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Complete Nucleotide Sequence of the AIDS
Virus, HTLV-III

L. Ratner et al.

Editor’s Note

The early 1980s was a period of intense AlDS-related research and discovery. The AIDS-causing
virus, then called human T-cell leukaemia virus 11l (HTLV-III), was identified and isolated, as were
its modes of transmission. Here US biologist Robert Gallo and colleagues describe the complete
nucleotide sequences of the AIDS virus, a milestone in AIDS research. Overall, the sequence
resembles that of other RNA-encoded “retroviruses® containing the three hallmark genes gag,
pol and env. But it also contains anomalies, not least the immense heterogeneity between clones.
The genome has enabled researchers to define key viral genes and proteins, has shed light on the

origins, nature and spread of HIV, and continues to influence diagnostic and drug development.

The complete nucleotide sequence of two human T-cell leukaemia type III (HTLV-III)
proviral DNAs each have four long open reading frames, the first two corresponding to
the gag and pol genes. The fourth open reading frame encodes two functional polypeptides,
a large precursor of the major envelope glycoprotein and a smaller protein derived from
the 3'-terminus long open reading frame analogous to the long open reading frame (lor)
product of HTLV-I and-II.

UMAN T-cell leukaemia (lymphotropic) viruses HTLV-I, -II and -III, a family of

exogenous retroviruses, are associated with T-cell disorders including adult T-cell
leukaemia lymphoma (ATLL) and the acquired immune deficiency syndrome (AIDS)-'*.
These viruses share a number of biological and structural features: tropism for OKT4*
lymphocytes!®!>2! - the ability to produce giant multinucleated cells in culture!®!722-24
immunological cross-reactivity of some virally encoded proteins'>!3, distant nucleic
acid sequence similarities®®?% and the preference for magnesium of the viral reverse
transcriptase?-*!. Moreover, the genome of HTLV-I and -II as well as the related bovine
leukaemia virus (BLV) is somewhat longer than that of other retroviruses®®2323 A
sequence of 1,600—1,800 nucleotides is interposed between the 3’ end of the env gene and
the long terminal repeat (LTR) sequences of these viruses?32%, the 3’ portion of which is
a long open reading frame (lor)*235%. Another feature that distinguishes HTLV-1, -II,
-III and BLV from other retroviruses is the marked increase in the rate of transcription
initiated within the viral LTR sequences in infected compared with uninfected cells®%.
This phenomenon, trans-acting transcriptional regulation, is not observed for other
retroviruses* and is probably mediated by the lor gene product of these retroviruses®.
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Complete Nucleotide Sequence of the AIDS Virus, HTLV-IlI

Despite the similarity between HTLV-III and the other members of the HTLV-BLV
family of viruses, the biology and pathology of HTLV-III differ substantially. Infection
with HTLV-III results often in profound immunosuppression (AIDS), consequent on the
depletion of the OKT4* cell population!®!*#-43, This effect is mirrored by a pronounced
cytopathic rather than transforming effect of HTLV-III infection upon the OKT4*
cells in lymphocyte cultures i vitro'®'?°. In contrast, infection with HTLV-I results in a
low incidence of T-cell leukaemia lymphoma (an OKT4*-cell malignancy)®. There is
evidence also for some degree of immunodeficiency in HTLV-I patients®*. Infection of
primary lymphocytes in culture by HTLV-I and -II results in in vitro transformation of
predominantly OKT4* cells**. A cytopathic effect of HTLV-I infection on lymphocytes
is apparent, but the effect is not as pronounced as that in HTLV-III'6!74-48 HTLV-III
differs also from HTLV-I and -II in the extent of infectious virion production i vivo and
in vitro. High titres of cell-free infectious virions can be obtained from AIDS patient semen
and saliva and from the supernatant of cultures infected with HTLV-III'*#-5! Very few,
if any, cell-free infectious virions can be recovered from ATLL patients or from cultures
infected with HTLV-I or -II>%.

To investigate the biological activity of these viruses i vitro and i vivo and to provide
information useful for the development of diagnostic and therapeutic reagents for AIDS,
we have determined the complete nucleotide sequence of the HTLV-III provirus.

Genomic Structure of HTLV-III

Several closely related clones of HTLV-III DNA were obtained from the H9 cell line
infected with HTLV-III present in the blood pooled from several American AIDS
patients'?. The complete primary nucleotide sequence of three unintegrated viral clones of
8.9, 5.3 and 3.6 kilobases (kb) in length?” was determined with the partial sequence from
an integrated proviral clone® (Fig. 1).

The HTLV-III provirus is 9,749 base pairs (bp) long. The overall structure of the provirus
resembles that of other retroviruses. The sequences that encode viral proteins are
flanked by LTR sequences. The LTR itself is flanked by inverted repeated sequences two
nucleotides long (Fig. 1). Four long open reading frames are identified in the viral DNA (Fig. 2).

Long Terminal Repeat

A detailed analysis of the HTLV-III LTR is presented elsewhere®; it is 634 nucleotides
long with U3, R and U5 regions of 453, 98 and 83 nucleotides, respectively. The
boundaries of these regions of the LTR were defined by localization of the 5'-cap site
by Si nuclease mapping and by measurement of the length of the strong stop DNA
transcript, as well as by determination of the 3'-terminus of the viral RNA by sequence
analysis of cDNA clones. A TATAA sequence typical of eukaryotic promoters, as well
as the consensus sequence for polyadenylation, are indicated in Fig. 1. A transfer RINA
binding site complementary to the 3’ end of tRNAM* is located 3’ to the 5" LTR. DNA
sequence homologies to the LTR of HTLV-I*2, -II>> and BLV*¢ are indicated in Fig. 3.

4
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Complete Nucleotide Sequence of the AIDS Virus, HTLV-III

CLONE

BH10
BHs
BH1D
BHS
BH10
BHE

NUCLEOTIDE
POSITION

(Bam W)
TATCCTTGATCTGTOGA

TCCCTGAT

101 TAGAGTG

TCGAGCT T v

TATA
0% U3 —
TR aeckbeTocTTTT

=R Bal 11 Sat 1
GGGTCTCTCTGOTTAGACCAGATCTGAGCCTGGGAGCTC

Mind 111
uuacvmu:vvunvuvmmwlomrxum:m-

ne ——i—1

der sequence

ceerr
St I
GAG

Lesder sequence —— GAG
CCARMAATTTTOACTAGCGEAGOCT ASARGORGAGAGAT 00T GCBABAGCOTCAGT ATT ANGCOOOGOAGAR
Mat0lyATaAr ok o3 erVallaysorgydsvdiul ms

TCOOT ARG
AspAraTroGlulyslleAraleuArgProGlyGlylystystysTyrlystoulyshisllaValTrpAlaSer

TCGCAGT

AraGlul euG! el #ArqGinilet euGlyGln

TAGATCAT
[t AraSert

Wind 111
GluAlaleuhsplysl

aThel

HisGlnAralleGlullalysAspThrl Lystys

Pyy 11 [ e o

LysAlaGInGinALaA

Ane 111

133 TTTCAGCAT
al

Pat 1

AlGluTrpAsp

LysGluThrl

TIATAA
TieTyriys

AraTrpllelleleuGlylevAsnlyslieValAroNetTyrSarfrolhrSarlleleuAsplieAraGinGly
Hing 111
T
yalhrleuAroAlaGluGlnAlaSerGinGluVal

3343 TCTAT
ProlysOl aPheTys

1
nnnnwuuum T TOTT00TCCAMATECOACCCAGATIOTALGACTAT i akkhocarcoo
Ly AspCyslysThriialeulysAlateuGly

1T
vRislyshlaAraValleu

GGETGAAGC T
GluAl Thel Ve

o S
um«nucmnvr.n"clwclu--umccnucm:umnvvncwowccc AGGAAAAAGGGCTG
VallysCy » ok mumn-t,wmv

tie tys

—ro % n

TTTTTAGGGAAGATCTO
auGlylysileTrp

PhaPhaArabluAspleu

F————Direct Repast
T SGACACER
TrplysCysGiyl

———— Direct Repeat
TiTer AGCCAA

acer,
Frose v g oThrAl
AT SBhaCacbindiylyehiakrel 1 oThy

Diract
TTCTTCAGAG
uGlnSar

Seppof ——~spmavieineil
CAGACCAGA! T
gP Y

0k euGlnValTrpblyi

of ysGin
s

Ley
GAG p15 ———
wmc:clnm:uoou:m!nctnuunc:nnmvncmv TGOCAACGACCCETCGTCACAATA

Glufr oll-lulylﬂlu euTyrProlesThrserl aulrgsert e Ph.ﬂlxlmlle’rniuiu;ﬁ:h

6
o

LyslleGlyGlyGinleul ysGluAlal eul

ValAraGlaTyrAspGinleley

TGOAGGTTT
ProGlyArqTrolysProlysMetlleGlyOlyI1eGlyGlyPhe

11eGlulleCysGiyHistysAlalieGly

11
TTGGTTGCACT TTARAT TTTCCCATTAGCCCTATTGAOACTGTACCAGT ARART TARRGCCA
o Gha 1 agsyCvetarL wiAsnPhebrolla erfrolleGlyThrValProVallysteulysPro

TACA
ysllelyshl Alevaigion)ecytne

AAAAGTTAA/
vsvall

rpProt.

AATACTCCAGTATTTGCCATARAG
GluhsnfrolyrAsnlheProVaiPhuAlalletys

TICARAAAT
GluMetGlul ysGluGlylyslleSerlysilaGly!

TICTGGCAR
migsralhedindsoPhetradly

TAG
LystysAspSerThrlysTrpAralysteuV heAr g0l ul eu

Arg

A
i LGInL euttellahron) sProAl 01yl eolyst valystysSerValThrvallevAspValGlyAsphla

TGCATTTACCATACCTAGTATAAACAATGAGACA
LT T o b M P et

AATATTCCAAAGTAGCATG
rolysGlySerProAlallePheGlnSarSarMet

. '
ooyt roG1.

SerOly
GAGCCTTT ATGTA
Theiysl l'lwﬂlu?'o?holxll ysGlnAsnFroAspl |-v.1 n-v yrGinTyrHat A-nl!nl.v\‘vr\ll

Arg

"
leAlaGly

-420

-345

-270

~198

-120

o7

%

821

121

1196

2n

1346

1421

1496

1571

1646

1721

1796

871

1946

2021

2246

2321

239

2671

2566

2621

2696

AMINO
ACID

RESIDUE

6

s

563

388

512
8

106

306

356

1o
s

1o
s

1o
BHS

AGCATAGAAC T 2m
Glul sAralhrlysileGluGlul eulevAraTrpGlytey
Phe
TCCTTIOGATO0GT 2846
ThrThrProAsplyslysHisGlinly: oPhel yeGlul splysT

Py 1T
TGOGGAAATTG 2921
ThrValGinProlleval lm?rnolullelﬂS.rTrn"wv.um‘lnll-@lnlyilwv-lﬂlyl yslew

ile

AAT T 299
ysAlalew

A s071
TheGlu¥alllaProl Glul

ARAAOACT 3146
HisOlyValTyrTyrAspProSerlyshspleulleAlsGlulleGinlysGinGlyGInGlyGInTrpThrTyr

Aha 111
CAAATT 1
GinlleTyrGlnGluProPhalysAsnleulysThrolylysTyr

s221

roMetArqGlyAlaKisTheAsnAsp
Aha 111
oTasAACA TT 329
1ysGlat 1 laValllaTrpGlylysThrProlysPhe

3374

A
TysteuFrolleGint PG| ® ThrTrpl

Xpo 1
NG TTOTTAATACCCCTCCT ITAGTOARATTATOGTACCAGT TAGAGARAGAACCCATAGTAGOAGCAGAAACC 344

OluPheValAsnTheProProleuVallysiauTraTyrGlaleuGlulysGluProlleValGlyAlaGluThe

T 3521
90! yoleuGlylysAl yrValThrAsnlysGlyhraGin

Ser Arq

1GTTACAAGCAATTTATCTAGCTTTGCAGGATTCA
Thy GlulluGlnll-lI.Yyr-llu‘lll.uﬁlal“!nr

AAGGT ACTAACACH
h

Asn
3671

3 ouGlyllelleGlnAlaGinProAsplysSerGlu
Kon 1

TCAGAGT i

SerGluleuValAsnGlinilelleGluGlnteullalyslyaGlulysValTyriauAlaTroValProAlatis

3746

TAGT TTTTAGATGGA
aGlylleAralyslieleuPhet euAsolly

3821

ARAGGAAT
LysGlyl Asplysl

cCA AGTA, "
yeTyrHi Mothl

Pyu 11
ProValValAlalysGlulleValAlaSerCysAsplysCysGinleulysGlyGluALaMetHisGlyGinval

389

TleAsplysd eufro

3971

TCATGTA
Wi sval

TGTACACATT

u01uGlylysValllel

v1leTroGinl

TITCTTTTARAATTA

T w2r
AlaSerGlyTyrlleGluAl 01UV 1110 oAl aGluTheOlyG1nGluTheALsTyrPhat eul sul v ales

T 4196
AlaGlyAraTrpProVallysThrIleHisThrAspAsnGlySerAsnPheTheSerAlaThrVallysAlsAls

Eco RL
161 TTGOAAT
2Glyllely vil 2

AGAATCTATO
1G1uSerMat

«rn

346

TGAACATCT
AsolysGluleulysiysiiell HisLaulysT
ihe 111

I
GTATTCATCCACAATTT
ValPhelleKisAenPhelysAralysGlyGly11eGlyGlyTyrSerAlaGlyGluAral leValAspllelle

21

TACAAAAATTCAAAATTTTCGGGT TTATTACAGGGAC
AlaThrAspIleGinThriyaGluleuGlnLysGinilaThelysllaGinAsnPhekraValTyrTyrAraAse

4496

T AG a7
SerArgAsnProleuTrplysGlyProAlslyslevleuTrolysGiyOluGlyAlaValVallieGinAspAsn

b S0R

AGTGAC.
SerAsplielysVal

LysGl.

¢

TAGGGAT'
oArglyshialysllel
Uyacinkrasart auGiyl ieh

POL —f
AC TTAGTAMAACACCATATGTATGTTTCAGGGAR 4721
orheablnAanGluk

VaNrobiavelAuprancein alleAraTheTrplysSarteuVallyshi sHisMetTyrValSerGlylys

Arg

a4 A 796
sProArall 1KislleProley

T <71

16GGGTC
GlyAspAlaArgleuVallleTheTheTyrTrpGlyl

TCATET 4946
oHislay

ValSerlleGluTrpAralyslysAraTyrSerTl

Arq

s021

TAT
TyrTyrPhod: wpSerAlalleArglysAlaleuleuGlyHisllaValSerfroAraCysGly

OIA"'ACYYTGIC'UV T
spcvar

ACAATACTTGGCACTAGCAGCATTAATAACACCAAAAAAGAT S
TyrGinAT4GyHi shenlyaVaiOlySarieudint velevkiaLauhiakial el leThebrot yol ol le

val
T TACGAA 5171
LysProProl Theiyst ! ¥9ProGlnlysThrlysGiyHishrg
SO0R el
AGGGAGCCACACAATG) TAGAGCTTT TAGACATTTTCCTAGG 5246

GlySarhisTheMetAsnGlyNis

ATT 3321
Eco RI sa1 1
AGAATTCTGCAACAACTOCTGTTTATCCATTTTCAGAATTGOGTGT CGACATAGCAGAATAGGCGTTACTCGACA 5396
3671
CTIGTACCAATTGCTATTGTAARAAGTGTTGCTTTCATTGCCAAGTTTGTT: TAGGCATCT 554
(Sat 1)
GACCTCC v s621
7 5696
TAGT TAATTGATA 5771
F———— ENV-LOR
3846
LysGluGlnLy. vsGlulysTy: sleuTrpArglrpllyTre
TOGGATGT TAT 5921
AraTrpGlyThretUeul suGlyMetLeutet ] SerALaThrGlulysteuTraValThrValTyrTyr
Phe
Kon 1
06667 ™ 5996
¥ Trpl TheThel yoAL

sa1

556

S8t

731

1018
£

203

22



CLONE

BH10
M

BH10
BN

HXp2
Hxsz

Hxp2

w10
S

EHRAE MR

o
TGGAAGGGCTAATTCACTCCCAACGAAGACAAGA  -420
(Bam HI)
TATCCTTGATCTGTGOA TCCCTOAT 365
T 270
Tor TAGAGTG -195
GAGGTT M -120
TeoAGCT T T
WX w11 us—
TATAAGCAGETGCT =
=R Bl 11 Sat
SaoterercroatTasaccABATE ToroccTacoRbCTe 39
75
nuocvmccnuuvac'rmmuumvowcccmuu- 150
RNA-Iysine —— Leader seauence
ccerTT 221
Set 1
GAGC 29
Leader secuence —i— GA
cuunrnvmvmmuwwaamcuaocuv:wunwnn st
TCo6T e
AspAraTrpGlulysileAraleuAraProGlyGlylystystysTyrlysloulyshisileValTrpAlaSer
TCOCAGT s21
AraGlul o L 1oL auGlyGin
TAGATCAT T6TGT 596
LeuGlnProSerl ArgSerieuTy aThel
Wind 111
TAGAC 6
R aGiaAral 10101 1oL yshagThrLyeClon L skeplyall olvloblubInAmat vaseriyslys
Puy 11 GAG p17 —1— - GAG p2¢
.u.uuam:uuu:. 746
LysAIaGinGlnATakl Al
2
1 Trov. Al
ha 111
144 TTTCAGCAT 29
o 1 -
Pat 1
971
AL LysGluThell AlaGluTrpAsp
GeA 104
AraValWisProValHi yProlleAl a6 TeAlaGly
1z
AAGATGGA 119
AraTrpllelleleuGlylevAsnlysll aMetTy: lelouksplleAraGlaGly
Wing 111
c ™ 2
Proly yriysThrleuAraAlaGluGlnAlaSerGinGluval
Ana 111
ARARAAT To1 TTTAAAAGCATTGOG 1366
LysAsnT rpMat L roAspCyslysThrilataulysAlateuGly
AAGGCAAGAGTTTT 1421
ProAlaAlaThrleuGluGluMetMet ThrAlaCysGlnGlyVaiGlyGlyProGlyHistysAlaAravalley
GGCTOA " AGAAA 1496
A1aGluAl Thel Oty v
orThe
F-——— Direct Repeat 1
GATGGTTAAGTGTTTCAAT GGGCACACA 1571
JHatVailysCyaPhekunCyaGiylysGluGlyHi sThrALshrodanCyshraklsfrokral yal yaGlyCya
e Lys Arg
Foroomrnadizact Rapaat | oL Bal 11
GGACACCA A 1866
TTrolysCysGivt AsnPhelevGlylysilaTrp
PrafhaAradl UAspleu
errononcchireet Repaat — — Diract
TIICT TICTICAGAG 1721
Faser y o euGlnSar
AloPhalevondiylvabtakral Thel
Repeat 1 9
IS e b TTcAGOTC AnchACTECCCCTEAGAAOCH 1796
A ¢ GlavaiTrpbly
Ser
vccvucnu 71
GGAGCCGATA ounmuﬂolnc:nlucvvttclcmﬂuucl"mncfucsc
Glubrol isksstyaGlul euTyrProleuThrSect subrasecl euPhed i T
TCTAT TG 1946
LysIleGlyGlyGinLeul ysGluAlaleut o
TGGAGGTTT 2028
FroGlyAraTrplysProlysMetl1eGlyGlyl1eGlyGlyPhellatysValAraGinTyrAspGintleley
ATG TACACC 209
T1eGlulleCysGlyHistysAlalleGly uVa1GlyFroTh Asnllel
ha 111
AGCCA 2171
YMVG‘C'EAM"OG"GCAC"IMHvlu:ccluum.u.‘ T ARATTAR
Ceolovtnrinl1aolyCyaThr. erProl ysleulysPro
GTACA 2246
mmu»ﬁnrmv-v.n..m..:wr-.ummr.n..nmnxl-n-n-t-mmull-‘-v-"'
At TCCAT TCCAGTATTTGCCATARAG 2321
ot vaciogtvt ya1esartystl vs
TAGTAGATT TCTGGOAR 2396
LyslyshspSerThriysTrpAralysteuVal soPhe
ncummuuccncnvccmnouovunuuunummucncucmcummwnou 2471
a1G1nLauolylleProNi sProAlaClyLeulystystystysSerValTh
TATITTTCAGTTCCCT —
TyrPheServVa L.uh»ﬂluhgrmnqlv-'vr'hf‘l
2621
CCAGGGAT
ProGlyl 12 ProGl
SerGly
2696

Ana
AcuAuv:"Amunnvnnncnnunucnmnncuv:nucnmvun TOATeTA
Thelystl alystyscl

6

338

363

s
5

512
3

306

R REHTLY IRy .

10 e Toam
Kt Glul i sAraThrlyslieGluGlul euleuAralrpGlyleu
Phe
0 TCCTTIGOATGGGT 2846
s IEThrProksslyslyshi sGintysGlufroProPhel eulroNetGlyTyrGluleuti sProAsslysirs
Puu 11
10 16 2921
leValleuProGlul » 1eGlnlysteuValOlylysieu
s X
Tle
AAT L 996
AsnTrpAlaSerGinlleTy vilel wCyslysleuleuArgGlyThriysAlaley
071
ThrGluVallleProl Glul euClul euAl 3 oy
3160
sns  MisGIYValTyrTyrAugProSeriysdspleviiehlaOlulleGlnt pTheTy
Ana 11
BHID  CAAATT 3221
GlnlleTyrGinGluProPhalysAsnleulysTheGlylysTyrAlaAroHetAraGlyALaHi sThrAsnAsp
Aha 111
GTARAACAAT Gea 1 3296
VailysGl 1G1nlysl 1eVallleTrpOlylysThrfrolysPhe
10 AA 3374
TysleuProlleGlntl 06! !
s
Kpn 1
BNI0 GAGTTTGTTAATACCCCTCCTTTAGTGAAATTATGGTACCAGT 3446
Valt wGlulysGluProl GluThe
s
Mo T 3521
AL 3 LouGlyLyahl ThrAsal. e
s ¥
Arq
BH10 TIATCTAGCTTTOCAOGATICA - 339
S LYaVa1VaT ot wuTir Anativ TheAsnGinLvalhrC1gl esGink 1ol 1aTyrLeohial ovdinte
Thr His Asn
M0 GOAT TCAAGE 3671
Giyt Tieval GlyllelleGinAL SerGlu
s g
BHI0  TCAGAGT Gor 3746
s SSrClutesVaidenGiniiell eGiuGint eullelyslysGiutyaValTyrlavkiaTraValProhlais
ARAGGAAT TAGATGGA 3821
LysGlyl L TieAral yalleleuPhel avhspoly
3896
Tied sGlulysTyrHisSerAsn wPro
Py 11
AGCCAGC 3971
ProValValAlalysGlulleValAlaSarCysAsplysCysGinl eulysGlyGluAlsHatHi sGlyGlnVal
TGTACACATT CATGTA 4046
vileTreGint sLeu01uGlylysvallleleuValAisValhisVal
Aha 111
CITTTARAATIA 4121

TAY
AlaSerGlyTyrileGluAlaGluvallleP

AL yeThel T
Eco RI
TTGOAAT AQATCTATS 4271
lely ¥ ¥ 1G1uSerMet

4366

TAT
AsnlysGluleulysiysllelleGlyGinV GluHisleulysTheA
Aha 111

T
PhelleHisAsnPhelysAralysGlyGlyl1eGlyGlyTyrSerAlaGlyGluAralleValAspllelie

w421

10 GCA TAC TACAAAAATICAKMATITICOGOTTTATIACAGGOAC 4434
1eGinThrlysGluleuGintysGintlaThel rAroAss
s
M0 T AG “s57
s SerAraAmnProlauTplysdlyProklat Vel et auTrotyaGlyOluGlykisvaiVallisGindsphan
F - SOR
bl ¢ s akialysllelleArakupTyrGlelysGl: Civiseane
o alysllel QA 1 '»
3 {Jsoinkra Giyi1ahetoiuki Matile
s
PoL —
10 T TTCAGGGAA 4721
CyavalhlaserhraGinaoGiu
- T o01ave1AsoAr aNotALal TeAraTheTralysSarlauVaiLysHi sHi sHatTyrValSarOlylys
Ara
w0 " 4196
Al oPhaTyrAraNi shiaTy isfroAral lefroleu
BHS
L LA T \ 7
sus  CirAseAlaAraleuValliaTheTheTyrTroGiv oy
| LA TCATCT 4946
ValSerl alystyshraly, ‘auklakspOlnLeulleNisleu
s
Arg
L LAl or TGACTGTTY 021
w 'yr’vr?h‘llecvl'hlilf‘u“r‘llll“rdy“lllwlwaly“‘-lllVllw'r.A"Yﬂlu
M1 AGG 5
™S TyrGinAlaGlyWisAsnlysValGlySarleuGlnTyrleouAlalevAlaAlaleulleThrProlysiyslile
Val
10 T TACGAA! 5
s LysProProl. ThriysL, pArqTrpA ysProGinlysThelysGlyNisArg
SOR ————f
M0 ATG/ ™ TAGACAT CCTAGG 52
s SLpSerisTheethanGlyHis

ss21

Eco RI sal 1
110 AGAATICTGCAACAACTGCTGTTTATCCATTTTCAGAATTGGGTGTC TACTCGACA 5396
10 471
BHS s
CTTGTACCAATTGCTAT TGCTTTCATTGCCAAGTTTGTT AGOCATCT 5546
(sst 1)
GACC v 5621
a7 5696
TAGT c AATTGATA  $771
——— Env-LoR
s866
LysGluGlaLysThe aVallysGlulysTy
e TGGGATGT 5921
. sGlyMetl sulet] alTheValTyr
e
Xpn 1
10 T ™ 5996
v TrolysGluAl pALaly
[

431

“s6

506

531

336

631

656

™

1006
20

1013
£

145



Complete Nucleotide Sequence of the AIDS Virus, HTLV-iHI
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Fig. 1. Nucleotide sequence of HTLV-III. The
complete nucleotide sequence of clone BHI0 is
shown together with the predicted amino acid
sequence of the four largest open reading frames.
The position of sequences encoding gag protein pl7,
the N-terminus of gag p24 and the C-terminus of
gag pl5 (which overlaps with the N-terminus of the
pol protein) are indicated. The open reading frames
for pol, sor and env-lor are indicated. The sequence of
the remaining 182 bp of the HTLV-III provirus not
present in clone BH10 (including a portion of R, U5,
the tRNA primer binding site and a portion of the
leader sequence) was derived from clone HXB2. The
boundaries of R, U5 and U3, the positions of the
polypurine tract, inverted repeated sequences (IR) and
the transcriptional initiation (TATA) and termination
(AATAA) signals are shown. The sequences of BH8
and BH5 are illustrated also; nucleotide and predicted
amino acid differences compared with BHI10 are
listed and dashes are shown for identical sequences.
Restriction enzyme sites are listed above the nucleotide
sequence and sites present in clone BH8 but not
BHI0 are in parentheses. Deletions are also noted
([ 1) at nucleotides 251, 254, 5,671 and 6,987-7,001.
The nucleotide positions (to the right of each line)
start with the transcriptional initiation site and end
with the viral RNA transcriptional termination site.
The amino acid residues are numbered (to the right
of each line) for the four largest open reading frames
starting after the preceding termination codon in each
case except gag which is enumerated from the first
methionine codon. A proposed peptide cleavage site

(v) and possible asparagine-linked glycosylation sites ”
are shown (¥) for the env-lor open reading frame. The
sequences in the LTR derived from clones BH8 and
BHI10 listed in the beginning of the figure are derived
from the 3' portion of each clone and are assumed
to be identical to those present in the 5' LTR of the
integrated copies of these viral genomes. Clone HXB2
was derived from a recombinant phage library of
Xbal-digested DNA from HTLV-III-infected H9 cell
cloned in AJ1 (ref. 53). Clones BH10, BH8 and BH5
were derived from a library of SstI-digested DNA from
the Hirt supernatant fraction of HTLV-III-infected
HO9 cells cloned in AgtWesAB (ref. 27). Both libraries
were screened with a cDNA probe synthesized from
virion RNA using oligo(dT) as a primer®”. Clones
BHS8, BH5 and a portion of HXB2 were sequenced
as described previously”. Clone BH10 was sequenced
by the method of Sanger” modified by the use of
oligonucleotides complementary to the MI13 insert
sequence as primers and using Klenow fragment of
DNA polymerase I or reverse transcriptase as the

polymerase.



