe ul y •G l u Il e Cy•G1 uLytHa tCI ul.ya.Cl uCl yCl nl.eu 
A AT AAAAAT AATCCT AAACCCA.GGCA AACA TGCACCAAAACTGAGACAATCGCCCTTAACAAAAGAAAAAAT A.GAAGCACT AA.AAGAAATCTCTGAAAAAA TGGAAAAAG.UCGCCACCT 

2500 • 
G 1 uG 1 uA l aPr oProTh rAsnPr o fy r AsnThrProThrPh eAla I I eLys Lya Ly1A11 ply sA.snLysTrpAr gl'le tLeui leA. I pPheArgG I uLe uAtnLya ValThrGJ nA•pPhe 

AGAGGAACCAC CTCCAACTAATCCTTATAATACCCCCACA.l'TTGCAATCAAGAAMAGGACAAAAACAAATGGAI:.GATGCTAATAGATTTCACAGAACTAAACA.AGGTAACTCAAGATTI 
2600 

Th rG 1 u I I eC I n le uG I y I I ePr oHl s Pr oAI.aG 1 yle uA I aLys Ly sAr gAr g I I eThrVa 1 Le uA.s pVa1G l yAs pAlaTyrPhe Se r I I ePr o le uHl •Cl uAa pPheAr gPr o1'y r 
C ACAGAAATTCA GTT ACGII A TrCCACACCCAG CAGGGTTCCCCAACAAGAGAA.CAATTACTGT ACTAGA TGTAGGGGA TCCTTACTTTTCCA T ACCA.CT A.CA TCACG.ACTTT AI#A.CCAT A 

2700 
Ihr A I aPheTh r l e uPr oSe rVa IAsnAsnA i aG 1 uPr oC l yLysAr gTyr I I ely r Lys Va I LeuProG 1 nG 1 yTrpLy sG I y Se rProAlai 1 ePheG I nH1aThrHetAr aG1 nVal 

T AC TG CAli T ACTC T AC CAT CAGT C,.. ACA ATG CAGAAC CAG GAAAA AGA T ACAT AT A TAA AGTCTTGC CACACG GATG GA. AGG GAT CAC CAG CAATTTTT CA ACA.CACAATGACACAGGT 
2800 

Le uGl uPr o Ph e Ar gLysA l aA snL y s As pVa 1 I 1 ~ Il e It eCl nTyrMe tAs pAs pll ele u 11 eA I a S~ rAs pAr gThr As ple uG1 uHi a As pAr gVal ValLe uGl nlA uL yaGl u 
A TT AGAACCA TTCAGAAAAGCAAACAAGGA TGTCA TTA TCA ! TCAGTA.CA.TGGA TGA T A TCTTAAT AGCTAGTGACAGGACA.GATTTAGA.ACA TCATAGCGT AGTCCTGCAGCTCA.ACCA 

2900 3000 
Le uLe uAsnC 1 yL ~ uG l yPh e Se rlh r Pr o AapG l u lys Ph eGl nl ysAspPr o ProTy rH 1 s7r pHe tG l yTy r G I u LeuTrpPr o ThrLyl Trpl y aLe uG l nLya I l eC 1 nLeuPro 

ACTTC TAA ATCCCC TAG CATTTTC T ACCC CAGAT GAGA AGTTC CAAAA AGACCCTC CAT AC CACTG GATGCCC TAT GAAC TATCGC O..AC TAAATG GA ACTTC CAG.\AAATACAGTTGCC 
3100 • 

Gl n L ysCl u II err pTh rVa IA ,. nAs p ll eGI n Lys Le uV a l G I yVa 1 Le uAsnTr pA laA laG! nl.e uTy r Pr oG 1 y I l e LyaTh rLysH1 •Le uCyaAr glAull eAr gG l ylyaHe t 
C CA AAAAC, AA T A TG CA C,GTC,A TCA CA TC CAGAAGCT AC TCGGTGTCCT AAA TTGCCCAGCACAACTCTACCCAGGGA T AAAGACCAAACACTTATCT AGGTTAATCAGACCAMAA T 

. 3200 • . • . 
Th r ~e uTh r G I uG I uVa IG I nTr pThrC I ul e uAl aGl uA I a G l uLe uG luG I uAsnA r gl I e I I eleuSe rG l nGl uG l nG 1 uG1 yHtsT yrTyrG I nC I uC I ul.y•G I uLe uC luAla 

GACACT CAC A GA AGA AG T A C AGTC CA C AGA A 1" TAG CA.GA AG CAGAGC T AGA AGAAA A GAGA AT T A TCC T A ACC CIC Go\ ACA A.GACC GACAC TAT T A.C CA A.CA AGAAAA AGN;C T AG.l 11X. 
. . . . . ~~ . . . . . . 

Thr V a l CI n Ly s As pC l nC 1 uAsnCI nT r pT hrTyr Lys l I e H1 sC I nGl uG l u Ly s 11 e Le 1J Lys Val G I y LysTy r A 1 aLysV• l LysAanThrHtsThrAanGl yll eAr gle uLe u 
A ACA G TC CA A AAG GAT CA AGA GA AT CA G T CGA CAT A J t ~AT A CA C CA G GA AGA A AAAA IT CT A AAAG T A GGA AAAT AT GCAAAGCTGA AAAACA C C CA 1 A C CAA TGGAA TCAGATTGTT 

AhCI nV.al v~ l G I nL ys I I eG I yLysG 1 uA I ale uV•l I l eTrpGI yAr gl I ePr o Lp PheH l aLeuProValGl uAr gG 1 ull eTrpC 1 uG I nTrpTrpA.a pAinTyrTrpCl nV.al 
JG CACACe TACTT CAGM.A AT IG GAM ACA IC C~ TACT CATTTGCG Go\C GA ATACCAAAA TTT CACCTACCAG T ACACACAGM A.TCTCC GIG ~TCGTGGGATAAC TACTCCCAI!Cf 

. 3500 3600 
ThrTrpl l ePr oAt pT rpAs pPh eVa! Se rTh rPr oPr ole uVal Ar gLe uA Ia Ph eA11nLe uVa lG 1 yAs pPr oil ePr oGlyA.laGI uThrPheTyrThrAa pGl ySe rCyaAanAr 8 

G AC A 1 GGA T C C CA GA C TGGGAC TTCGTGTCT AC CC CAC CAC TGG TCAG GTT AG CGTTT A AC C TGG TAG GGGA T CCI A 1 A.C CJ.C G TCCAGA.GA.CCTTC T ACA GAGA T CGA. TCC l'GCAAT AG 
3700 

C I nSerLy sG1 uG l yLysA 1 aGl yTyrVa 1 Thr A a pAr a;Gl yLy1Aa pLy• ValLy1 Ly s LeuG1 uG I nThrThrAanG I nG 1 nA laC 1 uLeuG l uA laPheAlaKe tAlaLeuThrAa p 
G 0. AT CAM AGA I{; GAAA /1(, CIG GA. TATG TA A.CAGAT A GAGe GM AGAC/t. AGGTAA ACAA AC 1 AGJG CAA ACT ACCAAT CJG CA IG CAG\ N: 1 AGA ACCCTTTGC C.UGG CN:. TA ACIGA 

3800 
SerG I y Pr o LysV.a l A sn 11 e 11 eValAs pSe rG l nTyrValMe tC l 1 ll eSe rA! aSe rGI nPr o ThrGl uSe rGl uSe rlya II eV•l AanGl nile II eGl uCl uMe t ll eL1111Ly • 

CTCGGGTCCAAAACTTAATATTATAGTAGACTCACAGTATGTAATGCGCATCA.CTGCAAGCCAACCAACAGAGTCAGAAAGTA.AAATAGTGAACCAGATCATAGAAGA.UTGATAAAAAA 
3900 

C l uA I • I I eTyrValA lair pV.a l ProA laH i sLy1Gly I 1 eGl yGl yAsnG 1 nC 1 uValAI pH laLeuVa lSerCl nGly I 1 eAr gG 1 nVal LeuPheLeuCl uLya I 1 eCl uProAla 
G GA II(, CA ATC T ATGTTG CATGGGTCC CAGC C CACM ACG CAT AGGGG GM I£ CK; GA. ACT ACAT CATT T ICf GAGT CACCG TAT CAGACA AGTGTTGTTCCTG GJ..J.AAA ATAGAGCCCOC 

4000 
Gl nGI uGl uH i sC I u LysTyrH i sSe rAsnVal Ly&Cl ul.euSe rHl eLysPheG I y II ePr oA. a nLe u Va lA l•Ar gGI nll eValA1nSe rCy•AlaGl nCyaCl nCl nLyaCl1Glu 

T CACGAAGA.ACATCAAAAATATCA.TA.GCAATCTAA.AAGAACTGTCTCA.TAAATTTGCAATACCCAATTTAGTCGCAAGGCAAA.TAGTAAACTCATGTGCCCAATCTCAACACAAACGGCA 
41 00 4200 

A Ia I l eHi sG l yG I nVal AsnA 1 aG1 uLeuG 1 yThrTrpC 1 nM:e lAs pCy sThrHi sLeuG luG 1 ylys I 1 ell eJ leVa lA 1 aViilHi•ValAlaSe rClyPhel l.Cl uAlaGluVal 
AGC TAT ACATGCG CA K. TAA ATG CAG.II ACT ACC CACITGG CAA ATC GJC.TG CACACATT T AGA IG GAA AGAT CAT TAT IG T K. CAG TACATGTTG CA AGTC GAITT AT AGA K. CAGAJCr 

4300 
11 e Pr oGl nGl uSe rG l yAr gG l nThr A I aLe uPh ele ule uLysl.e uA l aSer Ar gTrpPr o (1 eThrHi sLe uHl sThrAa pAanGl yAlaAanPh eThrSe rC1 nCl uYalLyaMI t 

CAT CC CACAGGA ATCAGCAAGACA AACACCAC TCTTCCT A TTGAAACTGGCAAGTAGGTCCCCAAT AACACACTTGCA TACAGAT AATGGTCCCAACTTCACTTCACACCAGGTGA.AGA.T 
4400 • • 

V a 1 A laTrpTrpl I eG I y I I ~G luG l nSe rPh eG ly'Va 1 ?roTyrAsnProC I nSe rG I nG 1 yV.a 1 Va I Gl uAlaMe tA•nHi sH1aLeuLysAsnG l nll eSerAr gl I eArgGl uGl n 
GC 1 11C CA!GCTG GA TAGG T ATAGA ACA ATCCTT1G GK; T ACCT T ACA ATC CACA.GAGC CA IC. G~ T IG T AGA AGCA AT CiA AT CAC CATC TAAAM AC CAJ. AlA I{; T A GA. AT CACAGAICA 

4500 
A l aA s nThr I I eGl uThr 11 eVa 1 ~ uMe tAl alleHi aCysMe tAsnPh eLysAr gAr gGl yG l y Il eG1yAs pHe tThrProSe rGl uAr gLe u I 1 eAsnMe t 11 eThrThrGl uGl n 

CCCAAATACAATACAAACAATAGTACTAATGCCA.ATTCATTGCATGAA.TTTTAAAAGAAGGGCGGGAA.TAGGGGATATGACTCCATCAGA.UCATTAA.TCAATATGATCACCACAGAACA 

G I u ll eG I ~PheL e uG 1 ~ l.a L ysAsn S~ rL y s L•~~~~As pPheAr g~alTyrP!ef!c¥ uGI yAr~AspCl nLeuTrpLy•G I yP~oCl yCluLe~LeuTrpLya~lyCluG l1Ai • 
AGACA T ACA AT TCCTC CA N:.C CAAAA ATTCAAA AT TAM AGATTTTCCGGTC T ATTTCACAGA K.C CAGAGATCK.TTGTC GAA IG GACCTCGG GAAC TACTGTCCAA JG GAGA II(; GIIX 

· ~ . ·~ Va ll.e uVa 1 Lys VodG 1 yThrAs pIle Lys II ell ePr oAr gAr gLysA laLysll e II eAr gAs pTyrG lyGl yAr gGl nGl uHe tAa pSe rG 1 ySe rHilliU! uC1 uGlyAlaAr sGl u 
Q • He tGl uGl uAa pLyliiAr gTrpi 1 eVal Val ProThrTrpArgVal ProGlyAra 

ACTC C TACT CA IGG T /IC GA ACAGACATAAAA A TA AT 1£ 0. AGA IG GAA N:.C CA AGAT CAT CACACAC T ATC GAC GA ACACA AGAGATG GATACTGGTTCC CACCTC CAGCGTGC CAGG GA 
4900 

As pC lyGI uHe tAhe 
Me tC l uLysTrpH l s Se r Le uV.a 1 Lys!y r Le uLys Tyr Ly!iThrLyJAs pL.euG 1 uL ys Val CyalyrVa I ProHi.sH laL.ysValGl ytrpA laTrpTrpThrCyaSerAra;Val I 1e 

G GATC CACAA ATGG CA. T AGCCTTGT CA AG T ATC TAM AT ACAAA ACAA IG GATC T AGAAA ACGTCTGC T ATGTTCCC CAC CATA AGGTGG GATGGG CATGGTG GA.CTTC CAG CACGGTAA 
5000 . • 

Ph ePr oLe uLysG 1 yA s n Se rHi s Le uGI u II eGl nA laTyrTrpA. s nLe uThrPr oGl ulysG 1 yTrpLe uSe rSe rTyr Se rVa 1Ar gil eThrTrpiyrThrCl uLy1Ph eTrpTh r 
I A TTC C CA TT A A AAG CA AAC A G T CAT C TAG A GAT ACAG GCA T A TT GCA AC TT A ACA C CA G A A A AAG GA TGGC TC T CCT CTT A TTCAG T A AGA AT A AC TTGGT ACACAGAAAAG TTCTGGA 

51 00 
A s pV.a 1 Thr ProAspCys A 1 aAs pV.a 1 Le u I I e llt sS e rTh r Tyr PhePr oC ys PheThrA laC l yG l uValAr gArgA Ia I I eAr gG 1 yC I uLysLeuLe uSe rCyaCy1A1nTyrPro 

CAGATGT TACCC CAGACTCTC CAGATGTCC TA AT ACA TACCACTT ATTTCCCTTGCTT T ACIG CACGT GA IC TA AGA AGAGC CATCAGAGGGGAAA AG:TTATTCTCCTGCTGCAATTATC 
5200 

X ... Ke t Thr~s pProAr sci uThrVa 1Pr~Pr oGlyAsn~e rGl yGl uG; uThril eel; 
A r gA I aH i. sAr gAl.aC l nVal ProS~ rLeuC I nPheLe uA laL~uVal ValVa 1Gl nGl nAsnAs pAr gProG 1 nArgAH pSerThrThrAr gLysG1 nArgArgArgAapTyrA.r pr g 

CCC GAGCT CA. T AGAGC (; CAGG T ACCGT CAC TI CA ATTTCTGGCCT T AGTCG T AGTG 0.. ACAAA AT GACAGACCC CAGACAGACIG T AC CAC CAG GAA ACAGCGGC Co\ AGACAC TATCG GA 
S300 5400 

Gl uA 1 a Ph eA l a T r pl e uA sn Ar gThrVa IG I u A La 11 eAsn Ar gGI uA laVa l AsnHI sle u Pr o AI gGl ul.e u ll ePheGl nVa lT rpCl nAr gSe rTrpAr gTyrTrpHiaAa pClu 
Gl yLeuAr gLeuA I a LysG I nAs pSe rAr g Se rH l sLy sG 1 nArgSe r !:ie rG I uSe rPr oThrPr oAr gThrTyrPh e?roGl yValA laG I uVa I LeuG lull eLeuA 1 ae 

GAGGCCTTCCCC TGGC TAA ACAG GACAG T AGA AGC CAT A.A. ACAGAGA 11:. CAGT GA ATCACC T ACCCC GAGA AC T T ATTTTC CAGGTGTCGCA.GAGCTCCTG GAGA TACTGG CAT GAT Q\ A 
5500 

Gl nC l yHe t ~ rGl u Se rly rTh r Ly sTy rAr g Ty rl.A! uCy s Il e I I eCl nLyaA laVal TyrHe tHis Va lAr gl.ysG 1 yCysThrCyliiLe uGl yA.r gGl yH1 aGl yProGl yGlyTrp 
C A AG G GAT GTCA GA A AC TT A C A CA A AG I AT A CA 1 AT Tl'GTGCA T A AT A CAGA AAG CAG T GT AC AT GCA T CTT AG GA. A.AG GGTGT AC TTGC C TGGGCAGCGGA CA. TGCCCCAG GAGGGTGG 

5600 
A r gPr oG 1 y Pr oPr oPr oPr oPr o Pr oPr oC I y Le uV ale 

· R ~Me tA i aGl uAl aPr oThr Gl ut..e u Pr oProVa l As pC l yThrProleuArgGl u hoCl yAspGluTrpllelleGlullc 
AGACCAGGGCCTCCTCCTCCTCCCCCTCCAG CTCTGCTCT.\AIGGCTCAAGCACCAACACACCTCCCCCCGGTGGATGCGACCCCACTGACGGACCCAGGGGAIGACTCCATAATACAAA 

5700 . • . • . 
tat • He tGl uThrProLeuLyaA1aProG1 uSerSerLeu 

;.e uAr gG I ul i eLy s CI uGI uA I aLe u L y sHi sPh eAs pPr- oAr gLe uL.e u IleA 1 aLe uGly L ysTyr Il eTyrThrAr gHi sC 1 yA.s pThrLe uG1 uGlyAlaAr gGl ul..eu lleLy s 
I C T T GAGA GA A AT A A A AGA AGA AC C TT T A AAC CAT TTTGA C C CTC GCTT GC T A AT TGC TC TTCGCA AA TAT AT CT AT ACT AGA CAT GCAGA.CA C C CTTGAAG CC GCCACAGAGC TCA TT A 

5800 
;. ys Se rCy s As nC 1 uPr oPheSe r Ar gTh r Se r G1 uG I nAs pVa I A l.a ThrG 1 nG I uLeuA l aAr gG I nG I yC I uGI ul l eLeuSerG 1 nlll! uly r Ar gProLeuC 1 uThrCyaAanAan 

V.al Le uCl nAc gA laLt.>uPh eTh r HI s Ph e Ar gA I aG 1 yCy sG I yHl aSe r Ar g I 1 eG I yGI oThrAr gG I yGl yA.snProLeuSe rAta I I eProThrProAr gAanl1e tGl ne 
A AG T CC T GCA AC CA. GC CC TTTT CA C GCA C TTCA GAG GAG GAT GTGGC CA C TCA AGA A TTGGC CA GA CAAG CGGA. C GA. AA T C CTC !CT CAGCT AT AC C GA CCC CT AGAAACA TGCAAT AAC 

S900 6000 
S e r Cy sTy rCy sLys Ar gCy sCys Ty rHi sCysG 1 nMe tCy~ PheLeuJ.anLpG 1 yLe uGly II eCyslyrG l uArglysG l yAr gAr gAr aAr gThrProLy•L1•ThrLyaThrHi a 

art .He tAanCl uAr gAlaAa pGl uCl uGlyLeuGlnAraLyaLeuAra;lAull e 
TCA I CCI AT TGT A AG CCA TGCTGCT AC CA I TCTCAGA TGTGTTTTCTA AACA AGGGGC TC CGCA. T A TGTT A TGA ACGAAAGGGCAGACCAAGAAGCACTCCAAAGAA.AACTAAGACTCA T 

6 100 
? r oS e rP r oTh r ProAspLys 

Ar g Le ule u tti sCI nThr 
EnV .. Me tMe tAsnG 1 nle uLeu IleAl a II eLeuLeuA I a Se r A I aCys Le uVa l TyrCysThrG 1 nTyrVal ThrVa1PheTyrG l yValProThrTrp 

C CGTC T CC I AC,C C,GA~ GAG TAT GAT GA AT CAGCTGCT T ATTGC CAT!TT AT T ACC T AGTGCTTGCT T IG TAT A.TTC CA.CC 0.. AT ATG TAACTGTTTTC T ATGGCG T ACC CACG T 
. so . . . . . 6200 . . . . 

Ly $A sn A I aThr I I e Pr oLe uPh eCysA l aTh r Ar gAanAr gAs pTh rTrpG l yTh r 11 e Gl nC ylllle uPr oA.s pAsnAs pAa ply rGl nGl u I l eThrLe uAanVa1 ThrGluAlaPtle 
G CA. AAAA TCCA AC CA f TCCCCTCTTTTGTGCA ACCAGA AAT AGGCA T AC TTGCGGAAC CAT ACACTGCTTCCCT GACAA TGA TGA TTA TCAGCAAA T AACTTTCA.A.TGTAACAGAGGCTT 

6300 

: T ~! ¥~ b~i6 ~ l~~ !Tl~~ ~11~~~ ~b: ~ f.: ~ ~:~ ~~f~;~J~g~;,str ~it~glG!2~icr! i:tn~c~fet~;ru :~~~~g~tcrt T~itT~ T ;t ~~Till :ie ~~ C!e r 
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fhrG 1 us~ rs~ rThrG 1 y AsnAsnTh rThr s~ rLy•SerThrSerThrThrThrThrThr ProThrAspG 1 nG 1 uG 1 nG 1 ul1 eSerG J uA•pThrProCy•AlaAI'IA laA•pAenCye 
('; CACAGAGAG CAG CA CAGG (;,. ACA ACACA ACCT CAA AGI<C CACJ. A[; CACJ.I£ CACJ. AC CACACC CACAGAC CIG GAG CJ. A GAGA TA AGT GIG GAT ACTC CATGCG CACGCG CAGACAACT 

6SOO 6600 
Se rG lyle ~,;G l yGI uGl uGl uThr I l eAsnCy sGl nPh eAsnMe tTh rG 1 yLe uG1 uAr gAs pLysLysLy1Gl nTyrAenGI uThrTrpTyrS. rLy1AI pVal ValCyeGl uThrM n 

C CTCAG GA TTGGGAGAGGA AGA AACGA T CAA T TGCCAGTTCAAT A TGACAGGA TT ACAAAGAGA T AAGAio.AJ.AACAGTAT AATGAAACATGGTACTCAAAAGA TGTGGTTTGTGAGA.C.V. 
. . . . 6 700 

A sn s~ rTh r AsnG 1 nThrG 1 nCys Ty r!'te tAsn H 1 sCysAsnTh rSe rVa l I I eThrC 1 uSe rCysAspLysH 1 sTyrTrpA•pAlal 1 eAr gPheArgTyrCy•A1aProProGl yTyr 
A TA AT AG CACAA AT CAGACC CAGTGT T ACAT GA AC CATTC CA ACACAT CAGT CAT CACAGA AT CATGT GACA /G CAC T ATTGG GATGCT A tAAGGTT T AGA TACTGTG CAC CACCGGGTT 

• . • • • 6800 
A 1 aLr uLe uM gCy sA snAs pThr AsnTyrSe rG 1 yPheAlaPr oAsnCysSe rLysVa 1 Va lA laSe rThrCysThr Ar gMe tHe tGl uThrGl nThr Se rThrTrpPheGl yPh•M n 

A TGCCCT AT T A AGA TGT AATGA TA.C CAA T TAT TCAGGCTTTGCACCCAACTGTTCT AAAGT ACT AGCTTCT ACATGCACCAGGA TGA TGGAAACGCAAACTTCCACATGGTTTGGCTTIA 
6900 

G 1 yThr Ar gA 1 aG 1 uAsnAr gThrTy r 11 t!TyrTrpH i sG 1 yAr gAs pAsnAr gThr 11 e 11 t!'Se rLeuAsnLysTyrTyrAanLeuSerLeuHi sCy•Ly•AraProG1 yAanLy•Thr 
A TGG CAC T A GAG CAGAGA A TAG.\ ACA TAT ATC T ATTGG CATGG CAGAGATA AT AGI. ACT AT CAT CAGCT TAAACAA A TAT TA TAATCT CAGTTTGCATTG TAACAGGC CAGC~ATAA.GA 

7000 
Va: Ly sG 1 n II e~ tLe uHe t St! rG 1 yHi 'Va 1Ph eHi sSt! rHisTy rG1 nPr oil f!'AsnLysAr gPr oAr gGl nA laTrpCy1TrpPh eLy•Gl yLysTrpLy•A• pAlaHe tCl nGl u 

C AG T GA AAC A A AT A AT GCTT AT GT CAG GA CAT GTGTTTCA C T C CCA C T A.C CAGCC GAT CA AT A AAAGAC C CACA CAAGCA T GGTGCTGCTTCA AAGGCAAJ. TGCAAJ.CACGCCA TGCAGG 
7100 7200 

~·a i LysG I uThr LeuA l aLysH i sProAr gTyr Ar gG 1 yThrAsnA•pThrAr gAsn I 1 eSerPheA l aA hProG 1 yLysG l ySerA1pProGl uValAlaTyrMetTrpThrAinCy• 
AGGT GA AG GA.A ACCC TTG CAAA ACATCC CAGG TAT AGAG Gl. AC CA AT GACACA.AG G;. AT AT T AGCTTTG CA.GCGC CJ<C GA.AA AGGCT CAGACC CAGAAG TN; CA TACATCTGGAC TAACT 

7300 
Ar gG l yG 1 uPh eLe \Jly rC ysAsnMe t ThrTrpPh el..e uAsn!rpil eGI uAsn LysThr Hi sAr gAsnTyrA laPr oCyeHi• 11 eLy1G1 nil ell eAenThrTrpH11LyaValGl y 

::; CA GAG GAG A G TTT C TCT A C T GCA A CAT GA C TT GG TTCC TCAA T TGGA T AGA GA AT A AGA C A CAC CCCA AT! A TGCAC C GTGC GAT AT AAJ.G CAAJ. T AA TT AACACATGGCAT AAGCT AC 
7400 

A r gAsn V a 1 Ty r LeuPr oProArgG luG l yG l uLeuSe rCysAsnSt!rThrVa l Thr Se r I I el 1 eAl•Asn I 1 eA1 pTrpGl nAsnA•nAenG 1 nThrA1ni 1 eThrPheSerAl•Gl u 
':: GA GAA A TG TAT ATTTGCC TCC CAGG GA AGGG GAGCTGTCCTG CA ACT CA ACAG TA AC GAG CA TA ATTGC TA ACATT GACTGGC'AAA ACAATAAT CAGACM ACATTACCTTTAG-TGCAG 

7500 
Val A 1 aGl u Le uly r Ar gLe uG 1 u le uG l yAs ply r LysLe uVa 1G1 u Il e!hrPr oi 1 eG I y Ph~AlaPr o!hrLysGl uLysAr gTyr Se r Se rAlaH11G1 yAr aH1•ThrAraGl y 

A G G T GGCA G A AC TAT A C AGA T T GGA G T T GGGA CAT TAT A AAT l GGT AGAAA T A ACA C CA AT TGGC TTCGCAC C T ACAAAAGAAAAA.Jt.CA T A CTCCTCTGC TCACGGGAGACAT ACMCAG 
7600 

V a: Pitt! 'i •! ~e ·-:G 1 y H, el..e uG 1 y Ph eLe ·-.~A l aThr A laG 1 ySe rAl.1He tG t yAl 11.A t aSe rLeuThrVa 1 SerA laG l nSe rArgThrLeuLeuAl•G 1 y 11 eValG lnG l nGlnGln 
G TGT G IT C GT GC T AGG GTT C 1 TGG G TTT T C TCG CA A CAG CAGGTTCTG CA ATGGGC GC GGCGT CC CT GAG CGTGTCGGCT CAGTCCCG GJ.C TT T ACTGGCC GG GAT AGTG CAG CAACAGC 

7700 7800 
Gl n Le uLe uAs pVa l ValL ysAr gG 1 nGl nGl uLt!' uLt!' uAr gLe u!hrVa I TrpG 1 yThrLysAan!.e uGl nAlaArgVal ThrAlall eGl uLysTyrLe uGl nAa pGl nAlaAr &Leu 

A AC A G C T GTTGGA C G T GG T CA AGA G A C A AC A AGA AC TG TTGCGA C TGA C CGTCTGGGGAAC GA AAAAC C TCCAGGCAAGAG T CA C TGCT AT AGAGAAGT A CCT ACAGGACCACGCGCCGC 

7900 
AsnSe rTrpG 1 yC ysA 1 aPheAr gG I nVa I CysH i s!hrThrV<tl ProTrpV<tlAsnAspSe rLe uA l aProAspTrpAspAsnHet!hrTrpGl nGl u!rpGl uLyeG 1 n'ValAraTyr 

TAAA TT CATGGG GA TGTGCGTT T A GAGA AGTCTGC CACAC T ACTG TAG CATGGGT !A AT GATTCCT TAG CACCT GACTGG GAGA AT AT GACGTGGCAGGAATGG G.V.AAACANnCCGCT 

8000 
L~ '-JG 1uA 1 aAsn II e Se r Ly sSe rLe uGI uGl nA I aGl n IleGl nGl nGl uLysAsnHe tTy rGl uLe uGl nLysLeuAsnSe rTrpAs pi 1 ePh eGl yAan!rpPheAa plAuThrS. r 

A C C T GGA G GCA A AT AT CA G T A A AAG T TT A GA ACA GG CA C A A AT TCA GCA AGAGAAAAA TAT GT AT GA ACT ACAAAJ.J. T T AAJ. T AGCTGGGA TAT TTTTGGCAATTGGTTTGACTTAACCT 
8100 

;- r p Va 1 L ys Ty r 11 eG l nTyrC 1 yVa l Leu I 1 ell eVa lA 1a Val IleA I aLeuAr gil f!'V•l I I eTyrVal V•lG 1 nMe tLeuSt!'rArgLeuAr gLy sG 1 yTyrAraProV•lPheSer 
:c TGGGT C.A AG TAT ATT CA AT A TG GAGTGC T T A TA AT AG TAG GAG TAA T AGCTT TA AGo\ AT ACT GAT AT ATG TJ[; TACAAATGT !A ACT AGGCT T AGAA AGGGC TA TAGGCCTGTTTTCT 

8200 . . . . • • • • 
tat~ Se r I leSe rThrAr gThrG1 yAs pSerGl nPro!hrLysLysGl nLysLysThrV,.IGI uA1aThrV•1Gl uThrAs pThrGlyProGlyArae 
art ~ AsnTyrProG 1 nG l y Pr oG 1 y!hr Al<tSerG 1 nAr gAr gAsnAr gAr gAr gAr g!rpLy sGl nArg!rpArgGl nl leLeuAl•LeuAl aA1p 

s~ r Pr oPr oG 1 y lyr 11 eG 1 nG 1 nIle HI s I l e His Ly sAs pAr gGlyG1 nPr oA 1aAsnGl uGl uThrGl uGl uAs pG l yG lySe rAsnGlyGl yAs pAr g!yrTrpProTrpPr oil e 
r C CCC C CCC GG T TAT AT C CA AC 6.-ctl C CAT AT C CA C AAG GA C C GGGGA CAGC GAG CCA AC GA AGA AACA GAAGAAGAC GGTGGAAG CA.ACGG T GG.AG.ACAGAT AC TGGCCCTGGCCGA 

• 8JOO SA . . . . . . . . . 8400 
Se r I l ely rThr Ph ePr oAs pPr oPr oA 1 a As pSe rProLt!'uAs pC I n!hr I 1 eG 1 nHi sLeuG 1 nGl yLeu!hr I 1 eGl nGl uLeuProAspProProThrHi sLeuProGluSerGI n 

A l oil Ty r II eHi s Ph e Leu 11 eAr gG1 n Leu l1 eAr gLe uLe u!h r Ar gLe u!yrSe r I l eCy sAc gAs pLe uleuSe rAe gSe rPheLe uThrLe uG1 nLe u I1 eTyrGl nA1nLeuAr g 
: AGCA TAT AT ACA T TTCCTGA T CCGCCAGCTGAT TCGCCTCTTGACCAGACT AT ACAGCA TCTGCAGGGACTTACTATCCAGGAGCTTCCTGACCCTCCAACTCATCTACC.AGA.ATCTCA 

. . . . . . • 8500 • • 
F • He tG l yA 1 aSe rG I y SerLys Lyslli sSe rAr gProProAr gG l yLeuG 1 nG 1 uArgLeuLeuArgA laAr gAl•G 1 yAlaCye 

ArgLeuAlaGl uThre 

As pT r pLe uAr gL~uAr gThrA l aPheLeuG I nTy rG l yCysG lu!rp I leG I nG 1 uA 1 aPheG l nA I aA I aA 1<tAr gA laThrArgG 1 uThrLeuA 1•G 1 yAlaCyiAraGlyLeuTrp 
GAGACTGGC 1 GAGACT T AGA ACAGCCTTC TTG CA AT ATGGGTGC GAGTG GATC CA AGA AG CATTC CAGGCCGCCGC GAGGGC TACA AGAGAGACTCTTGCGGGCGCGTGCAGGGGCTTGT 

8600 
::; ; yG; ylyr T r pA snGl uSe rG l yG 1 yGl uly r Se r Ar gPheGl nG1 1JG 1 y Se rAs pAr gGl uGl nLysSe rPr oSe rCy•Gl uGlyAr gGl nTyrGl nGl nGl yAs pPheKI! t.Aanthr 

Ar g Va 1 Le c0G l uAr g 11 eG 1 yAr gG 1 y I I eLeuAl a Va 1Pr oArgArgi 1 eAr gGl nG l yA laG I ul leA laLeuLt!'ue 
G GAGGG T A> TG GA AC GA ATCGG GAGGG GAA T ACTCGCGGTTC CA AGA AC GAT CAGACAGG GAC CAGAAATCGCCC!CCTGT GAGGGACGG CAGTAT CAG CAGCCAGACTTTATCAATJ,C T 

8700 
Pr cJ r pLy sAs pPr oA 1 a A I aGI uAc gGI ul ysAsnLe u!yrAr gGl nGl nAsn)1e tAs pAs pVa lAs pSe rA• pAs pAs pAs pG1 nVa lAr gV•l Se rVa 1 ThrProLy•V•lProLeu 
C CA I GCA AG GA C C CA G CA G CA GA AAG GGA GA A AAA T TTGT A CAG GCA ACAAAAT AT GGA T GAT G T AGA T TCAGA TGA TGA TGAC CA AG T AAGAGTTTCTGTCACAC CAJ.AAGT ACCACT A 

8800 
A r gPr oHe t I h r Hi ~Ar gLeuA l aIl eAs pHe tSe rH i sLeul1 eLysThrAr gG 1 yG l y LeuG 1 uGl yMe tPhe!yrSe rG l uArgAr gH 1sLy..e I l eLeuAsnl l eTyrLeuGl uLya 
AGAC CA AT GACA CAT AGATTCG CA AT AGA T ATGT CACATT lA ATAAAA ACA AGGGGGG GA~ GA AGG GATGTTT T ACAGI GAA AGA.AGACA TAJ.J. ATCTTAAATATATACI TAGA.AAK; 

. sgoo . • ppt 1 . -uJ. . . . . 9ooo 
G: uG luG! y I l e I 1 eA 1 a As pTrpGl nAsn Ty rlh r Hi aG I yPr oGlyValAr gTyrPr oHe tPh ePh eG1 y!rpLe u!rpLysLe uV•1 Pr oV•lAs pVal Pr oGl nGl uGlyG1 u.hp 
GAAGAAG GGA T AA T TGCAGA TTGGCAG.AAC T ACAC TCA TGGGCCAGGAC!AAGA T AC CCAA TGTTCTTTGGGTGGCTATGGAAGCTAGTACCAGTAGATGTCCCACAAGAJ.GGGGAGGAC 

9100 
IhrG l uThrH i sCy s L~uV a I Hi sProA 1 aG 1 nThrSe rLysPheAspAs pProH i sG 1 yG 1 uThrLeuVa1 TrpGl uPheAs pProLeuLeuJ.la!yrSerTyrGl uJ.lePhel 1 eAr a 
ACT GAGACT CAC TGCT TAG TACATC CAG CACAAAC.A 111:. C.A AGTTT GAT GACCCG CATGGG GAGACAC T AGTCTGG GAGTTT GATCCCTTGCTGGCT I AT IC.TTACGAGGCTTT TATTCGC 

9200 
h r Pr oG l uG 1 uPh eG 1 yHi sLy sSe rG lyLe uPr oGI uGl uGl uTrpLyaAlaAr gLe.uLysAl aAr gG l y Il ePr oPh eSe r e 
T A C C CA CA G GA AT TT GG GCA CA AG 1 CA G G C CTGC CA GAG GA AGAG T GGA AGGC GAGA C T GA AAGCAAGA G GA AT A C CAT TT AG TT AAAGACAGGJ.ACAGCT AT AC TTGGTCAGGGCAGGA 

AGTAACTA"''~AGAAACAGc!GAcAcrGcA~.~-~F£rn.~~9.M9.¥S:~~ErA-A~.c:!>.~~dA-8G-GGACA'J:g£;~~4~~~G~TSGGC.:GAACc~ccrcArArr~rcr~ArAccccc; UJ--R . 94oo . . p1 . . p, . . . . 
A GC ; T G CA r T G T A C T TC GG T C GC T C T GC GGA GA GG CTGGCAGA T TGA G CCC TGGGAGGT TC T CTC CA G CA G T A GCA GGT A GAGC CTGGGTGTTCCCTGC T AGAC TCTCAC CAGCJ.CTTGG 

. 9SUO . . • . . 9600 
:CGGTGCTG?GCAGACGGC~CCACGCTTG~TTGCTTAAA"!'CCTCCT~CTGC~AGTTAGA~gs:r 

Fig. 2 Complete nucleotide sequence of the HIV-2Roo provirus genome. The sequence 
of the 9,671 nucleotide coding strand from the cap site to the polyadenylation site of the 
RNA is shown together with the deduced amino-acid sequence of the viral proteins. The 
3-bp inverted repeats bounding the L TR are underlined with arrows. The primer binding 
site (PBS) complementary to the 3' end of tRNA1

Y', and polypurine tract (PPT) are 
underlined. The repeat of the PPT in the pol gene is also underlined. The limits of the U3, 
Rand US elements of the LTR are indicated by arrows. The promoter (TATAAA), the 
three potential Sp1 factor binding sites (indicated by dotted lines) and the two core enhancer 
sequences (E, indicated by dashed lines) of U3 are shown; in R the polyadenylation signal 
AATAAA is underlined. The viral genes and potential genes are translated from the first 
AUG of the open reading frame (ORF), except pol which is translated from the beginning 
of the ORF. The end of translation is indicated by a filled circle. The amino terminus of 
the major core protein, the p268 " 8 was determined by protein sequencing. SD at position 
6,140 and SA at position 8,307 indicate the probable splice donor and acceptor sites of 
the intron separating the two coding exons of the tat and art genes. 
Methods. The sequence was determined by the M13 shotgun cloning and dideoxynucleotide 
chain terminator method57

•
58

, as described27 starting from the inserts of the A phages ROD 
27 and ROD 35 containing integrated proviral DNA22

• ROD 27 corresponds to the 5' part 
of the genome, to the EcoRI site at position 2,658, whereas ROD 35 corresponds to the 
part of the genome 3' to this site. An in-frame TAG stop codon was found in ROD 35 env 
gene. The sequencing of the corresponding region in an oligo(dT)-primed HIV-2 eDNA 
(clone E2, described in ref. 22) revealed that it was due to aC-to-T mutation at position 8,304. 
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305-
291-
282-

AT C G eDNA 

Fig. 3 HIY-2 strong-stop eDNA corresponding to the length of 
the R +US elements of the HIY-2 LTR. The methods were pre
viously described 15

. Briefly, virions were purified by ultracentrifu
gation and an endogenous eDNA reaction performed with radio
labelled nucleotides after mild disruption of viral envelope with 
Triton X-100. The tRNA'Y' primer, complementary to the PBS site 
flanking the US element at the 5' end of the genome, was then 
degraded by alkaline hydrolysis and the eDNA run on a denaturing 
6% acrylamide-urea gel together with a sequence reaction for 

accurate estimation of the size of the products. 

with the apparent M, of the EGP is explained by glycosylation 
(30 sites in HIV-2, about half of which are conserved with respect 
to HIV-1). 

Figure 4 shows an alignment of the envelopes of the two 
HIVs. The proteins are overall very distantly related ( 41.7% 
identity in the entire envelope, 39.4% in the EGP, 44.8% in the 
TMP) compared to divergent isolates of HIV-1 (about 75-80% 
identity in the whole envelope, ref. 12). Many large insertions 
have to be introduced, particularly in alignment of the EGPs 
where only short, widely separated domains are conserved 
between HIV-1 and 2. These domains are clustered into the 
conserved regions of the EGP of HIV-1 (identified by com
parison of different isolates12

-
14

), and generally coincide with 
cysteine residues. Among the HIV-1 isolates, all the cysteine 
residues could be aligned in spite of the generally large genetic 
variation, especially in gp110. Almost all (22/23) of the cysteine 
residues of HIV-1 can also be aligned with HIV-2, but the latter 
contains seven additional cysteine residues, often in the regions 
representing insertions relative to HIV-1. Thus, the folding of 
the HIV-2 EGP could be different from that of HIV-1, and some 
regions, therefore, might be exposed in a different manner. 

Other viral proteins 
The HIV-1 genome contains several other genes encoding pro
teins of small M, (10 to 27K), two of which (tat and art/ trs) 
have an identified function: the positive regulation of viral 
expression30

-
33

. No role has yet been identified for the p23 
encoded by ORF Q (or sar)37

•
38

, nor for the p27 encoded by 
ORF F (or 3' ORF)39

• We also observed in the region between 
the pal and env genes ofHIV-1 (central region) another potential 
gene, which we designated R (ref. 12). All these elements are 
found in HIV-2, but the corresponding proteins are only dis
tantly homologous (see Table 1a). In the F protein, most of the 
difference between HIV-1 and 2 is due to a large insertion in 

the amino terminus of HIV-2. The second half of the protein, 
encoded by the U3 element of the L TR, shows better conserva
tion (data not shown). 

Based upon sequence homologies with HIV-1, the tat and art 
genes ofHIV-2 are probably organized as split genes transcribed 
into -2 kb mRNA made of three exons 18

•
28

-
31

: the 5' leader, a 
first coding exon located in the central region and probably 
ending at a possible splice donor found at position 6,140 
(CAAGT, Fig. 2), and a last exon probably starting at the splice 
acceptor at position 8,307 in HIV-2 (CAGATC). The tat protein 
of HIV-2 would be longer than that of HIV-1 (130 versus 86 
amino acids), having two large insertions in the amino terminus 
and in the second coding exon (Fig. 4). The main domain of 
homology of the tat proteins corresponds to a region very rich 
in cysteine residues whose structure is reminiscent of that of the 
'cysteine fingers' of some transcription-regulating elements that 
interact with nucleic acids, such as the TFIIIA factor40

. This 
region is followed by an Arg-Lys-rich stretch that could also 
interact with DNA or RNA. No significant homology is seen 
in the second coding exon, which has been shown to be dispen
sable to the function of the protein28

•
29

• The art-encoded protein 
is shorter in HIV-2 than it is in HIV-1 (100 versus 116 amino 
acids), and most of its length is encoded by the last exon. The 
most homologous part is located in a stretch of basic residues 
that may be able to interact with nucleic acids. 

Cross-transactivation of HIV-1 and HIV-2 
The trans-activator gene (tat) has been shown to be indispen
sable for the replication and cytopathicity of HIV-1 (ref. 41). 

Table 1 Quantification of the homologies among retroviral proteins 

a ""ll"' j ""' j" j """"""""'"" -~~~~;- ~~;~~~ ~~~~~~ ~;r~J~;~~ ~~~:;~ ~~ht~;:~tfJ~~~t-;;~~-
b HIY-2 HIY-1 HTLY-1 YISNA 

HIY-1 59.1 ND ND 
(96.4) 

LAY-Eli 61.6 94 ND ND 
(96.1) (98.7) 

LAY-Mal 59 92 ND ND 
(95.2) (98.7) 

EIAY 43.8 41.9 ND 46.7 
(92) (91.5) (90.8) 

YISNA 43.7 42.2 ND 
(88.7) (94) 

HTLY-1 34.8 33.3 ND 
(70.5) (70.3) 

HTLY-11 ND ND 62.8 ND 
(99.5) 

BLY ND ND 49.5 ND 
(93.2) 

RSY 35.9 34.5 38.2 ND 
(72.3) (76.2) {86.4) 

The reference protein of each alignment is that listed at the top of 
the column. Proteins were aligned using the NUCALN program61 with 
following parameters: K-tuple 1, window 20, gap penalty 1. Two results 
are indicated in each case: the amino-acid identity (%) in the aligned 
domains (that is, excluding the regions of insertion/deletion), and 
between parentheses the percentage of the length of reference protein 
that could be aligned. a, Homologies between HIY-1 and HIY-2 proteins. 
For env, the calculation was done for the external glycoprotein (EGP, 
including the signal peptide, whose length is not exactly known in 
HIY-2), and the transmembrane protein {TMP). b, Comparison of the 
pol-encoded proteins of different retroviruses. LAY.Mal and LAY.Eli 
are Zairian isolates of HIY-1 (ref. 12); EIAY: equine infectious anaemia 
virus (sequence communicated by Dr S. Aaronson), and visna virus27 

are animal lentiviruses; HTLY-1, HTLY-11, BLV02
-
64

, related leukae
mogenic retroviruses; RSY) Rous sarcoma virus65

. ND, not determined. 
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M- --------- -MNQLLI A I LLA-- SA~ LVYCTQYVTVF'tGV PTWKNAT I PLF~ATRNR- -DT---- -WGTI~LPDNDDYQE IT-LNVTtAFDAWNNTV 7 9 HIV. 2 

HIV .I MR V KE K YQ HLWRWGWKWGTML LGI Ll'll CS 1tj EKLWVTV YYGV PVWKE ATTTLFCA SO AKA YDTEV HNVWATHACV PTDPNPQEVVL VNVTEN FNKWXHDM l 00 
signal---·-.. EGP • • o----

H IV. 2 rEQAr EDVWH LF'ETS IKP~VKL TPL ~AHK~STES srcWrrs KSTSTTTTT- PT ~E-QEISED TP~RAD~SGLGEEET IN~QF ~MI'G1ERDKK KQ 17 7 

H IV.l 

HIV .2 

VEQHHEDI I SLW~SLKP~Via.. TPL~SLK~TDL--- -G!!f'TNTJ!fSNifj'S SGF>IMHfl<GE IK-------- -~SF~STSIRGKVQKEYIJFYKLDI I 18 7 

Y- -~ET-WYSKDVV~ETWst~TQ~YMNHfitsV ITES~DKHYWDA IRFRY~APPGYALLRfior- -~YSGFAP~SKVVAST~TRMM!TQTSTWF -GF 2 71 

HIV .1 P ID~DTTSYTL--- ----- ---------~~TSVITQA~PKVSFEP IP IHY~~~N~K.:!})G~~t~VSTVQiTiiGIKPVVSTQLLL- 266 

H IV. 2 ~GTRAE~--- -R T'f IYWHGRO~-RTI 1-SLNKYY~LSLH~KRPG~ KTVKQ IMLMS- -GHVrnS HYQP INKRPRQAW~WFKG-~WK~~ EVKETLAlQtPI 362 

H IV. l :)GS LAEE EVVI RS "tFT-- -D NAKTI IVQL~S VE-- IN~T RPN~TRKS IRIQR GPC RAFVT IG KIGN- -l«QA~ISRAXW~AT-- -LKQIASXLR.E 356 

HIV. 2 YRCT~DTR~ISF AAPCKGSDPEVAYMWTN~RGEFL Y~TWFLN- -WI------ -----E<i?KTHRNYAP~H IKQI INTWHKVGII.NVYLPPiEGELS~ST 449 Fig. 4 Alignments of the HIV-1 (BRU isolate, 
ref. 15) and HIV-2 proteins. Asterisks indicate 
amino-acid identities. Gaps were introduced to 
optimize the alignments. In the envelopes, the 
potential cleavage sites are shown by arrows. 
EGP, external glycoprotein; TMP, transmem
brane protein. <>, Potential N-glycosylation 
sites; e, cysteines. The domains of the EGP of 
HIV-1 that were found to \Je well-conserved 
among isolates 12 are underlined. The parts of 
tat and art encoded by each of the two exons 

HIV .1 QF GN~- - KT I IFKQ S S- GGDPE I VTH SFN¥~~5~ 2)5~2)5 TW5 TEGS2)NTEG5 DT ITLfiR IKQFINHWQEVGKAMY APP IS~ II~~~ 453 

H IV. 2 
o o EGP Y TMP 

VTS I I AN IDWQNNNQTNI T FSA EVAE L YR L-- -ELGDY KLVE I TI' IG FA Pttrn'YSSAI-£RHTRGVFVLGFL- -GFLATAGSAHGUS- -L lVSAQSiT 542 

* * *** *** *** * *** ~ * 
548 H IV.l ITGLLLTRDGGNNNNGSE IFRPGGGDI'f{DNWRSE LYKYKVVKI EPLGVA PT~--VVQ~ VGI-GALFLGFLCAAGSTMGI.RSK!'L 1VQA- -RQ 

o EGP A A TMP 
HIV .2 

• • 0 0 0 
LLAGIVQQQQQLLDVVKRQQELLRLTVWGTKNLQARVTAIEKYLQDQARLNSWGCAFRQVCHTTVPW----VNDSLAPDWDNHTWQEWEKQVRYLEAHIS 638 
"'* "'"'"'"'"'"' ** •••• ***** * **"'* * * ** ** * *** 

HlV .1 648 

HIV. 2 KSLEQAQIQQ EKNHYELQKLNSWDIFGNWFDL TSWVK YI QYGVLI IVA VI ALR IV IYVVQHL..SRLRKGYRPV- FSSP PG YIQQIHI HKDi~P ANEETEE 73 7 

HIV. 1 SLIEE5QNQQ EKNEQELLELOKWAS LWNWFS:,ITNWLWYI KIF IHIVGG LVGLR IV FA VLS IVN RVRQG YSPLSFQT----- -- -HLPTPR GPDRP!Cif:E 740 are separated by an arrow. 

HIV. 2 
. . 

OGGSNGGORYWPWP lAY I HFL I RQLI RL L T---- -RLYS ICRDLLSRSFL TLQL I YQNLRDWL RLRTA-- FLQYGCEWIQEAFQ·-- -AAAU.l'HTL-- 824 

HIV .l EGGE RDRDRS I RL V!!>GS LA- L IWDDLRS LI~L FS YHR L--- -R DLLL I VT RIVE LLG-- RRGWEALK YWWNLLQYWSQEL~NSAV SL L~ATA IAVAEGTDR 83 3 

H IV. 2 ---- -AGA~RG LWRVLER IGRGI LA V PRRIRQGAEIAL L 858 

HIV.l VI EV VQGAi RA----------- I RH I PRRIRQGLERI LL 861 

Tat 
HI V. 2_ HETPLKAPESSLKSCNEPFSRTS EQDVATQELARQCEE I LSQLYRPLETCNNSC YCKRCCYHCQMCFLNKGLG;cYERKGRR- -RRTPKKTKTHPSPTPD 98 

HIV.l 1'1EPVD----------------- ------ --PRLEPWKHPGSQPKT A-- -C- TTCYCKKCCFHCQVCFTTKALGISYGRKKRRQRRRPPQGSQTHQVSLSf 71 

H IV. 2 ll STRTG DSQPTK KQI< KTVEATVETDI GPGR 13 0 

HIV.l QPTSQPRGDP-----------------TGPK£ 86 

&.! 
HIV .2 HN ER- AD- EECLQRKL RL I RLLHQTl!. YPQGPGTA SQRRNRRRRWKQ RWRQ I LA LADS I---YTF--- -PDPPADS PL--------- DQTIQHLQGL TI- 81 

* * * • * **"' * * ** * ******** "' "'*"' ** 
HIV .l HAG RSG OS DEDL LKA VR L 1 K fL YQ,PPPNP EGTRQARRNRRRRWR ERQRQ I H S 1 SER I LSTYLGRSAEPVPLQLPPLEII.LTLDCNEDCGTSGTQGVGSP 1 00 

HIV.2 QELPDPPTHLPESQRLAET 100 

HIV.l QILVESPTVL-ESGTKE 116 

To examine whether transactivation (a property also shared with 
the ovine visna lentivirus but not with the related caprine arthritis 
and encephalitis virus42

) exists in HIV-2, we constructed a 
plasmid, called pHIV2-CAT, containing the bacterial chloram
phenicol acetyltransferase (CAT) gene under the control of the 
U3-R region of HIV-2 (225 bp of U3 and 175 bp of R). To test 
the transactivation of HIV-2, cells were either infected with 
HIV-2 or mock-infected, and five days later transfected with 
either pSVCAT (which contains the CAT gene under control of 
the SV40 early promoter43

) or pHIV2-CAT. At the time of 
transfection, the cells were not producing virus. Nonetheless, 
we observed a substantial increase in the amount of CAT 
expression in extracts of HIV-2-infected versus mock-infected 
cells that had been transfected with pHIV2-CAT (Fig. Sa). The 
expression of the SV40 early promoter was not affected by HIV-2 
infection. 

To determine whether the tat gene of HIV-1 could transacti
vate the LTR of HIV-2 and vice versa, we cotransfected SW480 
cells44 with subgenomic fragments of HIV-1 or HIV-2 and 
pHIV2-CAT or a plasmid called pHIV1-CAT, which contains 
U3-R of HIV-1 (the entire U3 and 70 bp of R) dire«ting tran
scription of the CAT gene. The plasmid pLET (a gift frorri Dr 
S. Wain-Hobson) contains the region of the HIV-1 shown by 
others to encode the HIV-1 tat gene28

•
29

• The plasmid pME214, 
on the other hand, contains HIV-2 sequences between nucleo
tides 5,786 and 8,571 (Fig. 2), and in particular contains the 
open reading frames of HIV-2 that share homology with the tat 
gene of HIV-1. In both of these plasmids transcription is driven 

by the LTR of the respective virus, and the first AUG of the 
transcript is the first AUG of the putative tat gene. It should 
be noted that both these plasmids also contain the coding 
potential for the art gene. 

Although the SV40 early promoter was not affected by either 
the HIV-1 tat nor the HIV-2 tat genes, both HIV-1 and HIV-2 
L TRs were substantially activated by the HIV-1 tat gene 
(Fig. 5b ). This is perhaps surprising in view of the difference in 
size of the R region of HIV-1 (where the transactivator respon
sive region (TAR) resides45

) and HIV-2. However 35 of the 58 
b;tses present in the first stem-and-loop secondary structure of 
the TAR region of HIV-1 are conserved, and an analogous 
stem-and-loop structure with the first 77 bases of R can be drawn 
for fiiV-2 (ref. 33). 

The HIV-2 LTR is transactivated over 100-fold by pME214 
(Fig. Sb). On the other hand, the HIV-1 LTR is not as well 
transactivated by this plasmid ( -5-20 fold, Fig. 5 and other 
data not shown). Similar results were obtained after transfection 
of HeLa and HUT 78 cells (data not shown). These experiments 
indicate that pME214 encodes afunctional tat gene. In addition, 
they indicate that the specificity of the HIV-2 tat is somewhat 
different from that of the HIV-1 tat. It will be important to 
determine whether this observation is isolate-specific. 

Origin of human immunodeficiency viruses 
We have presented here the complete nucleotide sequence of 
the retrovirus associated with AIDS in West Africa, HIV-2, and 
tentatively identified the viral proteins either detected in 
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Fig. 5 Transactivation of HIV-2. Chloramphenicol 
acetyltransferase (CAT) assays were done as described59

• The 
unreacted chloramphenicol is marked 'CAM', and the acetylated 
products are marked 'AcCAM'. All reactions were 1 h with 10% 
of the cellular extract made 40 h after transfection. The origin of 
the promoter linked to the CAT gene is indicated above each lane. 
SV40 indicates the SV40 early promoter, HIV-2 indicates the partial 
U3 and the entire R sequences of HIV-2 (ROD isolate), and HIV-1 
indicates the entire U3 and 70 bp of R of HIV-1 (BRU isolate). a, 
HUT 78 cells were either mock-infected (UN, uninfected) or infec
ted (IN) with HIV-2. Five days post-infection, 3 x 106 cells were 
transfected with 3 ILg of plasmid in 0.5 ml of Tris-saline without 
divalent cations for 45 min at 37 oc with 250 ILg ml-1 DEAE
Dextran. b, 4 x 105 SW480 cells were cotransfected by the CaC12 

technique60 with 3 ILg of promoter-CAT plasmid and 3 ILg of the 
indicated plasmid. Salmon sperm DNA was added such that each 
transfection was 20 ILg ml- 1 DNA. This experiment was repeated 

three times with similar results. 

immunoprecipitations with patients' sera, or homologous to 
proteins previously identified in HIV-1. The two viruses share 
a similar genomic organization, indicating a common evolution
ary origin, but differ significantly in terms of nucleotide and 
amino-acid sequence: the more-conserved gag and pol genes 
respectively display only 56 and 60% nucleotide sequence 
homology and both less than 60% amino-acid identity. The 
calculation of the nucleotide sequence homology for the other 
genes gives even lower values, making HIV-1 and 2 42% 
homologous overall. This confirms that these two viruses are 
distinct elements of the HIV family, and cannot be considered 
as strains of the same virus, according to the recommendations 
of the international taxonomy committee46

. 

It was previously established that HIV-2 is more related to 
the simian immunodeficiency viruses (SIV) than it is to HIV-1. 
The gag, pol and env proteins ofSIVand HIV-2 are antigenically 
cross-reactive, whereas their cross-reactivity to HIV-1 is restric
ted to some gag and pol antigens. The amino-terminal amino
acid sequence of the major core protein (corresponding to the 
p25gag of HIV-1 and p26gag of HIV-2) has been determined in 
one isolate of SlY obtained from macaques with an AIDS-like 
disease (MniV, ref. 26). Out of the 23 amino acids sequenced 
21 match with the amino terminus of p26gag of HIV-2, whereas 
13 (with one deletion) match to the p25gag of HIV-1. Further
more, whereas HIV-2 can infect, at least transiently, primate 
species which are evolutionarily more distantly related to 
humans (at least baboons and macaques), HIV-1 infects only 
humans and chimpanzees (R. Desrosiers and P. Fultz, personal 
communications). In fact, it is not possible from current data 
to know whether SlY can be classified as distinct from HIV-2 
or if they only differ as independent isolates of the same virus. 

The almost simultaneous emergence of two foci of AIDS in 
distinct areas of the African continent is unlikely to be due to 
the recent emergence of two novel human pathogens, for 
example by simultaneous trans-species infection by animal 
retrovirus, or by the mutation of pre-existing non-pathogenic 
human retroviruses. Indeed, HIV-1 and HIV-2 are obviously 
retroviruses with a common origin, but they are highly divergent, 
and it is more likely that their time of divergence is earlier than 
the beginning of the current epidemics. Therefore a common 
ancestor, with similar properties and pathogenic potential, prob-

ably existed a long time ago in a human population, and the 
emergence of the AIDS epidemics is more likely the result of 
simultaneous modifications of epidemiological parameters in 
West and Central Africa, such as uncontrolled urbanization, 
leading to the infection of larger populations. 

A question to be addressed is why the HIVs were only recently 
detected if they existed for a long period. This may be due to 
the fact that the pathogenicity of an HIV-type retrovirus cannot 
be revealed until it has spread to a significant portion of the 
population. First, in areas of Africa with poor medical facilities, 
where other infections, such as malaria, represent primary causes 
of morbidity, isolated cases of AIDS could have been an 
undetectable clinical event. Then, the incubation time can vary 
considerably, and it cannot still be ruled out that a large fraction 
of individuals infected by a HIV will remain healthy carriers. 
In Kenya, HIV-1 seropositivity was first reported in a high 
fraction of subjects at risk of AIDS (female prostitutes) who 
were apparently healthy; later, the virus diffused to a larger part 
of the population, and cases of AIDS were observed47

• A similar 
situation could explain the apparent lack of pathogenicity of 
the retrovirus designated HTLV-IV, but indistinguishable from 
HIV-2 and SlY by the antigenicity of its proteins19·48

•
49

. The 
presence of HTL V-IV was identified only in apparently healthy 
individuals in West Africa, an area where we have observed 
several typical AIDS cases caused by HIV-2. It is possible that 
the apparent non-pathogenicity of HTL V -4 is due to a recent 
epidemic diffusion of HIV -2/ HTL V- IV in the West Africa, where 
AIDS cases still represent a minor fraction of the infected and 
seropositive individuals, whereas HIV-1 has diffused in major 
cities of central Africa or the USA some time before. 

Implications for vaccines and diagnostics 
The risk that HIV-2-infected blood samples may not be detected 
by standard screens, currently based on the detection of anti
HIV-1 antibodies, makes it important that a way of diagnosing 
HIV-2 infection is found. As the envelope, and especially its 
transmembrane part, represents the primary target of the host 
antibody response to the HIV infection (see ref. 1), antigens 
from the envelope of HIV-2 will significantly improve the spec
trum of the screening tests, allowing the detection of samples 
infected by HIV-2, and perhaps by other as yet uncharacterized 
members of the HIV family. 

As it shares most of the structural characteristics and biologi
cal properties of HIV-1, but displays significant genetic diver
gence, HIV-2 is a powerful tool in the study of the molecular 
biology of this group of retroviruses. Among the crucial biologi
cal properties common to both HIVs are tropism for CD4-
positive cells, and mechanisms of positive regulation of viral 
expression encoded by viral transactivating factors. We observed 
that the tat of HIV-1 activates the transactivation responsive 
(TAR) sequences as efficiently in both types of HIV, whereas 
the tat gene of HIV-2 is more efficient on the TAR elements of 
HIV-2. The tat proteins of HIV-1 and 2 have only short 
homologous sequences, and this will ease the dissection of their 
function by mutagenesis or using chemically synthesized pep
tides. 

HIV-1 and probably HIV-2 recognize the CD4 surface 
molecule as a receptor on helper/inducer T lymphocytes and 
perhaps on other cells expressing the CD4 protein 5°-

53
• In HIV-1, 

this interaction is mediated by the external envelope gly
coprotein (EGP; ref. 52), and an important problem is which 
of the domain(s) of this protein are involved in that interaction. 
Indeed, blocking this step of the virus life cycle, either by 
antibodies or drugs, could be an efficient means for preventing 
infection or blocking its spread. As the receptor is a constant 
cellular protein, we can postulate that the binding domain of 
the envelope is conserved among the CD4-tropic HIVs. The 
conserved domains of the EGPofHIV-1 and 2 are not numerous, 
and therefore it becomes possible to demonstrate their possible 
role in the virus-receptor interaction using a relatively limited 
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set of site-directed mutations. Given the absence of antigenic 
cross-reactivity of the envelopes of the two HIVs, this CD4-
binding domain is probably not, or only poorly, immunogeniC-
perhaps because of masking by glycosylation, poor exposure 
on the virion surface, or mimicking of 'self' antigens. Neverthe
less, its presentation to the immune system out of context of 
the virion, that is, as a peptide, might induce a neutralizing 
antibody response that is not attained, or attained with only a 
low efficiency, with the complete native envelope from virions 
or expression systems54-56. 

Conclusion 
The comparative analysis of HIV-1 and 2 reveals major genetic 
differences between retroviruses that share many of their biologi
cal properties. They both cause AIDS, are cytopathic in vitro, 
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Switching phenomena in a new 
90-K superconductor 
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Recently, Wu et al. 1 and Hor et al.2 have shown that 
Y uBao.8Cu04 _ 6 is a superconductor with a superconducting onset 
temperature at -92 K as determined by their resistivity and a.c. 
susceptibility measurements. Because the magnetic properties are 
important in describing the nature of superconductivity, we have 
measured the d.c. magnetic moment of this material. Here we show 
that this material cooled in zero field or in a high field (Heool > 

90 G) is diamagnetic below Tern:::: 90 K, consistent with the previous 
measurements 1

'
2

• However, when the sample is cooled in a small 
field (~85 G), the magnetization, M, first becomes negative 
(diamagnetic) below Tern• but further cooling results in a jump of 
M to a positive value at low temperature. We have also observed 
this switching by the application of an additional small field when 
the sample was cooled in a small field. 

The Y12Ba08Cu04_6 sample was prepared as described in 
ref. 1. The X-ray diffractograms reveal that the sample has 
multiple phases, devoid of the K2NiF4 structure. From the 
electrical resistance measurement, the superconducting onset 
temperature is Teo= 94.5 K and the resistance becomes 'zero' 
below T0 = 92 K indicating that the sample is a superconductor 
with a rather narrow transition width. A Quantum Design super
conducting quantum interference device (SQUID) mag
netometer has been employed to measure the magnetization of 
the sample as a function of temperature and magnetic field. 
When the sample is cooled under zero field conditions, we have 
found that M is diamagnetic below Tern and the susceptibility 
below -25 K reaches -35% of that of perfect diamagnetism 
(-1/41T). 

We have also measured M when the sample is cooled in a 
field, Hcool· In Fig. 1, the magnetization obtained at various 
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