
play an important role in regulating the LTP. Increasing the proximity ofPKC to its
persistence ofthe enhanced response but not membrane-bound substrates could result in
its amplitude. Since protein F1 appears to be the persistent elevation of substrate phos-
identical to axonal growth-associated pro- phorylation, as has been observed with pro-
teins [GAP-43 (13) and pp 46 (14)] and B- tein Fl phosphorylation 1 hour after LTP
50, which is related to PI turnover (15), its (18). Consistent with this scenario is the
direct relation to synaptic enhancement (3, recent observation (19) that iontophoretic
5) may require such mechanisms, particular- application of phorbol ester, known to asso-
ly presynaptic growth (16). ciate PKC with membranes (10, 11), en-
The present results suggest a new mecha- hances the persistence of long-term synaptic

nism for the long-term regulation of synap- plasticity in the dentate gyrus after LTP
tic plasticity. The redistribution of PKC induction.
activity between membrane and soluble frac-
tions after LTP may indicate that PKC is
physically translocated from the cytosol to
the membrane. Since ion chelation (with
EDTA) was unable to dissociate PKC activi-
ty from LTP-stimulated membranes, it is
likely that PKC became strongly attached to
membranes after LTP. It has been proposed
that PKC is activated after its association
with the membrane (17), and strong attach-
ment of PKC to synaptic membranes could
result in prolonged activation following
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Equine Infectious Anemia Vii
Relatedness to Visna and All

ROBERT M. STEPHENS, JAMES W. CASE

Comparison of HTLV-Ill, the putative AIDS
help to reveal more about the origin ofAIDS ii
sequence ofthegag andpol genes ofan equine i
DNA clone was determined. The sequence was
ofvisna, a pathogenic lentivirus ofsheep. The rc
a family clearly distinct from that of the type (
group. Within the family, EIAV, HTLV-III, al
from a common evolutionary ancestor.

T HE FINDING OF GONDA et al. (1)
that cloned genomes of HTLV-III
and visna were able to form stable

heteroduplexes under conditions of low
stringency was the first indication that
HTLV-III, the putative cause of human
acquired immune deficiency syndrome,
should be classified as a lentivirus. Sequence
analysis of visna proviral DNA has con-
firmed this conclusion, revealing that visna
is the closest known relative of HTLV-III
(2). More recent data show that caprine
arthritis-encephalitis virus (CAEV), a close
relative to visna, also contains regions able
to form stable hybrids with HTLV-III
DNA (3).

Morphologically, equine infectious ane-
mia virus (EIAV) resembles the lentiviruses
(4); it also shares with them the trait of
rapid antigenic variation in the infected host
(5). Consistent with this classification, a
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pal
lyn
an

gag

kb

usgag and pol Genes: determine more precisely the extent to
which EIAV is related to HTLV-III, we

)S Virus analyzed the nucleotide sequence ofa cloned
EIAV proviral genome. Since it is possible

YNANCY R RICE* to detect even quite distant relatedness ifNANcy_R.Ric_* one analyzes highly conserved regions ofthe
genome, we concentrated on thegag andpol

virus, with other related viruses, may genes.
n humans. In this study, the nudeotide Full-length EIAV proviral DNA was
nfectious anemia virus (EIAV) proviral doned from infected equine fibroblasts (8),
compared with that ofHTLV-M and and after appropriate subcloning the 5' half
suits show that these viruses constitute of the genome was sequenced by the meth-
C viruses or the BLV-HTLV-I and -II od ofMaxam and Gilbert (9-11). The orga-
nd visna appear to be equally divergent nization of the coding regions is dia-

grammed in Fig. 1, and the filll sequence
from the primer binding site (PBS) to the 3'

rtial cross-reaction between the p24's of end of the pol gene is shown in Fig. 2.
nphadenopathy-associated virus (LAV) As in HTLV-III (12) and mouse mamma-
d EIAV has been observed (6, 7). To ry tumor virus (M-MTV) (13), the EIAV

PBS is complementary to tRNA3Y', while
the visna PBS is complementary to thetstart gagstop pl stoP isoaccepting tRNAijY' (2). The two PBS

PIS 1Protease Endo. sequences differ at five positions. In con-
p15 pl11Protease RT Endo. Ix trast, the mammalian type C viruses use

p26 p9 tRNA,r2 as a primer (14) and the avian type
pol ORF - 1 C viruses, tRNATrP (14).

Beginning 116 bases after the PBS, there
o1 2 3 4 5 is an eight of nine match with the consensus

splice donor sequence (15). This is the best
Fig. 1. Proteins encoded by thegag and pol genes
of EIAV. Boundaries between the gag proteins
are known from the work of Henderson et al.
(16). Boundaries withinpol are based on homolo-
gy with other retroviruses and are approximate.
In the 180 base pair region immedicately down-
stream ofpol there are translation terminators in
all three reading frames. RT, reverse transcriptase;
Endo., endonudease.
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CAl TACAG6AAAI TI TACAACCT 1TIA666AAAGATAICC16AA6TACAATIGTAICAAIATAI66AI6ATII TI C61666AA6TAA166TTCICAAAAAACAACACAAA6A6T IAAICA 250
La61. 61. Ile Lu r1. Pro Pk Akg la kgt Tyr Pr. 61s Val 61. Lo Tyr 61. Tyr Not Asp hp La Pkbaly1 Ta wAso hlS Lys Lys 61. Nis Lys 613 La Ile 1le 1(m3)

61Lu kgo Ala Ile La. 61. 0 Lys Gly Pk. 61 1k Pro AP Asp Lys Leo g1. 61. Pal Pro Pro Tyr hr Trp La 61, Tyr 61. La. Cos Pro 61. Aso Irp Lys Val 61. Lys (423)

AAAIGCAA1 IA6ACATGGTAAAGAATCCAACCCTTAAT6A1616CAAAAA1 IAAT66'66AA1ATAACA166A16A6C1CA6666TCCCAG666I16ACA61AAAACACAIA6CA6CIACIA 27W0
1et 61. Lu sLw WI a Lys Am Pro 1k La Aso Asp Pal 61. Lys La Wt 6b Am Ile1T rp WI Shr hr Gly Pal Pr. 61, Lu k Pal Lys Nis 1le Ala Ala 1k 1k (468)

~C1A6GTTTG6TATAAATAT6A6A66CCAA66T6AAATA66AATAA1CTCA6A166ACA1A 186061AAA6206
Lys 6ly Cs La 61. Lu As 61. Lys Pal Ile Trp 1k 61.61. Ala 61. Lys Glv La 61.61GI wA As 61. Lys Ile Lys Aso Ala 6in Bly Lo 611Ty wTy wA Pro 61. 61. 15601

AAGAAAO61ITAI6O6A66TTGAAATTACAAAAAAI 1AI6A66CAACTTAT6TTATAAAACAATCACAA66AAICCTAI666CA66TAAAAAGATTAI6AAS6CTAATAA666AT66TCAA 219
61v Net La Coo 61. Pal 61. 11 1k Los Am Tyw 61. Ala 1k Tyw Pal Ile Lys 61. hr 61. 61, fit Lu lp Ala 61v Los Los Ile Net Los Ala Aso Lys 6ly Irp hr 1k 15461

CA6IAAAAAAT ITAAT6TTAC16TTGCAACAT6166CAACA6AAAGIAT1ACTA6AGTA66AAAAIGTCCAACGTITIAA66TACCATITACCAAAGA6CAA6TAAT6G66AAAT6CAAA 3121
Pal Los Aso LU Net Lu Lei La 61. His Pal Ala 1kr 61. Ser Ile kr kgo Pal 61, Los Coo Pro 1k Ph* Los Pal Pro PHe 1k Los 61a r1m Pa%INt rp 61. WIt 61. Los 160)

AA66ATGGTAT IAITCT166CTCCCAGAAAIA6TATATACACATCAAGTA6T ICAIGATGAITT6A6AA16AAATT66IA6AA6AACCTACAICAGGAATAACAATb¶IACACT6AT6666 3m
61ylrp Tyw Tyw hr Trp Luv Pro 61o Pal 1w1yk His 61.al PalVWHis Lwp Lwp rp Are WIt Los Luo Pal 61 61. Pro 1k hr 61i Ile 1k Ile Tyw1k Lwp 61, 61, 1613)

GAAAACAAAAT66A6AA66AATAGCA6CITIAT6I6ACCA6IAAT666A6AaCIAAACAGAAAA66TTAG6ACCT6OCACTCATCAA6T1 16C6AAAGAAI66CAAIACAAAT66CATI A6 3210
Los 61. Am 61o 61u filo Ile AAlaa1wo Pal 1khxSr Am 61 krg 1k Los 61. Lys kg Lu 61 Pro Pal 1k Wis 61m Pal Ala 61. kge WIt Ala Ile 61. WIt Ala Lu 61a (MAW)

A66ATACCA6A6ATAAACAA6TAAATATA6TAACTGATA6ITATTATT6TI66AAAAAIATTACA6AAG6ATTA66GTTIA6AA66ACCACAAAATCCTT66I66CCIATAA1ACAAAATA 360
Asp1kkg Asp Los 61. Pal Asm11 Palef1kpLwThr Tyr1 Coos Trp Los Aim Ile 1k 61. 61, Lu 61o Lu 61a 61, Pro 61. Lw Pro Trp Irp Pro 11. fle 6a Ain Ile 1760)

TACGAGAAAAA6A6ATA6TTITATITT16CTTI666TACCT66TCACAAA666ATAIAT66TAATCAATT166CA6ATI6AAGCC6CAAAAAIAAAA6AA6AAATCAT6CIA6CATACCAA66CA 3Jo
kgl61. Los 61. Ile Pal 1wr Ph Ala Trp Pal Pro 61y His Los 61 Ile Tyr 61y As 61. Lou Ala Lwp 61u Ala Ala Los Ile Los 61. 61 Ile WIt Lu Ala Tyw 61Gly1k1740)

CACAAATTAAA6A6AAAA6A6AI6AA6AT6CA666TITI6ACTTAT6TITI CCTTAT6ACATCAT6ATACC16TATCTGACACAAAAATCAIACCCACA6A16TAAAAAITCAA6I TCCIC 372
61.IleLos 61. Los krg Lwp 61. Lwp Ala 61, Ph Lwp Luo Coo Val Pro Tyw Lwp Ile WptIl11 Pro Pal hir Lwp 1kr Los Ile Ile Pro 1k Lwp Pal Los Ile 61. Pal ProPro17961

Lw hr Ph 61v Trp Pal 1k 61, Los hir her WIt Ala Los 61. 6ly Lu Lu Ile Lw 6ly 61, IhIle Lwp 61. 61 1wr 1k 61,i61.01. 61 WPale11 Coos 1k Lw Ile 61Y 1601

6AAAAA6TAAIATTAAATTAAIA6A666ACAAAAA1 TI6CACAATTAATTAI'ACTACA6CAICACICAAATTCCAGACA6CCTT666A16AAAAIAAAATATCTCA6A6A6666ATAAA6 3Jo
Loshir Lw Ile Los Lus Ile 61. 61y 61. Los PHo Ala 61. Lui Ile Ile Lu 61. His Nis hrw hr kg 61.SWPro Irp LwP 61s Lw Los IlIe hr 61. krg 611 Lwp Los 61, 1801

Ph 6ly S Thr1 61Y Pal Ph Irp Val lu Lw IlIe 61. Glo Ala 6lm Lwp 61, Wis Sv Lw Orp His 1k hr Pro Los Ile Lu Ala kgoLw Tyr Los Ile Pro Lud 1k Pal Ala 1(gm)

CAAAACA6ATAACICAA6AAT6TCCTCATTG6CACTAA6CAA66AICA66ACCT6CA66IT6T6TCA I6A6ATCTCCTAATCATTI6GCA66CA6ATT6CACACAT IT66ACAA IAAGATAA 4201
Los 61. Ile 1k 61. 61.Cs r Ni 1ik Los 61 6ly her 61o Pro Ala 61, Coo Pal WIt kg hr Pro Lw His lrp 61. Ala Lw Coo 1k Wfis Lu Lwp Lw Los IleIle 1946)

IATI6CAIT II6TA6A6TCAAAI ICA66AIACATACAI6CIACAI1 AITTTCAAAA6AAAAT6CAITAT61ACITCATI66CTAITTTA6AAT666CAA6AIITI1TTTCACCAAA6TCCI 43201
Lu fis Ph Val 61. her Lw hr 61 Tyw Ile Wis Ala 1k Lu Lu her Los 61. Lw Ala Lu Coo 1k hr Lu Ala Ile Lu 61. lrp Ala kgo Lu Ph hr Pro Los her Lui 19N

TACACACAAiTAAC66CACIAATII I6166CA6AACCAGII6TAAAI T16TT6AA6TICCIAAAgAIAGCACATACCACA66AATACCATATCATCCAGAAA61CA666TAIT6TASAAA 406
Wis 1kr Lwp Lw 61, 1k Lwo Ph Pal Ala 61. Pro Pal al Lw Lum Lu Los Ph Lu Los Ile Ala Wid 1k 1k 61o Ile Pro Tyw Wis Pro 61. hir 61a 61y Ile Pal 61a kg 116031

666CAAATA66ACCI T6AAA6A6AA6AT ICAAA6TCATA6AGACAACACTCAAACACT66A66CAGCTITIACAACI16CTCTCAITACII6TAACAAA666A666AAA6TAI666A66AC 456A
Ala Lw kgo 1kr Luo Los 61a Los Ile 61. her Wis kg Lwp Lwm1 lm61kIh Lu 61. Ala Ala Luv 61m Lu Ala Lou Ile 1k Cys Lwo Los 61, krg 61. hr WIt 61y 6ly 61. (1061

A6ACACCAIS66AA61ATIIATCACTAAICAA6CACAAGTAAIACAT6A6AAACITTTACTACASCAAGCACAATCCTCCAAAAAAATIT1161TTTTTACAAAATCCCT66TGAACA fIATT1 406
1khro ftrp 61, Pal Ph IlIe 1k Lw 61o Ala 1a Pal Ile Nis 61. Los Lo Lu Lu 61o 61. Ala 61. hr hir Los Los Ph Coo Ph Tyw Los IlIe Pro 61, 61a Wis Lw Trp (11601

66AA666ACCTAC 1A66616C16T66AA66616A I66I6CA6TA6TA6TTAAT6AI6AA66AAA666AATAATT6CT6IACCAI TAACCA66ACIAA61T ACTAATAAA6CCAAAT1160 460
Lys r1,Pro 1kkAro al LevTp Lys 61,Am61,AlaaVW Vl a1lwLAsA1v6,YLys r1, le le Als PlPro aL1kkAglk Lys LedtoIleLys Pro Am0 M 11401

splicedwr'A.ApIS-.4 sliceohoir0.splice &nor '

.LGlyLwp Pro Lev 1k Top her Los Ala Luv Los Los Lu Slb Los Pal 1kr Pal Gin 61, hr Gin Los Lev Thr Tir Gly Aso Cys Aso Too Ala(331

CIAA6TCIA6IAGACIIATITCAT6ATACCAACT II6TAAAAGAAAA66ACT66CAGCT6A666ATGTCATTCCAITTCTGGAAIATGTAACTCAGACGCT6TCAGGACAAIAAA6A6AI 301
Leoher Lou Pal Lwp Luv Ph His Lwp 1k Lw Ph Pal Los 61v Los Lwp lep ln Leu krg Lwp Pal Ilie Pro Leu Leu Ala Lwp Pal 1kr 61n 1k Lev Ser 61, 61n lb krg Ala(731

AlaPh 61. krg 1kr rp lop Ala IlIe hr Ala Pal Los WIt 61, Lev 61. Ile Lwo As Pal Pal Lwp 61, Los Ala Sir Phe 6o Lev Luv kg Ala Los Tyw r1a Los Los 1kr Ala 11131

AATAAAAAGCA6TCI6AGCCCTCT6AA6AAIAICCAAICATGATA6AI6666CI66AAACAGAAATITTIAGACCCTCAACACCTA6A66AIATACTACII666T6AATACCAIACA6ACA 4600
Asw Los Los Gbn hr Gla Pro her Gla Gla Twyr g Ile WtIlIe Lwp Gly Ala Gly Lwo krg Lwn Ph krg Pro Leu 1kr Pro krg Gly Tyr 1k 1kr Tp Pal Lwo 1klerm 1kr 11531

AATG6TCTAT IAAAI6AA6CIA61CAAAACTTAATI666ATAITAICAGTA6ACT6TACTTCT6AA6AAATGAAI6CATTI1TTGSATII66IACCIGGCCAGGCA66ACAAAA6CA6ATA 720
LswGly Leu Lev Lw Gla Ala her 61n Lw Lu Phe ly IlIe Lou her Pal Lwp Coo TkhrSr u Glb WIt Lwp Ala Ph Lev Lwp Val Pal Pro 61b Gin Ala 61y61. Los Sin IlIe (1931

IIACTI6AI6CAATIGATAAAATA6CA6ATGATTGGGATAATAGACATCCATTACC6AAI6CTCCACI66T66CACCACCACAAIGGCCTAT ICCCAIGACAGCAAGGTTTATTAA6A6T 906
L LLlale Lwp Los Ile Ala Lwp Lwp Trp Lwp Lw krg Afs Pro Lev Pro Lwn Ala Pro Lev Pal Ala Pro Pro Sin 61 r IePoWlkyl gP IlIe kg Gbl(33

Luv61 Pal Pro krg 61v kgo Gin WI 61. Pro Ala Phe Lwp 61. Ph kgo 61. 1k Tyr krg SIn IlIe I1e G1v Ala ret Ser Cla SlyI,11 Lys Pal rtI lIe S1, Los Pro Los 1213
*slicedor'

6CTCAAATTTAGCAAGAGCTA66ACCIACCCGAATTGTAACAACTATATCCAAAAAAAGT_ 6GGAA__CCA_GGAGACAAAGATACAC6AIAAC 11608
Ala610Lw IlIe krg Gin Sly Ala Los 61u Pro 1wr Pro bv Phe Pal Lwp kg Lou Luv See Gio IlIe Los ler G1. 61, His Pro 61. 61. Ile hrt Los Ph Lev 1k Lwp1k Lou(3131

ACC TA T AC6A6ACACC6CAAAT6A66AATAT66TTAG6AAAAI6C IAIT6AAGGACAATTT AA6ACCA6ACSASAAIACAATAIC A AA6AA6AAAAAAATAAITT T C SCTASAGACAAIA A T AACA ACAAACAAC*AAAC6AAISAA 165AI12600
1k Ile 610 Aso Ala Asp Giva 6u Coos krg Am Ala WIt kg His Lev krg Pro SI. Lwp 1kr Lou 6o CIu Lys Yet 1wr Ala Cys kg Lwp Ilie Sly T1k 1kr Lys SIn Lys Yet WIt (3531

p 11- .

ITAT ISSCAAAAGCACITCAGACT66TCIT6C6S6CCCAI IIAAASG6S6ASCCTTGAAAGSAG66CCACTAAAS6CAGCACAAACAISI IAIAACTGTGGGAAGCCAGGACATIATACT 13310
LevLev Ala Los Ala Lu .5o 1kr Gly Lev Ala Aly Pro Ph Los Sly Sly Ala Leu Los Sly Gly Pro Lu Los Ala Ala Sin 1k Cys Tyo Asw Coo 61, Los Pro 61 Wis Lou her 1393)

I roteuepol IEstart
ASTCAAISTAGAGCACCIAAAGTCTISI 1IAAATGTAAACAGCCT66ACATTTCICAAASCAAI6CA6AAGIGTICCAAAAAACS66AAGCAA666SCTCAA66SA6SCCCCA6AAACAA 1440

her61nCoskgv Ala Pro Los Pal Coo Ph Los CiS Los 61. Pro 61, His Phe her Los Ame CosAokg r Pal Pro Los Lw lb Los Si. 61b Ala Gin 61, kgl Pro 61. Los61.t1433)
001k Ala lop 1k Ph Luv Los Ala WIt 61. Los Cos her Los Lys krg Gla Ala krg 61, her krg 61a Ala Pro Glu 1k Lwn 1201

Ap' isplice rceplar'
ACTI ICCCGATACAACAGAA6A6TCAGCACAACAAATC6TGTS6ACAAGAGACTCC ICAGACTCAAAATCT6IACCCAGAICT6AGCSAAAIAAAAAAGSAATACAAIS1CAA6A6AAAG 1560

1kPhProIlIe 61. 6i1o Los hr 61. Wis Lwp Los hr Pal Pal61Sin 1kuTh Pro 61. 1kr 61n Lwo Leu 1wr Pro Lwp Lou her la IlIe Los Los 61. lye Asw Pal Los 61. Los(4731
PheProLwp 1k 1k 61v Sin hr Ala 1nSl Gl Ile Coo Coo 1k krg Lwp hr her Lwp her Los ler Pal Pro krg Seo iArag Am Lys Lys 61, IlIe 61o Coo 61. Sly 61, Sly(WI)

AgIag SOPI I1wotuehinlIooIuIsts
SATIC AAaSTAS6AS66AT C ICAAC C T6SAC A 6 T T6 TS ASI AAC A TA TAA TCTA6AGA A A A6CC T AC TACAATA6T A TT AAT I A A I 6ATACT C C CTITA A A GISACTT TAS6A C A CA GGAS 14600
Lwp Sba Pal 61. Lw Lu Lw La Lwp hir Lu Top 61v 00 (49)

Ser Seo krg 61, hor 61. Pro 61,y Sin Ph Val Sly Pal 1k Tyw Lw Lou 6lo Los ka Proa.....k...Il[Te Val Lu TIle Lw Lwp 1kr Pro Luv Lw Val Leu Lou Lwp 1k 61y Ala (160)

C A6 IA TT A6 6T 6A CT CI CA AT AT AT A6 TT AA IA A6 66 6A AA AT IC AG GA 6 GA IA IA GA TG 6 66 IA ITICIAACAC T CCTIIA SAI 160080
Lwp 1k her Val Lu 1k 1kf Ala His 1wr Lw krg La Los Tyr krg Sb kg Los Tyo Gbn 61, 1k CI,Ile TIle 61y Val Sly 61, Lwn Pal Gu 1kw Phe hr 1k Pro Pal 1kr (1401

CTIA IA AA6ASAaAAA66 6ITAS6AC ACATTAA6ACAA6 AAaISCITAS6 6 6C A 6A IAI C C AS6TSA CITA T T TSS6S6A CS6AS6A TAT TIC TIICAS6A C T TAS6SIGC AA A A T T GT T TSTGCAC AS6CICT 1920
IleLosLos Lys 61b krg His Ilie Los 1k krg WIt Lev Pal Ala Lwp Ilie Pro Pal 1kr TIle Lu Sly krq Asp TIle Leu GIn Lwp Lev Sly Ala Los Leu Pal Lev Ala Sin Lev her (1601

A IThloulgy starts.
CCAAS6AA ATIAAAA TIT ASAAAAA T AS6A ITAAA AS6ASSS6CA C AA S6S6CCAAAAA IT CC TC A ATSGS6CCAC TCA C TA AS ASA A ACT ASAA 6 6C CAAASA A CA IC C AAA AC IAA 2010

Los li IlIe Los Phe krg Los .IIe ..l1a La.Lysb Sbu Sly 1kr WIt Sby Pro Los IlIe Pro Sin lop Pro Lev 1ky Los Cli Los Leu Sbu 6l, Ala Lys GIu 1kr Pal 61. krg Lev Lev 12201

16 C a 60066tC A A A A A TAT C A GA A SC! 0616tI A C A A T A A ICC? 18IATA A TICt A C C C A T A IT1161 A IA A A A AIA SASSI C 16T C A A A 166 AS 11ct A TT A C A A I A ITC CSAGAS A A VI7A A A C A A A A 2140
Ser C1a Sly Los fie Shr I. Ala Ser Lp Asn L Pro Tyr Aso Ser Pro lie Ph Pal Ile Los Los kg Ser Gly Los Iro kg Lou Leu 61n Lw Leu kg Cl Leu Ls Los 1hr (261)

CAGTACAASIAGGAACGGAAATAICCAGAGATI16CCICACCCCA66AGATTAAITAAAISTAAACACAtGACTTATTIAGATATT6GAATG6CATAT1TCACtIAACCCTTIAAICCAG 2260
Pal 6l1 Pal Gly 1k 1, lie Ser kr Sly Lu Pro His Pro 61, 61y Lou lie Los Cys Los His W rk Pal Leu sP lie Cly w Ala lyr Phe r lie Pro Lu Lp Pro 61a (16)

A6T TTAGACCAITACA6C ITCACTA T CCCTCCIIA tA CAICAAGAACCA6ATAAAA6AAT 6 T6 T G6AA T6A TT CCACAA6GAT IC6t6 T TGA CCCA TATA TAI CA6AAAA 240
Ph kg Pro Tor 1k Ala Ph Ik lie Pro Ser Ile Am His 61n 61u Pro Lsw Lys rg Tr Pal Trp Los Cys Lou Pro Gln Sly Phe Val La Ser Pro trw lie Tyr S1n Los 1r (3)

590

Fig. 2. Nudeotide se-
quence of thegag and
pol genes of an EIAV
proviral DNA done.
Nudeotide number
beginning at the prim-
er binding site (PBS) is
given on the right at
the end of each line;
amino acid number
within gag and within
pol is shown in paren-
theses. Within gag,
possible splice donors
with at least a seven of
nine match to the con-
sensus sequence (15)
are indicated. In the re-
gion between the 5'
end of the protease-pol
open reading frame
and the protease cod-
ing sequence, the best
match with the con-
sensus splice acceptor
(15) is also shown.
, termmation co-

don.
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Table 1. Relatedness ofEIAVgag andpol proteins to those ofother retroviruses, as indicated by ALIGN scores. The indicated EIAV proteins (or segments
thereof) were compared with the corresponding proteins (or segments) ofHTLV-III (12), visna (2), BLV (21), M-MuLV (22), and RSV (24) by using the
computer program ALIGN. Since the program limits the number of residues in each test sequence to a maximum of 180, segmentation of a long sequence
such aspol is necessary. The ALIGN scores given above represent the number ofstandard deviations by which the score ofthe test comparison exceeds the av-
erage score of a random comparison. Numbering for p26 segments is derived from Fig. 3; forpol segments, from Fig. 2. ND, not done. NA, not applicable;
HTLV-IH has a 132-residue deletion time in this region. BLV-HTLV-I (25) scores are included for comparison; for protease the HTLV-II sequence (26)
was used.

EIAV- EIAV- Visna- EIAV- EIAV- EIAV- BLV-
HTLV-III visna HTLV-III BLV M-MuLV RSV HTLV-I

p15 3.7 5.7 4.1 0.8 ND ND 8.0
p26

1. 1-83 11.2 8.0 6.1 4.0 5.0 4.0 13.5
2. 84-128 0.7 3.2 -1.0 0.2 0.3 0.0 6.6
3. 129-171 9.6 8.7 7.8 4.9 7.7 5.4 11.0
4. 172-235 12.4 9.1 9.7 4.6 -0.3 0.2 17.4

pl1 8.3 9.4 7.4 3.7 2.3 4.1 ND
Protease 8.1 7.5 9.3 5.9 7.4 6.6 10.1
pol

1. 211-313 18.9 21.7 24.8 12.2 10.2 11.8 23.9
2. 313-420 18.9 15.2 16.0 12.5 9.4 14.4 18.8
3. 420-569 11.9 9.9 10.1 6.0 4.0 5.9 ND
4. 570-688 9.8 8.1 6.9 0.9 3.0 4.0 ND
5. 736-867 NA 17.7 NA ND 1.5 ND ND
6. 915-1037 14.4 20.2 12.4 10.2 10.2 12.5 24.4
7. 1038-1146 10.7 9.6 7.1 2.8 1.3 -1.7 16.7

match not only within this region but also
within the long terminal repeat and within
the gag region. Since both HTLV-III and
visna also have eight of nine matches in this
region with the consensus donor, we con-
sider it likely that it is a functional site in
EIAV. Three other sites that have seven of
nine matches with the consensus are located
withingag and are indicated in Fig. 2.
The presumed initiation codon for the

gag gene begins 124 bases downstream from
the PBS. From this initiator there is an open
reading frame that extends for 1458 bases.
Four EIAVgag proteins (with approximate
molecular weights of 26,000, 15,000,
11,000, and 9,000) have been described
(16, 17). From the results of Henderson et
al. (16), who have performed NH2-terminal
and COOH-terminal amino acid sequence
analysis of these proteins, we were able to
locate their coding regions within the gag
open reading frame. The sizes of the pro-
teins are predicted to be: p15 (NH2-termi-
nal gag protein), 124 residues; p26, 235
residues; p1 (nucleic acid binding protein),
76 residues; and p9, 51 residues.
We used the computer program ALIGN

(18, 19), which employs a scoring matrix
and a gap penalty, to assess the relatedness
of the EIAV proteins to those of other
viruses. A computer-assisted alignment of
p15, p26, and pll with the corresponding
proteins of HTLV-III and visna (20) is
shown in Fig. 3, and the ALIGN scores
(AS) for comparisons through gag and pol
are given in Table 1.

Within the NH2-terminal protein, relat-
edness among EIAV, HTLV-III, and visna
is weak but significant. The best match is
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between EIAV and visna (35 identities, 28
percent ofEIAV residues; AS, 5.7), but the
EIAV-HTLV-III and visna-HTLV-III
scores are not much lower. There is no
apparent homology between the EIAV pro-
tein and the NH2-terminal gag proteins of
HTLV-I (AS, -0.1) or BLV (AS, 0.8). In
addition, the computer program RELATE

(19) failed to detect homology between the
EIAV protein and either of the twogag
proteins upstream of p30 in M-MuLV or
Rous sarcoma virus (RSV). From these
results it appears that EIAV, HTLV-III, and
visna are more closely related to each other
than to the type C viruses or to the HTLV-
I-BLV family. Nevertheless, the relatedness

NHg-terminal gag protein (p15)
EIAV (1) 1MD P L T WS(E - - - KLL VEL V Q- 1 sQrT-- LT16 "NN -S
HTLV-II (1) G A R A MV L S G O-E RI E KAl--I R L P ISGi K LENVK H I RAL
VISNA (1) L3[EK Q G K E(MJK I EL E V CoAIc K I I V PIJJETU.IJEmIL KALIK

EIAV (36) L V1LH - D T N F EJ K EDQ LMD V I P LtE DVTIWTTLSIG-!
HTLV-III (40) E L F A V N P G L LFT1s E-G C Q I L G QWO P S LIO TMSIj Er1 - -_RI- -
VISNA (45) T IIF IF - ED -- PT I TK Y T V ID RL -XKOJPILE.IT S KE F A

EIAV (74) A F E I I A CBS A±VNKLQINNG" L[ S FQ L L R A KYK K TEK K
HOTLV-IlI (77) = yT V T LDV 1VH G I E1KT K E A LD K IME E Q NIKIZKZIA Q
ISNA (85) IS LQ AT L c WmU Q("±N K P E TIVQ[A KG II S N KE G L NBNJE IG E

EIAV (118) SW - - -bS - - - - _QE nY
HTLV-11I (118) A A A 0 T G H S S Q V S N V
VISNA (129) VMQ L YIDN L E K H RbVIIJ

p26
EIAV (1)
HTLV-111 (1)
VISNA (1)

MI DG NXN FR PLTTPRG iTT T^NT IQ T N JL N ASQ N L FL1
IP IQ N IOQ V H Q I SL.BJT L N A K E E K A F S PIEV I P - M S A
IP I VN2LNQ GJPS EWKMVRE SVVFQQL Q TWAMQHIJV SOOFERQLAYr

EIAV (45) mV O CIFIE E MIRIA FID V QA j1 OL DAI KInA DED R L P
HTLV-III (44) PE G AIQIFQIIL GT MILIN T GI HQI N K E T LJAN E E AIA EI lO HPIRH
VISNA (45) ET T W lK I L E R.A NR EEL I Q G K EEA5ERl QNL--

EIAV (89) N<f L PPl 1P G1 F
PIgNOA

R F RITI L; V P R E R NE;P FGHjFID- - - -

HTLV-II1 (88) A 0P -IIAPIGj RE R G SI-I IAI IT T S LIlIE IGW M T N N P P I P 0V G5
VISNA (87) PlJNfir--- - - - LIDV QWO VRIQSNQS QANMQANNAM- - - -

EIAR SEGIK R GK-K;QN AK
K P- Ef V D

N
L ASQHTLV-III (130) WK wII II ILIN KIr IS0 IPIT S I L 011 R Q5GP LE R K T

VISNA (119) C L TE R -S JHE H R G NPMLR N JEEI DAAI.L.LI

EIAV (172) WK SmG H P K Fr IIQ NANIE E C RAD-!HINAHM ELPEDL
HTLV-III (172) L NP[ElQ A S N W T LIL VON AJIPMWCIK T IL -K AILMP * - AATLEl
VISNA (162) WD .JP V T 0P TYIVTIKR SY ST Q K Q|DDOTI §1TVaQQQ

EIAV (213) . K I T T TK Q L L K A
HTLV-II (213) T C RGPRINIK[E- -IAIR VI
VISNA (207) IEK IQ A C R0VGSEE F QI .l .

EIAV (1) T GM G P FGiMA - - L K G PL K A A Q T T C 6 K P 6
HTLV-III (1) AlE S Q V T N T A T I NQO1SQ F RN R CI N C GK 16 H
VISNA (1) l.JQt& QRPQ G --A --H NK V - L-U - - - - -KCY 1CC Klp H RI

EIAV (40) m V-- F
CKfP"F S S V P Kg - QA QIG P Q K QTP

HTLV-II (45) LRlA K EG H Q MIK C[E R Q AC P V K PIG N - _
VISNA (35) G -T1I H KRU QLL_NKD Q K K Q - N RRN PRVTSSAPPNL

Fig. 3. Relatedness of
gag proteins of EIAV,
HTLV-III (12), and
visna (2). All identities
are boxed. Numbering
begins with the first
amino acid in each
protein. The NH2-ter-
minus of HTLV-III
p26 has been reported
(7, 12); other HTLV-
III and visna cleavage
sites will be reported
by Oroszlan et al. (20).
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tween the p24's of BLV and HTLV-I (44
percent identities) (21). Unlike p15, EIAV
p26 is also related to the corresponding
protein of other retroviruses. The first 83
residues are highly related to those of
HTLV-III and visna (AS, 6 to 11), and also
to those of BLV, M-MuLV, and RSV (AS,
4 to 5). Between residues 84 and 128 of
EIAV p26, there is little apparent related-
ness even to HTLV-III and visna, but the
region between residues 129 and 171 is
highly conserved. Homology with HTLV-
HI and visna is highest (AS, 8.7 to 9.6), but

A
t * * t*t * t t* *** *

EIAV (1620) T T I V LrN D T P LN V L L D t G A D S TT A H Y N R L K Y R
HTLV-III (1854) P L V T K I G Q LEA L L D T G A D DTV LEE - - - - - N S L PG
VISNA (1826) K I E G T Rt W A K fS - - - - - H D S G

* * t *t
EIAV (1737) K Y T G - I --_N _ T F SNT T KKK RH T
HTLV-III (1956) - Wfly K - G I G G F M K Q Y D [LJE I H K A I T L
VISNA (1928) - pI LR I I L Q GG G I WE GK W E - H L Q Y KKN I K

* * t t * * * * t t
EIAV (1845) -XDD I T I GRF I Q D A K V LtxAI S -WElE K F RtK Ern
HTLV-III (2064) - G P T V N .LmG REL L.T QJ1GIC T 1- -r P I S P I T V P V KI

VISNA (2039) LMT SP E V NGRAN M R EL I G I E EIKIK P S T R V L K

M-NuLV (2739) . . (47). . . l I P L
RSV (2503) T V A 'LHIAI P LI

* * t * t ** * t *

EIAV (1956) -E Glt Ml P K IPQ i P L T K E - K L EG IT T KI
HTLV-III (2169) - -IP GIMDNG Q P1 T E - KI1E-A IEC I T K K

VISNA (2156) - K P H I Q W P T Q E - GLLEGlK E IViDR L ECX.jEGJV
M-NuLV (2757) - - ATSP S I KQQ P EA G IQR L LID Q G LI
RSV (2536) W K D H P VJIi P J G ILJ V ATQ L LQ IL iIHm

B t * t t tCDnsensusftT _KI_..6t t

Consensus RT I L It p I -Q I P L t E K L G . . .(11) . . G I

BLV I _E P V Q F P L[ E - R L A . . .(11). . .6 I

HTIV-I_ __ __ II (1 .6HT>LV-1 L L I P I 0 f P L| EE- R L A . . .(11). G I

HTLV-II I L E -_-_- P V Q F P LlJ_ E- R L A . . .(11). . .G I
x x

C C A C C T 6 A G G T A C C T C A A T T CIC C T T T AA A CIT A 6 A A C 6 C C T C CA G G C C

pol *tt Gly Thr Ser Ile Pro Phe Lys Leu Giu Arg Leu Gin Ala
protease Pro Pro Giu Val Pro Gin Phe Pro Leu Asn ttt

Fig. 4. (A) Relatedness of presumptive proteases of EIAV, HTLV-III, and visna. All identities are
boxed. The NH2-termini of the proteases are unknown; in BLV, RSV, and M-MuLV there are 8, 9,
and 14 amino acids, respectively, upstream of the first residue shown above (23, 24, 29). HTLV-III
(12) and visna (2) are numbered starting from the cap site, and EIAV, from the PBS. A dagger (t)
indicates a constant residue in EIAV, HTLV-III, visna, RSV (24), M-MuLV (22), BLV (21), and
HTLV-II (26); an asterisk (*) indicates that only conservative substitutions (35) have occurred at this
site in all these viruses. The boundary between protease and RT is not known for the lentiviruses. The
last residue conserved in all the retroviral proteases is the leucine indicated by an arrow. The sequence of
the NH2-terminus of RSV RT (27) is shown, as is the sequence of a region 47 residues downstream
from the NH2-terminus ofM-MuLV RT (28). In this region a dagger (t) indicates a constant residue
among all the sequences shown above, and an asterisk (*), only conservative substitutions. The bars
indicate possible cleavage sites in the lentivirus polyproteins. (B) Translation of the pol gene in BLV,
HTLV-I, and HTLV-II is predicted to require a frameshift. The consensus RT sequence is taken from
(A), and daggers and asterisks are used as in (A). The arrow indicates the position ofthe NH2-terminus
of RSV RT. Sequences from BLV (21), HTLV-I (25), and HTLV-II (26) are shown below, with the
arrow indicating the known COOH-terminus of the BLV protease (29). The two "x" marks indicate
deviations of the BLV group from the consensus sequence. At the second "x," the lentivirus proteins
will contain K or N, depending on precisely where the frameshift occurs. The BLV vase sequence in this
region is also shown, with translations of both the protease and pol frames. Note that there is a
termination codon in the protease frame immediately downstream ofthe predicted frameshift, and one
in the pol frame immediately upstream ofthe predicted frameshift. The nine-base sequence conserved in
BLV, HTLV-I, and HTLV-II is boxed.
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it is significant with BLV, RSV, and M-
MuLV (AS, 4.9 to 7.7). In segments 1 and
3, therefore, the EIAV protein appears

about equally divergent from those of the
BLV-HTLV-I family and the avian and
mammalian type C viruses. This is not so in
the COOH-terminal segment (EIAV resi-
dues 172 to 235), where relatedness is ap-
parent to HTLV-III and visna (AS, 9.1 to
12.4), and to BLV and HTLV-I (AS, 4.1 to
4.6), but not to M-MuLV or RSV. This the
only region throughout gag and pol where

the lentiviruses appear more closely related
to the BLV-HTLV-I and -II group than to
the type C viruses. It suggests the possibility
of a recombination event between early
members ofthe lentivirus and BLV-HTLV-
I and -II families.
The p26 of EIAV is followed by the

nucleic acid-binding protein pll. An inter-
nal region containing three cysteine residues
is highly related to the comparable segment
in other retroviruses and, as in HTLV-III,
visna, HTLV-I, BLV, and RSV, this region
is duplicated in EIAV. The EIAV-visna
alignment gives 27 identities (35 percent of
EIAV residues) and a highly significant
ALIGN score of9.4, but the EIAV-HTLV-
III and visna-HTLV-III scores are also very
high.
From these results with p15, p26, and

pl 1, we conclude (i) that the clQsest rela-
tives of EIAV are HTLV-III and visna; (ii)
that EIAV, HTLV-III, and visna are rough-
ly equidistant from each other; (iii) that the
three lentiviruses are less closely related than
are BLV and HTLV-I; and (iv) that in the
region spanning the COOH-terminus of
p26, the lentivirus sequence is significantly
more closely related to that of BLV and
HTLV-I than it is to that of the type C
viruses.

Following pll is the p9 protein mapped
by Henderson et al. (16) to the COOH-
terminus of the gag precursor. Although
there is little or no homology with the
corresponding region in HTLV-III (AS,
-0.6), both proteins consist of about 30
percent charged residues and contain seg-
ments of 23 to 27 amino acids where the
level of charged residues is near 50 percent.
The function of these proteins is unknown.
In contrast to the EIAV-HTLV-III ar-

rangement, the termination codon for the
visnagag gene falls at the COOH-terminus
of p1 1. Consequently, visna is not expected
to encode a protein comparable to p9.
The pol gene, which contains regions

clearly homologous to other retroviral pro-
teases, reverse transcriptases, and endonu-
cleases, is in a different reading frame from
gag. Thepol open frame overlapsgag by 251
bases, so that a splice or a frameshift any-
where within this rather sizable area could

SCIENCE, VOL. 23I

between EIAV and HTLV-III is distant.
For comparison, the NH2-terminalgag pro-
teins ofBLV and HTLV-I share 40 identical
residues (37 percent) and yield an ALIGN
score of 8.0 (21)
Highly significant relatedness is seen

among the p26 proteins of EIAV, HTLV-
III, and visna. Overall, the best match is
between EIAV and HTLV-III (71 identi-
ties, 30 percent of EIAV's residues), but the
EIAV-visna and HTLV-III-visna align-
ments are nearly as good. As in p15, this
relatedness is more distant than that be-



result in pol gene translation. There are
several sequences in this area which give a
mediocre match to the consensus splice ac-
ceptor, and since there are multiple possible
splice donors ingag, a splicing mechanism
cannot be ruled out. This arrangement of
the gag, protease, and pol coding sequences
in EIAV, HTLV-III, and visna is different
from that ofM-MuLV (where all are in the
same reading frame) (22, 23), of RSV
(where gag and protease are in a different
frame from pol) (24), and of BLV (21) and
HTLV-I (25) and HTLV-II (26) (where all
three are in different frames).
Although the NH2-terminus of the pre-

sumptive protease is not yet known, related-
ness to other retrovirus proteases is apparent
in the translated sequence beginning 18
bases after the gag termination codon and
extending for at least 95 amino acids (Fig.
4). The EIAV sequence is most highly relat-
ed to that of HTLV-III (AS, 8.1), but the
EIAV-visna and HTLV-III-visna scores are
comparable (AS, 7.5 to 9.3). As in p26, the
EIAV protease is also related to that of
BLV, M-MuLV, and RSV (AS, 5.9 to 7.4).
The boundary between protease and re-

verse transcriptase (RT) is not known but
can be estimated. Only 14 residues after the
last residue known to be conserved in all the
viral proteases (the leucine is indicated by an
arrow in Fig. 4), clear homology with M-
MuLV and RSV RT has begun. The prote-
ase COOH-terminus must therefore fall
within this short span. Possible cleavage
sites can be identified in this region in
EIAV, HTLV-III, and visna, based on the
known cleavage sites withingag (16, 20).

Having established that a sequence at the
NH2-terminus of RSV RT (27), near the
NH2-terminus ofM-MuLV RT (28), and at
the presumptive NH2-terminus of lentivirus
RT is quite conserved, one can use this
information to predict the NH2-terminus in
other viruses where it is not immediately
obvious, namely, the BLV-HTLV-I and -II
group. In that group, as in RSV, protease
and pol are in different reading frames, and
the mechanism of translation of the pol gene
is unknown. If we examine the translated
BLV sequence for homology with the con-
served RT sequence, we find that the first
half of the sequence exists in the protease
reading frame, immediately downstream
from the known COOH-terminus of the
mature protease (29) (Fig. 4B). This ar-
rangement is seen in both HTLV-I and -II,
though the COOH-terminus ofthe protease
is not known for those viruses. The second
halfof the conserved RT sequence is contig-
uous with the first half but is in the pol
reading frame in all three viruses. This sug-
gests that in order to translate an RT ho-
mologous to those of RSV, M-MuLV, and

the lentiviruses, a frameshift i

between the first and second ha
conserved sequence. It is of i
there is a sequence of nine bas
conserved in BLV, HTLV-I, ani
at the site of the presumptive
(Fig. 4B). The prediction is that
time translation proceeds to th
codon in the protease frame (
stream of the frameshift region)
nates. But occasionally a frames
somehow promoted by the con
sequence, resulting in pol gene t
We also analyzed the relatednc

pol to that ofother viruses by div
segments and comparing each w
responding region of HTLV
BLV, M-MuLV, and RSV. As c

21, 30), we found a highly conse
(segments 1 and 2) in the NH2-t
of the presumptive RT. Pairwi
sons of EIAV, HTLV-III, an
segment 1 yielded ALIGN score
24.8 (best match, visna-HTLV-
segment 2, 15.2 to 18.9 (b
EIAV-HTLV-III). In these tw4
53 percent of EIAV's 211 residu
tical in HTLV-III. EIAV is
related in this region to BLV,
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Fig. 5. Base composition of retro
strands in thegW-pol region. A + T
computed by using a window size (

and a slide of 25 bases. The M-Mu]
begins at the 5' end of the gag gei
begin at the primer binding site. All
3' end of the pol.

must occur and RSV (AS, 10.2 to 14.4). EIAV, unlike
alves of this HTLV-III and visna, has a termination co-
nterest that don in segment 2 (residue 397 in Fig. 2),
;es perfectly indicating that the clone we are sequencing
id HTLV-II is probably defective.
frameshift The same pattern of relatedness is ob-

most ofthe served for EIAV segment 6 which, on the
ie first stop basis of homology with M-MuLV and
just down- RSV, is located near the NH2-terminus of
and termi- the presumptive endonuclease (31, 32).

;hift occurs, Pairwise comparisons of EIAV, HTLV-III
served base and visna give scores of 12.4 to 20.2 (best
ranslation. match, EIAV-visna). Scores for compari-
ess ofEIAV sons between EIAV and BLV, M-MuLV,
iding it into and RSV are also very high (10.2 to 12.5).
4ith the cor- With EIAV segments 3, 4, and 7, which
-III, visna, represent COOH-terminal regions of RT
expected (2, and endonuclease, a different pattern is seen.
rved region Pairwise comparisons between EIAV,
:erminal half HTLV-III, and visna give highly significant
se compari- scores (6.9 to 11.9; best match is EIAV-
id visna in HTLV-III in each case), but relatedness to
s of 18.9 to the corresponding regions of BLV, M-
-III), and in MuLV, and RSV varies considerably. In
zest match, segment 3 this homology, while lower than
o segments, in segments 1, 2, and 6, is still significant
tes are iden- (AS, 4.0 to 6.0). Segment 4 appears to be
also highly weakly related to M-MuLV and RSV (AS,
M-MuLV, 3.0 and 4.0) and not to BLV, and in

segment 7 there is no significant homology.
The remaining EIAV segment (No. 5) is
related only to that of visna, for the HTLV-

~ AIII pol sequence has a 132-amino acid dele-
tion in this region. On the basis of the
alignment with other pol genes, this falls
within the highly variable region at the
COOH-terminus of RT and NH2-terminus
of endonuclease (28, 31, 32).

Similarity between EIAV and HTLV-Ill
J and visna is also apparent on the relatively

gross level of overall base composition. In
thegag-pol region the coding strand of each
has very high adenine (A) content (38 to 39
mole percent) and very low cytosine (C)
content (15 to 18 mole percent). This re-
sults in an unusually high A + T (T, thymi-
dine) content (60 to 62 mole percent),
which is very different from that of the type
C viruses of the BLV-HTLV-I family (45
to 47 mole percent). In consequence there
should be little stable secondary structure in
lentivirus genomic RNA, and this may ac-

*9v~ count for the relative ease with which the
EIAV RT synthesizes full-length comple-
mentary DNA in the endogenous reaction
(33).

4000 In conclusion, EIAV appears to resemble
HTLV-III rather than visna in the use of

)viral coding tRNA3YS and in encoding a p9 at the
Icontent was COOH-terminus of gag. However, both
of 100 bases EIAV and visna have a sizable insertion
ne; allqother (132 amino acids in EIAV) relative to
extend to the HTLV-III near the COOH-terminus of

RT. Depending on the region of the
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genome, EIAV appears slightly more related
to HTLV-III (p26, protease, segments 2, 3,
4, and 7 of pol), or visna (p15, pii, seg-
ments 1 and 6 ofpol), but with the possible
exception ofpol segment 6, these differences
are not large. Since visna and HTLV-III
appear no closer to each other than either is
to EIAV, we conclude that the three viruses
are about equidistant from each other.
Chiu et al. (34) recently compared the

translated nucleotide sequence at the NH2-
terminus of RT (corresponding to our pol
segments 1 and 2) in EIAV, CAEV, and
HTLV-III. They concluded that the three
viruses are about equidistant from each oth-
er. Since CAEV is a dose relative of visna
(81 percent amino acid identities in the
region sequenced by Chiu et al.), our results
are in good agreement with theirs. They also
concluded that divergence among the lenti-
viral pol genes is about the same as that
observed between the pol genes ofBLV and
HTLV-I. This conclusion, however, while
true forpol segments 1 and 2 does not apply
topol segments 6 and 7 (see Table 1). There,
as throughout gag and protease, BLV and
HTLV-I are more highly related to each
other than are EIAV, visna, and HTLV-III
to each other. Similarly, within RT the
BLV-HTLV-I and -II group appears more
closely related to the avian type C viruses
than to the mammalian type C viruses (2,
21, 34), but in other genomic regions closer
relatedness to the mammalian viruses is seen
(21). Thus a phylogenetic tree that accurate-
ly reflects relationships in one segment of
the genome may not apply to other seg-
ments. This may result from real differences
in evolutionary rate, from limitations in our
methods of analyzing relatedness, from viral
recombination, or from some combination
of these factors. Until this issue is clarified
further, we view the lentiviruses, the BLV-
HTLV-I and -II group, the mammalian type
C viruses, and the avian type C viruses as
four major retroviral groups that are approx-
imately equidistant from each other.
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Putative Reverse Transcriptase Interediates ofHuman
Hepatitis B Virus in Primary Liver Carcinomas

H. WILL,* J. SALFELD, E. PFAFF, C. MANSO, L. THEILMANN,
H. SCHALER

Nudeocapsid-pol fusion proteins have been detected by serological screening hepato-
cellular carcinoma tissues that contain hepatitis B virus (HBV) DNA. The existence of
these fusion proteins suggests that HBV may synthesize its reverse transcriptase in a
fashion analogous to the way that retroviruses synthesize and process a precursor. The
accumulation ofHBV reverse transcriptase intermediates in tumorous tissues and not
in other tissues may be related to the absence of viral core particles and possibly
contributes to tumor development.

HU UMAN HEPATITIS B VIRUS (HBV)
contains a DNA genome but re-
sembles retroviruses (i) in its

mode of replication involving reverse tran-
scription of an RNA pregenome, (ii) in its
gene organization, and (iii) in its-association
with tumor development (1). At the level of
transcription, both differences and similar-
ities between HBV and retroviruses exist
(2). In contrast to retroviruses (3), all tran-
scripts identified so far are unspliced and
originate from different promoters; howev-
er, as in retroviruses, they are coterminal.
For HBV and the related duck hepatitis B
virus (DHBV) the major messenger RNA's
(mRNA's) identified have been related to
the hepatitis B surface antigen (HBsAg) and
nucleocapsid protein, hepatitis B core anti-
gen (HBcAg), but not to the reverse tran-
scriptase believed to be encoded by the pol

frame (4). Only the HBcAg mRNA covers
the complete pol frame; for expression of
the pol protein from this mRNA, internal
translation initiation would have to occur.
Alternatively, in analogy to retroviruses (3),
the HBV reverse transcriptase could be syn-
thesized via a HBcAg-Pol (c-pol) fusion
protein. This is conceivable since the
HBcAg coding region (C gene) of HBV
overlaps with that of the pol frame reminis-
cent of the gag-pol frame arrangement in
most retroviruses. As confirmation of this
hypothesis, we have identified and charac-
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