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We have molecularly cloned and sequenced a portion of the simian foamy virus type 1 (SFV-1); open reading
frames representing the endonuclease domain of the polymerase (pol) and the envelope (env) genes were
identified by comparison with the human foamy virus (HFV). Unlike the HFV genomic organization, the SFV-1
pol gene overlaps the env gene; thus, the open reading frames reported for HFV between pol and env is not
present in SFV-1. Comparisons of predicted amino acid sequences of HFV and SFV-1 reveal that the
endonuclease domains of the pol genes are about 84% related. The region predicted to encode the SFV-1
extracellular env domain is 569 codons; SFV-1 and HFV have 64% amino acid similarity in this env domain.
The predicted hydrophobic transmembrane env proteins of both HFV and SFV-1 show about 73% similarity.
A total of 16 potential glycosylation sites are found in SFV-1 env, and 15 are found in HFV; 11 are shared.
SFV-1 has 25 cysteine residues, and HFV has 23 residues; all 23 cysteine residues of HFV are conserved in
SFV-1. This sequence analysis reveals that the human and simian foamy viruses are highly related.

Spumavirinae (or foamy viruses), oncoviruses, and lenti-
viruses belong to three subfamilies of Retroviridae. Foamy
viruses have been found in nonhuman primates (10, 11),
cows (19), cats (5), hamsters (12), and humans (1); a clear
connection of foamy viruses with disease has not been
established. Several serologically distinct simian foamy vi-
ruses (SFVs) have been obtained from a variety of old-world
(types 1 to 3) and new-world (types 4 and 8) monkeys, as
well as from apes (types 6 and 7) and prosimians (type 5) (for
a review, see reference 13). The relationship of these dif-
ferent serotypes of SFVs and the human foamy virus (HFV),
whose genome was recently characterized (6, 21), remains to
be determined. The genome of HFV is 12,085 bases in size
and has four open reading frames (ORFs) in addition to the
gag, pol, and env genes. The ORF designated SI is located at
the intergenic region between pol and env. Three additional
ORFs, bel 1, bel 2, and bel 3, are found 3' to the env gene.
Up to now, HFV is the only foamy virus whose genome has
been cloned and sequenced. To characterize SFVs, we have
molecularly cloned the genome of SFV type 1 (SFV-1)
isolated from the macaque monkey and we have determined
the nucleotide sequence of the env gene and the endonucle-
ase domain of the pol gene.
The SFV-1 isolated from a rhesus (Macaque mulatta)

monkey was kindly provided by Richard Heberling of the
Southwest Foundation for Biomedical Research (San Anto-
nio, Texas). Virus was propagated in the dog thymus cell line
Cf2Th (23). High-molecular-weight DNA was prepared from
Cf2Th cells at 8 days after infection, when cytopathic effects
were noted. This DNA was digested with EcoRI restriction
enzyme, electrophoresed on agarose gels, and blotted onto
nitrocellulose membrane. A 45-base synthetic oligonucleo-
tide representing a portion of the polymerase region of HFV
(nucleotide sequence position 664 to 708 [6]), where the
sequence has the most similarity with the pol genes of other
retroviruses, was used as a probe (6). This probe detected an
EcoRI restriction fragment at about 5.5 kilobases (kb). For
molecular cloning, 50 ,ug of high-molecular-weight infected-
cell DNA was digested to completion with EcoRI; it was
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electrophoresed on an agarose gel, and DNA from the size
fraction corresponding to 4.5- to 6.5-kb fragments was
recovered (20). This DNA was used to construct a library in
the bacteriophage vector AgtlO (13), and the library was
screened with the same HFV 45-base oligonucleotide probe
that detected the 5.5-kb band on a Southern blot. The 5.5-kb
SFV-1 DNA region was subsequently subcloned from the
bacteriophage vector into the plasmid pUC18.
To demonstrate that the Xgtl0 recombinant that had been

cloned from DNA of infected cells in fact contained se-
quences specific for SFV-1, whole-cell DNA isolated from
uninfected and virus-infected dog thymus cells (Cf2Th) was
probed with labeled cloned SFV-1 DNA under stringent
annealing conditions. SFV-1-infected cell DNA gave posi-
tive annealing signals, whereas no signals was obtained with
DNA from uninfected cells (our unpublished results). Viral-
specific DNA fragments at 5.5 and 1.1 kb were noted. The
recombinant 5.5-kb clone contains a portion of the 3' long
terminal repeat, and the SFV-1 band at 1.1 kb corresponds to
a portion of the 5' long terminal repeat of SFV-1 (our
unpublished results). DNA sequences were determined by
the dideoxy-chain termination method by using double-
strand DNA template [_-35S]dATP, and Sequenase polymer-
ase enzyme (28) (U.S. Biochemicals, Cleveland, Ohio). pUC
18 with SFV-1 inserts was denatured and annealed with M13
sequencing primers. Additional primers were prepared by
using the Pharmacia Gene Assembler (Pharmacia, Inc.,
Piscataway, N.J.) for automated oligonucleotide synthesis,
and both strands of SFV-1 DNA were sequenced. The
nucleotide sequence presented in Fig. 1 includes the endo-
nuclease domain of the pol gene and the entire env gene of
SFV-1. The predicted amino acid sequences were compared
with the sequence of the HFV genome (6).
Computer analysis of the sequence upstream from the pol

termination codon (position 582, Fig. 1) identified only a
single ORF. Comparisons of predicted amino acid sequences
of HFV and SFV-1 revealed that the endonuclease domains
of the pol gene are about 84% related (Table 1). When
conservative amino acid changes were included, the similar-
ity increased to 92%. Sequence comparisons of the pol gene
of HFV with lentiviruses and oncoviruses revealed no
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-> Polymeras
1 GAATTCAGTACTCCTTACCACCCCCAAAGTAGTGGTAAAGTGGAAAGGAAAAATAGT
GluPheSerThrP roTyrHisProGlnSerSerGlyLysValGluArgLysAsnSer

58 GACATTAAACGACTTTTAACTAAACTGCTAATTGGGAGACCTGCTAAGTGGTATGAT
AspIleLysArgLeuLeuThrLysLeuLeuIleGlyArgProAlaLysTrpTyrAsp

115 CTACTACCTGTTGTACAATTGGCCTTAAATAATTCTTATAGTCCCTCTTCTAAATAT
LeuLeuProValValGlnLeuAlaL.uAsnAanSerTyrSerProS.rS.rLysTyr

172 ACTCCTCATCAACTCTTGTTTGGTGTAGATTCCAACACACCGTTTGCAAATTCTGAT
ThrProHisGlnLeuLeuPheGlyValAapS.rAsnThrProPheAlaAanSerAsp

229 ACACTTGACTTATCCAGAGAAGAGGAACTGTCTCTTTTACAGGAAATTAGATCTTCT
ThrLeuAspLeuS.rArgGluGluGluLeuSerLuLouGlnGluIleArgSerSer

286 CTACACCAGCCAACCTCCCCTCCTGCCTCCTCTCGTTCCTGGTCTCCTTCTGTTGGC
LeuH1isGlnProThrSerProProAlaSerSerArgSerTrpSerProSerValGly

343 CAACTAGTCCAGGAGAGGGTAGCTCGCCCTGCTTCACTTCGACCACGCTGGCATAAG
GlnLeuValGlnGluArgValAlaArgProAlaS-rL-uArgProArgTrpHisLys

400 CCTACAGCTATTTTGGAGGTCGTGAATCCTCGGACAGTGATAATTTTGGACCATCTT
P roThrAlaIleLeuGluValValAsnProArgThrValIl1IleLeuAspH4isLeu

457 GGCAACAGACGTACTGTAAGTGTTGACAACCTTAAGTTAACAGCTTATCAGGATAAT
GlyAsnArgArgThrValSerValAspAsnLeuLysLeuThrAlaTyrGlnAspAsn

GlnL.uIleArgIleME
-> Envelope (extenal)

514 GGCACCTCCAATGACTCTGGAACAATGGCTCTTATGGAAGAAGATGAGTCAAGCACA
GlyThrSerAsnAspSerGlyThrlETAlaLeuMETGluGluAspGluSerSerThr
TAlaProProNThrLeuGluGlnTrpL.uL.uTrpLysLysMETSerGlnAlaHi

571 TCAAGCACT!&AAATGTAACCACCTTGACTGAGGAACAGAAGCAACAAGTTATAAT
SerSerThr
sGlnAlaLeuGluAsnValThrThrLeuThrGluGluGlnLysGlnGlnValI leI1

628 AGACATTCAGCATGAAGATGTTGTTCCTACTAGGATGGACAAATTGAAATATCTGGC
eAspI leGlnHisGluAspValValProThrArgMETAspLysLeuLysTyrLeuAl

685 CTATTCATGCTGCGCTACTAGCACACGTGTATTGTGCTGGATAGTGTTAGTTTGCGT
aTyrSerCysCysAlaThrSerThrArgUVAlCXAVA

742 CTTGCTATTAGTTGTATTTATATCCTGCTTTGTGACAATGTCCAGGATACAATGGAA
__ L.uLaIValPh&TlmS&rCX V rMRT6arhrgIleGlnTrpAs

799 TAAGGATATTGCTGTTTTTGGTCCAGTCATTGACTGGAATGTTAGCCAACAAGCTGT
nLysAspIleAlaValPh.GlyProValIleAspTrpAsnValSerGlnGlnAlaVa

856 GATTCAACAAATAAGAGCTAAAAGATTAGCAAGATCAATTAGGGTGGAACATGCTAC
lIleGlnGlnIleArgAlaLysArgLeuAlaArgSerIleArgValGluHisAlaTh

913 TGAGACATATGTAGAGGTCAATATGACCAGTATACCTCAAGGGGTGTTATATGTGCC
rGluThrTyrValGluValAsnMETThrSerIleProGlnGlyVa lLeuTyrValPr

970 TCATCCAGAACCAATAATTCTCAAGGAGAGGGTTCTTGGTTTATCTCAGGTCATAAT
oHisP roGluProIleIleLeuLysGluArgValLeuGlyL.uSerGlnValI leM

1027 GATAAACTCTGAAAATATTGCTAATACTGCTAACCTTACTCAAGAAACTAAGGTACT
TIleAsnSerGluAsnIleAlaAsnThrAlaAsnLeuThrGlnGluThrLysValLe

1084 GTTAGCAGACATGATTAATGAAGAGATGAATGATTTAGCTAATCAAATGATAGATTT
uLeuAlaAspMETIleAsnGluGluMETAsnAspLeuAlaAsnGlnMETIleAspPh

1141 TGAAATCCCATTAGGAGATCCCAGAGATCAAAAACAATACCAGCATCAAAAATGTTT
eGluIleProLeuGlyAspProArgAspGlnLysGlnTyrGlnHisGlnLyaCysPh

1198 TCAAGAATTTGCACATTGTTATTTAGTAAAATATAAAACTACTAAAGGATGGCCTAG
eGlnGluPheAlaHisCysTyrLeuValLysTyrLysThrThrLysGlyTrpP roSe

1255 TTCTACTGTTATAGCAGATCAATGCCCTTTGCCTGGTAACCATCCTACAGTACAATA
rSerThrVa lIleAlaAspGlnCysProL.uProGlyAsnH isProThrValGlnTy

1312 TGCACATCAAAATATATGGGATTATTATGTCCCCTTTGAACAAATTCGGCCAGAAGG
rAlaHisGlrnAsnIleTrpAspTyrTyrValProPh.GluGlnIleArgProGluGl

1369 ATGGAACTCAAAAAGTTATTATGAAGATGCTAGAATAGGAGGGTTTTATATACCAAA
yTrpAsnSerLy3SerTyrTyrGluAspAlaArgIleGlyGlyPheTyrIleProLy

1426 ATGGTTACGAAATAATTCCTATACCCATGTCTTATTTTGTTCTGATCAAATTTATGG
sTrpLeuArgAsnAsnSerTyrThrHisValLeuPheCysS.rAspGlnIleTyrGl

1483 AAAATGGTATAATATTGATCTCACAGCCCAGGAGAGGGAAAATTTATTAGTCCAAAA
yLysTrpTyrAsnIleAspLeuThrAlaGlnGluArgGluAsnL.uLeuValGlnLy

1540 ATTAATTAATTTAGCTAAAGGAAATTCATCACAATTAAAGGATAGAGCTATGCCAGC
sLeuIleAsnLeuAlaLysGlyAsnSerSerGlnLeuLysAspArgAlaMETProAl

1597 TGAATGGGATAAACAAGGAAAAGCTGATCTATTTAGACAAATTAATACTTTAGATGT
aGluTrpAspLysGlnGlyLysAlaAspLeuPheArgGlnIleAsnThrLeuAspVa

1654 TTGTAATAGACCAGAAATGGTATTTTTGTTAAATTCCTCATATTATGAATTTTCCCT
lCysAsnArgProGluMETValPheLeuLeuAsnSerSerTyrTyrGluPheSerLe

57 1768 TAAAGATTTCTATAATAACTCAAAATGGCAAAAATTACATCCATATTCGTGTAGATT 1824
sLysAspPheTyrAsnAunSerLysTrpGlnLysLuHlisProTyrSerCysArgPh

114 1825 TTGGAGATATAAACAAGAGAAAGAAGAAACTAAATGTAGTAATGGTGAAAAGAAAAA 1881
eTrpArgTyrLysGlnGluLysGluGluThrLyaCysSerAsnGlyGluLysLysLy

171 1882 ATGTCTTTATTACCCACAATGGGATACTCCTGAAGCTTTATATGACTTTGGGTTCCT 1938
aCysLeuTyrTyrProGlnTrpAspThrProGluAlaLeuTyrAspPhoGlyPhOLe

228 1939 AGCATATTTAAATTCTTTTCCTTCTCCAATCTGTATAAAAAATCAGACTATAAGGGA 1995
uAlaTyrL.uAsnSerPheP roSgrProIleCysIleLysAsnGlnThrIleArgG1

285 1996 ACCTGAGTATGAAATCTCTTCTTTATACCTAGAATGCATGAATGCTTCAGACAGACA 2052
uProGluTyrGluIleSerSerLeuTyrLouGluCysMETAsnAlaSerAspArgHi

342 2053 TGGTATAGATAGTGCTTTATTAGCTTTGAAGACATTTTTAAACTTTACTGGTCAGTC 2109
uGlyIleAspSerAlaLeuLeuAlaLeuLyaThrPheLeuAsnPheThrGlyGlnS@

399 2110 TGTAAACGAAATGCCATTAGCTAGAGCCTTTGTAGGCCTTACTGACCCTAAATTTCC 2166
rValAsnGluMETProLeuAlaArgAlaPheValGlyLeuThrAspProLysPhePr

456 2167 ACCAACATATCCCAACATTACAAGGGAATCTTCTGGTTGTAATAATAACAAAAGAAA 2223
oProThrTyrProAsnIleThrArgGluS-rSerGlyCysAsnAsnAsnLysArgLy

-> Tranmnembne envelope domain
513 2224 AAGGAGAAGTGTTAATAATTATGAAAGACTTAGATCTATGGGATATGCTTTAACTGG 2280

sArgArggaValAsnAsnTyrGluArgLeuArSr84TG1vTvrAlaLeuThrGl
2281 AGCTGTTCAAACTTTATCTCAAATATCTGATATTAATGATGAGAGGCTGCAACACGG 2337

570 n__p Il-a ApIleAsnAspGluArgLeuGlnHisG1
2338 AGTATATTTACTC _ _GTAACCCTGATGGAAGCTGCCCTTCATGATGT 2394

yValTyrLuLeuArgAspHisValValThrLeutETGluAlaAlaLeuHisAspVa
627

2395 TTCGATTATGGAAGGAATGTTAGCAATTCAACATGTGCATACTCATCTCAATCATCT 2451
lSerIleMETGluGlyMETLeuAlaIleGlnHisValHisThrHisLeuAsnHisLe

684 2452 CAAGACCATACTTTTGATGAGAAAGATTGATTGGACATTCATCAGAAGTGACTGGAT 2508
uLysThrIleLeuLeuNETArgLysIleAspTrpThrPheIleArgSerAspTrpI 1

741 2509 TCAACAGCAATTACAGAAGACAGATGATGAAATGAAATTGATACGAAGAACTGCACG 2565
eGlnGlnGlnLeuGlnLysThrAspAspGluMETLysLeuIleArgArgThrAlaAr

798 2566 AAGTCTAGTCTACTATGTCACACAAACCTCCAGTTCTCCTACAGCTACTTCCTGGGA 2622
gS-rLeuValTyrTyrValThrGlnThrSerSerSerProThrAlaThrSerTrpG1

2623 GATTGGAATATATTATGAAATAGTAATTCCTAAACATATATATTTAAATAATTGGCA 2679855 uIl.GlyIl-TyrTyrGluIleValIleProLysHisIleTyrL.uAsnAsnTrpG1
912 2680 AGTAATCAATGTAGGTCATTTATTGGAGTCAGCTGGTCATCTGACTCATGTAAAGGT 2736

nValIleAsnVa lGlyHi4sL.uLeuGluS-rAlaGlyHisLeuThrHisValLysVa

969 2737 TAAGCATCCTTATGAAATAATTAATAAGGAATGTAGTGACACTCAATATTTACATCT 2793
lLysHisaProTyrGluIlelleAsnLysGluCysSerAspThrGlnTyrLeuHisLe

1026 2794 TGAGGAATGCATTAGAGAGGATTATGTGATTTGTGACATAGTACAAATAGTTCAACC 2850
uGluGluCysIleArgGluAspTyrVa1IllCysAspIleValGlnIleValGlnP r

1083 2851 ATGTGGAAATGCAACAGAATTGAGTGATTGTCCAGTAGCAGCATTAAAGGTGAAGAC 2907
oCyaGlyAsnAlaThrGluLeuS.rAspCysProValAlaAlaLeuLysValLysTh

1140 2908 TCCATATATTCAAGTGTCTCCCCTGAAGAATGGAAGTTATTTAGTTTTATCTAGTAC 2964
rProTyrIleGlnValSerP roLeuLysAsnGlySerTyrLeuValLeuSerSerTh

1197 2965 TAAGGATTGTTCTATACCTGCATATGTACCTAGTGTGGTCACAGTCAATGAAACAGT 3021
rLysAspCyaS.rI1lProAlC TyrValProSrValValThrValAsnGluThrVa

1254 3022 TAAGTGCTTTGGAGTAGAGTTTCACAAACCACTTTATGCTGAAACAAAAACCAGCTA 3078
lLysCysPheGlyValGluPhOHisLysProL*uTyrAlaGluThrLysThrSerTy

311 3079 TGAACCACAAGTTCCGCATTTGAAGCTTCGTTTACCCCACTTGACTGGGATTATTGC 31351311 rGluProGlnValProHisLouLysLeuArgLeuProHisLeuThrGlyI1eIleA1

1368 3136 CAGCTTGCAATCACTGGAAATAGAAGTTACTTCTACACAAGAGAATATAAAAGACCA 3192
aSerLeuGlnSerLeuGluIl1GluValThrSerThrGlnGluAsnIleLysAspG1

1425 3193 GATCGAAAGGGCCAAAGCACAGCTTCTCCGGCTGGACATTCACGAAGGAGACTTTCC 3249
nIleGluArgAlaLysAlGrlnLLuLauArgLOuAspIleHisGluGlyAspPheP r

1482 3250 TGACTGGCTGAAACAAGTCGCCTCTGCAACCAGGGACGTTTGGCCTGCTGCAGCTTC 3306
oAspTrpL.uLysGlnValAlaSOrAlaThrArgAspVa1TrpP roAlaAlaAlaSe

9 3307 CTTTATACAAGGAGTAGGTAACTTCTTATCTAATACTGCCCAGGGGATATTCGGCTC 33631539 rPheIl.G1rnGlyVClGlyAsn yhVaLauSanThrAlaGInG1yT1ePhPGIPya

1596 3364 AGCGGTAAGCCTCCTATCCTATGCAAAACCTATTTTGATTGGAATAGGAGTTATACT 3420
rA1aVl6arLuLau6rTXrAALXv5PrflT1LauI&ITC1T1BC1vVa1T1eT.P

1653 3421 GCTTATTGCCCTTCTTTTTAAGATAATATCATGGCTTCCTGGGAAGCTCAAGAAGAA 3477
Lau_TleAlaauLauPhaTWy3IleleSerTrpLeuProGlyLysLeuLysLysAs

1710 3478 T &GAGAACTTCTACATCATCTACCAGAGGACGATCCACCAGCAGATCTAACTCAT 3534
n.

1711 ATGGGAAGGAGATTGTGGTTTTACCAGACAGAATGTTACACAGGCTAATTCCTTATG 1767
uTrpGluGlyAspCysGlyPheThrArgGlnAsnValThrGrlnAlaAsnSerLeuCy

FIG. 1. DNA sequence of the endonuclease domain of the pol gene and the complete env gene of SFV-1. The DNA sequence has been
numbered from the endonuclease domain of the pol gene to the end of the env gene. The predicted amino acid sequences for the pol gene and
extracellular and transmembrane domains of the env gene are shown below the DNA sequence. Hydrophobic regions discussed in the text
are underlined.
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TABLE 1. Relatedness of human foamy virus and simian
foamy virus type 1

% Similarity'
Amino acid
sequences pol gene External Transmembrane

(endonuclease) env domain env domain

Conserved 84 64 73
Similar 92 80 88

a Comparisons, shown in percent, are based on predicted amino acid
sequences.

significant similarity with members of either group (6, 21).
The results presented here also strengthen the notion that
foamy viruses belong to a separate subfamily of retroviridae.
In the HFV genome, the intergenic region between the pol
and env genes contains an ORF designated as Si, which
could code for a polypeptide containing 107 amino acids.
Although the SFV-1 nucleotide sequence is very similar to
the HFV sequence in this region, we were unable to identify
an ORF that corresponds to Si of HFV after sequencing
both strands of the SFV-1 DNA. Instead, the SFV-1 pol gene
product overlaps the NH2 terminus of the env gene by 19
amino acids. The pol and env genes of MuLV also overlap
(30). It has not yet been established whether Si as well as bel
1, bel 2, and bel 3 ORFs of HFV encode for any functional
proteins. Introduction of site-specific mutations in these
ORFs and analysis of specific viral messages by cDNA
cloning are means to elucidate the significance of their
products for virus replication. On the basis of the observa-
tion that the genomes of HFV and SFV-1 have similar sizes
(18; our unpublished results), we anticipate SFV-1 to have
extra ORFs that may be similar to the three bel ORFs of
HFV.
An ORF encoding the env gene product of SFV-1 initiates

in a different reading frame from pol, at a position 85
nucleotides (at position 498) upstream from the stop codon
of pol (Fig. 1). The SFV-1 env gene contains 995 codons; a
termination codon (TGA) is found at position 3534 (Fig. 1). A
second ATG codon, with similarity to the consensus se-
quence for potential initiation codon (Met) (17), is located at
residue 10 in the reading frame (nucleotide 525, Fig. 1). A
second ATG, located 11 codons downstream in SFV-1, is
also predicted to be the first codon for HFV env. Thus the
env precursor polypeptide of SFV-1 is predicted to contain
986 amino acids. The putative initiation codon is followed by
62 amino acid residues that are hydrophilic (Fig. 1). The
amino-terminal region of HFV, as well as visna (31), equine
infectious anemia virus (15), and human immunodeficiency
virus type 1 (22, 25, 27, 31), is also relatively hydrophilic.
Like HFV, the first hydrophobic region of SFV-1 env
comprises 24 amino acids (residues 64 to 87, Fig. 1). The first
hydrophobic region has been proposed for visna (31), equine
infectious anemia virus (15), and human immunodeficiency
virus type 1 (22) to serve as a signal peptide for transport of
the envelope glycoprotein precursor to the cytoplasmic
membrane. The env gene precursor (gpl60) of HIV-1 is
processed by proteolytic cleavage within this region (2, 26).
A second hydrophobic region (17 residues at 2257 to 2308,

Fig. 1) is preceded by the peptide Arg-Lys-Arg-Arg, which is
similar to the site at which env gene products are processed
(16, 27, 32) to give rise to the extracellular and transmem-
brane domains. The region predicted to encode the SFV-1
extracellular envelope domain is 569 codons, whereas HFV
appears to specify a counterpart that is 568 codons. All of the
17 residues of the second hydrophobic region are conserved

in both HFV and SFV-1. Amino acid comparison of the env
gene products ofHFV and SFV-1 shows that they are similar
(Fig. 2, Table 1). The extracellular domains are 64% related,
and, when conservative amino acid substitutions are taken
into account, the homology is 80%. Although protein se-
quence data will be required to determine the precise N
terminus of the mature extracellular domain, a potential
amino-terminal signal could be identified by the hydrophilic
stretch at the predicted initiation codon. In both SFV-1 and
HFV, a potential proteolytic cleavage site, Arg-Lys-Arg-
Arg, is found upstream from a hydrophobic region. A major
surface env glycoprotein of SFV-1 appears to have a molec-
ular weight of 70 kilodaltons (3). Processing from the cleav-
age site generates an unmodified extracellular domain of
SFV-1 env product of about 63.5 kilodaltons (calculated to
include the putative signal sequence), without accounting for
carbohydrate residues. A total of 13 potential glycosylation
sites (Asp-X-Ser/Thr) are found in the extracellular domain
of SFV-1, and 12 are found in HFV; 8 of these are shared and
3 are located in close proximity (Fig. 2). All of the 16
cysteine residues in NH2-terminal env domain of HFV are
conserved in SFV-1; there are two additional cysteine resi-
dues in the latter (Fig. 2). The predicted extracellular domain
of SFV-1 and HFV are 568 and 567 codons, respectively.
Therefore, we predict that the major glycoproteins of SFV-1
and HFV are similar in size.
A third hydrophobic region, 36 amino acids long, probably

corresponds to a putative transmembrane domain; a similar
feature is noted in the env gene ofHFV (Fig. 1). env genes of
lentiviruses also have a third hydrophobic region in the
transmembrane domain (15, 22, 25, 27, 31, 33) like HFV and
SFV-1 have. The overall structure of the foamy virus env
gene product appears to be strikingly similar to that of the
lentiviruses. However, the external portion of transmem-
brane domain of SFV-1 and HFV is almost twice as large in
other retrovirus subfamilies and may, therefore, fold in a
unique structure that is distinct from that of other retrovi-
ruses. The predicted transmembrane domains of SFV-1 and
HFV are 417 and 416 codons (6), respectively. Amino acid
sequence comparisons of the transmembrane domains show
a 73% similarity between the human and simian viruses (Fig.
2). The three potential glycosylation sites and the seven
cysteine residues are conserved in the transmembrane do-
mains of both viruses. HFV and SFV-1, thus, appear to be
highly related.

Molecular characterization of foamy viruses is essential
for elucidating several features of this subfamily of retrovi-
ruses, including regulation of viral gene expression, mecha-
nism of latency, strain variation, and mechanism of cytopa-
thology. Like the lentiviruses and certain oncogenic
retroviruses (e.g. human T-cell leukemia virus type I), the
primate foamy viruses contain ORFs in addition to the gag,
pol, and env genes. These ORFs may specify proteins that
regulate viral gene expression in a positive or negative
fashion, like the transactivators for human immunodefi-
ciency virus, simian immunodeficiency virus, and human
T-ceil leukemia virus type I (14, 24, 29). Interestingly, the
relationship of SFV-1 and HFV with respect to degree of
sequence divergence seems to be analogous to that of human
immunodeficiency virus type 2 and simian immunodefi-
ciency virus isolated from rhesus macaques (4, 7-9). De-
tailed molecular characterization of SFV isolates from sev-
eral monkey species sharing a geographical area may
provide insight on strain variation and interspecies spread of
retroviruses. Thus, molecular investigations on foamy vi-
ruses can be directed at many issues that are relevant for
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MTLEQWLLWKKMSQAHQALENVTTLTEEQKQQVIIDIQHEDVVPTRMDKLKYLAYSCCAT

MTLQQWIIWKKMNKAHEALQNTTTVTEQQKEQIILDIQNEEVQPTRRDKFRYLLYTCCAT

60

61

130

131

STRVLCWIVLVCVLLLVVFISCFVTMSRIQWNKDIAVFGPVIDWNVSQQAVIQQIRAKRLARSIRVEHAT

SSRVLAWMFLVCTLTTIVLVSCFVTTSRIQWNKDIQVLGPVIDWNVTQRAVYQPLQTRRIARSLRMQHPV

ETYVEVNMTSIPQGVLYVPHPEPIILKERVLGLSQVIMINSENIANTANLTQETKVLLADMINEEMNDLA

PKYVEVNMTSIPQGVYYEPHPEPIVVKERVLGLSQILMINSENIANNANLTOEVKKLLTEMVNEEMOSLS

200 NQMIDFEIPLGDPRDQKQYQHQKCFQEFAHCYLVKYKTTKGWPSSTVIADQCPLPGNHPTVQYAHQNIWD

201 DVMIDFEIPLGDPRDQEQYIHRKCYQEFANCYLVKYKEPKPWPKEGLIADQCPLPGYHAGLTYNRQSIWD

270

271

YYVPFEQIRPEGWNSKSYYEDARIGGFYIPKWLRNNSYTHVLFCSDQIYGKWYNIDLTAQERENLLVQKL

YYIKVESIRPANWTTKSKYGQARLGSFYIPSSLRQINVSHVLFCSDQLYSKWYNIENTIEQNERFLLNKL

340 INLAKGNSSQLKDRAMPAEWDKQGKADLFRQINTLDVCNRPEMVFLLNSSYYEFSLWEGDCGFTRQNVTQ

341 NNLTSGTSV-LKKRALPKDWSSQGKNALFREINVLDICSKPESVILLNTSYYSFSLWEGDCNFTKDMISQ

410 ANSLCKDFYNNSKWQKLHPYSCRFWRYKQ-EKEETKCSNGEKKKCLYYPQWDTPEALYDFGFLAYLNSFP

410 LVPECDGFYNNSKWMHMHPYACRFWRSKKNEKEETKCRDGETKRCLYYPLWDSPESTYDFGYLAYQKNFP

479 SPICIKNQTIREPEYEISSLYLECMNASDRHGIDSALLALKTFLNFTGQSVNEMPLARAFVGLTDPKFPP

480 SPICIEQQKIRDQDYEVYSLYQERKIASKAYGIDTVLFSLKNFLNYTGTPVNEMPNARAFVGLIDPKFPP

* -> Transmembrane envelope domain
549 TYPNITRESSGCNNNKRKRRSVNNYERLRSMGYALTGAVQTLSQISDINDERLQHGVYLLRDHWTLMEA

550 SYPNVTREHYTSCNNRKRRSVDNNYAKT SMGYALT AVOTLSOTSDINDENLQQGIYLLRDHVITLMEA

619 ALHDVSIMEGMLAIQHVHTHLNHLKTILLMRKIDWTFIRSDWIQQQLQKTDDEMKLIRRTARSLVYYVTQ

620 TLHDISVMEGMFAVQHLHTHLNHLKTMLLERRIDWTYMSSTWLQQQLQKSDDEMKVIKRIARSLVYYVKQ

689

690 THSSPTATAWEIGLYYELVIPKHIYLNNWNVVNIGHLVKSAGQLTHVTIAHPYEIINKECVETIYLHLED

* * * * *

759 CIREDYVICDIVQIVQPCGNATELSDcPvAALKvKTpyIQvSpLKNGSyLVLSSTKDCSIPAYVPSVVTV760=QDIDKVCNSSCVEVPQNLNYVSTQ

760 CTRQDYVICDVVKIVQPCGNSSDTSDCPVWAEAVKEPFVQVNPLKNGSYLVLASSTDCQIPPYVPSIVTV

59 SFV-1

60 HFV

129 SFV-1

130 HFV

199 SFV-1

200 HFV

269 SFV-1

270 HFV

339 SFV-1

340 HFV

409 SFV-1

409 HFV

478 SFV-1

479 HFV

548 SFV-1

549 HFV

618 SFV-1

619 HFV

688 SFV-1

689 HFV

758 SFV-1

759 HFV

828 SFV-1

829 HFV

829 NETVKCFGVEFHKPLYAETKTSYEPQVPHLKLRLPHLTGIIASLQSLEIEVTSTQENIKDQIERAKAQLL 898 SFV-1

830 NETTSCFGLDFKRPLVAEERLSFEPRLPNLQLRLPHLVGIIAKIKGIKIEVTSSGESIKEQIERAKAELL 890 HFV

899 RLDIHEGDFPDWLKQVASATRDVWPAAASFIQGVGNFLSNTAQGIFGSAVSLLSYAKPILIGIGVILLIA 968 SFV-1

891 RLDIHEGDTPAWIQQLAAATKDVWPAAASALQGIGNFLSGTAQGIE_TAPSLLIYLKPTTVVTLLVT 969 HFV

969 LLFKIISWLPGKLKKN. 985 SFV-1

970 L.IXKIVSWIPTKKKNQ. 986 HFV

FIG. 2. Alignment of the predicted amino acid sequence encoded by the env genes of SFV-1 and HFV. Amino acids identical to both
SFV-1 and HFV are indicated by two dots. The potential N-linked glycosylation sites of the type Asn-X-Ser/Thr are double underlined. The
stars show shared cysteine residues between SFV-1 and HFV. Alignments were determined using the IFIND program provided by
Intelligenetics Corp. (Mountain View, Calif.) to BIONET users. Hydrophobic domains discussed in the text are underlined.
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