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Simian acquired immune deficiency syndrome (SAIDS) in the macaque genus of
monkeys at the California Primate Research Center is apparently caused by infection
by a type D retrovirus. The complete nucleotide sequence (8173 base pairs) of a
molecular clone of the prototype SAIDS virus isolate, SRV-1, reveals a typical
retrovirus structure with long terminal repeats (346 base pairs) and open reading
frames for the gag (663 codons), pof (867 codons), and env (605 codons) genes. SRV-1

also has a separate open reading frame of 314 codons between the gag and pol genes
that defines the viral protease gene (prt) and a short open readmg frame of unknown
significance downstream from the env gene. The SRV-1 protease region shows a high
degree of homology to its counterpart in the hamster intracisternal A-type particle
genome; both these protease genes are about twice as long as the analogous region of
other retroviruses, SRV-1 has no notable similarity in either genenc organization or

sequence to the human AIDS retroviruses.

IMIAN ACQUIRED IMMUNE DEFI-
S ciency syndrome (SAIDS) in rhesus
macaques at the California, Oregon,
and Washington Primate Research Centers
has been etiologically linked to a type D
retrovirus related to but distinct from the
Mason-Pfizer monkey virus (MPMV) (I-
3). The prototype SAIDS retrovirus was
called SRV-1, and strain variations at the
different rescarch centers have been defined
on the basis of serology and restriction
enzyme patterns (1-4). Although genetical-
ly unrelated to the retroviruses that cause the
acquired immune deficiency syndrome
(AIDS) in humans (5) and less restricted in
cell tropism (3), SRV-1 infection leads to a
depletion of both B- and T-lymphoid cells
and a pathology closely resembling that of
terminal AIDS (2, 6). SRV-1 is also unrelat-
ed to simian T-cell lymphotropic retrovirus
type III (STLV-III), which may be causally
associated with lymphoma and immunosup-
pression in macaques at the New England
Primate Center (7). Serological evidence has
excluded STLV-IIT as the etiological agent
of SAIDS at the California Primate Re-
search Center and has confirmed the strong
association with SRV-1 (8). Furthermore,
SRV-1 has now been molecularly cloned,
and the cloned virus has induced SAIDS (5).
To understand better the pathogenic role of
these viruses and to provide information
useful for development of therapeutic and
preventative measures for SAIDS, we deter-
mined the complete nucleotide sequence of
the SRV-1 provirus and compared its genet-
ic organization with that of other retrovi-
ruses.

SRV-1 was molecularly cloned in bacteri-
ophage A (L47.1) from the unintegrated
circular proviral DNA containing two long
terminal repeats: (LTR’s) (5). Figure 1
shows the complete nucleotide sequence.
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The SRV-1 provirus is 8173 base pairs (bp)
long. Its overall structure resembles that of
other retroviruses with sequences encoding
viral proteins flanked by LTR sequences.
Four long open reading frames and one
short open reading frame are identiffed in
the viral DNA (Fig. 2).

Retroviral LTR’s contain sequences that
function in synthesis of viral DNA, integra-
tion, and viral gene expression (9, 10). In
some retroviruses, an open reading frame
may extend into the rightward proviral LTR
(11-17). The SRV-1 LTR is 346 bp in size.
An inverted repeat of 5 bp (TGTCC) is
located at each end (Fig. 1, underlined
region); the dinucleotide TG in the inverted
repeat is also found at the boundaries of all
other retroviral LTR’s (9, 18). Most other
retroviruses have the dinucleotide AA up-
stream of the inverted repeat, but SRV-1
has CC (10, 19) (Fig. 1). Upstream of the
rightward LTR, at position 7814 to 7823, is
the polypurine tract (AAAAGGGTGA) that
is involved in initiation of plus-strand viral
DNA synthesis (9). Downstream of the
leftward LTR is a 14-bp nucleotide se-
quence (position 351 to 364) that is com-
plementary to the 3’ stem region of
tRNATS (tRNA transfer RNA) (Fig. 1,
overlined region); viral minus-strand DNA
synthesis is primed by a tRNA molecule (9).
A tRNA} species is the primer for the
human AIDS retroviruses (14-17), visna
virus (19), and the mouse mammary tumor
virus (MMTV) (11). A putative Goldberg-
Hogness box (TATA) for promoting tran-
scription (20, 21) is found in the sequence
TATATAA (position 210) underlined in
Fig. 1. Many eukaryotic promoters have a
CAAT or GAAT box upstream of the TATA
box (18); in the SRV-1 LTR the sequence
GAAT is found at position 119 to 122.
The sequence AATAAA for addition of

poly(A)™ tails, which occurs most common-
ly in eukaryotic genes and viruses (22), is
not found in the SRV-1 LTR. However, a
putative poly(A)* signal sequence, AT-
TAAA, is found 18 bp downstream of the
TATA box (Fig. 1). Sequencing of viral
RNA will be required to verify this and to
identify the cap site. Sequencing of viral
RNA will also permit delineation of the
LTR into the domains designated U3, R,
and U5 (9). There afe no large (>10 bp)
direct repeats in the SRV-1 LTR. Similarly,
the enhancer core sequence [TGGLLLG,
where L is either A or T (23)] was not
observed. Functional assessments will be
necessary to delineate enhancer activity in
the LTR and to examine alternative ele-
ments that may play a role in the regulation
of viral transcription [such as SP-1 ‘binding
sites (24)]. Little homology was apparent
when the SRV-1 LTR was compared with
other retroviruses and transposons.

The first large open reading frame initiat-
ing with an ATG codon at position 503
encodes a gag precursor polypeptide con-
taining 663 amino acids (Fig. 1). This ATG
codon is favorable for initiation because
purines are found two bases upstream ‘and
three bases downstream from the A of the
start codon (25). The second amino acid,
glycine, is also the second amino acid in the
Jag precursors of many other retroviruses.
During viral morphogenesis, the gag precur-
sor polypeptide is cleaved into several small-
er polypeptides that are found in the core of
the mature virus particle (26). MPMV, a
closely related type D retrovirus sharing
significant homology with SRV-1 (2, 3),
has been shown to encode a 78-kilodalton
Jag precursor (Pr78%%) that .is pracessed-
into six polypeptides identified as p10, pp18
(phosphoprotein), pl2, p27, pl4, and p4
(27, 28). Amino acid sequencing analyses of
the amino termini of five MPMV gag poly-
peptides (27) permitted localization of ap-
parently similar proteolytic¢ processing sites
in SRV-1 (Fig. 1). The greatest degree of
homology of SRV-1 with-other retroviruses
in the gay gene is in pl4, the nucleic acid-—
binding protein (29). '

The second large open reading frame has
the capacity to encode a predicted polypep-
tide of 314 amino acids (Fig. 1). As judged
from- its position in the genome and its
homology with other retroviruses (30, 31)
and cellular proteases (31), this open read-
ing frame encodes the viral protease gene
(Fig.-3). SRV-1 is organized in this area of
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121 ATGTTTCCCGCTCTTAGGCTTACGTGGCTTTCCCAGTTCTGCAGTTGAGCATGC GCCCAGTACTTCTCCCCTCCCACTTACTGCCTGTGTATATAAGACAACGCATTGCCACCAT TAAAC .r
U5 e
241 GAGACTTGATCAGAACACTGTCTTGTCTCCATTTCTTGTGTCTCTTGTCCCATCCAATTCCCACTCCCTCCTCCAGGTTTCCTACTGTTGGTCCCGCGGGACGGGACATTTGGC GCCCAA F?
361 CGTGGCGTTGGATACGAGGGAATTTCGT GAGGAAGACGACGCGGTTTGCCGGCCCGGATTAAAAGA GAAACGAAAGTAAACTTTCTTCGGCCGCCGCGGBAGCCT GCCGC GTAGGACCTG
pl0-> .
ValValArgSerAspMetGlyGinGluleuSerGlnHisGluArgTyrValGluGinLeulysGinAlaLleulysThrArgGlyValLlysVallysTyrAlaAspleuleulys 38
481 AAAGTAAGTGGTGCGCTCGGATATGGGGCAGGRATTAAGCCAGCACGAACGTTATGT GGAACAATTAAAACAGGC TTTAAAGACAC GGRGAGTARAGGTTAAATATGCTGATCTCTTAAA !;
PhePheAspPheVallysAspThrCysPrdTrpPheProGinGluGlyThriieAspllelysArgTrpArgArgVal Gl yAspCysPheGinAspTyrTyrAsnThrPheGlyProGlu 78 a
601 GTTTTTTGATTTTGTAAAGGATACTTGTCCTTGGTTTCCGCAAGAGGGAACCATAGATATCAAAAGGTGGCGTAGAGTAGGCGATTGTTTCCAAGATTATTATAATACTTTTGGCCCTGA
LysvalProValThrAlaPheSerTyrTrpAsnLleullelysGluleulleAsplyslysGluValAsnProGlinValMetAlaAlaValAlaGlinThrGluGlulleleulysThrSer 118 SJ
721 GAAAGTCCCAGTAACTGCCTTCTCATACTGGAATTTAATTAAAGAATTGATAGATAAGAAAGAAGTTAACCCACAAGTAATGGCTGCCGTGGC TCAAACT GAAGAAATC TTAAAAACTAG
SerHisThrGluleuThrThrlysProSerGlnAsnProAspleuAspleulleSerLeuAspSerAspAspGluGlyAlalysGlySerSerLeulysAsplysAsnleuSerCysThr 158
841 TTCTCATACAGAGCTTACAACAAAGCCUTCCCAAAATCCAGACTTGGACCTTATTTCTCTTGATAGT GACGATGAAGGAGC TAAAGGTTCL TCCC TAAAAGATARAAATTTATCATGTAC
ppl8->
LyslysProLysArgPheProvalleuleuThrAlaGinThrSerAlaAspProGluAspProAsnProSerGluValAspTrpAspGlyleuGluAspGluAlaAlalysTyrHisAsn 198
961  TAAAAAGCCAAAAAGATTCCCAGTTCTATTAACAGCACAAAC TAGTGCGGACCCTGAGGACCCCAACCCC TCAGAGGTAGACT GGGAC GGATTAGAGGAT GAGGCAGCAAAATATCATAA
pl2->
ProAspTrpProProPheLeuThrArgProProProTyrAsnlysAlaThrProSerAlaProThrValMetAlaValValAsnProlysGluGluleulysGlulysiieAlaGinley 238
1081 TCCCGATTGGCCTCCCTTCCTAACCCGTCCACCTCCTTATAATAAAGCCACTCCTTCCGCACCCACTGTAATGGCGGTTGTTAATCCAAAAGAGGAATTAAAAGAGAAGATTGE TCAATT
GluGluGlnllelysLeuGluGluleutisGinAlaLleulleSerLlysLeuGinLysLeulysThrGl yAsnGluThr¥alThrSerProGluThrAlaGlyGlyPheSerArgThrPro 274
1201 AGAGGAACAGATTAAATTAGAAGAGTTACATCAAGCACTCATTTCCAAGTTACAAAAAC TAAAAACAGGAAAT GAAACTGTCACTAGTCCAGAAACTGCAGGGGGCTTTTCTCGCACACT
p2r->
HisTrpProGlyGinHislleProlysGlylysCysCysAlaSerArgGlulysGluGluGinThrProlysAspllePheProVal ThrGtuThrval AspGlyGinGlyGinAtaTrp 318
1321 TCACTGGCCGGGGCAACATATCCCTAAAGGAAAATGCTGCGCCAGTCGAGAAAAGGAAGAACAAACCCCAAAAGATATTTTCCCAGTAACTGAAACTGTCGATGGGCAGBGTCAAGECTG
ArgHisHisAsnGlyPheAspPheThrVal lleLysGluleulysThrAlaAlaSerGInTyrGlyAlaThrAlaProTyrThrieuAlalleValGluServValAlaAspAsnTrpleu 358
1441 GAGGCACCATAATGGTTTTGATTTTACCGTCATAAAAGAATTAAAAACGGCTGCCTCTCAATATGGGGC TACTGCCCCATACACATTAGCCATAGTAGAATCTGTAGCGGACAATTGGLT
ThrProThrAspTrpAsnThrleuvalArgAlaValleuSerGlyGl yAspHisieuleuTrpLysSerGluPhePheGluAsnCysArgGluThrAl alysArgAsnGinGlnAlaGly 398
1561  TACCCCTACAGATTGGAATACACTTGTTAGGGCAGTCCTCTCAGGAGGAGATCATTTACTATGGARATCTGAGTTTTTTGAAAATTGTAGAGAAACGGC TAAAAGAAATCAACAAGCCGG
AsnGl yTrpAspPheAspMetLeuThrGl ySerGlyAsnTyrSerSerThrAspAlaGlnMetGinTyrAspProGlyleuPheAlaGinlleGlinAlaAlaAlaThrLysAlaTrpArg 438
1681  TAATGGTTGGGATTTTGATATGTTAACAGGCTCAGGTAACTATTCTAGCACTGATGCACAAATGCAATATGATCCGGGATTGTTTGC TCAAATTCAAGCGGCTGC TACAAAAGCCTGBAG
LyslkeuProVallysGlyAspProGlyAlaSerLeuThrGlyVallysGInGlyProAspGluProPheAlaAspPheValHisArgleulleTheThrAlaGlyArgllePheGlySer 478
1801 AAAACTTCCCGTTAAGGGAGACCCAGGAGCTTCCCTTACAGGAGTCAAACAAGGACCCGATGAGCCATTTGCAGATTTTGTACACAGACTTATAACAACTGCTGGGAGAATTTTTGBAAG
AlaGluAlaGlyValAspTyrVallysGlinLeuAlaTyrGluAsnAlaAsnProAlaCysGinAlaAlalleArgProTyrArglysLysThrAspleuThrGlyTyrIleArgleuCys 518
1921 TGCTGAGGCTGGTGTAGACTATGTAAAACAACTAGCATATGAAAACGC TAATCCAGCCTGTCAGGCAGCCATCCGCCCC TATAGAAAGAAAACAGATTTAACTGGC TACATCCGCCTTTG
plég->
SerAsplleGlyProSerTyrGinGinGlyLeuAl aMetAlaRlaAl aPheSerGlyGinThrVallysAspPheleuRsnAsnlysAsnLysGlulys6lyGlyCysCysPhelysCys 558
2041 " TTCGGACATTGGGCCTTCTTATCAACAGGGC TTAGCCATGGCCGCCGCCTTTAGCGGACAAACTGTCARAGATTTTCTTAACAACAAAAATAAAGAAAAAGGAGGGTGTTGTTTTAAATG
Gl1yArgLysGl yHisPheAlaLysAsnCysHisGluHislleHisAsnAsnSerGluThrlysAlaProGlyleuCysProArgCysLysArgGlylysHisTrpATaAsnGluCyslys 598
2161 CGGGAGGAAAGGACATTTTGCAAAAAATTGTCATGAACATATACATAACAATTCT GAAACAAAGGCTCCTGGACTCTGTCCCAGGT GTAAAAGAGGGAAACATTGGGCCAAT GAATGCAA
pd->
SerLysThrAspSerGInGl yAsnProLeuProProHisGInGlyAsnGlyleuArgGlyGInProGinAlaProlysGInAlaTyrGlyAlaValSerPheValProAlaAsnLysAsn 638
SerArglysProThrThrThrProSerGlylLysArgThrGluGlyProAlaProGlyProGluThrSerleuTrpGlyGiyGlinleuCysSerSerGinGinLys 35
2281 ATCCAAAACTGATAGTCAAGGAAACCCACTACCACCCCATCAGGGAAACGGACTGAGGGGCCAGCCCCAGGCCCCGAAACAAGCTTATGGGGCGGTCAGCTTTGT TCCAGCCAACAAAAA
AsnProPheGinSerLeuProGluProProGinGluVaiGinAspTrpThrSerValProProProTheGinTyr0C r
GlnProlleSerlysteuThrArgAlaThrProGl ySerAlaGl yLeuAspleuSerSerThrSerhisThrvalteuThrPraGluMetGlyProGinAtaleuSerThrGlylleTyr 75
2401 CAACCCATTTCAAAGCTTACCAGAGCCACCCCAGGAAGTGCAGGATTGGACCTCAGTTCCACCTCCCACACAGTATTAACACCGGAAATGGGGCCCCAAGLGTTAAGCACTGGAATATAT
GlyProleuProProAsnThrPheGlyLeulleleuGiyArgSerSerlleThrilelysGlyLeuGinVal TyrProGiyVallleAspAsnAspTyrThrGlyGlulleLysIleMet 115
2521 GGGCCCCTACCTCCCAACACTTTTGGATTAATCTTAGGCAGAAGTAGCATTACTATAAAAGGTCTACAAGTTTATCCAGGAGTAATTGATAATGAC TATAC TGGGGAAATTARAATAATG
AlalysAlaValAsnAsnlleValThrVaiProGinGlyAsnArglleAlaGinLeulleleuleuProLleulleGluThrAspAsnlysValGinGlnProTyrArgGiyGInGlySer 155
2641  GCAAAGGCTGTCAACAATATTGTTACTGTTCCTCAAGGCAACAGGATAGC TCAATTAATCCTCCTACCTCTAATTGAGACAGACAATAAAGTACAACAACCCTATAGAGGACAAGGAAGT
PheGlySerSerAsplleTyrTrpValGinProlleThrCysGinlysProSerLeuThrieuTrpleuAspAsplystetPheThrGlyLeulleAspThrGlyAlaAspValThrile 195
2761 TTTGGATCCTCAGACATATATTGGGTCCAACCTATTACCTGTCAGAAGCCCTCCTTAACATTATGGTTAGATGATAAAATGTTCACAGGATTAATCGATACGGGAGCTGATGTCACTATC
elysLeuGiuAspTrpProProAsnTrpProlieThrAspThrleuThrAsnLeuArgGly11eGlyGinSerAsnAsnProlysGinSerSerlysTyrieuThrTrpArgAsplys 235
2881 ATCAAGCTAGAGGACTGGCCTCCTAATTGGCCTATAACAGATACCTTAACCAATTTAAGAGGTATAGGACAAAGCAACAACCCTAAGCAAAGTTC TARATATCTTAC TTGGAGAGATAAA
GluAsnAsnSerGiyLeullelysProPheval lleProAsnLeuProValAsnLeuTrpGiyArgAspleuleuSerGinMetLys I1eMetMet CysSerProSerAspileval Thr 275
3001 GAAAATAATTCTGGTCTCATTAAACCGTTTGTTATTCCTAATTTACCTGTCAACCTTTGGGGCAGAGATCTCCTTTCTCAAATGAARATTATGATGT GTAGTCCTAGTGACATAGTCACT
AlaGlnMetLeuAlaGinGlyTyrSerProGlyLysGiyLeuGlyLysAsnGluAsnGlylieleuHisProlleProAsnGInGlyGinPheAsplysLysGlyPheGlyAsnPhelC 315
GlnLysGlylleTrpLysPheLeuThr ¢
3121 GCCCAAATGTTAGCCCAAGGC TACAGCCCCGGAAAAGGA TTAGGAAAAAAC GAAAATGGCATTCTACATCCTATCCCAAATCAAGGACAATTTGACAAAAAGGGATTTGGAAATTTTTAA ‘)
AlaAlalieAspMetleuAlaProGInGInCysAlaGluProlleThrTrplysSerAspGluProvalTrpValAspGinTrpProleuTnrSerGlulysleuAlaAlaAlaGinGln 49 (o)
3241 CTGCGGCCATTGACATGCTTGCACCCCAACAGTGTGCTGAACCCATCACGT GGAAATCAGACGAACCTGTCTGGGTTGATCAGT GGCCATTAACCAGT GAAAAACTTGCTGCTGCCCAAC
LeuValGinGluGinLeuGluATaGlyHisIleThrGluSerAsnSerProTrpAsnThrProliePheVal IlelysLysLysSerGlyLysTrpArgleuleuGinAspLeuArgAla 89 l
3361 AGTTAGTGCAAGAACAGTTAGAGGCAGGACATATTACTGAAAGTAATTCCCCTTGGAACACTCCCATATTTGTTATAAAAAAGAAATCTGLTAAATGGAGGCTCTTACAAGATTTACGAG
ValAsnAlaThrMetValleuMetGlyAlaLeuGlnProGlyLeuProSerProValAlalleProGInGlyTyrLeulysliellelleAspleulysAspCysPhePheSerilePro 129
3481 CCGTTAATGCCACTATGGTATTAATGGGAGCTTTACAACCTGBATTGCCCTCTCCGGTGGC TATCCCACAAGGGTATC TTARAATAATTATTGATC TCAAAGATTGTTTCTTTTCTATTC
LeuHisProSerAspGinLysArgPheAlaPheSerLeuProSer ThrAsnPhelysGluProMetGlnArgPheGlnTrplysVatLeuProGlnArgMetAlaAsnSerProThrleu 169
3601 CCCTTCATCCTAGTGATCAAAAAAGGTTTGCATTCAGCCTACCTTCCACAAATTTTAAGGAACCTATGCAACGTTTTCAGTGGAAAGTTTTACCGCAACGTATGGCCAACAGCCCTACCT
CysGlnlysTyrValAlaThrAlalleHisLysvalArgHisAlaTrplysGinMetTyrllelleHisTyrMetAspAspileleulleAlaGlyLysAspGlyGinGlavalLeuGin 209
3721 TATGCCAAAAATATGTGGCCACAGCCATACATAAAGTTAGACATGCCTGGAAACAAATGTATATTATACATTACATGGATGATATCCTCATAGCTGGTAAAGAT GGACAACAAGTTTTAC
CysPheAspGinLeulysGinGluLeuThr11eAlaGlyLeuHisIleATaProGlulyslleGinleuGl nAspProTyrThrTyrLeuGlyPheGluleuAsnGlyProLysIleThr 249
3841 AATGCTTTGATCAGCTCAAACAAGAATTGACTATAGCCGGGTTACATATAGCCCCAGAAAAAATTCAAC TACAAGACCCCTACACGTATTTAGGATTT GAACTTAATGGTCCAAARATCA
AsnGlnlysAlaVal lleArglysAsplysleuGinThrieuAsnAspPheGlnlysteuleuGlyAspIleAsnTrpLeuArgProTyrleutysleuThrThrAl aAspleulysPro 289
3961 CTAATCAAAAGGCAGTTATTCGTAAAGATAAGTTGCAAACTCTTAATGACTTTCAAAAGCTTTTAGGAGACATCAATTGGC TCCGACCATACCTGAAACTCAC TACTGCAGATTTAAAAC

U3->
CCTGTCCGGAGCCGTGCTGCCCGGATGATGTCTTGGCC TCTGTTTGC TC TAGCTCTACGC TTAAGATTCAAGATGGC GAACTTCCTGGTTCTTC TCTGTGTTGC TTTCCCGCC AL GC GA

Fig. 1. Nucleotide sequence of SRV-1 DNA. Unintegrated DNA of SRV-1
was molecularly cloned in a bacteriophage A vector (5). Both strands of the
virus were sequenced with overlapping ml3 clones. DNA from viral
supercoils was cloned into bacteriophage at the Bam HI site in the center of
the prt region (5). Comparisons of the sequences of the highly homologous
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SRV-2 genome in this region indicated that no viral sequences were lost at
the Bam HI site during molecular cloning (40). The figure shows the 8173
nucleotides composing the SRV-1 proviral DNA. Nucleotides are numbered
at the beginning of each line, and amino acids are numbered at the end of
each line. The predicted amino acid sequences for the gag, pr#, pol, and env
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LeuPheAspThrleulysGlyAspSerAsnProAsnSerRisArgSerLeuSerlysGluAtaleuAlaleuleuAsplysValGluThrAlalleAlaGluGinPheVal ThrHisIle 329
CTTTATTCGACACCCTTAAAGGAGACTCTAATCCCAATTCTCATAGATCTTTATCAAAAGAAGCTCTTGCCTTACTTGATAAAGTAGAAACAGCCATTGCAGAACAATTTGTTACTCACA

AsnTyrSerLeuProleuMetPheleullePheAsnThrAlaleuThrProThrGlyLeuPheTrpGlnAsnAsnProlleMet TrpValHisleuProAlaSerProlysiysValleu 369
TAAATTATTCATTACCATTAATSTTTCTCATATTTAACACAGCCCTGACGCCCACTGGTTTATTTTGGCAGAATAATCCTATTATGTGGGTCCACCTGCCTGCATCCCCTAAAAAGGTAT

LeuProTyrTyrAspAlalleAtaAspleullelteLeuGlyArgAspHisSerlysLys TyrPheGlylleGluProSerValllelleGInProTyrSerLysSerGinlleAspTrp 409
TACTCCCCTATTACGAC GCTATAGCAGATTTAATCATACTAGGAAGAGACCATAGTAAAAAATACTTTGGAATTGAACCCTCCGTAATCATACAGCCATACTCTAAGTCTCAAATTGATT

LeuMetGlnAsnThrGluMetTrpProlleAlaCysAlaSerTyrValGlylleleuAspAsnRisTyrProProAsnlysleulleGinPhelyslysleuHisAtaPhellePhePro 449
GGCTGATGCAAAACACT GAAATGTGGCCAATTGCCTGTGCCTCTTATGTTGGCATCCTAGATAACCATTACCCACCTAACAAGC TTATCCAATTCTGCAAATTACATGCCTTTATTTTCC

GinllelteSerLysThrProleuAsnAsnAtaleuleuValPheThrAspGlySerSerThrGlyMetAlaAtaTyrThrieuAlaAspThrThrIlelysPheGinThrAsnLeuAsn 489
CTCAAATCATTAGTAAAACGCCCTTAAACAATGCTTTATTAGTTTTTACTGATGGCTCTTCCACT GGAATGGCCGCATATACTCTTGCTGATAC TACCATCAAATTTCAAACTAATCTTA

SerAlaGlinLeuValGluleuGinAtaleulleAlavatleuSerAtaPheProAsnGinProLeuAsnlleTyrThrAspSerAtaTyrLeuAlaHisSerIleProLeuleuGluThr 529
ATTCGGC TCAACTAGTAGAATTACAAGCC TTAATTGCAGTCCTATCAGCTTTCCCCAACCAACCTCTTAACATTTATACTGACAGT GCTTAC TTAGCCCACTCAATACCCCTGC TTGAAA

ValAlaGinlIlelysHisIleSerGluThrAlalysleuPheleuGinCysGinGinleulleTyrAsnArgSerIleProPheTyrIleGlyRisValArgAlaHisSerGlyteuPro 569
CTGTAGCACAAATTAAACACATATCAGAAACAGCAAAGCTATTCCTACAGT GCCAACAGC TTATATACAATAGATCCATACCTTTTTACATCGGACATGTCAGGGCCCATTCTGGCC TAC

GlyProlleAlaHisGlyAsnGlnlLysATaAspleuAlaThrlysThrValAlaSerAsnlleAsnThrAsnleuGluSerAlaGlnAsnAlaHisThrieuHisHisLeuvAsnAlaGln 609
CTGGACCTATAGCCCACGGCAACCAAAAGGCTGACTTGGCAAC TAAAACCGTGGC TAGCAACATAAACACAAACCTCGAATCGGC TCAAAATGC TCATACCTTACATCATCTCAATGCCC

ThrleulysleuMetPheAsnIleProArgGluGinAtaArgGiniieValArgGinCysProlleCysAlaThrTyrleuProValProHisleuGlyValAsnProArgGlyleuleu 649
AAACTTTAAAAC TAATGTTTAACATTCC GAGAGAACAAGC TAGACAAATTGTCAGACAATGCCCAATATGTGCAACCTATC TACCAGTCCCTCATTTAGGAGTTAATCC TAGAGGATTGT

ProAsnMetI1eTrpGlnMetAspVal ThrHisTyrSerGluPheGlyAsnleulysTyrlleHisValSerIleAspThrPheSerGlyPheleuleuAlaThrleuGinThrGlyGlu 689
TGCCCAACATGATTTGGCAAATGGACGTTACACATTACTCCGAATTTGGTAATTTAAAATATATACATGTTTCTATAGATACCTTCAGTGGATTCCTATTAGCCACTCTACAGACAGGAG

ThrThrLysHisVallleThrHisLeuleuHisCysPheSerItelleGlyleuProlysGinllelysThrAspAsnGlyProGlyTyrThrSerlysAsnPheGlnGluPheCysSer 729
AAACAACAAAACATGTCATAACCCATTTACTTCATTGCTTCTCTATTATTGGAC TCCC TAAACAAATAAAAACAGATAACGGTCCTGGATACACCTCCAAAAATTTTCAAGAATTCTGCT

ThrleuGinllelysHisval ThrGlyIleProTyrAsnProGInGlyGIinGlyIleValGluArgAlaHisleuSerLeulysThrThrileGlulyslelysLysGlyGluTrpTyr 769
CCACACTTCAAATTAAACATGTTACTGGAATCCCCTATAATCCCCAAGGCCAAGGAATAGTT GAAAGAGCCCACTTATCTCTTAAAACCACCATTGAAAAAATAAAAAAGGGGGAATGGT

ProThrLysGlyThrProArgAsnileleuAsnHisAtaleuPheleleuAsnPheleuAsnleuAspAspGinAsnHisSerAtaAtaAspArgPhe TrpHisSerAsnProArglys 809
ACCCTACGAAGGGTACCCCCAGGAACATTCTCAATCATGCACTCTTTATTCTAAATTTTTTAAATTTGGAT GATCAAAACCAC TCAGCAGCTGATCGTTTTTGGCATAGCAACCCCAGAA

GlnPheAlaMetVallysTrplysAspProleuAspAsnThrTrpProTrpProAspProvalllelleTrpGlyArgGlySerValCysValTyrSerGinThrHisAspAlaAlaArg 849
AACAATTTGCCATGGTAAAATGGAAAGATCCACTAGACAATACGTGGCCATGGCCTGATCCAGTGATAATTTGGGGCAGAGGTTCAGTCTGTGTTTACTCTCAAACCCATGATGCCGC TA

TrpleuProGluArgleuVallysGInIleProAsnAsnAsnGinSerArgGlulP (gp70->)
ProlleGInGlyValtIteleuSerLeuArgleuProPheProLeuLeuThrGluMetAsnPheAsnHisHisPheThr 26
GATGGC TACCAGAACGAC TAGTAAAACAAATACCTAACAATAACCAATCCAGGGAGTGATTCTCTCCCTGAGATTGCCTTTTCCTTTGC TCACAGAGATGAACTTCAATCATCATTTCAC

TrpSerleuValltelleSerGinllePheGlnValGlnAlaGlyPheGlyAspProArgGluAlaleuleu6lulleGinGlinLysHisGlyLysProCysAspCysAtaGlyGlyTyr 66
CTGGAGCTTAGTGATAATATC TCAAATATTCCAAGTTCAAGCCGGTTTTGGAGATCCGCGCGAGGCCCTCCTAGAGATACAACAAAAACATGGTAAGCCTTGTGAC TGTGC TGGAGGATA

3

valSerSerProProThrAsnSerLeuThrThrValSerCysSerThrTyrThrAlaTyrSerVal ThrAsnSerLeulysTrpGinCysValSerThrProThrThrAlaSerProThr 106 v
TGTTTCCAGTCCACCTACTAATTCCCTTACAACTGTCTCATGCTCTACTTATACTGCTTATTCAGTAACCAACTCCCTAAAGTGGCAGTGTGTGTCTACTCCCACTACAGCCAGCCCCAC

HisI1eGlySerCysProSerGinCysAsnSerGinSerTyrAspSerValHisAlaThrCysTyrAsnRisTyrGInGInCysThrileGlyAsnLysThrTyrLeuThrAlaThrMet 146
ACATATAGGATCTTGTCCCAGTCAATGTAACTCACAATCATATGACTCTGTACATGCCACCTGC TATAACCACTATCAACAATGTACTATTGGTAATAAGACATATCTCACTGCTACTAT

IleArgAsplysSerProSerSerGlyAspGlyAsnValProThrlleleuGlyAsnAsnGinAsnleullelleAlaGlyCysProGluAsnlyslysGlyGinValvalCysTrpAsn 186
GATTAGAGACAAATCTCCCTCCAGTGGTGACGGGAACGTCCCTACAATATTAGGGAATAATCAAAACCTCATTATAGCAGGC TGTCCCGAAAATAAAAAGGGCCAAGTGGTTTGC TGGAA

SerGInProSerValHisMetSerAspGlyGlyGlyProGinAsplysValArgGlullelTeValAsnLysLysPheGluGluleuRisLysSerLeuPheProGluleuSerTyrHis 226
TAGCCAACCCTCTGTTCACATGTCTGATGGAGGAGGGCCTCAAGATAAGGTCCGTGAGATTATAGTAAATAAAAAGTTTGAAGAATTGCATAAATCGC TGTTCCCAGAACTTTCTTACCA

ProleuAlaleuProGluAlaArgGlyLysGlulyslleAspAlaHisThrPheAspleuleuAlaThrValHisSerleuleuAsnValSerSerGinArgGinleuATaGluAspCys 266
CCCTCTGGCTTTGECCGAAGCCCGTGGTAAAGAAAAAATTGATGCACACACTTTTGATCTCCTTGCCACTGTGCATAGTTTACTCAATGTTTCC TCCCAACGCCAATTAGCCGAAGATTG

TrpleuCysLeuArgSerGlyAspProValProleuAlaleuProTyrAspAsnThrSerCysSerAsnSerThrPhePhePheAsnCysSerAsnCysSerCysLeulleThrProPro 306
CTGGCTGTGCTTGCGGTCAGGTGATCCCGTTCCTCTCGCCCTGCCTTATGATAACACATCC TGCTCTAACTCAACCTTTTTCTTTAATTGC TCTAATTGCTCTTGCCTTATCACCCCCCE

PheleuValGlnProPheAsnPheThrHisSerVal CysLleuTyrAlaAspTyrGinAsnAsnSerPheAsplleAspValGlyLeuAlaGlyPheThrAsnCysSerSerTyrlleAsn 346
TTTCTTAGTACAGCCCTTTAACTTCACTCATTCTGTTTGCC TTTACGCTGATTATCAAAACAACTCATTTGACATAGATGTAGGTCTAGCTGGCTTCACTAATTGCTCTAGTTATATTAA

ITeSerLysProSerSerProleuCysAlaProAsnSerServal PheValCysGlyAsnAsnLysAlaTyrThrTyrLeuProThrAsnTrpThrGlySerCysvalleuAlaThrleu 386
TATTTCTAAACCCTCCAGTCCCTTATGCGCCCCAAATAGCTCAGTTTTTGTATGCGGTAATAACAAGGCATACACTTATCTACCCACAAATTGGACGGGAAGCTGTGTACTTGCTACTCT
ap20-> )
LeuProAsplleAspllelleProGlySerGluProValProlleProAlalleAspHisPheleuGl yArgProLlysArgAlalleGinPhelleProleuVallleGlyleuGlylle 426
TTTACCCGATATAGACATTATTCCAGGTAGTGAACCTGTCCCCATTCCAGC TATAGATCATTTTTTAGGTAGACCCAAAAGAGCAATCCAGTTTATTCCCCTAGTCATAGGATTAGGTAT

ThrThrAlaValSerThrGlyThrAlaGlyLeuGlyValSerLeuThrGinTyrThriysleuSerHisGinleulleSerAspValGinAlalleSerSerThr11eGinAspleuGin 466
AACTACTGCAGTATCTACCGGGACTGCTGGTCTGGGGGTTTCCCTCACTCAATACACAAAATTGTCTCACCAAC TAATATCAGAT GTACAAGCTATTTCTAGTACTATACAAGATCTCCA

AspGlnValAspSerLeuAlaGluValValleuGlnAsnArgArgGlyLeuAspleuleuThrAlaGluGinGlyGlylleCysleuAlaleuGInGlulysCysCysPheTyrAlaAsn 506
AGATCAAGTAGAC TCTCTAGCAGAAGTAGTACTACAAAACAGAAGAGGATTAGATCTGCTGACAGCAGAGCAGGGAGGCATCTGC TTAGC TTTACAGGAAAAATGCTGTTTC TACGCCAA

LysSerGlylleValArgAsplysIleLysAsnLeuGlnAspAspleuGluLysArgArglysGinLeulleAspAsnProPheTrpThrGlyPheHisGlyleuleuProlyrValMet 546
CAAATCTGGAATCGTCAGAGACAAGATTAAAAACC TACAAGATGAC TTAGAARAACGCC GAAAACAACT GATCGACAACCCCTTTTGGACTGGCTTTCATGGACTCCTCCCTTATGTTAT

ProLeuleuGlyProLeuleuCysleuleuleuValleuSerPheGlyProllellePheAsnlysleuMet ThrPhellelysHisGInlleGluSerileGinAlalysProlleGln 586
GCCTCTATTAGGCCCTTTACTTIGCTTACTGCTTGTGTTATCTTICGGACCAATTATC TTCAATAAGC TTATGAC TTTTATTAAACATCAAATCGAGAGCATTCAAGCCAAACC TATACA

ValHisTyrHisArgleuGluGInGluAspHisGlyGlySerTyrLeuAsnLeuThrAM
GGTCCATTATCATCGCCTTGAACAAGAAGACCATGGTGGCTCATATTTAAAC TTAACATAGACCACCTCCCCTGCGAGC TAAGE TGGACAGCCAATGACGGGTAAGAGAGTGACATTTTT

CACTAACCTAAGACAGGAGGGCCGTCAGAGC TACTGCC TAATCCAAAGAC GGGTAAAAGT GATAAAAATGTATCAC TCCAACC TAAGACAGGC GCAGC TTCCGAGGGATTTGTCGTCTGT

U3-»
TTTATATATATTTAAAAGGGT GACCTGTCCGGAGCCGTGCTGCCCGGATGATGTCTTGGCCTCTGTTTGC TCTAGC TCTACGC TTAAGAT TCAAGATGGCGAACTTCCTGGTTCTTCTCT l_
GTGTTGCTTTCCCGCCGGCGCGAATGTTTCCCGC TCTTAGGC TTACGTGGCTTTCCCAGTTCTGCAGTTGAGCATGC GCCCAGTACTTC TCCCCTCCCACTTACTGCCTGTGTATATAAG _r
ACAACGCATTGCCACCATTAAACGAGACTTGATCAGAACACTGTCTTGICTCCATTTCTTGTGTCTCTTGTCCCATCCAATTCCCACTCCCTCCTCCAGGTTTCCTACTGTTGGTCCCGE FR

<-U5
GGGACGGGACATT

genes are presented. A putative TATA box at position 210 and a putative  proposed processing site in env is also shown. We used M13 phage vectors
polyadenylation signal at position 234 are underlined. A sequence comple-  (41) to clone DNA fragments produced by restriction enzyme treatment of a
mentary to the 3’ end of tRNA™* is overlined at position 351, The inverted  recombinant bacteriophage containing SRV-1 DNA (5). These M13 clones
repeats (5 bp) are also underlined at the ends of each LTR. The amino  were templates for DNA sequencing by the dideoxy chain termination
termini of several mature gag proteins, determined from amino acid sequenc-  method with the use of oligonucleotide primers that were chemically
ing data (27), and the putative start for the env glycoprotein are labeled; a  synthesized on an Applied Biosystems 380A machine (17).
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the genome in a fashion similar to human T-
cell lymphotropic virus type IT (HTLV-II)
and bovine leukemia virus (12, 32, 33) (Fig.
4). Each of these retroviruses has a protease
translation frame separate from the coding
frames for gay and pol, and in each of these
viruses the protease open reading frame is
minus 1 bp with respect to the gag open

reading frame. We propose that the protease
gene be designated prt in those retroviruses
that have a separate open reading frame
encoding this enzyme.

It is interesting that the recendy described
hamster intracisternal A-type particle (IAP-
H18) sequence (34) displays more homolo-
gy to the SRV-1 prr gene (both in amino

acid and nucleotide sequences) than to any
other known retrovirus or eukaryotic trans-
poson. Both the SRV-1 and IAP-H18 prr
genes are about twice as long as the protease
regions of all other retroviruses including
HTLV-II and bovine leukemia virus. The
SRV-1 and IAP-H18 prt genes can be divid-
ed into three regions, as judged from com-

SRvV-1

- Z =% _ _ --i:'-: E__= Es_z 3; - —— _.:::E ;—-1_—
O T I 1 O A el
o] i 2 3 4 5 ] 7 8
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? ¥

@ >

b3 prt =

pol

Fig. 2. Restriction endonuclease map of SRV-1. The locations of the major genetic regions of the SRV-1 genome—LTR’s, gag, pre, pol, env, and the short
open reading frame—are indicated. Viral genes in the same reading frame are aligned. Putative methionine initiation codons are labeled.
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Fig. 3. Genetic homologies of several retroviral proteases and cellular
aspartyl proteases. Comparisons are shown of the predicted amino acid
sequences in the protease regions of SRV-1, hamster IAP-H18, RSV, ARV-
2, BLV, HTLV-I], and M-MuLV. Spot homologies are shown for se-
quences in the carboxyl terminal portion of several cellular acid proteases.
Regions I and III are additional sequences found only in SRV-1 and IAP-
H18. A, B, and C are short stretches that have homology to A’, B’, and C'.
Numbering is with respect to the SRV-1 amino acid numbering scheme in

1570

Fig. 1. Chemically similar amino acids found by inspection and with the
MALIGN computer program are boxed. Gaps (=) were inserted to increase
sequence similarities. Chemically similar amino acids are abbreviated and
defined as follows (34): A, S, T,P,G; N, D,E, Q; H, K, R; M, L, I, V; and
F, W, Y. The cellular proteases are human pepsinogen (H-PG), bovine
chymosin (B-CH), human cathepsin D (H-CD), and human renin (H-RN)
@31).
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parisons to each other and to cellular prote-
ases. Figure 3 shows that region I of the
SRV-1 prt gene has three short stretches (A,
B, C) that show homology to stretches (A',
B’, C') in region II. Comparisons with
cellular proteases (Fig. 3) suggest that retro-
viral proteases are related to aspartyl prote-
ases (31). These cellular proteases have two
widely separated homologous stretches that
contain aspartyl residues. The SRV-1 prz
gene appears to be similarly organized be-
cause it has two widely separated homology
stretches that contain aspartyl residues. Re-
gion I of SRV-1 protease is less homolo-
gous to the cellular proteases than region II
(Fig. 3). Region III showed no homology
to other proteases.

The pol gene of SRV-1 is encoded by the
third large open reading frame (Fig. 1).
Comparison with other retroviruses, includ-
ing hepatitis B virus (35) and eukaryotic
transposons [the yeast Ty element (31) and
the Drosophila 17.6 element (31)], revealed
two domains (reverse transcriptase and en-
donuclease) in the SRV-1 pol gene. Also, the
hamster IJAP-H18 genome shows some ho-
mology with the pol regions of SRV-1 and
squirrel monkey virus, another type D virus
(34, 36). A putative processing site for
delineating the carboxyl terminus of the
reverse transcriptase domain and the amino
terminus of the endonuclease domain is
proposed near pol amino acid 593 on the
basis of its homology with the known pro-
cessing site for Rous sarcoma virus (37).

A large open reading frame with a coding
capacity of 605 amino acids is proposed to
represent the SRV-1 env gene (Fig. 1). The
ATG codon at position 5858 is a likely
initiator for the env polypeptide precursor.
This methionine codon is favorable for initi-
ation because purines are found at minus 3
and plus 4 base pairs relative to the A of the
ATG (25). The predicted amino acid se-
quence immediately following this codon
has a hydrophobic stretch of ten amino
acids; this feature is characteristic of signal
peptides at the amino termini of many viral
and cellular membrane proteins. An alterna-
tive possibility is that messenger RNA
(mRNA) splicing may provide an ATG
codon, perhaps from the gag gene; in Rous
sarcoma virus, splicing produces an mRNA
that positions the first six gag gene codons
next to the body of the env gene (38). Direct
protein sequence determination of the SRV-
1 viral env precursor as well as analysis of
mRNA splicing patterns will be required to
resolve these issues. Homology comparisons
of the predicted amino acid sequence of the
SRV-1 envelope with several other retrovi-
ruses suggests the presence of two domains.
Proteolytic processing may occur at the di-
basic amino acid residues in the eny se-
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Fig. 4. Comparison of the genomic organization
of SRV-1 with HTLV-II (I12), bovine leukemia
virus (BLV) (32, 33), Rous sarcoma virus (RSV)
(38), Moloney murine leukemia virus (M-MulLV)
(42), and AIDS-associated retrovirus type 2
(ARV-2) (14-17). The protease region (pr2),
shown by cross-hatching, lies in the carboxyl
terminus of gag in RSV, in the amino terminus of
pol in ARV-2, in the same reading frame as both
g and pol in M-MuLV, and as a separate reading
frame in SRV-1, HTLV-II, and BLV.

quence Arg-Pro-Lys-Arg (position 410) to
produce the relatively hydrophilic amino
terminal domain. This domain has 12 po-
tential glycosylation sites. The carboxyl ter-
minal domain has two stretches of hydro-
phobic amino acids; one or both of these
stretches traverse the lipid bilayer of mem-
branes in virus particles and cells. As for
other retroviruses, the carboxyl terminal env
polypeptide serves as an anchor for the
externally located amino terminal eny do-
main (26). Homology assessments reveal
that the carboxyl terminal domain of SRV-1
env is more conserved with the counterpart
region of other retroviruses than is the
amino terminal domain,

SRV-1 encodes a short open reading
frame downstream from the env gene. The
short open reading frame contains 104 co-
dons and extends into the rightward LTR.
Several other retroviruses (MMTV, HTLV-
I, HTLV-II, and the AIDS retroviruses)
encode long open reading frames beyond
env that extend into the LTR. The SRV-1
short open reading frame is about half the
size of the long open reading frame gene of
human AIDS retroviruses. The counterpart
region in the closely related SRV-2 (3)
genome shows extensive DNA homology;
however, the same translation frame in this
part of SRV-2 is interrupted with five stop
codons (40). Thus, the significance of the
SRV-1 short open reading frame is not
established.

The prototype member of the group of
retroviruses to which SRV-1 belongs is
MPMYV. SRV-1 and MPMV are closely

related, according to nucleic acid hybridiza-
tion and serological analyses (2, 3). Differ-
ences lie primarily in the viral envelope.
Sequence analysis of the amino-termini of
several MPMV gay proteins (27) permitted
identification of processing sites in the
SRV-1 gag polypeptide precursor (Fig. 1).

The open reading frame encoding the
SRV-1 protease gene, designated here as
prt, has a translation frame different from
the gag or pol genes (Fig. 1). The prt genes
of bovine leukemia virus and HTLV-II are
also organized as independent open reading
frames with respect to their gag and pol
genes (Fig. 4). In descriptions of the
HTLV-II and bovine leukemia virus ge-
nomes, the corresponding protease gene
was referred to as ORF-HL and ORF-BL,
respectively (30). The prt open reading
frame in SRV-1 is much longer than the
corresponding ORF-HL and ORF-BL. The
SRV-1 prt gene shows considerable homol-
ogy with the counterpart gene in the ham-
ster JAP genome; both regions are about
twice as long as the protease domains in all
other retroviruses and eukaryotic transpo-
sons.

We divided the prz open reading frame
into three regions. The second region has
significant homology with other retroviral
proteases and cellular proteases of the aspar-
tyl class. The first region appears to have
some homology to the second region, sug-
gesting that the SRV-1 (and hamster IAP)
prt region may have arisen by gene duplica-
tion. It is not known whether the unusual
protease of SRV-1 plays a role in viral
pathogenesis. New antiviral strategies could
be directed at inhibiting this unusually large
protease enzyme predicted by the genome
sequence of SRV-1. The exact biogenesis of
prt and pol polypeptides of these simian type
D retroviruses remains to be elucidated, but.
mechanisms such as splicing at the RNA
level or frameshifting at the translation level
could be used to preduce precursor poly-
peptides. In cells infected with MPMV,
three large proteins [with molecular weights
of 78,000 (78K), 95K, and 180K] contain-
ing gay sequences are observed (28). The
78K species is the precursor for the gayg
proteins. The genetic organization of SRV-
1 revealed here supports the suggestion that
the 95K and 180K polypeptides are precur-
sors for gag-prt and gag-prt-pol, respectively.

A second strain of type D retrovirus
(SRV-2) has been isolated from macaque
monkeys at the Oregon Primate Center,
which develop both immunodeficiency
(SAIDS) and retroperitoneal fibromatosis
(3). SRV-2—specific proviral sequences are
present in lymphoid and retroperitoneal fi-
bromatosis tissues but not in muscle tissue
of disecased macaques (39). This virus is
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closely related to SRV-1 by nucleic acid
hybridization studies and serological analy-
ses- (3). The DNA sequence of molecularly
cloned SRV-2 reveals a high degree of ho-
mology to SRV-1; the greatest sequence
variation is in the amino terminal domain of
the env genes (40). Genetically engineered
recombinant viruses, made by exchanging
portions of these related viruses, will be
useful in determining which sequence of the
genome of SRV-2 is associated with retro-
peritoneal fibromatosis. Novel vaccine strat-
egies that use, for example, subunit envelope
proteins of SRV-1 or SRV-2 expressed in
recombinant microorganisms may help con-
trol SAIDS in infected primates.

Note added in proof: The location of the
Jag phosphoprotein of SRV-1 in Fig. 1 is
based on the published amino terminal se-
quence of the MPMV phosphoprotein
(ppl8) (27). The amino terminal sequence
of the phosphoprotein of the related SAIDS
retrovirus D/W isolate, from the Washing-
ton Regional Primate Research Center (27),
corresponds to gag position 107 in Fig. 1.
Thus, SRV-1 contains DNA sequences en-
coding the published amino termini of both
MPMYV and SAIDS retrovirus D/W.
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Inhibition of Vasopressin Action by

Atrial Natriuretic Factor

MARK A. DILLINGHAM AND ROBERT J. ANDERSON

Atrial natriuretic factor results in diuresis in animals and humans, perhaps because
atrial natriuretic factor increases renal blood flow. The possibility that this diuresis is
due to direct inhibition of renal tubular epithelial water transport was examined in
rabbit collecting tubules perfused in vitro. Atriopeptin III inhibition of the hydraulic
conductivity response to the hormone arginine vasopressin but not to either 3'5'-cyclic
adenosine monophosphate or forskolin was found. These results suggest that atriopep-
tin IIT acts proximal to cyclic adenosine monophosphate formation to directly affect
vasopressin-stimulated water transport in the mammalian nephron. They also suggest
a potential role for inhibition by atrial natriuretic factor of the renal response to
arginine vasopressin as a contributor to a diuretic state.

AMMALJAN ATRIA CONTAIN SE-

cretory granules. In response to

atrial distension, these granules
release a group of closely related 21- to 26-
amino-acid peptides (I-3). Collectively re-
ferred to as atrial natriuretic factor (ANF),
these peptides exert potent vasodilatory and
diuretic effects in animals and humans (I1-7).
The mechanism of the diuretic action of
ANF has not yet been established (I-3).
Evidence obtained in vivo suggests that
ANF increases the glomerular filtration rate
and that the filtered load of salt and water is
responsible for the diuresis (2~4). However,
ANF reduces systemic arterial pressure, has
a variable effect on renal blood flow and
vascular resistance, and increases solute ex-
cretion (I1-7).The multiplicity of systemic
and intrarenal effects exerted by ANF in vivo
renders determination of a direct renal epi-
thelial cell effect on salt and water transport
difficult. Whether tubular effects also con-
tribute to the diuresis of ANF is unclear. To
date, there is no evidence that ANF directly
inhibits intact renal tubular epithelial cell
salt and water reabsorption (I-3, 7). Our
studies were designed to determine whether
ANF exerts a direct eftect on water transport
in renal collecting tubules.

Individual rabbit renal cortical collecting
tubules were obtained by microdissection
and perfused in vitro by slight modifications
of the method developed by Burg and oth-

ers (8-10). Tubules were bathed in a sohs-
tion of NaCl, 115; MgS8Qy, 1.2; CaCl,, 1.0;
KCl, 5.0; sodium acetate, 10; NaH.PQOy,,
1.2; NaHCO;, 25; and dextrose, 5.5 (all in
millimoles per liter). Bath fluid of pH 7.40
and 25°C was completely changed every 3 to
4 minutes (10). The composition of the
perfusion fluid was the same as that of the
bathing fluid except that the final concentra-
tion of NaCl was reduced to 50 mmol/liter,
Perfusion fluid also contained sufficient
[Clinulin (New England Nuclear) to re-
sult in collected fluid count per minute at
least 10- to 15-fold above background. The
tubule was visually inspected at 1- to 3-
minute intervals throughout the study. Hy-
draulic conductivity (measured in cm atm ™!
sec”! x 1077) was calculated from the for-
mula derived by Al-Zahid er al. (11).
Collecting tubules were allowed to equili-
brate at 25°C for 4 hours (10). Tubules were
perfused at 10 to 12 nl/min by adjusting
hydrostatic pressure of the fluid entering the
perfusion pipette. Tubular length was com-
parable in all groups of studies. In all studies
each tubule served as its own control. In
each tubule four or five collections were
obtained for measurement of hydraulic con-
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