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ABSTRACT The entire nucleotide sequence of an infec-
tious clone of human T-cell leukemia virus type II provirus
was determined. This provirus consists of 8952 nucleotides. In
addition to long terminal repeats and gag, pol, env, and X, a
protease gene that is responsible for processing the gag precur-
sor protein was found. The protease gene is encoded in a dif-
ferent frame from gag and poi and was located between the gag
and pol open reading frames. The 5' region of the protease
gene overlaps the 3' gag region. Coding regions of the provirus
show about 60% homology with those of human T-cell leuke-
mia virus type I at the nucleotide level. The evolutionary rela-
tionship between human T-cell leukemia virus types I and H is
discussed.
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FIG. 1. Structure of HTLV-TI provirus. Numbers indicate nucle-
otides from the 5' end of the provirus. Bars indicate locations of
open reading frames in the genome.

Materials. Radiolabeled compounds were purchased from
Amersham. Restriction endonucleases, DNA polymerase,
and polynucleotide kinase were from Takara Shuzo (Kyoto,
Japan) or New England Biolabs.

Human T-cell leukemia virus type I (HTLV-I) and human T-
cell leukemia virus type II (HTLV-II) are typical exogenous
human retroviruses and have some characteristics in com-
mon with other retroviruses (1-3). These two viruses are re-
lated. The gag proteins of these virions show immunological
cross-reactivity (4). The nucleotide sequences of the env re-
gions of the two viruses show about 65% homology (5), al-
though their envelope proteins show low cross-reactivity (6).
In addition, HTLV-II and HTLV-I have a sequence of about
1.6 kilobase pairs (kbp), called X or pX, between env and the
3' long terminal repeat (LTR) (3, 7, 8). From comparison of
this sequence in the two viruses, we and others previously
predicted that this sequence might be translated (7, 8), and,
in fact, proteins of 41 and 38 kDa were found to be encoded
from this region in HTLV-I- and HTLV-Il-infected cells, re-
spectively (9-12).
To elucidate the functions of other regions of the HTLV-TI

genome, we have determined the entire nucleotide sequence
of the provirus. The provirus examined was molecularly
cloned from a patient (Mo) with hairy cell leukemia and was
found to be replication competent (8, 13). Analysis of the
nucleotide sequence indicated that the HTLV-II provirus
has the structure LTR-gag-protease-pol-env-X-LTR in this
order from the 5' end of the genome (Fig. 1).

MATERIALS AND METHODS
DNAs and Sequencing. An infectious clone of HTLV-II

provirus, XH6.0, was subcloned in pBR322 at the BamHI
site (13). The corresponding subclones, pH6-B5.0 and pH6-
B3.5, which covered the 5' and 3' halves of the original pro-
virus, respectively, were used for sequencing. The method
of Maxam and Gilbert was mainly used for sequencing (14),
and the M13 phage method (15) was used for sequencing part
of the region of the pol gene.

RESULTS AND DISCUSSION

The nucleotide sequence of HTLV-II provirus consists of
8952 bases, as shown in Fig. 2. In addition to three major
open reading frames, corresponding to gag, poi, and env,
there are four large open reading frames. Three are located
in the X region as reported previously (8) and the other is
between the 3' end of gag and the 5' end of poi. This open
reading frame was identified as the gene that codes for a pro-
tease that processes the precursor Gag protein to mature
forms. The provirus has a genome structure (as shown in
Fig. 4) different from that of any other retrovirus but similar
to that of HTLV-I (3) and bovine leukemia virus (BLV) (16).
LTR and 5' Noncoding Region. As we reported previously

(17), the LTR has 763 bases, in which several functional do-
mains, such as a promotor, enhancer, and terminator of tran-
scription, are present. The LTR sequences of HTLV-I and
HTLV-I show very low homology except in several stretch-
es of oligonucleotides located in these functional domains.
The tRNAPro binding site is present two nucleotides down-
stream of the 5' LTR. A short nucleotide sequence, 23 nucle-
otides, is present between the 3' end of the tRNA binding
site and the initiator of a Gag precursor protein.
gag Gene. The precursor Gag protein of HTLV-I was

shown to be cleaved to three peptides (18). From the amino
acid sequence of the cleavage sites of the Gag precursor of
HTLV-I, the proteolytic sites in the Gag precursor of
HTLV-II were predicted to be localized between Phe-136
and Pro-137 and between Leu-350 and Val-351, counting
from the NH2 terminus of the Gag frame (Fig. 2). This pre-
diction suggests that the Gag precursor is cleaved to 15-, 24-,
and 9-kDa proteins, which show 55%, 85%, and 68% homol-
ogy, respectively, with the corresponding proteins of
HTLV-I.

Abbreviations: HTLV-I and HTLV-Il, human T-cell leukemia virus
type I and type II; RSV, Rous sarcoma virus; Mo-MLV, Molony
murine leukemia virus; BLV, bovine leukemia virus; kbp, kilobase
pair(s); LTR, long terminal repeat.
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r- LTR I I

TGACAATGGCGACTAGCCTCCCAAGCCAGCCACCCAGGGCGAGTCATCGACCCAAAAGGTCAGACrCGTCTCACACAMACAATCCCAAGTAAAGGATCTGACGTCTCC%-CCCTTTTTTTAGG-~ 120

AACTGAAACCACGGCCCTGACGTCCCTC CCCCCTAGGAACAGGAACAGCTCTCCAGAAAAAMATAGACCTCACCCTTAC CCACTTCCCCTAGCGCTGMAAAACAAGGCTCTGAC GATTAC 240

CCCCTGCCCATAAAATTTGCCTAGTCAAAATAAAAGATGCCGAGTCTATAAAAGCGCAAGGACAGTTCAGGAGGTGGCTCGCTCCCTCA6CCGACCCTCTGGTCACGGAGACTCACCTTGG 360

GGATCCATCCTCTCCAAGCGGCCTCGGTTGAGACGCCTTCCGTGGGACCGTCTCCCGGCCTCGGCACCTCCTGAACTGCTCCTCCCAAGtTAAGTCTCCTCTCAGGTCGAGCTCGGCTGC 480

CCCTTAGGTAGTCGCTCCCCGAGGGTCTTTAGAGACACCCGGGTTTCCGCCTGCGCTCGGCTAGACTCTGCCTTAAACTTCACTTCCGCGTTCTTGTCTCGTTCTTTCCTCTTCGCCGTC 600

ACTGAMAACGAAACCTCAACGCCGCCCTCTTGGCAGGCGTCCCGGGGCCMACATACGCCGTGGAGC6CAGCMAGGGCTAGGGCTTCCTGAACCTCTCCGGGAGAGGTCTATTGCTATAGG 720

CAGGCCCGCCCTAGGAGCATTGTCTTCCCGGGGAAGACkAACDTTGGGGGCTCGTCCGGGATTTGAATTCCTCCATTCTCACATTATGGGACAAATCCACGGGCTTTCCCCAACTCCAA 840
pbs MetGlyGlnlleHisGlyLeuSerProThrProl

TACCCAAAGCCCCCAGGGGGCTATCAACCCACCACTGGCTTAACTTTCTCCAGGCTGCTTACCGCTTGCAGCCTAGGCCCTCCGATTTCGACTTCCAGCAGCTACGACGCTTTCTAAAAC 960
l eProLysAl aProArgGlyLeuSerThrHi sHi sTrpLeuAsnPheLeuGl nAl aAl aTy~rArgLeuGl nProArgProSerAspPheAspPheGl nGl nLeuArgArgPheLeuLysL
TAGCCCTTMAAACGCCCATTTGGCTAAATCCTATTGACTACTCGCTTTTAGCTAGCCTTATCCCCAAGGGATATCCAGGAAGGGTGGTAGAGATTATAAATATCCTTGTCMAAAATCAAG 1, 080
euAl aLeuLysThrProI leTrpLeuAsnProIlleAspTyrSerLeuLeuAl aSerLeu~l eProLysGlyTyrProGlyArgVal ValGl uIlleI leAsnI leLeuVal LysAsnGl nV

TCTCCCCTAGCGCCCCCGCCGCCCCAGTTCCGACAC CTATCTGCCCTACTACTACTCCTCCGCCACCTCCCCCCCCTTCCCCGGAGGCCCATGTTCCCCCCCCTTACGTGGAACCCAC CA 1,200
al SerProSerAl aProAl aAl aProVal ProThrProIl eCysProThrThrThrProProProProProProProSerProGl uAl aHi sVal ProProProTyrVal Gl uProThrT

CCACGCAATGCTTCCCTATCTTACATCCCCCAGGAGCCCCCTCAGCTCATAGGCCCTGGCAGATGAAAGACTTACAGGCCATCAAGCAGGAGGTCAGCTCCTCTGCTCTTGGCAGCCCCC 1, 320
h rTh rGl nCys Ph ~ro I 1eLeuH i sProProGl yAl aProSerAl aH isArgP roTrpGl nMetLysAspLeuGl nAl a I1eLysGl nGl uVa lSerSerSerAl aLeuGl ySerP roG
AGTTCATGCAGACC'TCCGGCTGGCGGTACAACAGTTTGACCCCACCGCCAAGGACTTACAAGATCTCCTCCAGTACCTATGCTCCTCCCTCGTAGTTTCCTTACACCATCAGCAGCTTA 1,440
l nPheMetGl nThrLeuArgLeuAl aVal GlnGl nPheAspProThrAl aLysAspLeuGl nAspLeuLeuGl nThrLeuCysSerSerLeuVal Val SerLeuHi sHi sGl nGl nLeuA

ACACACTAATTACCGAGGCTGAGACCCGCGGGATGACAGGCTACAACCCCATGGCAGGGCCCCTAAGMATGCAGGCTAATAACCCCGCCCAGCAAGGTCTTAGACGGGAGTACCAGMATC 1,560
snThrLeu IlleThrGl uAl aGl uThrArgGlyMetThrGlyTyrAsnProMetAl aGlyProLeuArgMetGl nAl aAsnAsnProAl aGl nGl nGlyLeuArgArgGl uThrGl nAsnL

TTTGGCTGGCTGCTTTCTCCACCCTGCCAGGCMATACCCGTGACCCCTCTTGGGCAGCTATCCTACAGGGGCTGGAGGAACCCTATTGCGCGTTCGTAGAGCGCCTTAACGTGGCCCTTG 1,680
euT rpLeuAl aALa PheSe rTh rLeu ProGl yAsnTh rArgAs pProSe rTrpAl aAla I leLeuGl nGlyLeuGl uGl uProTyrCysAl aPheVa lGl uArgLeuAs nVa lAl aLeuA

ACAACGGCCTCCCCGAGGGTACCCCCAAAGAGCCCATCTTACGTTCCCTAGCGTACTCAAACGCCMACAAAGAATGCCAAAAMATCTTACAAGCCCGCGGACACACTMACAGCCCCCTTG 1,800
spAsn~lyLeuProGl uGlyThrProLysGl uProIlleLeuArgSerLeuAl aTyrSerAsnAl aAsnLysGl uCysGl nLys Il eLeuGl nAl aArgGlyHi sThrAsnSerProLeuG
GGGAGATGCTCCGGACATGTCAGGCGTGGACACCCAAGGACAMAACCAAGGTCCTTGTGGTCCMACCACGGAGGC6CCCCCCCACACAGCCCTGCTTTCGTTGTGGCAAGGTAGGACACT 1, 920
lyGl uMetLeuArgThrCysGl nAl aTrpTh rProLysAspLysThrLysVal1LeVal Val1Gl nProArgArgProProProThrGl nProCysPheArgCysGlyLysVal GlyHi sT|
GGAGTCGGGACTGTACCCAGCCACGCCCCCCTCCTGGCCCCTGCCCCCTATGCCMIGATCCTTCTCACTGGAAAAGGGACTGCCCACAACTCAAACCCCCTCAGGAGGAAGGGGAACCCC 2 ,040
rpSerArgAspCysThrGl nProArgProProProGlyProCysProLeuCysGl nAspProSerHi sTrpLysArgAspCysProGl nLeuLysProProGl nGl uGl uGlyGl uProL
TCCTGTTGGATCTCCCTTCCACCTCAGGCACTACTGAGGAAAAAAACTCCTTMAGGGGGGAGATCTAATCTCCCCCCATCCCGATCAAGACATCTCGATACTCCCACTCATCCCCCTGCG-J 2 ,160
euLeuLeuAspLeuProSerThrSerGlyThr-ThrGl uGl uLysAsnSerLeuArgGlyGlu Il e

GlyLysLysLeuLeuLysGlyGlyAspLeu lleSerProH isProAspGl nAsp Il eSerI leLeuProLeu IlleProLeuAr
GCAGCAACAGCAACCMATTCTAGGGGTCCGGATCTCCGTTATGGGACAAACACCTCAGCCTACCCAAGCGCTACTTGACACAGGAGCCGACCTTACGGTTATACCCCAGACACTCGTGCC- 2 ,280

H isArgSe rArgProTyrGl yTy rTh rProAspTh rArgAlaM
gGl nGlnGl nGl nProI leLeuGlyValArgIleSerValeGlyGl nThrProGlnProThrGlnAlaLeuLeuAspThrGlyAlaAspLeuThrVal IleProGl nThrLeuVal Pr

CGGGCCGGTAAAGCTCCACGACACCCTGATCCTAGGCGCCAGTGGGCAAACCAACACCCAGTTCAAACTCCTCCAAACCCCCCTACACATATTCTTGCCCTTCCGAAGGTCCCCCGTTAT 12,400
ArgAl aGlyLysAl aProArgHi sProAspProArgArgGl nTrpAl aAsnGl nHi sProVal Gl nThrProProAsnProProThrHis I leLeuAl aLeuProLysVal ProArgTyr 'l
oGlyProVa lLysLeuHi sAspThrLeu I leLeuGlyAl aSerGlyGl nThrAsnThrGl nPheLysLeuLeuGl nThrProLeuHislI ePheLeuProPheArgArgSerProValIll
CCTTTCCTCCTGCCTCTTAGACACCCACAACAAATGGACCATCATTGGAAGGGACGCCCTACAACMATGCCAGGGGCTTCTATACCTCCCAGACGACCCCAGCCCCCACCMATTGCTGCC 2,520
ProPheLeuLeuProLeuArgHi sProGl nGl nMetAspHi sHi sTrpLysGlyArgProThrThrMetPrbGlyAl aSerI leProProArgArgProGl nProProProIlleAl aAl a
eLeuSerSerCysLeuLeuAspThrHi sAsnLysTrpThrI l eIleGlyArgAspAl aLeuGl nGl nCysGl nGlyLeuLeuTyrLeuProAspAspProSerProHi sGl nLeuLeuPr
AATAGCCACTCCAAACACCATAGGCCTCGAACACCTTCCCCCACCTCCCCAAGTGGACCAATTTCCTTTAAACCTGAGCGCCTCCAGGCCTTAAATGACCTGGTCTCCAAGGCCCTGGAG 2,640
As nSe rH i sSerLysH isH isArgProArgTh rProSerProTh rSerProSerGl yPro Il eSerPheLys ProGl uArqLeuGl nAl aLeuAs nAs pLeuVa lSerLysAl aLeuGl u
oJlleAl aThrProAsnThrI leGlyLeuGl uHisLeuProProProProGlnVal spGl nPheProLeuAsnLeuSerAl aSerArgPro
GCTGGTCACATTGAACCATACTCAGGACCAGGCAATAACCCCGTCTTCCCCGTTAAAAAACCMAATGGTAAATGGAGGTTCATTCATGACCTAAGAGCCACCAATGCCATTACTACCACC 2 ,760
A1 aGl yH is I leGl uProTyrSerGlyProGlyAsnAs nProVa lPheProVa lLysLysProAsnGlyLysTrpArgPhe I leH isAs pLeuArgAl aThrAsnAl a IleThrThrThr

CTCACCTCTCCTTCCCCAGGGCCCCCCGATCTCACTAGCCTACCGACAGCCTTACCCCACCTACAGACCATAGATCTTACTGACGCCTTTTTCCAAATCCCCCTCCCCAAGCAGTACCAG 2,880
LeuTh rSe rProSe rProGl yProProAspLeuTh rSe rLueProTh rAl aLeuProH isLeuGl nTh rI leAspLeuTh rAs pAl aPhePheGl n IleProLeuProLysGl nTyrGl n

CCATACTTCGCCTTCACCATTCCCCAGCCATGTAACTATGGCCCCGGGACCAGATATGCATGGACTGTCCTTCCACAGGGGTTTAAAMACAGCCCCACCCTCTTCGAACAACAATTAGCA 3,000
ProTyrPheAl aPheThrI leProGl nProCysAsnTyrGlyProGlyThrArgTyrAl aTrpThrVal LeuProGl nGlyPheLysAsnSerProThrLeuPheGl uGl nGl nLeuAl a

GCCGTCCTCMACCCCATGAGGAAAATGTTTCCCACATCGACCATTGTCCAATACATGGATGACATACTTTTAGCCAGCCCCACCMATGAGGAATTACAACMACTCTCCCAGCTAACCCTC 3,120
Al aVa lLeuAs nProMetArgLysMetPheProTh rSerThrlI eVa lGl nTyrMetAspAsplI eLeuLeuAl aSerP roThrAsnGl uGl uLeuGl nGl nLeuSerGl nLeuTh rLeu

CAGGCACTGACCACGCATGGCCTTCCAATTTCCCAGGAAAAAACACAACAAACCCCAGGCCMAATACGCTTCTTAGGACAGGTCATCTCCCCTAATCACATTACATATGAGAGTACCCCT 7`33,240
Gl nAl aLeuThrThrHi sGlyLeuProl leSerGl nGl uLysThrGl nGl nThrProGlyGl nI leArgPheLueGlyGl nVal IlleSerProAsnHis I leThrryrrllu~erhr~ro
ACTATTCCCATAAAATCCCMATGGACACTCACTGAATTACAAGTTATCCTAGGAGAGATCCAGTGGGTCTCTAAAGGAACACCCATCCTTCGCAMACACCTACAATCCCTATATTCTGCC 3,360
Thrt leProl leLysSerGl nTrpThrLeuThrGl uLeuGl nVal Il eLeuGlyGl ulleGlnTrpVal Ser ysGlyThrProI leLeuArgLysHi sLeuGl nSerLeuTyrSerAla
CTTCACGGGTACCGGGACCCMAGAGCTTGTATCACCCTCACCCCACAACAACTCCATGCGTTACATGCCATTCAACAAGCTCTACAACATAACTGCCGTGGCCGCCTCAACCCCGCCCTA 3 ,480
LeuHi sGlyTyrArgAspProArgAlaCysIl eThrLeuThrProGl nGl nLeuHi sAl aLeuHisAlalleGl nGl nAl aLeuGl nHi sAsnCysArgGlyArgLeuAsnProAl aLeu

CCTCTCCTTGGCCTCATCTCGTTAAGTACATCTGGTACAACATCTGTCATCTTTCAACCCAAGCAAAATTGGCCCCTGGCTTGGCTCCACACCCCCCACCCTCCGACCAGTTTATGTCCT 3,600
ProLeuLeuGlyLeu I leSerLeuSerThrSerGlyThrThrSerVal Il ePheGl nProLysGl nAsnTrpProLeuAl aTrpLeuHi sThrProHi sProProThrSerLeuCysPro
TGGGGTCACCTACTGGCCTGCACCATCTTAACTCTAGACAAATATACCCTACAACATTATGGCCAGCTCTGCCAATCTTTCCACCACAACATGTCAAAGCMAGCCCTTTGCGACTTCCTG 3,720
TrpG lyH isLeuLeuAl aCysTh rlleLeuTh rLeuAspLysTyrTh rLeuGl nH isTyrGl yGl nLeuCysGl nSerPheHi sH isAsnMetSerLysGl nAl aLeuCysAspPheLeu
AGGAACTCCCCTCATCCAAGTGTCGGCATCCTCATTCACCACATGGGTCGATTCCATAACCTTGGCAGCCAACCGTCTGGTCCGTGGAAGACTCTCTTACACCTCCCAACCCTTCTCCAG 3 ,840
ArgAsnSerProH i sProSerVa lGly I leLeu IlleH isH isMetGlyArgPheH isAsnLeuGl ySerGl nProSerGl yProTrpLysThrLeuLeuH isLeuProThrLeuLeuGl n

GAACCACGACTCCTCAGGCCAATTTTCACCCTCTCCCCCGTCGTGCTTGACACGGCCCCCTGCCTTTTTTCCGATGGCTCCCCTCAAAAGGCAGCGTACGTTCTCTGGGACCAGACTATC 3, 960
Gl uProArgLeuLeuArgProllePheThrLeuSerProVal Val LeuAspThrAl aProCysLeuPheSerAspGlySerProGl nLysAl aAl aTyrVal LeuTrpAspGl nThrl le

CTTCAACAGGACATCACTCCCCTGCCCTCTCACGAAACACATTCCGCACAMAAGGGGGAGCTCCTTGCACTTATCTGTGGACTACGTGCTGCCAAGCCATGGCCTTCCCTTAACATCTTT 4,080
LeuGl nGl nAspl leThrProLeuProSerHi sGl uThrHi sSerAlaGl nLysGlyGluLeuLeuAl aLeuI leCysGlyLeuArgAl aAl aLysProTrpProSerLeuAsnl lePhe

TTAGACTCTAAATATTTAATCMAATACCTACATTCCCTCGCCATTGGGGCCTTCCTCGGCACTTCCTCCCATCAAACCCTCCAGGCGGCCTTGCCACCCCTACTGCAGGGCAAGACCATC 4 ,200
LeuAspSerLysTyrLeu Il eLysTyrLeuHi sSerLeuAla I leGlyAl aPheLeuGlyThrSerAl aHi sGl nThrLeuGl nAl aAl aLeuProProLeuLeuGl nGlyLysThrIl e

TACCTCCACCATGTCCGCAGCCACACCAACCTCCCCGACCCAATTTCCACCTTCAATGAATACACAGACTCCCTTATCTTAGCTCCCCTTGTTCCCCTGACGCCCCAAGGCCTCCACGGC 44,320
TyrLeuH i sHlisVal1ArgSerH isTh rAsnLeuProAspPro Il1eSerTh rPheAsnGl uTyrTh rAspSerLeulIl1eLeuAl aProLeuVal1ProLeuThrProGl nGl yLeuH isGl y

(Fig. 2 continues on the next page.)

Proc. Natl. Acad Sci. USA 82 (1985)



Proc. Natl. Acad. Sci. USA 82 (1985) 3103

CTCACCCATTGCAATCAAAGGGCTCTAGTCTCTTTTGGCGCCACACCAAGGGAAGCCAAGTCC-,TTGTACAGACTTGCC4TACCTGTCAAAC<-ATCAAC;CACAACATCATATGCCTCGA 4, 440
LeuThrltiisCysAsnGl nArgAl aLeuVal SerPheGlyAl aThrProArgGl uAlaLysSerLeuValGl nThrCysHi sThrCysGl nThrIleAsnSerGl nHi sHi sMetProArg
GGGTACATTCGCCGGGGCCTCTTGCCCAACCACATATGGCAAGGTGATGTMACCCATTATAAGTACAAAAAATACAAATACTGCCTCCACGTCTGGGTAGACACCTTCTCCGGTGCGGTT 4, 560
Gl yTy r IleArgArgGl yLeuLeuProAsnH islI eTrpGl nGl yAspVa lTh rH isTyrLysTy rLysLysTy rLysTy rCysLeuH i sVa lTrpVa lAspTh rPheSe rGl yAl aVaIl
TCCGTCTCCTGTMAAAAGAAAGMAACCAGCTGTGAGACTATCAGCGCCGTTCTTCAGGCCATTTCCCTCCTAGGGAAACCACTCCACATTAACACAGATAATGGGCCAGCCTTCCTATCA 4, 680
SerVal SerCysLysLysLysGl uThrSerCysGl uThrI leSerAl aVal LeuGl nAl a IleSerLeuLeuGlyLysProLeuHi sI leAsnThrAspAsnGlyProAl aPheLeuSer 11

CMAGMTTCCAGGAGTTTTGTACCTCCTATCGCATCAAGCATTCTACCCATATACCATACMACCCCACCAGCTCAGGCCTGGTCGAGAGAACCMATGGTGTMATCAAAAMCTTACTAAAT 4,800
Gl nGl uPheGl nGl uPheCysThrSerTyrArgI leLysHi sSerThrHi s I leProTyrAsnProThrSerSerGlyLeuVal Gl uArgThrAsnGlyVa l IleLysAsnLeuLeuAsn
AAATATCTACTAGACTGTCCTAACCTTCCCCTAGACAATGCCATTCACAMAGCCCTTTGGACTCTCMATCAGCTAAATGTCATGAACCCCAGTGGTMAAACCCGATGGCAAATCCACCAC 4 ,920
Ly sTy rLeuLeuAs pCysProAsnLeuProLeuAspAsnAl a IleH isLysAl aLeuTrpTh rLeuAsnGl nLeuAsnVa lMetAsnP roSerGl yLysThrArgTrpGl n IleH isHi s

AGTCCTCCACTACCACCCATTCCTGMAGCCTCTACCCCTCCCAAACCACCTCCCAMATGGTTCTATTATAAACTCCCCGGCCTTACCMATCAGCGGTGGMAAGGTCCATTGCMATCCCTC S. 040
Se roProLeuP roPro11eProG1uAlaSerTh rProProLysProProProLysTrpPheTyrTyrLysLeuProG1yLeuThrAsnGlnArgTrpLysGlyProLeuGlnSLeun
CA AAGCGGCCGGGGCAGCCTTGCTCTCCATAGACGGCTcCcCCCGGTGGATcCCGTGGCGATTCCTrlAAAAAGCTGCATGcCCCAGACCAGACGCCAGCGAACTCGCCGAGCACGCC 5,160
Gl nGl uAl aAl aGlyAl aAl aLueLeuSerI leAspGlySerProArgTrpI leProTrpArgPheLeuLysLysAl aAl aCysProArgProAspAl aSerGl uLeuAl aGl uHi sAl a
GCAACAGACCACCcAAACCATGGGTAATGTTTTCTTCCTACTTTTATTCAGTCTCACACArTTTTCCACTAGCCAGCAGAGCCGATGCACACTCACGATTGGTATCTCCTCCTACCACTC;J 5,280
Al aThrAspHi sGl nHi sHi sGly

MetGlyAsnVal PhePheLueLeuLeuPheSerLeuThrHisPheProLeuAlaGlnGlnSerArgCysThrLeuThrIleGlylleSerSerTyrHisSe
CAGCCCCTGTAGCCCMACCCAACCCGTCTGCACGTGGMACCTCGACCTTMATTCCCTAACMACGGACCMACGACTACACCCCCCCTGCCCTAACCTAATTACTTACTCTGGCTTCCATAA 5,400
rSe rProCys Se rProTh rGl nProVa lCysTh rTrpAs nLeuAspLeuAsnSerLeuTh rTh rAspGl nArgLeuH isProProCysProAsnLeu IlleTh rTy rSerGl yPheH isLy
GACTTATTCCTTATACTTATTCCCACATTGGATAAAAAAGCCAAACAGACAGGGCCTAGGGTACTACTCGCCTTCCTACMATGACCCTTGCTCGCTACAATGCCCCTACTTGGGCTGCCA 5 ,520
sThrTyrSerLeuTyrLeuPheProHi sTrp I leLysLysProAsnArgGl nGlyLeuGlyTyrTyrSerProSerTyrAsnAspProCysSerLeuGl nCysProTyrLeuGlyCysGl
AGCATGGACATCCGCATACACGGGCCCCGTCTCCAGTCCATCCTGGMAGTTTCATTCAGATGTAAATTTCACCCAGGAAGTCAGCCMGTGTCCCTTCGACTACACTTCTCTAAGTGCGG 5,5640
nAl aTrpThrSerAl aTyrThrGlyProVal SerSerProSerTrpLysPheHi sSerAspValAsnPheThrGl nGluVal SerGl nVal SerLeuArgLeuHi sPheSerLysCysGl
CTCCTCCATGACCCTCCTAGTAGATGCCCCTGGATATGATCCTTTATGGTTCATCACCTCAGAACCCACTCAGCCTCCACCMACTTCTCCCCCATTGGTCCATGACTCCGACCTTGAACA 5, 760
ySerSe rMetTh rLeuLeuVa lAspAl aProGl yTyrAspProLeuTrpPhe Il1eTh rSerGl uProThrGl nProProProTh rSerProProLeuVa 1H isAs pSe rAspLeuGl u~li
TGTCCTAACCCCCTCCACGTCCTGGACGACCAAAATACTCAAATTTATCCAGCTGACCTTACAGAGCACCAATTACTCCTGCATGGTTTGC6TGGATAGATCCAGCCTCTCATCCTGGCA 5S,880
s Va l LeuTh rProSerTh rSe rT rpTh rTh rLys IIl eLeuLysPhe I l eGl nLeuTh rLeuGl nSerThrAs nTyrSerCysMetVa l CysVa l AspArgSerSerLeuSerSerTrpH i
TGTACTCTACACCCCCAACATCTCCATTCCCCAACMAACCTCCTCCCGMACCATCCTCTTTCCTTCCCTTGCCCTGCCCGCTCCTCCATCCCMACCCTTCCCTTGGACCCATTGCTACCA 6 ,000
sVal LeuTyrThrProAsn I l eSerIIl eProGlI nGl nThrSerSerArgThrlIeLeuPheProSerLeuAl aLeuProAlaProProSerGl nProPheProTrpThrHi sCysTyrGlI
ACCTCGCCTACAGGCGATAACAACAGATAACTGCMACAACTCCATTATCCTCCCCCCTTTTTCCCTCGCTCCCGTACCTCCTCCGGCGACMAGACGCCGCCGTGCCGTT CCAATAGCAGT 6, 120
nProArgLeuGl nAl aI leThrThrAspAsnCysAsnAsnSerI l eIleLeuProProPheSerLeuAl aProVal ProProProAl aThrArgArgArgA A l aVal ProI leAl aVa
GTGGCTTGTCTCCGCCCTAGCGGCCGGAACAGGTATCGCTGGTGGAGTAACAGGCTCCCTATCTCTGGCTTCCAGTAAAAGCCTTCTCCTCGAGGTTGACAAIACATCTCCCACCTTAC 6 ,240
l TrpLeuVa lSe rAl aLeuAl aAl aGl yTh rGl yIleAl aGl yGlyVa lTh rGl ySerLeuSerLeuAl aSerSerLysSerLeuLeuLeuGl uVa lAspLysAsplI eSer i sLeuTh
CCAGGCCATAGTCMAAAATCATCAMAACATCCTCCGGGTTGCACAGtATGCAGCCCMAAATAGACGAGGATTAGACCTCCTATTCTGGGMACAAGGGGGTTTGTGCMAGGCCATACAGGA 6 ,360
rGl nAl aI leVa lLysAsnli sGl nAsnI leLeuArgValAl aGl nTyrAlaAl aGl nAsnArgArgGlyLeuAspLeuLeuPheTrpGl uGl nGlyGlyLeuCysLysAl aIlleGl nGl
GCMATGTTGCTTCCTCMACATCAGTAACACTCATGTATCCGTCCTCCAGGAACGGCCCCCTCTTGAMAAACGTGTCATCACCGGCTGGGGACTAAACTGGGATCTTGGACTGTCCCAATG 6,480
uGlnCysCys PheLeuAs n IleSerAs nTh rH isVa lSerVa lLeuG lnGl uArgProProLeuGl uLysArgVal I leThrGl yTrpGlyLeuAsnT rpAs pLeuGl yLeuSerGlnTr
GGCACGAGAAGCCCTCCAGACAGGCATAACCATTCTCGCTCTACTCCTCCTCGTCATATTGTTTGGCCCCTGTATCCTCCGCCAMATCCAGGCCCTTCCACAGCGGTTACAAMACCGACA 6,600
pAl aArgGl uAl aLeuGl nThrGlyIlleThrI leLeuAl aLeuLeuLeuLeuVal IeLeuPheGlyProCys IleLeuArgGl nIleGl nAl aLeuProGl nArgLeuGl nAsnArgHi
TAACCAGTATTCCCTTATCAAC CCAGAMACCATGCTATAATAGACCTGCTAGCTTCTGCAGCAMATCCCCTAGGTTCGTCCCCCTACCATTGACCCATCCACAGTCCTCTATACCAGATG 6, 720
sAsnGl nTyrSerLeu IlleAsnProGl uThrMetLeu
AGTCGCCCCCGATGTCCAGCCCTAACTCGATTCTGMATAATTGCCTCAAATAGTTCCTCTAACCCCCGCTCACATTCCTCCCATAGGACCTTCTTTTCCCCTTCAGGAMATCCACATAAC 6 ,840
CCTGAAGCAAGTCACAAMACCCATCAAMACCCAGGAGTCCTATACACTCCAACTGCTGATGCCTTTCTTCCCTCTCCCGGCGCTTTTGATCCTTTTCCCGCAGGCGCTCCTTTCTGCGCC 6 ,960
GCTCCCGCTCCTCACGCTCCTGCAGAAGTTTTAAGATCTCCCGCTGCTCCTCCGCCAACAGTCTCCGACGAGAGTCTCGCACCTGCTCGCTGACCGATCCCGACCCCAGAGGGCGACCTT 7, 080
TTGCTGTCCTTCTCGGTTCCTCTCCAGGGGGAGGGACACCAGATGTCAGACTCGCCTCTCCCTGGTCTCCTMACGGCAATCTCCTAAAATAGTCTAMAAAATCACACATAATTACAATCC 7 ,200

LeuGl nSer
TGTCTCCTCTCAGC CCATTTCCTAGGATTTGGACAGAGCCTCCTATATGGATACCCCGTCTACGTGTTTGGCGATTGTGTACAGGCCGATTGGTGTCCCGTCTCAGGTGGTCTATGTTCC 7, 320
CysLeuLeuSerAl aHi sPheLeuGlyPheGlyGlnSerLeuLeuTyrGlyTyrProValTyrVal PheGlyAspCysValGl nAl aAspTrpCySProValSerGlyGlyLeuCysSer
ACCCGCCTACATCGACATGCCCTCCTGGCCACCTGTCCAGAGCACCAACTCACCTGGGACCCCATCGATGGACGCGTTGTCAGCTCTCCTCTCCAATACCTTATCCCTCGCCTCCCCTCC 7,440ThrArgLeuHi sArgHi sAl aLeuLeuAl aThrCysProGluHisGlnLeuThrTrpAspProlleAspGlyArgValValSerSerProLeuGl nTyrLeuI leProArgLeuProSer
TTCCCCACCCAGAGAACCTCMAGGACCCTCMAGGTCCTTACCCCTCCCACCACTCCTGTCTCCCCCMAGGTTCCACCTGCCTTCTTTCMATCAATGCGAAAGCACACCCCCTACCGAAAT 7,560PheProTh rGl nArgTh rSerArgTh rLeuLysVa lLeuThrProProThrThrProVa lSerProLysVa lProProAl aPhePheGl nSerMetArgLysH isThrProTyrArgAsn
GGATGCCTGGAACCAACCCTCGGGGATCAGCTCCCCTCCCTCGCCTTCCCCGAACCTGGCCTCCGTCCCCAAAACATCTACACCACCTGGGGMAAAACCGTAGTATGCCTATACCTATAC 7,680GlyCysLeuGl uProThrLeuGlyAspGl nLeuProSerLeuAl aPheProGl uProGlyLeuArgProGl nAsnIlleTyrThrThrTrpGlyLysThrVal Val CysLeuTyrLeuTyr
CAGCTTTCCCCACCCATGACATGGCCACTTATACCCCATGTCATATTCTGCCACCCCAGACAATTAGGAGCCTTCCTCACCMAGGTGCCTCTAAAACGATTAGMAGAACTTCTATACAAA 7,800Gl nLeuSerProProMetThrTrpProLeulleProHi sVal Il ePheCysHi sProArgGl nLeuGlyAl aPheLeuThrLysVal ProLeuLysArgLeuGl uGl uLeuLeuTyrLys
ATGTTCCTACACACAGGGACAGTCATAGTCCTCCCGGAGGACGACCTACCCACCACMATGTTCCMACCCGTGAGGGCTCCCTGTATCCAGACTGCCTGGTGTACAGGACTTCTCCCCTAT 7 ,920
Me tPheLeuH isTh rG lyTh rVallI eVa lLeuProGl uAs pAs pLeuProTh rTh rMetPheGl nProVa lArgAl aProCys Il eGl nTh rAl aTrpCysTh rGl yLeuLeuP roTyr
CACTCCATCTTAACAACCCCAGGTCTAATATGGACCTTCAATGACGGCTCACCAATGATTTCCGGCCCTTACCCCAMAGCAGGGCAGCCATCTTTAGTAGTTCAGTCCTCCCTATTAATC 8 ,040
Hi sSerI leLeuThrThrProGlyLeu IlleTrpThrPheAsnAspGlySerProMetI leSerGlyProTyrProLysAl aGlyGl nProSerLeuVal ValGl nSerSerLeuLeull e

TTCGAAAAATTCGAAACCMAAGCCTTCCATCCCTCCTATCTACTCTCTCATCAGCTTATACMATACTCCTCCTTCCATAACCTTCACCTTCTATTCGATGAATACACCAACATCCCTGTC 8,160PheGl uLys PheG luThrLysAl aPheHi sProS~e~rTyrLeuLeuSerH isGl nLeuIlleGl nTyrSerSerPheH isAsnLeuHi sLeuLeuPheAspGI uTyrTh rAsn Il eProVaIl
TCTATTTTATTTAATAAAGMAGAGGCGGAtGACAATGGCGACTAGCCTCCCGAGCCAGCCACCCAGGGCGAGTCATCGACCCAMAAGGTCAGACCGTCTCACACAAACAATCCCAAGTAA: 8, 280
SerI leLeuPheAsnLysGl uGl uAl aAspAspAsnGlyAsp
AGGCTCTGACGTCTCCCCCTTTTTTTAGGAACTGMAACCACGGCCCTGACGTCCCTCCCCCCTAGGMACAGGMACAGCTCTCCAGAAAAMAATAGACCTCACCCTTACCCACTTCCCCTA 8,400
GCGCTGAAAAACMAGGCTCTGACGATTACCCCCTGCCCATAMMATTTGCCTAGTCAAAATAAAAGATGCCGAGTCTATAAAAGCGCAAGGACAGTTCAGGAGGTGGCTCGCTCCCTCACCr 8,520
GACC CTCTGGTCACGGAGACTCACCTTGGGGATCCATCCTCTCCAAGCGGCCTCGGTTGAGACGCCTTCCGTGGGACCGTCTCCCGGCCTCGGCACCTCCTGAACTGCTCCTCCCAAGGT 8, 640
AAGTCTCCTCTCAGGTCGAGCTCGGCTGCCCCTTAGGTAGTCGCTCCCCGAGGGTCTTTAGAGACACCCGGGTTTCCGCCTGCGCTCGGCTAGACTCTGCCTTAAACTTCACTTCCGCGT 8, 760
TCTTGTCTCGTTCTTTCCTCTTCGCCGTCACTGAAAACGAAACCTCAACGCCGCCCTCTTGGCAGLGCRGTCCCGGGGCCAACATACGCCGTGGAGCGCAGCAAGGGCTAGGGCTTCCTGAA- 8 ,880
CCTCTCCGGGAGAGGTCTATTGCTATAGGCAGGCCCGCCCTAGGAGCATTGTCTTCCCGGGGAAGACAAACA 8 ,952

FIG. 2. Complete nucleotide sequence of HTLV-II provirus. Amino acid sequences in the corresponding open reading frames are shown.
LTRs and the primer binding site (pbs) are also indicated. The arrows at nucleotides 449 and 5043 indicate putative splice donor and acceptor
sites, respectively. The arrows in the gag and the env genes show putative proteolytic cleavage sites. The underline in the poi gene shows the
region to which the pol sequence of Moloney murine leukemia virus (Mo-MLV) shows the highest homology.
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GGAAAAAAACTCCTTAAGGGGGGAGATCTAATCTCCCCCCATCCCGATCAAGACATCTCGATACTCCCACTCATCCCCCTGCGGCAGCAACAGCAACCAATTCTAGGG
GlyLysLysLeuLeuLysqlyGllAspLeul leSerProHisProAspGlnAspI leSerI leLeuP roLeuI leProLeuArgGlnGlnG lnGlnP rolleLeuG ly

GTCCGGATCTCCGTTATGGGACAAACACCTCAGCCTACCCAAGCGCTACTTGACACAGGAGCCGACCTTACGGTTATACCCCAGACACTCGTGCCC GGGCCGGTAAAG
YalArgIl1eSerValMetG lyG lnThr>rG nP roThrGlnAlaLeuLeu1 spThr!QlAlaAs2LeulLVal1Il1eP roG 1nTh rLeuVal1P roGl1yP roVa lLy s

CTCCACGACACCCTGATCCTAGGCGCCAGTGGGCAAACCAACACCCAGTTCAAACTCCTCCAAACCCCCCTACACATATTCTTGCCCTTCCGAAGGTCCCCCGTTATC
LeuHisAspThrLeuI leLeuE~l..Al aSer~l~yG lnTh rAsnThrGlnPheLysLeuLeuGlnThrP roLeuHis I lePheLeuP roPheArgArgSerP roVal1 Il1e

CTTTCCTCCTGCCTCTTAGACACCCACMACAAATGGACCATCATTGGAAGGGACGCCCTACAACAATGCCAGGGGCTTCTATACCTCCCAGACGACCCCAGCCCCCAC
LeuSerSerCysLeuLeuAspThrHisAsnLysT rpThrI1 e Il1eGlyArgAspAlaLeuGlnGlnCysGlnGlyLeuLeuTy rLeuP roAspAspP roSerP roHi s

108

216

324

432

CAATTGCTGCCAATAGCCACTCCAAACACCATAGGCCTCGAACACCTTCCCCCACCTCCCCMAGTGGACCMATTTCCTTTAAACCTGAGCGCCTCCAGGCCT 53 4
GlnLeuLeuP ro Il1eAlaTh rProAsnThr Il1eG lyLeuG luHisLeuP roP roProProGlnVa lAspGlnPheP roLeuAsnLeuS erAl aSerArgP ro

FIG. 3. Amino acid sequence encoded from the open reading frame between gag and pol of HTLV-II. Underlines show where amino acid
sequences are the same as in the proteases of Mo-MLV (---) and RSV (-) when the alignment is made for the best matches of the amino acid
sequences. Numbers indicate nucleotides from the first base of the open reading frame. The first base corresponds to nucleotide 2078 in Fig. 2.

Protease Gene. A protease that is responsible for cleaving
a precursor Gag protein is coded in a gene of retroviruses.
This protease gene is at the 3' end of the gag frame in avian
retroviruses, such as Rous sarcoma virus (RSV), while it is
at the 5' end of the pol frame in murine retroviruses (19, 20).
There is no detectable homology of the amino acid sequence
in the 3' region of gag or in the 5' region of pol of HTLV-II
provirus with the sequence of the protease domain of avian
or murine retroviruses. However, an open reading frame
from nucleotide 2078 to nucleotide 2611 located between the
3' gag and 5' pol frames can encode a sequence of 178 amino
acids, which shows significant homology with the proteases
of RSV and Mo-MLV (Fig. 3). There are several amino acid
sequence clusters that are identical with some amino acid
sequences of the protease domains of RSV or Mo-MLV. In
BLV, an open reading frame located in a similar position
between gag and pol was found to be a potential protease
encoding gene (21), and it was confirmed that this open read-
ing frame encodes a protein (S. Oroszlan, personal commu-
nication). A similar amino acid sequence was seen in the re-
gion between the gag and pol genes of HTLV-I, although
this sequence was split by terminators and also showed a

frame shift (3).
Since subgenomic mRNA of HTLV-II has not been char-

acterized, it is not known how mRNA for the protease is
synthesized. Because the first methionine residue in the
frame is located at position 42 (underlined in the protease
gene in Fig. 2) from the NH2 terminus of this frame, it is
unlikely that this methionine residue functions as an initiator
of translation. The protease may be translated as a fused pro-
tein such as "Gag-protease" as in RSV. If this is so, rear-
rangement of the viral mRNA, involving a splicing or frame-
shift mechanism to make the mRNA, should be considered.
In this regard, it is noteworthy that a putative splice acceptor
site is present at nucleotide 2129 as indicated by the arrow in

A
HTLV-II

HTLV-I

Fig. 4. Splice acceptor sites are also found at similar posi-
tions in HTLV-I and BLV. However, a possible splice donor
site is not present close upstream from the acceptor site, but
there is one at nucleotide 1910, 219 nucleotides from the ac-

ceptor site. If this is the case, a p19-p24-Apl5-protease pre-

cursor protein could be the translation product. Another
possibility to be considered is that a frame shift occurs to
suppress the termination of Gag. In yeast, some tRNAs are

known to recognize a codon with four bases and cause a

frame shift of the gene (22). There may be a similar mecha-
nism in HTLV causing a frame shift from the gag gene to the
protease gene, producing a Gag-protease fused protein. In
fact, a longer gag product was found to be produced in BLV-
infected cells (23). Interestingly, A-A-A-A-A-A, G-G-G-G-
G-G, and C-C-C-C-C-C clusters are localized within the
overlapping region of gag and the 5' region of the protease
gene and within the protease gene. These sequences may be
important for rearrangement of viral mRNA to allow transla-
tion of the protease.
pol Gene. The largest open reading frame for pol is located

from nucleotide 2239 to nucleotide 5184 and can encode 982
amino acids. There is no homology of the first sequence of
pol of HTLV-II, encoding 124 amino acids, with that of the
protease gene of Mo-MLV, but the following sequence
shows significant homology with the reverse transcriptase
domain of Mo-MLV pol (data not shown). Therefore, the
function of the first 124 amino acid residues is unclear, and
this region may be lost during processing of the Pol precur-
sor protein, or it may not be translated to amino acids be-
cause ofrearrangement ofmRNA forpol gene expression. In
the COOH-terminal region of Pol, that is the nuclease do-
main, there is a consensus sequence, Gly-Lys-Pro-Leu-His-
Ile-Asn-Thr-Asp-Asn-Gly-Pro-Ala-Phe-Leu-Ser, specific to
A, B, D, and avian type C retroviruses but not to mammalian
type C retrovirus (24). The amino acid sequences of the Pol

CysLysAspProSerHi sTrpLysArgAspCysProThrLeuLysSerLysAsn

BLV - -TGTAAAGATCCTTCCCATTGGAAACGAGACTGTCCAACCCTCAAATCAAAACTAATAGAGGGGGGACTTAGCGCCCCCCAAACCATAACACCTATAACGGATTCTCTTAGTGuGu-
ArgSerPheProLeuGl uThrArgLeuSerAsnProGln I 1eLysLysLeu IleGl uGlyGlyLeuSerAlaProGI nThrI eThrProll eThrAspSerLeuSerGl u

-'M*protease

B AAAAAA-(8nt-GG 8 or 11n*-CCCCC

FIG. 4. (A) Overlapping regions of gag and protease genes of HTLV-II. Sequences of the corresponding regions of HTLV-I (3) and BLV
(16) are also listed. Vertical arrows indicate possible splice acceptor sites. The position of the arrow in HTLV-II indicates nucleotide 2129 in
Fig. 2. Underlines show common oligonucleotides present in this region. (B) Consensus sequence present in the overlapping region of the gag
and protease gene. nt, Nucleotides.

gag-1
AspLeuProSerThrSerGlyThrThrGl uGl uLysAsnSerLeuArgGlyGlulle

- -GATCTCCCTTCCACCTCAGGCACTACTGAGGAAAACTCCTTAAGGGGG6AGATCTAATCTCCCCCCATCCCGATCAAGACATCTC(,ATACTCCCACTC -

GlyLysLysLeuLeuLysGlyGlyAspLeuIleSerProHisProAspGlrnAspI1eSerlIeLeuProLeu
L-W.protease gag.-

LeuLeuAspLeuProAlaAsplIeProHisProLysAsnSerlIeGlyGlyGluVal
- -CTATTAGACCTCCCCGCTGACATCCCACACCCAAAAACTCCATAGGGGGGGAGGTTTAACCTCCCCCCCCACATTACAGCAAGTCCTTCCTAACCAAGAC-

HisProThrProLysLysLeuHi sArgGlyGlyGlyLeuThrSerProProThrLeuGl nGl nVal LeuProAsnGl nAsp
qaa ' - protease

Proc. NatL Acad Sci. USA 82 (1985)
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proteins of HTLV-I and -II show 61% homology when
aligned for the best match of amino acid sequences (data not
shown). However, the amino acid sequence from residue 117
to residue 281 (underlined in the pol gene in Fig. 2) in this
open reading frame, which is thought to correspond to part
of the domain of reverse transcriptase or RNase H, shows
82% homology.

env Gene. The env gene, from nucleotide 5180 to nucleo-
tide 6637, codes for 486 amino acids. There are five possible
N-glycosylation sites. Four of these are located in the same

positions in the Env proteins of HTLV-I and HTLV-II.
These four glycosylation sites are located in the surface gly-
coprotein. The Env precursor protein of HTLV-I was
cleaved to a surface glycoprotein, gp52, and a membrane
protein, gp2O (E). The putative proteolytic site in the Env
protein of HTLV-II is present between amino acid 308 and
309 from the NH2 terminus of the env frame, leaving back-
bones of 35 and 19 kDa of those protein moieties (Fig. 2).
The amino acid sequence homologies of the surface glyco-
proteins and membrane proteins of the two retroviruses are

63% and 73%, respectively. In the transmembrane protein,
cysteine residues (at positions 389, 396, and 397 from the
NH2 terminus of the Env frame) are well conserved in retro-
viruses. These cysteine residues were suggested to be in-
volved in S-S bridges between surface glycoprotein and
transmembrane protein (25). Truncated mRNA for Env pro-
tein may be synthesized by splicing between a putative do-
nor site at nucleotide 449 in 5' LTR and a putative acceptor
site at nucleotide 5043, which is located near the 3' end ofpol
in HTLV-II (Fig. 2).
X Gene. As previously reported, the X region has three

open reading frames (8). However, one open reading frame,
termed Xc, was found to be translated to a protein with a
molecular mass of 38 kDa (9, 12). This may be compared
with a protein of 41 kDa that was found in HTLV-I-infected
cells (9-12). These proteins are translated from spliced
mRNAs. The splice acceptor site for the mRNA was identi-
fied at nucleotide 7213 (26).

Evolutionary Relationship Between HTLV-I and HTLV-II.
Nucleotide substitution, which occurs during evolution, is
classified into synonymous (silent) or nonsynonymous (ami-
no acid-altering) substitution, depending upon whether the
nucleotide substitution causes an amino acid change or not.
Comparing the nucleotide sequences of the gag, pol, env,
and X genes in HTLV-IT with those in HTLV-I, we estimat-
ed the number of synonymous and nonsynonymous substitu-
tions for the four genes. As shown in Table 1, it is clear that
for all four genes the number of synonymous changes is
much larger than that of nonsynonymous changes. This sug-

gests that, in all genes of the HTLV genome, amino acid
changes are functionally constrained.
Comparing the numbers of synonymous substitutions

among the four genes ofHTLV, we found that the number of
synonymous changes for the X gene is roughly less than half
of those for the other three genes, gag, pol, and env. The
number of synonymous substitutions per nucleotide site for
both gag and pol genes is larger than 2.6, whereas that for
the X gene is only 1.3. (Note that the number of synonymous
substitutions for the env gene, 2.33, could be an underesti-
mate.) One explanation of this observation is that the X gene

may have been transduced into the HTLV genome quite re-

cently. If this is the case, the number of synonymous substi-
tutions for the X gene will be smaller than that for the other
genes in HTLV, unless the rate of synonymous substitution
varies a lot with the gene. Another explanation is that some
constraints, other than amino acid changes, exist in the X
gene. One of the most likely constraints may be the second-
ary structure of the X gene in the RNA viral genome. At
present, both explanations seem to be equally plausible.

Table 1. Numbers of synonymous and nonsynonymous
substitutions per nucleotide site for the genes of
HTLV-II and HTLV-I

No. codons Substitutions per site*
Gene compared Synonymous Nonsynonymous

gag 421 3.41 0.18
pol 895 2.66 0.28
env 482 2.33t 0.22
X 206 1.33 0.16

*For all genes except env, the numbers of synonymous and
nonsynonymous substitutions were estimated by the method of
Miyata and Yasunaga (27).

tSince the method of Miyata and Yasunaga was inapplicable to the
synonymous substitutions for env, the method of Perler et al. (28)
was used for the estimation.
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