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The nucleotide sequence of the ~WJ gene of a previously described human provirus (ERV3) 
has been determined beginning near the 3’-end of the pal gene and continuing through the 
I-LTR. Analysis of the nucleotide sequence revealed the presence of a long open reading 
frame of 1944 nucleotides that is capable of encoding a polypeptide that has characteristics 
of other retroviral glycoproteins and transmembrane proteins. These include the presence 
of seven potential glycosylation sites, a typical glycoprotein-transmembrane protein 
cleavage sequence, and amino acid homologies to the glycoproteins and transmembrane 
proteins of other retroviruses. Further, we have isolated an ERV3-specific cDNA clone 
from a library prepared from liver RNA of a ZO-week human fetus. DNA sequence analysis’ 
of this clone revealed that it is identical to the ERV3 genomic clone in the 1110 nucleotides 
that were sequenced. 0 1985 Academic Press. Inc. 

INTRODUCTION 

In the last few years, it has become in- 
creasingly clear that the DNA of man, like 
that of other vertebrates, contains many 
integrated retroviral genomes. Although 
endogenous retroviruses are not normally 
associated with any pathologic state, the 
awareness that exogenous retrovirus in- 
fection poses a significant health threat to 
humans has caused many to consider the 
etiologic potential of human proviruses as 
well. This potential is demonstrated in 
AKR mice where endogenous xenotropic- 
like retroviral enzl sequences are involved 
in the formation of MCF recombinants, 
which are necessary intermediates in the 
induction of thymic lymphomas (Chatto- 
padhyay et ak, 1982). Thus, nondefective or 
partially nondefective human proviruses 
may provide a source of new human retro- 
viral recombinants. 

1 The U. S. Government’s right to retain a nonex- 
clusive royalty-free license in and to the copyright 
covering this paper, for governmental purposes, is ac- 
knowledged. 

a Author to whom requests for reprints should be 
addressed. 

The presence of retroviral sequences in 
the human genome was first detected by 
low stringency hybridization of BaEV or 
R-MuLV cDNA to human cell DNA (Ben- 
veniste and Todaro, 1974,1976; Kominami 
et aL, 1980). Definitive evidence that human 
DNA indeed contains retroviral sequences 
was obtained from DNA sequence analyses 
of cloned DNA from human recombinant 
libraries using retroviral probes in non- 
stringent hybridization conditions (Bonner 
et al, 1982; Repaske, 1983b). One multicopy 
family of human sequences (Martin et aL, 
1981; Repaske et al, 1983b, 1985) is com- 
posed of both full-length and truncated de- 
fective proviruses. Clones related to the 
type B retrovirus, mouse mammary tumor 
virus (MMTV), have also been isolated 
(Callahan et aL, 1982, 1985; Westley and 
May, 1984) and hybridization studies in- 
dicate MMTV-related sequences are mod- 
erately repetitive in human DNA. Further, 
Noda et al. (1982) isolated from a human 
library several clones related to baboon 
endogenous virus (BaEV) LTR. 

This group previously described two hu- 
man proviral clones, ERVl (Bonner et aL, 
1982; O’Brien et aL, 1983) and ERV3 (O’- 
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Connell and Cohen, 1984; O’Connell et al, 
1984) that by DNA sequence analyses are 
significantly related to Moloney murine 
leukemia virus (M-MuLV), BaEV, and the 
human proviral genomes described by 
Martin et al (1981). Unlike the latter family 
of human sequences, ERVl and ERV3 are 
apparently single copy in humans and have 
been mapped, respectively, to chromosomes 
18 and 7. Both proviruses are the result of 
ancient integrations in the primate lineage 
and both are replication defective: ERVl 
has no 5’LTR and ERV3 contains in-frame 
terminator codons in the gag and pal genes. 
In this report we further characterize the 
ERV3 provirus and show that its env gly- 
coprotein gene is capable of encoding a 
polypeptide product. In addition, we report 
the isolation and characterization of an 
ERV3-specific cDNA clone isolated from a 
human fetal cDNA library. 

MATERIALS AND METHODS 

Human retrtiral clones. Isolation of a 
clone containing the ERV3 provirus from 
a X-library of human cellular DNA and 
derivation of pBR322 subclones, pRI4.8 and 
pHP1.7, were previously described (O’Con- 
nell et aZ., 1984). Two B&I-PstI fragments 
from the ERV3 env region were subcloned 
in the SmaI-Pet1 sites of pUC8 (Vieira and 
Messing, 1982): BP6 (nucleotides -190 to 
1499) and BP7 (nucleotides 1597 to 2273) 
(see Fig. 1 for nt coordinates). Another 
subclone, termed DD2, was derived from 
pRI4.8 by cleavage with KpnI, followed by 
&Z-31 digestion, recleavage with EcoRI, 
and subcloning of the approximately 1.86- 
kb fragment in the EcoRI-SmaI sites of 
M13mp8. The subclone extends from nt 
2545 to the EcoRI site in the 3’-flanking se- 
quence. 

A human 20-week fetal liver cDNA li- 
brary cloned in the EcoRI site of h-gtl0 
was the kind gift of Dr. E. F. Fritsch. The 
1726 nt env fragment from the ERV3 sub- 
clone, pHP1.7, was isolated and used as a 
probe in hybridization to filters containing 
DNA from 9 X lo5 individual plaques (Ben- 
ton and Davis, 1977). The final hybridiza- 
tion wash was at 0.08 M Na+, 68”. DNA 
from one positive plaque (XHFS) was di- 

gested with EcoRI and the 2851 nt insert 
was subcloned in the EcoRI site of pUC8. 
Also, an SspI-EcoRI 1.2-kb fragment at the 
3’-end of the cDNA clone was subcloned in 
the SmaI-EcoRI sites of the Riboprobe 
vector, pSP64 (Promega Biotec). 

DNA sequence analysis. Restriction frag- 
ments of ERV3 genomic and cDNA sub- 
clones were labeled at their 3’-ends using 
DNA polymerase I (Klenow fragment, Be- 
thesda Research Labs) and r2P]dNTPs 
(Amersham). All ERV3 DNA sequences 
were obtained by the chemical degradation 
method of Maxam and Gilbert (1980). Both 
strands of DNA were sequenced where 
necessary to clarify uncertainties. Occa- 
sional compressions in the DNA sequence 
were resolved by performing the electro- 
phoresis at 65”. 

RESULTS AND DISCUSSION 

The envelope gene. A restriction map of 
the 3’ half of the ERV3 genome is shown 
in Fig. 1 beginning with the EcoRI site in 
the pol gene that was previously shown to 
share significant homologies with M-MuLV 
near M-MuLV nucleotide (nt) 4980 (O’Con- 
nell et al, 1984). Continuous DNA sequence 
spanning 3387 nucleotides at the 3’ end of 
the ERV3 provirus was determined (Fig. 
2). The nucleotide sequence was translated 
into the three reading frames. Figure 3 de- 
picts the initiator and terminator codons 
in each reading frame. The translated se- 
quence in frame 3 contains amino acid ho- 
mologies to the M-MuLV pol gene near the 
M-MuLV COOH terminus (underlined in 
Fig. 2). These homologies place ERV3 nt 1 
(Fig. 2) at M-MuLV nt 5389 (Shinnick et 
aZ., 1981). If ERV3 contains a pal gene of 
M-MuLV length, and if the ERV3 pol and 
env gene reading frames overlap as in M- 
MuLV, the env glycoprotein initiator codon 
would be expected to occur near nt 380 (Fig. 
1). Frame 1 in the ERV3 sequence contains 
a long open reading frame of 1944 nucleo- 
tides beginning at nt 559 (Figs. 2, 3). The 
first two potential initiator codons in this 
open frame occur at nucleotides 769 and 
808. This would place the ERV3 env initi- 
ator 389 or 428 nucleotides 3’ of the ap- 
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FIG. 1. Restriction map of the ERV3 genome 3’ end. Top: the ERV3 genetic map. Gaps between 
pal-env and env-LTR represent apparent noncoding regions. Middle: bar represents extent of cDNA 
clone (see text). Crosshatching indicates sequenced regions (discussed in text). Bottom: restriction 
map of genomic clone. R, EcoRI; H, HindIII; P, P&I; A, A/&II; Nd, NdeI; B, BarnHI; Bl, B&I; S, 
StuI; K, KpnI; Hh, HhaI; N, NciI; SC, ScaI; M, M&II. Crosshatching indicates region that was se- 
quenced. 

proximate site of M-MuLV glycoprotein 
initiation. Thus the pol and env reading 
frames of ERV3, like those of the AIDS 
retrovirus isolates (Muesing et aC, 1985; 
Ratner et al., 1985; Sanchez-Pescador et ah, 
1985; Wain-Hobson et al, 1985), are not 
overlapping. A potential env splice acceptor 
sequence, -CCTTCTCCCCCCAGG-, was 
identified in the ERV3 sequence beginning 
112 nt upstream of the 5’ ATG codon. This 
sequence is a perfect fit to that of a con- 
sensus splice acceptor (Mount, 1982). 

The encoded amino acid sequence of the 
long open reading frame (Fig. 2) has cer- 
tain characteristics in common with typical 
retroviral glycoproteins. First, it contains 
8 potential glycosylation signals (7 within 
the putative glycoprotein region), se- 
quences of the form Asn-X-Ser/Thr (Mar- 
shall, 1974) (Fig. 2). By comparison, the 
glycoproteins of M-MuLV (Shinnick et al, 
1981), bovine leukemia virus (BLV) (Rice 
et al, 1984), and feline leukemia virus 
(FeLV) (Elder and Mullins, 1983) contain 
7,8, and 12 such signals, respectively. Also 
present in the open reading frame is a se- 
quence of basic amino acids, -Lys-Arg-Lys- 
Ser-Lys-Arg- (nt 2083-2100), that may 
represent the proteolytic cleavage site be- 
tween the glycoprotein and transmem- 
brane protein (Fig. 2). Typically this occurs 
following the final arginine. 

The ERV3 envelope protein amino acid 
sequence and that of other retroviral en- 
velope glycoproteins was compared using 
the computer program, ALIGN (Dayhoff, 

1976). The ERV3 glycoprotein sequence re- 
vealed limited but significant homology to 
the encoded amino acid sequence of two 
xenotropic MuLV genomes, NFS-Th-1 (Re- 
paske et ah, 1983a) and NZB (O’Neill et ah, 
1985) and these homologies are underlined 
in Fig. 2. Figure 4 shows the homologies 
between ERV3 and this region in several 
other type C retroviruses that could be 
aligned by their homologies with the xe- 
notropic MuLV genomes. These include 
AKV (Lenz et ah, 1982), M-MuLV (Shinnick 
et al., 1981), M-MCF (Bosselman et ah, 
1982), F-MCF (Adachi et aL, 1984), and 
FeLV (Elder and Mullins, 1983). In each 
case, the sequence, at least through the 
common cysteine residue, lies within a hy- 
drophobic domain as calculated by the 
program of Kyte and Doolittle (1982). The 
highly conserved nature of this region is 
also indicated by its location 13 residues 
downstream of a potential glycosylation 
site in M-MCF, FeLV, NZB, and NFS-Th- 
1, and 12 residues downstream of a poten- 
tial site in ERV3. In each case the glyco- 
sylation site contains threonine rather 
than serine. The conserved region in the 
several type C retroviruses is 73-74 amino 
acids downstream of the methionine that 
is the initiator of glycoprotein synthesis. 
Thus, the envelope initiator in ERV3 may 
be the methionine (nt 769) located 92 res- 
idues upstream of the conserved region or 
the second methionine (nt 808) that is 79 
residues distant. The nucleotide sequence 
around the two ATGs would suggest that 
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C~66~~A~~~6CCCiA~6Airsrcisrrcbscrr0ccrrtCCCA~lCAl~A6~C~AAlI~ 60 
& Iv Ser Pro Wr &I Arg & Phe ~IJ 1~s plo Ser pro Ile IJe Ser 6111 JJe lys -- 

A666iAA~Ci~C6IbAAC~i6666~AllA~Cl~~~A66A~6CAA~~6CA~6Cl~iA666~ 120 
61~ Asn Leu Arg 6Ju leu 6Jr 6Ju lw lhr Lau Arg Arg 6Jn Net 6Jn Ala Leu 6Jy IJe --- 

TA6C~AT6T~AA6TbTCCAisscrbssrrElssrirsrri6CCC~TAA6~CT6AiA6AT~ 180 
Ala kt see Ser ysl His 61~ lrp VaJ 6Jn 6Ju Arg Net Pro IJe Ser leu IJe Asp “0 - 

CAATiCACC~CTTTiAACC~A666~CTCT~TTT6~6TCA~AAAAiAAAA~CCAA~CACT~ 240 
IJe His pro Phe LYS Pro lrg ASQ Ser lw - rrp VaJ Lys Lys *se Ass Pro Thr Thr Leu _ - 

T666iCCCAiAT66bAT66bCTCC~TACT~TAAT~TT6l~TATT~CCACi6TT6iTAAA~ 306 
6Jy pro JJe rrp Asp f& leu His g VaJ JJe Leu Ser IJe Pro Rr VaJ VaJ Lys VaJ - - - - -- 

TT6ci66AAiT6T6EcTT6srrccirccriccrsicrsci6~~~~66A~~ 360 
AJa 61~ IJe VaJ Pro rrp JJe His Pro Ser Scr 6Jn Leu LYS Pro Ala Ala 6Jn Asp Lys -- --- 

A616bACCAbCCAAEA66Accrrsiccrrierrcecrsci6ATC~TAC6~,66A~CCAA~ 420 
rrp rhr &r 6Jn 6Jn Asp Leu Asp His Ala Rr 6Jn Leu IJe Lcu Arg rrp Au, 6Jn 6Jy 

616C~A6T6i6AT6iCAACiscccisercissrcicrccb6AA6~16AC~A6TC~AC6C~ 480 
Ala Ser 6Ju #et rhr Thr Ala Leu leu Trp Ser Leu Arg 11s Leu Thr Ser Pro Arg Thr 

PO1 stop t 
C66Ci6AA6CTT6A66A6A~AACAbCCCT~CTCiisTCA~CCCA~AA6Ci6ACT~6lCT~ 540 

Ala 6Ju Ala *et 

T6CA~66CCbAA6CiT6A6icrrcircns66rrsirrrrbT66TiA6AA~TCT6~A6TC~ 600 

A6TAiTTTT~~TT6i~ATAiTAATiA~TTi6~TAiTAA6~T6TC~CTTT6ETTA6C~:’: 660 
t 

splice acceptor t. 
lCCCCCCA66AAAAi6CCliTTCT~lCCAi6CT6~6TAT~AACAi6CTA~TCAT~ACTTi 720 

6TTCiT6CliCTCC~CTTAiccrrbrrrrirssrbrrccET666~666Ai6CCT~CACT~ 760 

t 
Net Pro Pro leu 

probeble ENV start 
CACC~ACACiAC6TbTC66b6AAC~TCAI6ACTAAAACC~T6TT~TATC~CACTiATTAi 640 
His Pro His ryr VaJ Sw 61~ Asn IJe k-t Thr lys rhr Leu leu ryr His rhr ryr ryr 

6AtTbT6CTb66AC~T6CCirssricrrsirercicrrcEA6AC~ACCT~CTCA~TCT6i 
6Ju Cys AJa 6Jr Thr Cys Leu 611 rhr Cys rhr His Asn 6Jn rhr rhr ryr Ser VaJ Cys 

tUUUU:UU:. 
6ACC~A66Ai6666~CA6C~rrrrbrsrsirrrsicccrrA6TCITCAC~T666~TCT6~ 
ASP Pro 6Jy Arg 6Jy 6Jn Pro hr VaJ Cys ryr Asp Pro Lys Ser Ser Pro 6Jy JJe rrp 

TTT6iAATTiAT6Ti666T~rrrsbrrss66rrcircrriACCA~ACCA~66TAiTTCC~ 
Phe 6Ju JJe His VaJ 6Jy Ser lys 6111 6Jy Asp Leu Leu Asn 6Jn rhr Lys VaJ Phe Pro 

.uaUtut:u*:a 
TCI6bCAA6bAT6T~6TAT~CTTAiACTli6AT6iTT6CCA6AlA6TAT~CAT6~6CIC~ 
Ser 6Jy Lys Asp VaJ VaJ Ser Leu ryr Phe Asp VaJ Cys 6Jn JJe +J Ser Ret 6Jy Ser ---- - 

CTCliTCCCbTAAT~TTCAbrrccirsfAbrrcrirrsri6CT6~CATA~AAAT~66TAi 
leu Phe Pro VaJ IJe Phe Ser Ser Met 6Ju ryr ryr Ser Ser Cys His lys Asn Arg ryr - 

6CACiCCCTbCTT6iTCCA~csrriccccisrrrcrrcri6CT6~6ACl~CACA~C6T6~ 
Ala His Pro Ala Cys Ser rhr Asp Ser Pro VaJ rhr rhr Cys rrp Asp Cys Thr Thr rrp 

TCCA~TAAC~AACAilCACiA666~CAATiAT6CilACC~AAAT~CCATiA6AA~CA6Ai 
Ser Thr Asn 6Jn 6Jn Ser leu 6Jy Pro JJe Net Leu ?‘hr 11s JJe Pro Leu 6Ju Pro Asp 

T6TAiAACAi6CACiT6CAiTTCl~TAAAiCTTA~CATCiTA6A~CCA6~TCA6~CCAT~ 
CYS Lys rhr Ser Thr Cys Asn Ser VaJ ge,,:;sn4e,,,g JJe Leu 61s Pro Asp 6Jn Pro JJe 

166A~AACAb6TTTiAA6A~rccsErrsfsscrcsrsrci6C6Ai6AA6~AATT~6CCC~ 
rrp rhr rhr 6Jr leu lys rhr Pro Leu 611 Ala Arg yaJ .W Asg 6Ju 6Ju IJe 6Jy Pro 

66A6~CTAT~TCTAiCTATiTATC~TAAA~AAAA~TC66iCCC6~TCAA~CCAA~A6TT~ 
6Jy Ala ryr VaJ ryr leu ryr JJe JJe Lys 11s fir Arg Rr Arg Ser TDr 6Jn 6Ja leu 

C6A6iTTTTbA6TCiTTCTiT6A6~Al6TiAACC~6AAAiT6CC~6A6C~CCCT~CCTT~ 
Arg VaI Phe 6Ju Ser Phe ryr 6Ju f/is VaJ Asn 6Jn Lys lw Pro 6Ju Pro Pro Pro LE# 

900 

960 

1020 

loo0 

1140 

1266 

1320 

mo 

1440 

1500 

6CCAdTAATilATT~6CCCiACT6~CT6A~AACAiA6CC~6CA6~CI6C~C6Tl~ClTC~ 1560 
Ala Ser Asn LUI Phe Ala 6Jn Lau Ala 6Ju Asn IJe Ala Ser Ser Leu His Al AJa Ser 

FIG. 2. DNA sequence of the ERV 3’-end. Nucleotide number 1 begins in the polgene corresponding 
to M-MuLV nucleotide 5153 (Shinnick et al, 1981). Encoded amino acid homologies to M-MuLV in 
pal gene, to NFS-Th-1 and NZB in glycoprotein region of gene env (Repaske et d, 1983a; O’Neill et 
al, 1985), and to M-MuLV in env p15E, are underlined. Three asterisks indicate terminator codons 
while underlining with asterisks represents potential glycosylation sites. The ERV3 3’-LTR begins 
at nucleotide 2799 (O’Connell and Cohen, 1984). 
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T6lTiT6lCi6T66666AAisrrcirsssisrccirr66ECAT6~6AA6~AA66~AACT~ 1620 
CYS lyr Val CYS 6ly 6ly Het Au, #et 6ly Asp 61n Trp Pro Trp 6111 Ala Arg 6111 Lw 

Al6C~CCAAbAlAAilTCA~ACTA~CC6C~lCTl~CCTC~AACCi6CAC~AlCA~6TCA~ 1660 
#et Pro 6Jn Asp Asn Phe Thr Leu Thr Ala Ser Ser La 61~ Pro Ala Pro Ser Ser Eln 

tt*ttttmtttt*t 
A6CAiCT66iTCTTAAAAACcrccirrrrissrrirrrci6TATi6CTC~CT66~6AAA~ 1740 
Ser IIe rrp fhe leu lys Ihr Ser Ile Ile 61~ lys Phe Cys Ile Ala Arg rrp 611 lys 

6CCTiTACAbACCCi6TA66rsrsirAlcirsceirssAEAACA~TATT~CAAC~A6AC~ 1800 
Ala Phe Ihr Asp Pro Val 61~ 6111 leu Thr Cys Leu 611 61n 61~ Tyr Tyr Asn 61~ rhr 

t*ttttttttttttt. 
CTA65AAA6iCTTTrT66Ab66seirrrscrrrrirrersAATC~CCAC~CCCAA6CCCA 1660 
leu 61~ lys Thr leu rrp Arg 61~ lys Ser Asn Asn Ser 61~ Ser Pro His Pro Ser Pro 

ttttttttttttttt . 
TTCTETC6TiTCCCiTCTTirrrecrrrcirssrrccrrcTT6A~6CTC~AAAT~CCT6~ 1920 
Phe Ser Arg Phe Pro Ser leu Au, His Ser rrp Tyr 61n leu 6111 Ala Pro Au, Thr Trp 

ttttttttttttttt, 
CA66cACCCiCT66cCTCTiCT66ATCT6T666C~ACAA~CATAiC6AC~ACT6~CA6Ci 1980 
61n Ala Pro Ser 61~ Leu Tyr rrp Ile Cys 61~ Pro 61n Ala Tyr Arg 61n leu Pro Ala 

AAATb6TCAb666CCT6T6iACT6666AC~ATTA~6CC6iCCTT~TTCCiAAT6~CCCT~ 2040 
lys Trp Ser 61~ Ala Cys Val lw 61~ Thr JJe Arg Pro Ser Phe Phe Leu lfet Pro leu 

probable EWV cleavage t 
AAACi666AbAA6CSTTA6brrrccecrrSrrrsirsrriCTAA~A66AAAA6CAAAA6A 2100 
lys 61n 61~ 61u &la leu 61~ Tyr Pro IJe ryr Asp 61~ Thr 1~s Arg lys Ser 1~s Arg 

66CAiAACTiTA66i6ATTisrr66rcrsisrrrb6ccrECT6A~A6AAiAATT~AATAi 2160 
61~ Ile Thr Ile 61~ Asp Trp lys Asp Ser 61~ Trp Pro Pro 61~ Arg Jle IIe 61~ Tyr 

TAT6bCCCAbCCACST666crsrrbrrssirrsr66ssriACC6~ACCC~A6TTiACAT~ 2220 
Tyr sly Pro Ala rhr rrp Ala 61~ Isp sly Net Trp 61~ Tyr Arg rhr Pro Val Tyr Net 

CTTAiCC6CiTTATrA6ATiscrsbcrsricrrsirrrciTTAC~AAT6~AACT~CA66~ 2260 
leu Isn Arg Ile Ile Irg lw 61n &la Val lw 6111 IJe Ile rhr As 61~ rhr Ala 61~ ttttttttttttttt . 

6CCTi6AATcT6CTi6CCCiscrrbccrcirrrrisrsriAT6T~ATTTATCAAAATA6~ 2340 
&la lw Asn leu lw &la 6111 6111 Ala Ihr lys Net Arg Au, Val Ile Tyr G Asn Arg -- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
leu Ala & Asp Tyr & leu Ala 61n + 6111 6& Val & 61~ lys Phe Ser leu Thr 

AACTbCT6CET66AiCTT6irsrcbrrssirr66irrreiAA6A~ATAA~T6CT~AAAT~ 2460 
Asn Cys Cys Leu 61~ lw Asp Asp 61~ y lys VaJ Ile lys 6111 Ile mr Ala lys Ile --- - - 

CAAAi6TTAbCTCAEATCCcA6TT~A6ACiT66A~A66AiA6TCiCCA6~TTCC~TTTl~ 2520 
61n 1~s leu Ala His Ile Pro Val 61n Thr Trp Lys 61~ f** Ser Pro Asp Ser leu Phe 

A6A6bTT66iTCTTiTCCCiT66rb6rrrirrrrEcrrrbTACA~ATA6iCCTA~CCAT~ 2560 
Irg 611 rrp Phe Lw Ser leu 61~ 61~ Phe Lys rhr lw Val 6ln Ile Val leu &la Ile 

TT66bA6TTi6CCTiATACicccrisrcrErrrcEEerciTT6T~AAAA~TATC~AAAC~ 2f.40 
Leu 611 Val Cys lw Ile Lw Pro Cys lw leu Pro leu Jie Vai lys Au, Iie 61~ rhr 

6CCAiA6A66CTCTi6T66icrsrcssrcirccrElcsrETAAT~6CCCiAACT~A6TAi 2700 
Ala Ile 61~ Ala Leu Val Asp Arg Arg Thr Thr rhr kg lw M?t Ala leu Thr 1~s ryr 

TAACeCCT6SCAA6iAAA6i6ClA~TTccicrrsirsrriAT6A~6ATA~T6AT~CTTT~ 2760 

TAAi 

:::: 
AA61 

3 
T6CA 
A6AC 
AT6T 

6 6%; 
T6ACC 

t:x 
TTTTG 

::::: 

::::i 

AA66 

:::: 

E::: 
TTAA 
T6CC 

:s:: 

I 
E 
E 3300 

wly (A) site t 
6AT6iTAATEC6CTi66CCi6T66~CACCiAAAT~AAAC~TTCCi6TT6CACCCA6T6AT 3560 

C T C T 1 C 6 6 C E T C C T 6 A T A C c C A Ce:dAL:“A 3367 
t 

FIG. 2-Continued 

either could serve as a site of translation the consensus eukaryotic initiation se- 
initiation since each has a purine in posi- quence, -CC&CCATGG- (Kozak, 19&I), and 
tion -3; that is, three nucleotides upstream is more likely to be the ERV3 env initiator. 
of the ATG. But the second ATG, having Alternatively, the initiator ATG in ERV3 
the sequence -ACATCATGG-, is closer to env mRNA could be spliced on from a lo- 
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FIG. 3. Initiation and termination codons in the ERV3 3’ region. Solid ovals depict methionine 
codons in each reading frame; vertical lines depict termination codons. Numbering of bases is the 
same as that in Fig. 1. 

cation upstream in the provirus as it is in 
Rous sarcoma virus (RSV) (Hackett et cd, 
1982; Ficht et al, 1984). 

Retroviral glycoprotein precursors are 
similar to other membrane-bound or se- 
creted proteins in the presence of a hydro- 
phobic leader peptide at their N-terminus 
(Blobel and Dobberstein, 1975; Lenz et cd, 
1982). During maturation the leader pep- 
tide is proteolytically removed. In ERV3, 
neither potential initiator methionine is 
followed by a sequence sufficiently hydro- 
phobic to penetrate the cellular membrane, 
according to the hydrophobicity index of 
Segrest and Feldman (1974). However, this 
index may not be an unequivocal indicator 
of signal peptide functionality; the bovine 
leukemia virus signal peptide isolated from 
an infectious clone also fails to meet the 
Segrest and Feldman criterion (Rice et cd, 
1984). 

The ERV3 env transmembrane protein 
should begin with the glycine residue (at 
nt 2101) following the cluster of basic 
amino acids. ERV3, like other retroviruses, 
contains a highly conserved region in the 
transmembrane protein described by 

Cianciolo et al. (1984) between nucleotides 
2332 and 2409. Homologies in this region 
between ERV3 and RSV (Schwartz et al, 
1983), M-MuLV (Shinnick et cd, 1981), 
BaEV (Stephens and Cohen, unpublished), 
reticuloendotheliosis virus (REV-A) (Wil- 
helmsen et a& 1984), and the human T-cell 
leukemia viruses, HTLV I and II (Sodroski 
et al, 1984) are shown in Fig. 5. The ho- 
mologies to M-MuLV are underlined in Fig. 
2. The transmembrane protein of typical 
type C retroviruses as well as MMTV (Red- 
mond and Dickson, 1983) and RSV 
(Schwartz et uL, 1983) contains hydropho- 
bic domains near each end which, by pen- 
etrating the cell membrane, help in an- 
choring the envelope protein in the mem- 
brane. The nucleotide sequence, however, 
indicates that ERV3 could encode only a 
truncated version of a transmembrane 
protein that lacks both a long hydrophobic 
region near its amino terminus, and an en- 
tire second hydrophobic domain because of 
the termination codon at nt 2502. Because 
the transmembrane protein would lack 
these apparently important features, the 
ERV3 envelope proteins would probably 

M-MULV 
M-MCF 

Isu[thr prolasp IOU cys met Isu ala his hlsMpro SW tyr trp 

I I I IOU tyr phe asp IOU eye asp IOU 110 gly asp asp trp ssp glu thr 

FIG. 4. Amino acid homologies between ERV3 and other retroviruses in the e-7~ glycoprotein. 
Using the computer program ALIGN (Dayhoff, 1976), the ERV3 amino acid sequence deduced from 
the DNA sequence was aligned with those of the endogenous murine xenotropic retroviruses, NFS 
and NZB, and AKV, M-MuLV, M-MCF, F-MCF, and FeLV. Amino acid homologies with ERV3 
beginning at ERV3 nt 1942 are enclosed in boxes. 
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ERV3 
RN 

M-MULV 

BaEV 

RN-A 

HTLV-I 

HTLV-II 

IOU Ieu phs leu lyr~gly gly 

IOU Ieu thrlals)glu gln gly gly I I I I 

FIG. 5. Amino acid homologies between ERV3 and other retroviruses in the transmembrane protein. 
The ERV3 amino acid sequence inferred from the DNA sequence was aligned with those of RSV, 
M-MuLV, BaEV, REV-A, and HTLV-I and II. Amino acid homologies with ERV3 beginning at ERV3 
nt 2332 are enclosed in boxes. 

not be bound to the cell membrane nor 
serve a normal retroviral function. It 
should be noted that C terminal to the stop 
codon, the amino acid sequence in the same 
reading frame is typical of retroviral 
transmembrane proteins and contains the 
long hydrophobic domain followed by a 
hydrophilic tail. 

The ERV3 env gene nucleotide and en- 
coded amino acid sequences were also com- 
pared to those of the human provirus, clone 
4-l (Repaske et al., 1985). Beginning with 
ERV3 nt 769, the two proviruses share 
identities of 42.8% (amino acid) and 47.4% 
(nucleotide) in their glycoprotein se- 
quences, and 62% (amino acid) and 63.7% 
(nucleotide) in their transmembrane pro- 
tein sequences including the open frame C 
terminal to the stop codon at nt 2502. 
ALIGN program comparisons (Dayhoff, 
1976) resulted in exceedingly low proba- 
bilities that the two env genes are related 
by chance. In a previous analysis, we 
showed that ERV3 is significantly related 
in the gag p30 sequence to another of the 
4-l family of human endogenous retrovi- 
ruses, clone 51-1 (O’Connell et aL, 1984). 
However, the similarity in restriction maps 
of the family of human proviruses typified 
by clone 4-l (Repaske et al, 1983b, 1985) 
and their primer binding site homology to 
tRNA glutamic acid (Steele et aZ., 1984) 

contrasts with ERV3, which is single copy 
in human DNA, has a substantially differ- 
ent restriction map, and has primer bind- 
ing site homology to tRNA arginine. This 
suggests that during evolution, a progen- 
itor of the ERV3 provirus separated from 
the lineage that gave rise to the clone 4-l 
family of proviruses. 

Fetal cDNA clone. Because of the known 
expression of endogenous retroviral gly- 
coprotein in fetal and adult tissues of nor- 
mal mice (Lerner et al, 1976) and the 
expression of retroviral gag antigens in 
normal human first trimester and term 
placentas (Suni et al, 1984; Jerabek et al, 
1984), we decided to screen a human fetal 
cDNA library using the ERV3 genomic 
clone as probe. The X-gtl0 cDNA library 
(a gift of E. F. Fritsch) was prepared from 
mRNA isolated from the liver of a 20-week- 
old human fetus. After high stringency 
hybridization with a 1726 nt env fragment 
isolated from the ERV3 pHP1.7 genomic 
subclone (nucleotides 552-2277), two posi- 
tive plaques were isolated and were found 
to contain the identical 2.85-kb insert. 
Cleavage with several restriction enzymes 
revealed only those fragments expected 
from the ERV3 genomic clone map (Fig. 1) 
(not shown). 

Several regions in the cDNA clone were 
sequenced including those at both ends 
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(Fig. 1). The 2851-nt cDNA insert extends 
from nt 531 in the genomic clone sequence 
(Fig. 2) through the adenosine at nt 3355, 
plus another 26 adenosine residues. This 
identification of the polyadenylation site 
revealed that the ERV3 LTR region R is 4 
nucleotides longer than previously postu- 
lated (O’Connell and Cohen, 1984), or 67 
nucleotides, while U5 is only 32 nucleotides. 
The DNA sequence of the cDNA clone is 
identical to that of the ERV3 genomic clone 
in the 1110 nucleotides sequenced. Isolation 
of an ERV3 envelope-containing cDNA 
clone, then, represents direct evidence that 
the ERV3 proviral locus is transcribed in 
human tissues. 

If the l&nucleotide sequence beginning 
at nt 656 (Fig. 2) is the correct env splice 
acceptor in ERV3, then the isolated cDNA 
clone (which begins upstream at nt 531) 
must be derived from an mRNA molecule 
that was not spliced at this acceptor. In 
this regard, we have identified from human 
first trimester fetuses two ERV3 env-con- 
taining transcripts, one greater than ge- 
nome length of approximately 13 kb, and 
one of 3.7 kb (Pfeifer et al, in preparation). 
While it is clear that ERV3 encodes a 
defective human endogenous retrovirus 
(O’Connell et al, 1984), the ERV3 envelope 
gene may nevertheless encode a viral pro- 
tein product. This putative glycoprotein 
may furnish the human cell with another, 
as yet unknown, function which may or 
may not be virally related. To address this 
question, we have prepared antibody 
against the ERV3 envelope protein pro- 
duced in a bacterial expression vector sys- 
tem and found that it is reactive with sev- 
eral normal human tissues (Cohen et al, in 
preparation). 
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