The squabbles and the policy chal-
lenges will be more easily resolved if we
understand their origin. In addition, we
must focus our attention on the problem
of institutional capacity and the health of
capital resources. In comparisori with
what is available elsewhere, and what
ought to be available to us, our environ-
ments are significantly worse then they
were a quarter century ago. We owe to
the next generation of students and fac-
ulty members an opportunity to do sci-
ence as close to the forefront as all of us
have been able to do it. Commitments
only to the number of research grants
next year, or to the total programmatic
support of research in the federal budget,
will not make that happen. It will only
perpetuate the present liability, extend
the divisions between researchers and
institutions, and blunt the promise that
our extraordinary way of doing science
has created.
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A wide variety of diseases in many
animal species are a consequerce of in-
fection by retroviruses (/). A distinct
group of human retroviruses has been
isolated from patients with the acquired
immune deficiency syndrome (AIDS)
and individuals with related conditions,
such as persistent lymphadenopathy.
Several independent isolates, called
lymphadenopathy-associated virus or
LAV (2), human T-cell lymphotropic vi-
rus type III or HTLV-III (3), and AIDS-
assoclated retrovirus or ARV (4) by the

- laboratories of origin, are similar with
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respect to morphology, cytopathology,
requirements for optimum reverse tran-
scriptase activity, kit least some antigenic
properties, and some restriction endonu-
clease cleavage sites in viral DNA. Epi-
demiological studies show that infection
by one of these viruses may be.a neces-
sary condition for the development of
AIDS, although predisposing factors
may contribute to the onset of the dis-
ease (3-10).

Molecular clones of HTLV-III, LAV,
and ARV-2 have been described (11, 12).
These clones provide material for analy-

14, As would be expected, the variance is markedly
reduced when only similar institutions are con-
sidered. In addition to the important distinction
between public and private, there are expected
differences in rate between medical schools and
other research areas, and between large- and
small-volume performers. If one considers only
those research universities that are (i) private,
(ii) have medical schools and include them in the
rate, and (iii) have large research contributions
from both medical and nonmedical components,
the following indirect cost rates may be com-
pared for fiscal year 1984: University of Chica-
g0, 69.0; Columbia University, 69.7; University
of Pennsylvania, 65.0; Stanford University,
69.0; and Yale University, 68.0.

15. The underfunding strategy is disclosed in a letter
from W. F. Raub, deputy director for extramu-
ral research and training at the National Insti-
tutes of Health, to A. Merritt, director of the
Office of Research Administration at the Uni-
versity of Pennsylvania, in February 1984. Raub
states, ‘‘While most Institutes are making only 1
to 2 percent reductions, the National Institute
for Arthritis, Diabetes, and Digestive and Kid-
ney Disease has found it necessary to make a
larger reduction to fund its proportioni of the
approximately 5000 grants that the National
Institutes of Health will be awarding in FY
1985.”

16. These growth rate measurements were made
from audited Stanford data on the actual indirect
cost pools. Similar figures for the cost alloca-
tions would differ less, because in the process of
arriving at the latter, each cost category .is
subject to proportional cross-allocations from
the others. Thus, for example, general adminis-
tration receives a cross-allocation from the-oper-
ations and maintenance pool, so that it will
include the costs of maintaining and heating
space used for that activity. The effect of this
cross-allocation will be to ‘‘load”” the purely
administrative costs with the more rapidly inflat-
ing building-related costs. The indirect cost
pgols themselves are uncontaminated by this
effect.

ses of viral structure, viral replication,
and mechanisms of pathogenesis as well
as for measurements of similarities and
differences among the retroviruses asso-
ciated with AIDS and with other retro-
viruses. In this report, the genetic struc-
ture of an ARV isolate is established
from the sequences of molecular clones
of ARV-2 DNA (/2) and from the partial
sequence of virion proteins.

The DNA sequence of ARV-2. Proviral
DNA and circular unintegrated viral
DNA species from ARV-2 infected cells
have been cloned in bacteriophage \
(12), and the structures of five recombi-
hant phage containing ARV-2 DNA were
characterized (Fig. 1). The nucleotide
sequence of various regions of each of
these molecular clones was determined
and used to establish the complete se-
quence of ARV-2 DNA. The sequence
variations in ARV-2 DNA in these phage
are presented in Table 1.

Long terminal repeat regions (LTR’s).
The LTR’s of retroviruses participate in
the integration of the virus with the host
cell and in the regulation of transcription
of viral genes (13-15). To define the

The authors are at Chiron Research Laboratories,
Chiron Corporation, Emeryville, California 94608,
except for Jay A. Levy who is at the Cancer
Research Institute, University of California, School
of Medicine, San Francisco, California 94143.
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precise boundaries of the LTR se-
quences, we compared the junctions
with host-cell DNA in the sequences of
N-9B, \-7A, A\-8A, and A-7D (Fig. 1). The
LTR of ARV-2 is 636 bp and is bounded
by an inverted repeat of 3 bp (CTG) (Fig.
2). The sizes of the inverted repeat at the
ends of the LTR’s of the other human
retroviruses, HTLV-I and HTLV-II, are
2 bp (16, 17). Integration of proviruses
did not occur in a specific site in the host
cell genome since adjacent cell DNA
sequences in A-9B, A-8A, and A-7D were
unique (data not shown). Preceding the
rightward (3') LTR is a polypurine tract
of 16 bp beginning at position 8632 (Fig.
2). Polypurine tracts are similarly posi-
tioned in other retroviruses and play an
important role in the initiation of plus-
strand DNA synthesis (/5). Immediately
downstream from the leftward (5') LTR
is a sequence of 18 bp that is complemen-
tary to 18 bases of a transfer RN A-lysine
(tRNA"YS) species (Fig. 2). Initiation of
minus-strand DNA synthesis in retrovir-
uses requires a host cell tRNA molecule
as a primer (/5). MMTV (mouse mam-
mary tumor virus) also requires a
tRNAYS molecule (18), whereas other
known mammalian retroviruses includ-
ing HTLV-I and HTLV-II have a tRNA-
proline primer (16, 17, 19).

Contained within the LTR’s of retro-
viruses are signals that control initiation
and processing of viral transcripts (/13—
15). The cap site and a portion of the
leader sequence are specified by the
LTR. A primer-extension experiment in
which we used purified virion RNA iden-
tified the 5'-end of ARV-2 RNA (Fig. 3).
Thus, the ARV-2 LTR (R-US5 region)
contributes 182 bp to the leader (Fig. 2).
Many genes, of eukaryotic cells and vi-
ruses contain a TATA box about 25 bp

upstream from the start of the transcript’

(20); the TATA box is important for
positioning the start site of transcription
(20, 21). In the ARV-2 LTR sequence, a
TATA box is located at —29 to —25. A
13-bp palindrome, at —25 to —13, over-
laps the 3’-end of the ARV-2 TATA box;
the significance of this structural feature
is not known. Another common element
of eukaryotic transcriptional units, a
CAAT box, is usually positioned 60 to 70
bp upstream from the cap site (22). A
similar feature is not present in the ARV-
2 LTR. '

A consensus sequence that signals ad-
dition of polyadenylated tails, AATAAA
(23), is located in the rightward ARV-2
LTR at position 9174 to 9179 (Fig. 2).
Further downstream in the LTR, be-
tween 9203 to 9224, is a region that is
devoid of A residues (Fig. 2). The site of
addition of polyadenylated [poly(A)]
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Table 1. Polymorphism of the A recombinants
shown in Fig. 1.

Posi-
tion* TA 7D 8A 8B 9B
—-123 G A G
—-115 G A G
3789 A G .
4223 T C

5761 G A G

*Numbering system as described in Fig. 2.

tails in the LTR’s of many retroviruses is
followed by a region of 20 to 30 bp that is
also deficient in adenylic acid residues
(19). For several eukaryotic genes and
retroviruses, including MuLV (murine
leukemia virus), MMTV, RSV (Rous
sarcoma virus), and RAV-0 (Rous-asso-
ciated virus), the dinucleotide CA is lo-
cated at the poly(A) addition site (/9).
These comparisons were used to pro-
pose a tentative poly(A) addition site at
positions 9198 in the rightward ARV-2
LTR (Fig. 2).

The enhancer element, generally lo-

cated upstream from the TATA box, has
been shown to be an important feature of
transcriptional regulation for some eu-
karyotic genes and viruses (24-28).
Large repeats, characteristic of some
retroviral enhancers, are not present in
the ARV-2 LTR. A close fit for the
proposed consensus sequence for en-
hancer elements, (G) TGG44% (G) (29),
is not found in the ARV-2 LTR.

The gag gene. The gag region of retro-
viruses encodes the internal structural
proteins of the virion (30). A precursor
polypeptide is synthesized and subse-
quently cleaved to yield mature gag pro-
teins (30). The DNA sequence of ARV-2
predicts a gag precursor of 502 codons
initiating at the ATG at position 337, the
first ATG in the proposed full-length
ARV-2 RNA (Fig. 2). To verify the use
of this reading frame and to identify
virion proteins as products of gag, we
determined partial amino acid sequences
of two virion proteins, p25 and pl6,
detected with serum from an AIDS pa-
tient (Fig. 4) but not with normal human

Abstract. The nucleotide sequence of molecular clones of DNA from a retrovirus,
ARV-2, associated with the acquired immune deficiency syndrome (AIDS) was
determined. Proviral DNA of ARV-2 (9737 base pairs) has long terminal repeat
structures (636 base pairs) and long open reading frames encoding gag (506 codons),
pol (1003 codons), and env (863 codons) genes. Two additional open reading frames
were identified. Significant amino acid homology with several other retroviruses was
noted in the predicted product of gag and pol, but ARV-2 was as closely related to
murine and avian retroviruses as it was to human T-cell leukemia viruses (HTLV-I
and HTLV-II). By means of an SV-40 vector in transfected simian cells, the cloned
gag and env genes of ARV-2 were shown to express viral proteins.

cap poly A
GTHT r GTH
R (e A AL L A 3+ S oK C
LTR ) LTR
GAG ORF-1 ENV
POL ORF-2
8A
8B
7A
7D
9B
0 1 2 3 a 5 6 7 8 9 10 kb

Fig. 1. Restriction endonuclease map of ARV-2. Five recombinant \ clones were isplated (12)
and used to determine the nucleotide sequence of ARV. Clones 8A, 8B, 7D, and 9B represent
integrated DNA. Clone 7A is from unintegrated DNA (2). The heavy lines indicate regions that
were sequenced in each clone. The regions that encompass the gag, pol, and env ORF’s as wel|
as two additional open reading frames are indicated.
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-453 g%;:;AGGGCTAATTTGGTCCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACACACAAGGCTACTTCCCTGATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCA
-333 CTGACCTTTGGATGGTGCTTCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAATGAAGGAGAGAACAACAGCTTGTTACACCCTATGAGCCTGCATGGGATGGAGGACGCG l-
-214 GAGAAAGAAGTGTTAGTGTGGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCGAGCTTTCTACAAGGGACTTTCCG .r
-93 CTGGGGACTTTCCAGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGTCCCTCAGATGCTGCAIAIAAGCAGCTGCTTTTTGCCTGf:E#g 2;7ETCTCTGGTTAGACCAGATCTGAG "
28 CCFGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGC{?z: xz::;TGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA
148 GACCCTTTTAGTCAGTGTGGAAAAATCTCT‘;%H: TGGCGCCCGAACAGGGACGCGAAAGCGAAAGTAGAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACAG

LysGluArgGluMetGlyAlaArgAlaSerValLeuSerGlyGlyGluLeuAspLysTrpGlu 21
268 CAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAATTTTTGACTAGCGGAGGCTAGAAGGAGAGAGAGATGGGTGCGAGAGCGTCGGTATTAAGCGGGGGAGAATTAGATAAATGGGAA

LyslleArgLeuArgProGlyGlyLysLysLysTyrLysLeulysHisIlevValTrpAlaSerArgGluLeuGluArgPheAlaValAsnProGlyLeuLeuGluThrSerGluGlyCys 61
388 AAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAGTTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTCAATCCTGGCCTGTTAGAAACATCAGAAGGCTGC

ArgGinlleLeuGlyGinLeuGlnProSertLeuGInThrGlySerGluGluLeuArgSerLeuTyrAsnThrValAlaThrLeuTyrCysValHisGInArglleAspVallysAspThr 101
6§08 AGACAAATATTGGGACAGCTACAGCCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTACATCAAAGGATAGATGTAAAAGACACC

LysGluAlaLeuGluLysI1eGluGluGluGlnAsnLysSerLysLysLysAlaGlnGInAlaAlaAlaAlaAlaGlyThrGiyAsnSerSerGinvalSerGinAsnTyrProlleval 141
628 AAGGAAGCTTTAGAGAAGATAGAGGAAGAGCAAAACAAAAGTAAGAAAAAGGCACAGCAAGCAGCAGCTGCAGCTGGCACAGGAAACAGCAGCCAGGTCAGCCAAAATTACCCTATAGTG

GIlnAsnLeuGInGlyGinMetValHisGInAlalleSerProArgThrLeuAsnAlaTrpValLysvalvalGluGluLysAlaPheSerProGluVallleProMetPheSerAlaLeu 181
748 CAGAACCTACAGGGGCAAATGGTACATCAGGCCATATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAAAAGGCTTTCAGCCCAGAAGTAATACCCATGTTTTCAGCATTA

(0]

SerGluGlyAlaThrProGinAspLeuAsnThrMetLeuAsnThrValGlyGlyHisGInAlaAlaMetGlnMetLeuLysGluThrIleAsnGluGluAlaAlaGluTrpAspArgval 221
868 TCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACTATCAATGAGGAAGCTGCAGAATGGGATAGAGTG

HisProValHisAlaGlyProlleAlaProGlyGlnMetArgGluProArgGlySerAspIleAlaGlyThrThrSerThrLeuGInGluGinIleGlyTrpMetThrAsnAsnProPro 261
988 CATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAAATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACCCTTCAGGAACAAATAGGATGGATGACAAATAATCCACCT

(0]

IleProvalGlyGlulleTyrLysArgTrpllelleLeuGlyLeuAsnLysIleValArgMetTyrSerProThrSerlleLeuAsplleArgGinGlyProLysGluProPheArgAsp 301
1108 ATCCCAGTAGGAGAAATCTATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCAGCATTCTGGACATAAGACAAGGACCAAAGGAACCCTTTAGAGAT

TyrValAspArgPheTyrLysThrLeuArgAlaGluGinAlaSerGinAspVallLysAsnTrpMetThrGluThrLeuleuValGlinAsnAlaAsnProAspCystLysThrlleLeulys 341
1228 TATGTAGACCGGTTCTATAAAACTCTAAGAGCCGAACAAGCTTCACAGGATGTAAAAAATTGGATGACAGAAACCTTGTTGGTCCAAAATGCAAACCCAGATTGTAAGACTATTTTAAAA

AlaLeuGlyProAlaAlaThrLeuGluGluMetMetThrAl1aCysGIinGlyValGlyGlyProGlyHisLysAlaArgValLeuAlaGluAlaMetSerGinvValThrAsnProAlaAsn 381
1348 GCATTGGGACCAGCAGCTACACTAGAAGAAATGATGACAGCATGTCAGGGAGTGGGGGGACCCGECCATAAAGCAAGAGTTTTGGCTGAAGCCATGAGCCAAGTAACAAATCCAGCTAAC

IleMetMetGInArgGlyAsnPheArgAsnGinArgLysThrValLysCysPheAsnCysGlyLysGluGlyHisIleAlaLysAsnCysArgAlaProArgLysLysGlyCysTrpArg 421
1468 ATAATGATGCAGAGAGGCAATTTTAGGAACCAAAGAAAGACTGTTAAGTGTTTCAATTGTGGCAAAGAAGGECACATAGCCAAAAATTGCAGGGCCCCTAGGAAAAAGGGCTGTTGGAGA

CysclylrgGluGlyuisGlnMetLysAsprsThrGluArgGlnAluAsnPheLeuGlyLyslleTerroSerTerysGlyArgProGlyAsnPheLeuGlnSerArgProGluPro 461
PhePheArgGluAspLeuAlaPheLeu6InGlyLysAlaArgGluPheSerSerGluGinThrArgAla 23
1588 TGTGGAAGGGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTTTTAGGGAAGATCTGGCCTTCCTACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCA

ThrAlaProProGluGluSerPheArgPheGlyGluGluLysThrThrProSerGinLys6inGluProlleAspLysGluteuTyrProLeuThrSerLeuArgSerLeuPheGlyAsn 501
AsnSerProThrArgArgGluLeuGlnValTrpGlyGlyGluAsnAsnSerLeuSerGluAlaGlyAlaAspArgGinGlyThrvalSerPheAsnPheProGinlleThrLeuTrpGlin 63
1708 ACAGCCCCACCAGAAGAGAGCTTCAGGTTTGGGGAGGAGAAAACAACTCCCTCTCAGAAGCAGGEAGCCGATAGACAAGGAACTGTATCCTTTAACTTCCCTCAGATCACTCTTTGGCAAC

AspProSerSerGin0C
ArxProLeuValThrlleArzlleGlyGlyGlnLcuLysGluAllLQuLeuAs?ThrGlyllnAs AspThrvalLeuGluGluMetAsnLeuProGlyLysTrpLysProLysMetIle 103
GACCCCTCGTCACAATAAGGATAGGGGGGCAACTAAAGGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGAAATGAATTTGCCAGGAAAATGGAAACCAAAAATGATAG

GlyGlyIleGlyGlyPhelleLysValArgGInTyrAspGinlleProvalGlulleCysGlyHisLysAlalleGlyThrvalLeuValGlyProThrProValAsnllelleGlyArg 143
1948 GGGGAATTGGAGGTTTTATCAAAGTAAGACAGTACGATCAGATACCTGTAGAAATCTGTGGACATAAAGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAACATAATTGGAAGAA

1828

AsnLeuteuThrGIinlleGlyCysThrLeuAsnPheProlleSerProlleGluThrValProvalLysLeuLysProGlyMetAspGlyProLysvalLys6InTrpProLeuThrGlu 183
2068 ATCTGTTGACTCAGATTGGTTGTACTTTAAATTTCCCCATTAGTCCTATTGAAACTGTACCAGTAAAATTAAAGCCAGGAATGGATGGCCCAAAAGTTAAGCAATGGCCATTGACAGAAG

GluLysIleLysAlaLeuValGlulleCysThrGluMetGluLysGluGlyLysIleSerLysIle61yProGluAsnProTyrAsnThrProValPheAlalleLysLysLysAspSer 223
2188 AAAAAATAAAAGCATTAGTAGAGATATGTACAGAAATGGAAAAGGAAGGGAAAATTTCAAAAATTGGGCCTGAAAATCCATACAATACTCCAGTATTTGCTATAAAGAAAAAAGACAGTA

ThrLysTrpArgLysLeuValAspPheArgGluLeuAsnLysArgThrGlnAspPheTrpGluValGlinLeuGlylleProHisProAlaGlyLeuLysLysLysLysServValThrval 263
2308 CTAAATGGAGAAAACTAGTAGATTTCAGAGAACTTAATAAAAGAACTCAAGACTTCTGGGAAGTTCAGTTAGGAATACCACACCCCGCAGGGTTAAAAAAGAAAAAATCAGTAACAGTAT

LeuAspValGlyAspAlaTyrPheSerValProLeuAspLysAspPheArgLysTyrThrAlaPheThrileProSerIleAsnAsnGluThrProGlylleArgTyr6inTyrAsnval 303
2428 TGGATGTGGGTGATGCATACTTTTCAGTTCCCTTAGATAAAGACTTTAGAAAGTATACTGCATTTACCATACCTAGTATAAACAATGAGACACCAGGGATTAGATATCAGTACAATGTGC

LeuProGInGlyTrpLysGlySerProAlallePheGInSerSerMetThrLysIleLeuGluProPheArgLysGinAsnProAspllevallleTyrGIinTyrMetAspAspLeuTyr 343
2548 TGCCACAGGGATGGAAAGGATCACCAGCAATATTCCAAAGTAGLATGACARAARTCTTAGABLUTTTTAGAAAACAGAATCCAGACATAGTTATCTATCAATACATGGATGATTTGTATG

ValGlySerAspLeuGlulleGlyGinHisArgThriysIleGluGluLeuArgGinHisLeuLeuArgTrp6lyPheThrThrProAspLysLysHis6inLysGluProProPheleu 383
2668 TAGGATCTGACTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACTGAGACAGCATCTGTTGAGGTGGGGATTTACCACACCAGACAAAAAACATCAGAAAGAACCTCCATTCCTTT

TrpMetGlyTyrGluLeuHisProAspLysTrpThrValGinProlleMetLeuProGluLysAspSerTrpThrValAsnAsplleGinLysLeuValGlyLysLeuAsnTrpAlaSer 423
2788 GGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCCTATAATGCTGCCAGAAAAAGACAGCTGGACTGTCAATGACATACAGAAGTTAGTGGGAAAATTGAATTGGGCAAGTC

GinlleTyrAlaGlylleLysValLys6inLeuCysLysLeuLeuArg6lyThrLysAlaLeuThrGluVallleProLeuThrGluGluAlaGluLeuGluLeuAlaGluAsnArgGlu 463
2908 AGATTTATGCAGGGATTAAAGTAAAGCAGTTATGTAAACTCCTTAGAGGAACCAAAGCACTAACAGAAGTAATACCACTAACAGAAGAAGCAGAGCTAGAACTGGCAGAAAACAGGGAGA ',

IleLeuLys6luProValHisGluValTyrTyrAspProSerLysAspLeuvValAlaGlulleGinLysGInGlyGInGlyGInTrpThrTyrGinlleTyrGlnGluProPhelysAsn 503
3028 TTCTAAAAGAACCAGTACATGAAGTATATTATGACCCATCAAAAGACTTAGTAGCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACATATCAAATTTATCAAGAGCCATTTAAAAATC

o

LeuLysThrGlyLysTyrAlaArgMetArgGlyAlaHisThrAsnAspVallysGinLeuThrGluAlavalGinlysValSerThrGluSerlleVallleTrpGlyLysIleProLys 543
3148 TGAAAACAGGAAAGTATGCAAGGATGAGGG6TGCCCACACTAATGATGTAAAACAGTTAACAGAGGCAGTGCAAAAAGTATCCACAGAAAGCATAGTAATATGGGEAAAGATTCCTAAAT

PheLysLeuProlleGInLysGIuThrTrpGluAlaTrpTrpMetGluTyrTrp6inAlaThrTrpllePro6luTrpGluPheValAsnThrProProLeuValLysLeuTrpTyrGln 583
3268 TTAAACTACCCATACAAAAGGAAACATGGGAAGCATGGTGGATGGAGTATTGGCAAGCTACCTGGATTCCTGAGTGGGAGTTTGTCAATACCCCTCCCTTAGTGAAATTATGETACCAGT -

LeuGluLysGluProllevalGlyAlaGluThePheTyrValAsp6lyAlaAlaAsnArg6luThriysLeuGlyLysAla6lyTyrValThrAspArgGlyArgGlinLysValvalSer 623
3388 TAGAGAAAGAACCCATAGTAGGAGCAGAAACTTTCTATGTAGATGGGGCAGCTAATAGGGAGACTAAATTAGGAAAAGCAGGATATGTTACTGACAGAGGAAGACAAAAAGTTGTCTCCA

IleAlaAspThrThrAsnGinLysThrGluLeuGinAlalledisLeuAlaleuGlinAspSerGlyLeuGluValAsnlleValThrAspSerGinTyrAlaLeuGlyllelleGinAla 663
3508 TAGCTGACACAACAAATCAGAAGACTGAATTACAAGCAATTCATCTAGCTTTGCAGGATTCGGGATTAGAAGTAAACATAGTAACAGACTCACAATATGCATTAGGAATCATTCAAGCAC

GInProAsplysSerGluSerGluLeuValSerGinllelleGluGinLeulleLysLysGluLysValTyrLeuAlaTrpValProAlaHisLysGlylleGlyGlyAsnGluGlinval 703
3628 AACCAGATAAGAGTGAATCAGAGTTAGTCAGTCAAATAATAGAGCAGTTAATAAAAAAGGAAAAGGTCTACCTGGCATGGGTACCAGCACACAAAGGAATTGGAGGAAATGAACAAGTAG

AspLysLeuValSerAlaGlylleArgLysValLeuPheLeuAsnGlylleAspLysAlaGIinGluGluHisGluLysTyrHisSerAsnTrpArgAlaMetAlaSerAspPheAsnleu 743
3748 ATAAATTAGTCAGTGCTGGAATCAGGAAAGTACTATTTTTGAATGGAATAGATAAGGCCCAAGAAGAACATGAGAAATATCACAGTAATTGGAGAGCAATGGCTAGTGATTTTAACCTGC

ProProvalvalAlaLys6lulleValAlaSerCysAspLysCysGinLeulys6lyGluAlaMetHisGlyGinValAspCysSerProGlylleTrpGinLeuAspCysThrHisLeu 783
3868 CACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAAGCCATGCATGGACAAGTAGACTGTAGTCCAGGAATATGGCAACTAGATTGTACACATCTAG

GluGlyLysIlelleLeuvalAlavalHisValAlaSerGlyTyrileGluAlaGluVallleProAlaGluThr6ly61n61uThrAl aTyrPheleuleulysLeuAl aGlyArgTrp 823
3988 AAGGAAAAATTATCCTGGTAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGTTATTCCAGCAGAGACAGGGCAGGAAACAGCATATTTTCTCTTAAAATTAGCAGGAAGATGEC
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ProVallysTarlleNisTarAspAsnGlySerAsnPheThrSerThrThrVallysAlaAlaCysTrpTrpAlaGlyllelysGinGluPheGlylleProTyrAsaProGinSerGin 863

CAGTAAAAACAATACATACAGACAATGECAGCAATTTCACCAGTACTACGRTTAAGGCCGCCTRTTGRTRBGCAGGBATCAAGCAGGAATTTGGCATTCCCTACAATCCCCAAAGTCAAG

GlyvalvValG@luSerNetAsnAsnGluleulyslysilelle@lyGinValArgAspGinAlaGiulisLeulysThrAlavalGinketAlaValPRellelisAsnPhelysArglys 903

OABYAGTAGAATCTATGAAYAAYGAAYYAAAIAAAAtTA?ACOACAOC?AAC‘.ATCACCCY.AACACC1?AA8ACA.€AC?ACAAA766€AGIAYTCAYCCACAATTTIAAAAGxAAAG

GlyGlyl1eGly6) yTyrSerAlaGlyGluArylleavalAspllelleAlaThrAsplieGinThrLysGluLleuGinlysGinlleThrLyslleGinAsnPheArgValTyrTyrAry 943

GEGGRATTGGEGEATACAGTECAGGBGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAACTACAAAAGCAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGE

A:zksn:x:::grrotculrpl sGlyProAlalyslevleuTrplysGlyGluGlyAlavalvallleGinAspAsnSerAsplielysValValProArgArglysAlalyslilelle 983

AAC CCCCTTTEEA A.lkCCAlCAAACC??C‘CYGCAAAOC‘IAAC.IICAC?AC?AAtACAAGATAATAG'GACAYAAAAGTAGYGCCAAGXAGAAAAGCAAAAAYCAYTA

ArgAs.tyrllytysllnﬂotAlaOlyAspAs.CysVolAlaScrArgllnAsiGluAs.Al
GGGATTATGGAAAACAGATGRCAGGTGATGATTGTGTGGCAAGTAGACAGEGATGAGGATTAGAACATGGAAAAGTTTAGTAAAACACCATATGTATATTTCAAAGAAAGCTAAAGGATGE

TTTTATAGACATCACTATGAAAGTACTCATCCAAGAGTAAGTTCAGAAGTACACATCCCCCTAGGGGATGCTAAATTGGTAATAACAACATATTGGGGTCTGCATACAGGAGAAAGAGAA
TGGCATTTGGGCCAGGGAGTCGCCATAGAATGGAGBAAAAAGAAATATAGCACACAAGTAGACCCTGGCCTAGCAGACCAACTAATTCATCTGCATTATTTTGATTGTTTTTCAGAATCT
GCTATAAAAAATGCCATATTAGGATATAGAGTTAGTCCTAGGTGTGAATATCAAGCAGGACATAACAAGGTAGGATCTCTACAATACTTGGCACTAGCAGCATTAATAACACCAAAAAAG
ACAAAGCCACCTTTGCCTAGTGTTAAGAAACTGACAGAGGATAGATGGAACAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGGACACTAGAGCTTTTAGAGGAGC
TTAAGAGAGAAGCTGTTAGACATTTTCCTAGGCCATGGCTCCATAGCTTAGGACAATATATCTATGAAACTTATGGGGATACTTGGGCAGGAGTGGAAGCCATAATAAGAATTCTGCAAC
AACTGCTGTTTATTCATTTCAGAATTGGGTGTCAACATAGCAGAATAGGCATTATTCAACAGAGGAGAGCAAGAAGAAATGGAGCCAGTAGATCCTAATCTAGAGCCCTGGAAGCATCCA
GGAAGTCAGCCTAGGACTGCTTGTAACAATTGCTATTGTAAAAAGTGTTGCTTTCATTGCTACGCGTGTTTCACAAGAAAAGGCTTAGGCATCTCCTATGGCAGGAAGAAGCGGAGACAG
CGACGAAGAGCTCCTCAGGACAGTCAGACTCATCAAGCTTCTCTATCAAAGCAGTAAGTAGTAAATGTAATGCAATCTTTACAAATATTAGCAATAGTATCATTAGTAGTAGTAGCAATA

GluLysLysGlnLysThrvalAlaMetLysVal
ATAGCAATAGTTGTGTGGACCATAGTACTCATAGAATATAGGAAAATATTAAGACAAAGAAAATAGACAGATTAATTGATAGAATAAGAGAAAAAGCAGAAGACAGTGECAATGAAAGTG

LysGlyThrArgArgAsnTyrGinHisLeuTrpArgTrpGlyThrLeuleuleuGl yMetLeuMet I1eCysSerAlaThrGluLysLeuTrpValThrvalTyrTyrGlyValProVal
AAGGGGACCAGGAGGAATTATCAGCACTTGTGGAGATGGGGCACCTTGCTCCTTGGGATGTTGATGATCTGTAGTGCTACAGAAAAATTGTGGGTCACAGTTTATTATGGAGTACCTGTE

TrpLysGluAlaThrThrThrLeuPheCysAlaSerAspAlaArgAlaTyrAspThrGluValHisAsnVal TrpAlaThrHisAlaCysValProThrAspProAsnProGinGluval
TGGAAAGAAGCAACTACCACTCTATTTTGTGCATCAGATGCTAGAGCATATGATACAGAGGTACATAATGTTTGGGCCACACATGCCTGTGTACCCACAGACCCCAACCCACAAGAAGTA

ValLeuGlyAsnValThrGluAsnPheAsnMetTrpLysAsnAsnMetValGluGinMetGInGluAspllelleSerLeuTrpAspGinSerLeulysProCysVallysLeuThrPro
GTATTGGGAAATGTGACAGAAAATTTTAACATGTGGAAAAATAACATGGTAGAACAGATGCAGGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGTAAAATTAACCCCA

LcuCysValThrtouAanysThrAspLeuGlytysAlarhfksnthrksnSerSerAsnTraLysGluGlulletysslyslulleLysAanysSorPhoAsnllothrthrSorllo
CTCTGTGTTACTTTAAATTGCACTGATTTGGGGAAGGCTACTAATACCAATAGTAGTAATTGGAAAGAAGAAATAAAAGGAGAAATAAAAAACTGCTCTTTCAATATCACCACAAGCATA

ArgksptyslloslntyscluAsnAlaLcuPhoArgAsnLeuAspValValProlloAspAsnAlaScrthrthrThrAsnTyrThrAsnryrArchullouisCysAsnArxSchal
AGAGATAAGATTCAGAAAGAAAATGCACTTTTTCGTAACCTTGATGTAGTACCAATAGATAATGCTAGTACTACTACCAACTATACCAACTATAGGTTGATACATTGTAACAGATCAGTC

I1eThrGInAlaCysProLysValSerPheGluProlleProlleHisTyrCysThrProAlaGlyPheAlalleLeulysCysAsnAsnLysThrPheAsnGlyLysGlyProCysThr
ATTACACAGGCCTGTCCAAAGGTATCATTTGAGCCAATTCCCATACATTATTGTACCCCGGCTGGTTTTGCGATTCTAAAGTGTAATAATAAAACGTTCAATGGAAAAGGACCATGTACA

AsnValSerThrValGInCysThrHisGlylleArgProlleValSerThrGinLeuLeuleuAsnGlySerLeuAlaGluGluGluValVallleArgSerAspAsnPheThrAsnAsn
AATGTCAGCACAGTACAATGTACACATGGAATTAGGCCAATAGTGTCAACTCAACTGCTGTTAAATGGCAGTCTAGCAGAAGAAGAGGTAGTAATTAGATCTGACAATTTCACGAACAAT

AlaLysThrilellevValGinLeuAsnGluSerValAlalleAsnCysThrArgProAsnAsnAsnThrArglysSerIleTyrI1eGlyProGlyArgAl aPheHisThrThrGlyArg
GCTAAAACCATAATAGTACAGCTGAATGAATCTGTAGCAATTAACTGTACAAGACCCAACAACAATACAAGAAAAAGTATCTATATAGGACCAGGGAGAGCATTTCATACAACAGGAAGA

IlelleGlyAsplleArgLysAlaHisCysAsnileSerArgAlaginTrpAsnAsnThrLeuGluGinllevallysLysLeuArgGluGinPheGlyAsnAsnLysThrileValPhe
ATAATAGGAGATATAAGAAAAGCACATTGTAACATTAGTAGAGCACAATGGAATAACACTTTAGAACAGATAGTTAAAAAATTAAGAGAACAGTTTGGGAATAATAAAACAATAGTCTTT

AsnGInSerSerGlyGl yAspProGlulleValMetHisSerPheAsnCysArgGlyGluPhePheTyrCysAsnThrThrGlnLeuPheAsnAsnThrTrpArgLeuAsnHisThrGly
AATCAATCCTCAGGAGGGGACCCAGAAATTGTAATGCACAGTTTTAATTGTAGAGGGGAATTTTTCTACTETAATACAACACAACTGTTTAATAATACATGGAGGTTAAATCACACTGAA

GlyThrLysGlyAsnAspThrilelleLeuProCysArglleLysGinllelleAsnMetTrpGInGluValGlyLysAlaMetTyrAlaProProlleGlyGlyGinlleSerCysSer
GGAACTAAAGGAAATGACACAATCATACTCCCATGTAGAATAAAACAAATTATAAACATGTGGCAGGAAGTAGGAAAAGCAATGTATGCCCCTCCCATTGGAGGACAAATTAGTTGTTCA

SerAsnileThrGlyLeuleuLeuThrArgAspGlyGlyThrAsnValThrAsnAspThrGluValPheArgProGlyGlyGl yAspMetArgAspAsnTrpArgSerGluLeuTyrlys
TCAAATATTACAGGGCTGCTATTAACAAGAGATGGTGGTACAAATGTAACTAATGACACCGAGGTCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGAAGTGAATTATATAAA

terysVollletyslloaluProLouGlylleAlaProthrLysAlaLysArgArgValValGlnArgsluLysArgAlaValclyllov;lGlyAlauotPhotouGlyPhoLouGlx
TATAAAGTAATAAAAATTGAACCATTAGGAATAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGTAGGAGCTATGTTCCTTGGGTTCTTGGE

AlaAlaGlySerThrMetGlyAlaValSerLeuThrLeuThrValGinAlaArgGinLeuLeuSerGlylleValGinGInGinAsnAsnLeuleuArgAlalleGluAlaGinGlinkis
GCAGCAGGAAGCACTATGGGCGCAGTGTCATTGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAACAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAACAT

LeuLeuGinLeuThrvValTrpGlylleLysGinLeuGInAlaArgValLeuAlavalGluArgTyrLeuArgAspGinGinLeuLeuGlylleTrpGlyCysSerGlyLlysLeulleCys
CTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAGTCCTGGCTGTGGAAAGATACCTAAGGGATCAACAGCTCCTAGGGATTTGGGGTTGCTCTGGAAAACTCATTTGE

ThrThrAlaValProTrpAsnAlaSerTrpSerAsnLysSerLeuGluAsplleTrpAspAsnMet ThrTrpMetGInTrp6luArg6lulleAspAsnTyrThrAsnThrlleTyrThr
ACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAAGACATTTGGGATAACATGACCTGGATGCAGTGGGAAAGAGAAATTGACAATTACACAAACACAATATACACC

LeuLeuGluGluSerGInAsnGInGInGluLysAsnGluGInGluLeuleuGluLeuAspLysTrpAlaSerLeuTrpAsnTrpPheSerileThrAsnTrpLeuTrpTyrileLyslle
TTACTTGAAGAATCGCAGAACCAACAAGAAAAGAATGAACAAGAATTATTAGAATTGGATAAGTGGGCAAGTTTGTGGAATTGGTTTAGCATAACAAACTGGCTGTGGTATATAAAGATA

PhelleMetileValGlyGlyLeuValGlyLeuArglileValPheAlaValLeuSerlleValAsnArgValArgGinGlyTyrSerProLeuSerPheGinThrArgleuProvalPro
TTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTGCTTTCTATAGTGAATAGAGTTAGGCAGGGATACTCACCATTGTCATTTCAGACCCGCCTCCCAGTCCCE

ArgGlyProAspArgProAspGlyl1eGluGluGluGlyGlyGluArgAspArgAspArgSerValArgLeuValAspGlyPheLeuAlaleulleTrpGluAspleuArgSerLeuCys
AGGGGACCCGACAGGCCCGACGGAATCGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCGTTCGATTAGTGGATGGATTCTTAGCACTTATCTGGGAAGATCTGCGGAGCCTGTGC

LeuPheSerTyrArgArgLeuArgAspLeuLeuleulleAlaAlaArgThrValGlulleLeuGlyHisArgGlyTrpGluAlaLeulysTyrTrpTrpSerLeuleuGinTyrTrplile
CTCTTCAGCTACCGCCGCTTGAGAGACTTACTCTTGATTGCAGCGAGGACTGTGGAAATTCTGE6GCACAGGGGGTEGGAAGCCCTCAAATATTGGTGGAGTCTCCTGCAGTATTGGATT

61nGluLeuLysAsnSerAlavalSerTrpLeuAsnAlaThrAlalleAlaValThrGluGlyThrAspArgVal 11e61uValAlaGinArgAlaTyrArgAlalleLeutsileis
CAGGAACTAAAGAATAGTGCTGTTAGCTGGCTCAACGCCACAGCTATAGCAGTAACTGAGGGGACAGATAGGGTTATAGAAGTAGCACAAAGAGCTTATAGAGCTATTCTCCACATACAT

ArgArglloArxclnclytouelukrgloutouleuoc
AGAAGAATTAGACAGGGCTTGGAAAGGCTTTTGCTATAAGATGGGTGGCAAGTGGTCAAAACGTAGTATGGGTGGATGGTCTGCTATAAGGGAAAGAATGAGACGAGCTGAGCCACGAGC

TGAGCCAGCAGCAGATGGGGTGGGAGCAGTATCTCGAGACCTGGAAAAACATGGAGCAATCACAAGTAGCAATACAGCAGCTACTAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGA
GGAAGAGGTGGGTTTTCCAGTCAGACCTCAGETACCTTTAAGACCAATGACTTACAAGGCAGCTTTAGATATTAGCCACTTTTTAAAAGAAAAGGGGGGA g?;:;AGGGCTAATYYGGY
CCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACACACAAGECTACTTCCCTGATTEGCAGAATTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTGEATGGTGCT
YCAAGCTABYACCAGTTGAGCCAGAGAA‘GTAGAAGAGGCCAAYBAAGGAGAGAACAACABCYTGYTACACCCTA'GABCCYGCAYBGGATGGAGGACGCBGAGAAAGAAGYGTTAGTGY
GGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCGAGAGCTGCATCCGEAGTACTACAAAGACTGCTGACATCGAGCTTTCTACAAGGGAC TTTCCGCTGGGGACTTTCCAGGGA
BGCGYGGCCTGGGCBGGACTGGGBAGTGGCGYCCCTCABATBCTGCATATAAGCAGCTGCY!TTTGCCTG{::#: :z:ETCTCYGGTTAGACCAGATCTGAGCCTGGGAGCTC'CTGGC
TAACTAGGGAACCCACTGCTTAAGCCYCAAIQAAﬁCTTGCCY'GAGYGC;:;: 2:::;TBTBTGCCCGTCIGYTGIGTGACTCTGGTAACTAGABATCCCTCAGACCCTTTTABTCAGT
GYBGAAAAAICTCY‘;:R:
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Fig. 2 (pages 486 and 487). Nucleotide sequence of ARV-2 DNA. The predicted amino acid
sequences for the products of the gag, pol, and env genes are indicated. The U3, R, and US
regions of the LTR’s are also designated. The cap site, as determined from the experiment
shown in Fig. 3, is position +1. A 3-bp inverted repeat at the ends of the LTR, the TATA box at
position —29, the sequence complementary to the 3'-end of the tRNA" at position 183, and the
polyadenylation signal at position 9174 are underlined. The overlines indicate the amino acid
sequences determined from virion proteins (Fig. 4). The nucleotides at the beginning of each
line are numbered, and the amino acids at the end of each line are indicated. Methods: Restriction
enzyme DNA fragments of recombinant phage DNA (Fig. 1) were isolated after electrophoresis
in polyacrylamide or agarose gels, cloned into M13 vectors, and used as templates for DNA
sequencing by the dideoxy chain termination method (50). Oligonucleotide primers for
sequencing were chemically synthesized by solid-phase phosphoramidite chemistry on an
Applied Biosystems 380A machine. The limits of the LTR’s were established by comparing the
sequence of both ends of proviral DNA as well as the sequence of a permuted clone (7A in Fig.
1). For protein sequencing, 0.38 mg of purified virus was subjected to electrophoresis on a 12
percent polyacrylamide Laemmli gel and the bands corresponding to pl6gag and p25gag were
cut out and electroeluted by the method of Hunkapiller e al. (51). NH,-terminal microsequenc-
ing of these proteins was carried out as described by Hunkapiller et al. (52). COOH-terminal
analysis was by the carboxypeptidase digestion procedures of Hayashi (53). The compiled
ARYV-2 DNA sequence, including both copies of the LTR, is 9737 bp in length. The analysis of
the genetic organization of ARV-2 draws on comparisons with other retroviruses. For these
comparisons we used computer programs such as MALIGN to identify homologous regions
among DNA sequences and protein sequences. Structural relations were also investigated;
predicted proteins from ARV-2 open reading frames were analyzed for hydropathy patterns by
the method of Hopp and Woods (54) and for specific structural features by a modification of the
method of Chou and Fasman (55). These two parameters were combined to determine regions
of a protein that may be on the surface, particularly loops composed of hydrophilic residues.
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Fig. 3 (left). Identification of the 5’-end of ARV-2 RNA. Viral RNA was isolated from virions
(12) and used as a template for Klenow fragment of DNA polymerase I with the synthetic
oligonucleotide 5’GGGCACACACTACTTGAAGC as a primer. An M13 clone containing the
leftward LTR of ARV-2 was also primed with the same oligonucleotide in the presence of
dideoxynucleotides (50). Both reactions were resolved on a sequencing gel. Lane 1 corresponds
to the primer extension reaction with ARV-2 RNA template. Lanes 2, 3, 4, and 5 correspond to
C, T, A, and G, respectively, of the sequencing reactions of the M13 recombinant clone.

Fig. 4 (right). Polypeptides of purified virus. Gradient purified ARV-2 (5 pg per lane) was
subjected to electrophoresis on a 12 percent polyacrylamide gel according to the method of
Laemmli (56). Lane A, staining with Coomassie brilliant blue. Lane B (immunoblot), polypep-
tides transferred to nitrocellulose (57) and treated first with a 1:500 dilution of serum from an
AIDS patient (EWS5111 reference serum from P. Feorino, Centers for Disease Control, Atlanta,
Georgia) and then with a 1:200 dilution of horseradish peroxidase—conjugated goat antiserum to
human immunoglobulin G (Cappel Laboratories, No. 3201-0081). The color substrate was HRP
Color Development Reagent (containing 4-chloro-1-napthol; Bio-Rad). The molecular weights
of protein markers subjected to electrophoresis in parallel lanes are shown in kilodaltons on the
left. P25 and p16 indicate the bands that correspond to p25gag and pl6gag that were used as
substrates for amino acid sequencing.
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control serum (data not shown). Virion
proteins were isolated from a polyacryl-
amide gel and the first 30 amino acids at
the NH,-terminus of p16 and the first 20
of p25 were determined by gas-phase
microsequencing. Alignment with- the
DNA sequence (Fig. 2) suggests that the
first gag polypeptide is 134 amino acids
in length and may correspond to a
pl2gag virion protein species seen on
polyacrylamide gels (unpublished re-
sults). The NH,-terminus of p25 is gener-
ated by a cleavage between Tyr-138 and
Pro-139 (Fig. 2). Proline is present at the
NH,-terminus of at least three other ma-
jor retroviral gag proteins (p25gag of
HTLV-I, p27gag of RSV, and p30gag of
MuLV) (16, 19). A protease with this
cleavage specificity has not yet been
identified in ARV-2, but this activity can
be encoded by a retrovirus (30). The
carboxyl terminus of p25gag was deter-
mined by digestion with carboxypepti-
dase and yielded the sequence Arg-Val-
Leu (amino acids 367, 368, and 369,
respectively). The NH,-terminus of p16
is generated by cleavage between Met-
383 and Met-384 (Fig. 2). Processing at
this site may involve chymotrypsin or a
chymotrypsin-like enzyme, which is be-
lieved to process part of the gag precur-
sor polypeptide in other retroviruses
(30). The COOH-terminus of p16 proba-
bly occurs at GIn-506 since a translation-
al stop codon follows (Fig. 2), although
further proteolytic processing could also
be involved.

A small amount of amino acid se-
quence homology is noted when p25gag
of ARV-2 is compared to p24gag of
HTLV-I (16) (data not shown). This ho-
mology involves the position of two cys-
teine (C) residues relative to the COOH-
terminal of both proteins (Fig. 2). Also,
four of five amino acids at the COOH-
terminus of p25gag of ARV-2 match
those at the COOH-terminus of p24gag
of HTLV-I (Fig. 2) (I16). A preponder-
ance of hydrophilic residues character-
izes these proteins.

Sequence comparisons of pl6gag of
ARV-2 with plégag of HTLV-I (I6),
pl2gag of RSV (19), and pl5gag of
MuLV (19) reveal the best homology
(Fig. 5). The relative positions of the five
Cys residues in each of these three pro-
teins are closely conserved and all three
contain a high proportion of hydrophilic
residues.

The pol gene. The pol region encodes
the virion RNA-dependent DNA polym-
erase (reverse transcriptase). Several
additional enzymatic functions related to
replication are controlled by this region,
including ribonuclease H, a DNA endo-
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nuclease, and, in some retroviruses, a
protease (15, 30). An open reading frame
of 1003 codons appears to be the ARV-2
pol domain (Fig. 2). Some homology at
the protein level is observed in the NH,-
terminal portions of the predicted pol
genes of ARV-2, HTLV-I (16, 31), RSV
(19), and MuLV (16) (Fig. 6). This region
is also homologous to portions of the
putative viral polymerases of hepatitis B
viruses and cauliflower mosaic virus
(31). Analysis of the remainder of the pol
genes of ARV-2, HTLV-I, RSV, and
MuLV demonstrates appreciable homol-
ogy in protein structure and sequence
near the COOH-termini (16, 19, 32, 33)
(Fig. 7). A 32-kD polypeptide is pro-
duced by proteolytic processing near the
COOH-terminus of the RSV pol poly-
peptide precursor (33). Alignments of
shared amino acids in this region of the

ARV-2 pol gene (in particular, Cys resi- .

dues) with the defined NH,-terminus of
p32 of RSV (33) permits tentative identi-
fication of a processing site for the coun-
terpart protein (Fig. 7).

The env gene. The env region encodes
the major glycoprotein found in the
membrane envelope of the virus and in
the cytoplasmic membrane of infected
cells (30). Retroviral env proteins arise
generally from a precursor polypeptide
that is processed at two or more sites:
the first processing event removes a sig-
nal peptide of about 30 amino acids and
the second yields a COOH-terminal
polypeptide containing a hydrophobic
stretch (about 22 amino acids) that spans
the membrane and is followed by a hy-
drophilic cytoplasmic anchor (30). Re-
sults of transient expression experiments
in mammalian cells (see Fig. 8) indicate
that serologically reactive ARV-2 env
protein js initiated downstream from the
Sst I site at position 5555 to 5560 (Fig. 2).
We propose that the ATG at position
5779 (34) initiates the env precursor, but
direct determination of the NH,-termini
of the env precursor polypeptide and of
processed forms will ultimately be re-
quired to establish the biogenesis of env
proteins. Two other potential initiation
codons are near the 5'-end of the same
long open reading frame (863 codons)
proposed to encode the ARV-2 env pro-
tein (positions 5845 and 5851, Fig. 2).

Secondary structure analysis shows
that the COOH-terminal region is orga-
nized into predominantly o-helices and
B-sheets; the NH-terminal half appears
to have many hydrophilic loop regions
(see legend to Fig. 2); similar structural
properties characterize the domains of
env gene products of other retroviruses
(data not shown). A tentative assignment
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of a processing site for ARV-2 env in-
cludes the sequences Lys-Arg-Arg or
Lys-Arg (Fig. 9). Which of these sites is
used remains to be determined. Process-
ing in this region will generate final prod-
ucts of 59 and 42 kD without accounting
for carbohydrates residues. The NH,-

* * *
393 400 410
ARV KCENCGKEGHTAKNCRARR
HLV-1  PCERCGKAGHWSKDCTAPR
RSV LCYTCGSPGHYQAQCPKKR
MLV  QCAYCKEKGHWAKDCPKKP
* *
420
ARV KKG----- CWRCGREGHR
HTLV-1 PPPGP---CPICADPTHW
RSV KSGNSRERCRALCNGMGHN .
MuLV R GPRGPRPQATSLLTLDD-
*
429
ARV MKDCT
HTLV-I  KRDCP
RSV AKACR
MLV === - -

Fig. 5 (left). Homology of amino acids in
regions of the gag gene of ARV-2, HTLV-],
RSV, and MuLLV. Identical amino acid resi-
dues are underlined. Positions of cysteines
are noted with asterisks. ARV-2: plégag,
amino acid 14 to 51 (Fig. 2). HTLV-L: pl2gag,
amino acid 12 to 50 (/0). RSV: p12gag, amino
acid 20 to 61 (16), MuL.V: p10gag, amino acid

25 to 60 (16). Numbers indicate amino acid positions (Fig. 2).

terminal and COOH-terminal portions
contain, respectively, 26 and 5 potential
NH;-linked glycosylation sites (Asp-X-
Thr, Asp-X-Ser) (Figs. 2 and 9). Cyste-
ine residues are asymmetrically distrib-
uted as in other retroviral env gene prod-
ucts (/9). The NH,-terminal domain has

’ 262 270 280
ARV LYLDVGDAYESVELDKDERK

HTLV NTTDLRDAFENTRLPKNENP
RSV MVLDBDLKDCFESTPLADNDRE
MuLv JTVLDLKDAFECLRLHPTSNP

290 300
ARV YTAETIRPSINNETRPGIRYNY
HTLV YFAETIVEPNNCNYGPGTRYAW
RSV AFAETLPSVNNOAPARRFNW

MuLV LFAEEW-RDPEMGISGNLTW

310 320
ARV NVLPOGWKGSPATEQSSMTK
HTLV KYLPOGFKNSPTLEEMQLAN

RSV KYLPOGMTCSPTIC@QLVYGQ
MuLv TRLPQGFKNSPTLEDEALHR

330 340
ARV LTLEPERKQNPDIVIYQYMNDD
HTLV LLEPTRQAFPECTILAYNDD
RSV VLEPLRLKHPSLCMLHYNMDD

MuLV DLADERTQHPDLTLLAYVDD
350

ARV LYVGSDLETGQ

HTLY ILLASPSHEDL

RSV LLLAASSHDGL

MLV LLLAATSELDC

Fig. 6 (right). Homology of

amino acids in the NH,-terminal portion of the pol genes of ARV-2, HTLV-I, RSV, and MuLV.
Identical amino acid residues are underlined. ARV-2: amino acid 262 to 352 (Fig. 2). HTLV-I:
amino acid 110 to 196 (/10). RSV: amino acid 113 to 177 (16). MuLV: amino acid 265 to 351 (/6).

Numbers indicate amino acid positions (Fig. 2).

719 730
ARV GIDKAQEEHEKYHSNWRAMA
TLV-]  QLSPA-ELHSFTHCGQTALT
RSV PLREAKDLHTALHIGPRALS

MLV QLTHLSFSKMKALLERSHSP
* *

740 750
ARY SDFNLPPVVAKEIVASCDKC
HTLV-T L GGATTTEAASNILRSCHAC

RSV KACNLSMQQAREVV QTCPHC

MuLV YYMLUNRDRTLKNITETCKAC
760 770
ARV QLKGEAMHG QVDC--~=~~~
HILV-T RGGNPQHOMPRGHIR-RGLL
RSV NSAPALEAGVNP=------ 6
MuLV AQVNASKSAVKQGTRVRGHR
780
ARV SPGIWQLDCTHLEGKIIL- -
HTLV-1  PNKIWQGDITHFKYKNTLTR
RSV PLAQIWQTDFT-LEPRSHL®- -
MuLV P6THWEIDFTEIKPGLYGYK
790 800
ARV ---VAVHVASGYIEAE-VIP
HLV-1 -~ LHYWVYDTFSGALSAQ-LRK
RSV --AVTVDTASSAIVVT QHGR
MuLV YLLVFIDTFSGWIEAFPTKK

810 820
ARV AETGRETAYFLLKLAGR-WP
HTLV-1 G ISSEAISSLLOQAIAML-GK
RSV VISYAVQHHWATAIAVL-6R
MLV ETAKVVTKKLLFFIFPRFGHM
830 840
ARV VKTIHIDAGSAQFTSTTVKAA
HTLV-1  PSYINIDOGPAYISQDFL QM
RSV PKALKIDQGSCFTSKSTRDW
MLV PAQVLGIDNGPAFEVSKVSNTY
850 860
ARV CWWAGLKQEFGIPYN-PES®
HTILV-T  CTSLALRHTTHVPYN-PTSS
RSV LARWGLAHTTGETRGN-S QGO
MuLV ADLLLGIDWKLHCAYRPAQSS
870 878
ARV GVVESMMNNELKKIL
HTLV-T  GLVERSSNGILLKTL
RSV AMVERAANRLLKDRL
MuLY GOVER-MNRTIKDTL

Fig. 7. Homology of amino acids in the
COOH-terminal portion of the pol genes of
ARV-2, HTLV-I, RSV, and MuLV. Identical
amino acid residues are underlined. Positions
of cysteines are noted with asterisks. ARV-2:
719 to 878 (Fig. 2). HTLV-I: amino acid 599 to
766 (10). RSV: amino acid 568 to 743 (16).
MuLV: amino acid 846 to 1019 (/6). Numbers
indicate amino acid positions (Fig. 2).
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Table 2. Summary of homologies of ARV-2 with other retroviruses.

percentages from the MALIGN program.

Homologies are given as

ARV-2 gag ARV-2 pol ARV-2 pol
(amino acid 393 to (amino acid 303 to (amino acid 719 to
Virus 429, Fig. 5) 390, Fig. 6) 878, Fig. 7)
Amino Nucleo- Amino Nucleo- Amino Nucleo-
acid tide acid tide acid tide
HTLV-I 46 7 11 28 19
RSV 39 7 15 28 12
MuLV 27 10 15 12 23

18 Cys residues and the COOH-terminal
portion has 3 Cys residues. Two large
hydrophobic regions are evident in the
COOH-terminal domain (Fig. 9). The
rightward hydrophobic stretch is long
enough (23 amino acids) to span mem-
branes.

Expression of cloned ARV genes. In
an attempt to obtain ARV antigens with-
out the production of infectious virus, an
SV40 vector system was used to express
the candidate gag and env genes in trans-
fected mammalian cells. The criterion
for expression was serological reactivity
of fixed cells with serum from AIDS
patients in immunofluorescence tests.
Recombinant SV40 plasmids containing
these genes were transfected into
5 x 10* COS-7 monkey cells growing on
microscope slides (Fig. 8); after 60
hours, cell monolayers were fixed and

treated with AIDS patients’ sera or nor-
mal human control sera and then with
fluorescein-labeled goat antiserum to hu-
man immunoglobulin G (Fig. 8). Approx-
imately 5 percent of cells transfected
with pSV7c/gag showed a speckled pat-
tern of immunofluorescence throughout
the cytoplasm with AIDS patient serum
EWSI111 (Fig. 8A). Antiserum MC from
a patient in the early stage of AIDS
appeared not to react with cells trans-
fected with pSV7c/gag (data not shown).
By immunoblot analysis with proteins
from purified ARV-2, antiserum MC was
shown to have very low levels of anti-
body to p25gag, whereas antiserum
EWS5111 readily reacted to p25gag. Se-
rum from normal individuals gave no
appreciable fluorescence (data not
shown) in cells transfected with pSV7¢/
gag cells transfected with the vector

Fig. 8. Expression of cloned ARV genes in mammalian cells. ARV-2 DNA fragments containing
the gag and env genes were prepared as follows: A-7A DNA (Fig. 1) was digested with Sst I and
Kpn I and the 3.1-kb gag DNA fragment was purified by electrophoresis in low-melting agarose
gels (7); A-7D DNA (Fig. 1) was digested with Sst I and Kpn I and the 3.2-kb env DNA fragment
was similarly purified. Each of these fragments was cloned into a modified form of a plasmid
containing the SV40 origin of DNA synthesis and the promoter and poly(A) addition regions of
the SV40 early gene (58, 59). Both ARV gag and env DNA fragments contain ATG start codons.
pSV7c/gag utilized a TAA stop codon in SV40 DNA. pSV7c/env has the TAA stop codon at the
end of the open reading frame for env (Fig. 2). COS-7 monkey cells, expressing the SV40 early
gene, were grown on glass microscope slides, transfected with plasmid DNA by the calcium
phosphate coprecipitation method (60), incubated for 60 hours, and fixed in cold acetone. The
fixed cell monolayers were treated for 1 hour at 37°C with a 1:200 dilution (in PBS with 5
percent fetal calf serum) of an AIDS reference serum (Fig. 4) or with a similar dilution of normal
human control serum. Cells were washed in PBS and treated for 1 hour at 37°C with fluorescein-
labeled goat antiserum to human immunoglobulin G (Cappel Laboratories). In all cases, sera
were preadsorbed on normal COS-7 cells that had been fixed with 0.2 percent paraformalde-
hyde. Shown here are fluorescence photomicrographs (x630) of cells transfected with (A) pSV
7C/gag and (B) pSV7C/env. About S percent of cells in a monolayer expressed viral antigens.
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plasmid pSV7c, containing no ARV-2
DNA, did not fluoresce with any serum
samples from AIDS patients. About 5
percent of cells (from 5 X 10* cells per
microscope slide) transfected with
pSV7c/env and treated with either
EWS111 or MC antiserum showed bright
immunofluorescence largely confined to
the cytoplasm in a netlike pattern (Fig.
8B). These patterns may be a conse-
quence of the fixation procedure or may
indicate that viral env protein is localized
in structures such as endoplasmic reticu-
lum inside the cell. No fluorescence was
observed in cells transfected with
pSV7c/env and treated with normal hu-
man control sera (data not shown).

Discussion. The complete DNA se-
quence of ARV-2 reveals a fundamental
genetic structure similar to that of other
retroviruses. Several features of ARV-2
indicate that it is no more closely related
to the other human retroviruses HTLV-I
and HTLV-II than it is to avian or mu-
rine retroviruses.

ARV-2 has an inverted 3 bp repeat
(CTG . . . CAQG) at the ends of the LTR.
All other retrovirus LTR’s have
TG . . . CA at their ends as part of a 2-
to 16-bp inverted repeat (/4). The MuLV
LTR has two direct repeats 72 bp long
located in an internal position within the
LTR (19). HTLV-II has several direct
repeats, one of which is 21 bp long and is
very similar to a 21-bp repeat in HTLV-I
(16, 17). RSV, however, is like ARV-2
and has no large direct repeats inits LTR
(19). In the ARV-2 LTR, the proposed
poly(A) addition site is 20 bp down-
stream from the consensus poly(A) addi-
tion signal, AATAAA (Fig. 2); thus, the
R region is 97 bp long [measured from
the cap site to the poly(A) site]. The
poly(A) addition sites of MuLV and RSV
are about 20 bp downstream from AA-
TAAA found in each LTR; these viruses
have R regions 68 bp and 21 bp, respec-
tively (19). In contrast, in HTLV-I and
HTLV-II, the AATAAA sequence is lo-
cated upstream from the TATA box; R is
229 bp in HTLV-I and 287 bp in HTLV-
II (16, 17). ARV-2 and MMTYV have a
tRNA" for priming minus-strand DNA
synthesis (Fig. 2) (/8); avian retroviruses
use tRNA'"P and other mammalian retro-
viruses use tRNAP™ (]9).

The gqg regions of MuLV and RSV
encode precursor polypeptides that are
cleaved into at least four and five pro-
teins, respectively (30). Bath ARV-2'and
HTLV-I encode a gag precursor that
appears to give rise to three proteins
(Fig. 2) (16). A small amount of homolo-
gy of amino acid sequences was noted in
the COOH-terminal portion of gag in
these viruses; ARV-2, HTLV-I, and
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Fig. 9. Schematic diagram of ARV-2 env open reading frame. Numbers refer to amino acids in
the open reading frame proposed for env (nucleotides 5755 to 8346, Fig. 2). Symbols: A,
cysteine residues; ¥, potential N-glycosylation sites; 4, hydrophobic regions. The two putative
processing sites for generating NH,- and COOH-terminal domains are underlined.

RSV were found to be similarly related
in this assessment (Fig. 5 and Table 2).

Different retroviruses use different
mechanisms to synthesize and translate
the pol gene messenger RNA (/6). Eluci-
dation of pol biogenesis in ARV-2 will
require detailed analyses of splicing pat-
terns of viral mRNA in infected cells
together with studies of the polypeptide
intermediates. ARV may be different
from all other retroviruses since the
COOH-terminal end of the proposed pol
gene does not overlap the NH,-terminal
end of the proposed env gene.

A

The predicted ARV-2 env polypeptide,
like that of other retroviruses, has a
hydrophilic NH,-terminal domain and a
COOH-terminal portion characterized
by a long stretch of hydrophobic amino
acids (23 amino acids long) (Fig. 9). The
NH,-terminal domain of ARV-2 env con-
tains 26 potential glycosylation sites, an
unusually high number when compared
to other retroviruses: HTLV-1 has 5 (17),
HTLV-II has 6 (35), RSV has 17 (24),
and MuLV has 7 (24). The extent and
function of glycosylation in retroviral
eny proteins remain to be investigated.

In ARV-2 there are two additional
open reading frames designated ORF-1
and ORF-2 (Fig. 10). Near the 5’-end of
each open reading frame is an ATG that
is flanked by purine residues at —3 and
+4; thus, these ATG codons are poten-
tial start codons (37). HTLV-I (16),
HTLV-II (I7), and BLV (36) contain
open reading frames that initiate beyond
env and extend into the rightward LTR;
this location is analogous to that of ORF-
2 in ARV-2. Comparisons of ORF-2 in
ARV-2 with counterpart regions in these
other retroviruses revealed no apparent
homology at the DNA and protein levels
(data not shown). For HTLV-I and
HTLV-II, these regions are expressed as
proteins that are implicated in viral
pathogenesis (37, 38). Assessments of
patterns of transcription and polypeptide
synthesis will be essential to determine
whether or not these ARV-2 open read-
ing frames are expressed.

Certain taxonomic issues need to be
addressed with respect to the relation-
ships among the human retroviruses at
the nucleotide sequence level. A probe

4551
4642
4732
4822
4912
5002

5092

Fig. 10. Amino acid and
DNA sequence of (A)
open reading frame 1
(ORF-1) and (B) open
reading frame 2 (ORF-2).
The molecular weights
are given in daltons. Nu-
cleotides are numbered
according to Fig. 2.
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representative of ARV-2 anneals under
high stringency conditions to restriction
enzyme DNA fragments from cells in-
fected with LAV or with HTLV-III (39).
Thus, these three retroviruses are close-
ly related. In addition, we have shown
that the probe to ARV-2 anneals under
high stringency conditions to proviral
DNA of two independent isolates, ARV-
3 and ARV-4 (12). At the protein level,
very low homology is evident when
ARV-2 genes are compared with those of
HTLV-I (Figs. 5 to 7 and Table 2);
homology at the nucleotide level is even
lower because of degeneracy of codons
(Table 2). In our assessments, ARV-2
appears to be no more closely related to
these other human retroviruses than it is
to RSV (Table 2). Subhuman primate
endogenous viral sequences (40, 41) are
also distantly related to ARV pol (data
not shown). Hybridization and annealing
studies under very low stringency condi-
tions demonstrated detectable homology
of HTLV-III with HTLV-I and HTLV-II
(11, 42). Our homology assessments at
the nucleotide level (Table 2) indicate
that stable hybrids or duplexes cannot
be formed between ARV-2 DNA and
HTLV-1 DNA under these conditions.
These issues could be fully resolved by
comparing the DNA sequences of the
genomes of retroviruses associated with
AIDS (LAV, HTLV-III, and ARYV).
The pathology that attends ARV infec-
tion is a unique aspect of this retrovirus.
Selective tropism for human T-helper
cells, syncytia formation, and cell killing
are characteristics of ARV infection in
tissue culture cells (24, 43). Attachment
of virus to cell receptors and fusion of
membranes are two properties con-
trolled by the env gene that probably
play a fundamental role in viral patho-
genesis. The predicted sequence of
ARV-2 env will be used to design muta-
genesis experiments aimed at determin-
ing the function of env in attachment and
fusion. LTR’s of some avian and mam-
malian retroviruses have been shown to
control tissue tropism, leukemogenicity,
and specific disease patterns (44-48).
Whether or not the ARV LTR plays a
role in any of the pathologic manifesta-
tions associated with ARV infection re-
mains to be established. .
Sequence variations in ARV may be
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an important feature of viral pathogene-
sis that would enable the virus to evade
host immune responses. Many viruses
show sequence variation during passage.
Infection of an animal with equine infec-
tious anemia virus (EIAV) leads to dif-
ferences in the env protein of progeny
virus, probably as a consequence of im-
munological selective pressures in the
host (49). Our studies of ARV have dem-
onstrated sequence differences (i) in sep-
arate molecular clones of one ARV-2
isolate (Table 1) and (ii) in independent
ARV isolates (12). Biological activity of
cloned ARV-2 DNA has not yet been
assessed by transfection of permissive
cells. The generation of sequence varia-
tion in the ARV-2 genome can be studied
by analyzing viruses recovered from dif-
ferent molecularly cloned ARV-2
DNA'’s. These approaches could provide
insight into methods by which the viral
infection could be prevented, modified,
or eliminated.
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