
The squabbles afid 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 comparisofi 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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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- 
go, 69.0; Columbia University, 69.7; University 
of Pennsylvania, 65.0; Stanford University, 
69.0; and Yale University, 68.0. 
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 Lni- 
versity :f 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 proportion of the 
approximately 5000 grants that the National 
Institutes of Health will be awarding in FY 
1985." 
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 
pools themselves are uncontaminated by this 
effect. 
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A wide variety of diseases in many 
animal species are a consequence of in- 
fection by retroviruses (I). A distinct 
group of human retroviruses has been 
isolated from patients with the acqhired 
immune deficiency syndrome (AIDS) 
and individuals with related cohditions, 
such as persistent lymphadenopathy. 
Several independent isolates, called 
lymphadenopathy-associated virus or 
LAV (2), human T-cell lymphotropic vi- 
rus type 111 or  HTLV-I11 (3), and AIDS- 
associated retrovirus o r  ARV (4) by the 
laboratories of origin, are similar with 

respect to morphology, cytopathology, 
requirements for optimum reverse tran- 
scriptase activity, kt 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-111, LAV, 
and ARV-2 have been described (11, 12). 
These clones provide material for analy- 

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 (12) and from the partial 
sequence of virion proteins. 

The DNA sequence ofARV-2. Proviral 
DNA and circular unintegrated viral 
DNA species from ARV-2 infected cells 
have been cloned in bacteriophage h 
(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'sj. 
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 
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precise boundaries of the LTR se- 
quences, we compared the junctions 
with host-cell DNA in the sequences of 
A-9B, A-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-11, 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 (15). Immediately 
downstream from the leftward (5') LTR 
is a sequence of 18 bp that is complemen- 
tary to 18 bases of a transfer RNA-lysine 
(~RNA'?~)  species (Fig. 2). Initiation of 
minus-strand DNA synthesis in retrovir- 
uses requires a host cell tRNA molecule 
as a primer (15). MMTV (mouse mam- 
mary tumor virus) also requires a 
~RNA'?' molecule (18), whereas other 
known mammalian retroviruses includ- 
ing HTLV-I and HTLV-I1 have a tRNA- 
proline primer (1 6,  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-U5 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)] 

Table 1. Polymorphisn~ of the A recombinants cated upstream from the TATA box, has 
shown in Fig. I .  

Posi- 
tion* 

-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 (19). 
These comparisons were used to pro- 
pose a tentative poly(A) addition site at 
positiocs 9198 in the rightward ARV-2 
LTR (Fig. 2). 

The enhancer element, generally lo- 

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) TGG$$~ (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 p16, 
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 immuqe 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, hut ARV-2 was as closely related to 
murine and avian retroviruses as it was to human T-cell leukemia viruses (HTLV-I 
and HTLV-11). 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. 

K K X  H N~XT: U G  G P  0 6  =&!' 
LTR LTR 

GAG ORF-1 - ENV 

POL ORF-2 

7 ,  

0 1 2 3 4 5 6 7 8 9 10 kb 

Fig. 1. Restriction endonuclease map of ARV-2. Five recombinant A clones were ispiated ( I2)  
and used to determine the nucieotide sequence of ARV. Clones 8A, 8B, 7D, and 9B represent 
integrated DNA. Clone 7A is from unintegrated DNA (I2).  The heavy lines indicate regions that 
were sequenced in each clone. The regions that encompass the gag, pol, and env ORF's as well 
as two additional open reading frames are indicated. 
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4 U 3  R+ 
- 9 3  C T 6 G 6 G A C T T T C C A G G G A G G C G T G G C C T G G t G G G A C T G ~ G C A G C T G C T T T T T G C C T G T A C T G  G G T C T C T C T G G T T A G A C C A G A T C T G A G  R 

4 R  U 5 +  
28  C C T G G G A G C T C T C T G G C T A A C T A C C C A A C C C A C T G C T T A A G C C T C A A T A A A G C T T G C C T T G A G T C T T C A  A G T A G T G T G T G C ~ C G T C T G T T G T G T G A C T C T G G T A A C T A G A G A T ~ ~ ~ T ~ A  

e u 5  
148 G A C C C T T T T A G T C A G T G T G G A A A A A T C T C T A G C A G  T G G C G C C C G A A C A G G G A C G C G A A A G C G A A A G T A G A A C C A G A G G A G C T C T C T C G A C G C A G G A C T C G G C T T G C T G A A G C S C 6 C A C A G  

Lys I l e A r g L e u A r g P r o G 1 y G l y L y s L y s L y s T y r L y s L e u L y s H i s l 1 e V a l  T r p A l a S e r A r g G l u L e u G l u A r g P h e A l a V a l A s n P r o G l y L e u L e u G l u T h r S e r G l u G l y C y s  61  
388 A A A A T T C G G T T A A G G C C A G G G G G A A A G A A A A A A T A T A A G T T A A A A C A T A T A G T A T G G G C A A G C A G G G A G C T A G A A C 6 A T T C G C A 6 T C A A T C C T G G C C T G T T A G A A A C A T C A G A A G G C T G C  

A r g G l n I l e L e u G l y G l n L e u C l n P r o S e r L e u G l n T h r G l y S e r 6 l u G l u L e u A r g S e r L e u T y r A s n T h r V a l A l a T h r L e u T y r C y s V a l H i s G l n A r g l l e A s p V a l L y s A s p T h r  101  
508 A G A C A A A T A T T G G G A C A G C T A C A G C C A T C C C T T C A G A C A G G A T C A G A A G A A C T T A G A T C A T T A T A T A A T A C A G T A G C A A C C C T C T A T T G T G T A C A T C A A A G G A T A G A T G T A A A A G A C A C C  

CysGlyArgGluGl y H i s G 1 n M e t L y s A s p C y s T h r G l u A r g G l n A l a A s n P h e L e u G l y L y s I l e T r p P r o S e r T y r L y s G l y A r g P r o G l y A s n P h e L e u G l n S e r A r g P r o G l  P r o  461  
P h e P h e A r g G l u A s p L e u A l a P h e L e u 6 l n 6 l y L y s A l a A r g G l u P h e S e r S e r G l u G l n T h r A r g A l a  23 

1588 T G T G G A A G G G A A G G A C A C C A A A T G A A A G A T T G C A C T G A G A G A C A G G C T A A T T T T T T A G G G A A G A T C T G G C C T T C C T A C A A 6 G G A A G G C C A G G G A A T T T T C T T C A G A G C A G A C C A G A G C C A  

AsnLeuLeuThrGl nIleGlyCysThrLeuArnPheProlleSerProleGl uThrVa1 P a l  LysLeuLysProGlyMetAspGlyProLysValLys6lnTrpProLeuThrGl  u 183 
2068 A T C T G T T G A C T C A G A T T G G T T G T A C T T T A A A T T T C C C C A T T A G T C C T A T T 6 A A A C T G T A C C A 6 T A A A A T T A A A 6 C C A 6 6 A A T 6 6 A T 6 6 C C C A A A A 6 T T A A 6 C A A T 6 6 C C A T T G A C A G A A G  

GluGlyLysllelleLeuV11AlaVa1HisValAlaSer6lyTyr1leGluAla6luVa1lleProAla6lThr6ly6ln6luThrAlTyrPheLeuLeuLysLeuAla6lyArgTrp 823  
3988  A A G G A A A A A T T A T C C T ~ ~ T A ~ C A ~ T T C A T ~ T A ~ C C A ~ T G ~ A T A T A T A ~ A A ~ C A ~ A A ~ T T A T T C C A ~ C A ~ ~ ~ A C A ~ ~ ~ C A ~ ~ A A A C A ~ C A T A T T T T C T C T T A A A A T T A ~ C A ~ ~ A A ~ A T ~ ~ C  
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?roValLysTrlloMisTrAspAsn8lySorAsn?oTkrSorTkrTkrValLysAlaAlaCysTrpTrpAla6lylloLys6l8lu?ho6lyllo?roTyrAsn?ro6lnSor8l 863 
41OI C A 8 T A U A A C L I T A C A T A C A U C A A T 8 U A O C A A T T T C A C C A 8 T A C T A C 8 8 T T A A 8 8 C C 8 C C T ~ T T 8 8 T 8 8 8 C A 8 6 U T C A A 8 C A 6 A T T T 6 6 C A T T C C C T A C A A T C C C C A A A 8 T C A A 6  

Ol~ValVal8lu)rrLtAsrAsa~1ul~uLysLysllelle8ly~lrValArgAs~8lrAla6luMlslouLysTkrAlaVel6lrktAlaVa1?k.ll~MisAsn?k~LysAr Lys 903 
4228 QA~TAOTACAAT C T A T ~ A A T A A T U A T T A A A ~ M A A ~ ~ A T A ~ ~ A C A ~ C T A A ~ ~ ~ A T C A ~ ~ C T ~ A A C A C C T T A A ~ A C A ~ C A C T A C A A A T ~ ~ C A G T A T ~ C A T C C A C A A T T  1 1 A A A A O ~  A A A ~  

Lys6 lyThrArgArgAsnTyr6 lnHisLeuTrpArgTrpGlyThrLeuLouLeuGlyMetLeuMet l loCysSorAlaThr6 luLysLouTrpVa lThrV lTyrTyrGlyV~ lProVl  51 
5188 AA6666ACCA66A66AATTATCAGCACTT6T66A6AT6666CACCTT6CTCCTT666AT6TT8AT6ATCT6TA6T6CTACA6AAAAATT6T666TCACA6TTTATTAT66A6TACCT6T6 

Trplys6luAlaThrThrThrLeuPheCysAl rScrAspA1 A T y A s p T l  V a l  J T p A l r H  A C y V l  P r o T h r A s p P r o A s n P r o 6 l n 6 l u V ~ l  91 
5908 T66AAA6AA6CAACTACCACTCTATTTT6T6CATCA6AT6CTA6A6CATAT6ATACA6A66TACATAAT6TTT666CCACACAT6CCT6TGTACCCACA6ACCCCAACCCACAA6AA6TA 

Val Leu6 lyAsnVal l h r 6 l  uAsnPheAsnMetT rpLysAsnAsnMtVal61 u 6 1 n M t 6 l n 6 1  u A s p l l e l l e S o r L e u T r A s p G l  nSorLeuLysProCysVa1 L y s L u T h r P r o  131 
6028 6TATT666AAAT6T6ACA6AAAATlTTAACAT6T66AAAAATAACAT6GTA6AACA6AT6CA66A66ATATAATCA6TTTAT666ATCAAA6CCTAAA6CCAT6T6TAAAATTAACCCCA 

LouCysVa lThrLeuAsnCysThrAspLeu61yLysAla lhrAsnThrAsnSorSerAsnTrpLys6 lu6 lu I leLys6 ly6 lu l loLysAsnCysSorPhoAsn I loThrThrSor I l e  171 
6148 CTCT6T6TTACl lTAAATT6CACT6ATTT6666AA66CTACTAATACCAATA6TA6TAATT66AAA6AA6AAATAAAA66A6AAATAAAAAACT6CTCTTTCAATATCACCACAA6CATA 

ArgAspLys l l~6 lnLys61uAsnAlaLe~PheArgAsnLeuAspVa lVa lPro l leAspAsnAlaSerThrThrThrAsnTyrThrAsnTyrArgLou l leH isCysAsnAr  SorVa1 211 
6268 A ~ A ~ A T A A ~ A T T C A ~ A A A ~ A A A A T ~ C A C T T T T T C ~ T A A C C T T ~ A T ~ T A ~ T A C C A A T A ~ A T A A T ~ C T A ~ T A C T A C T A C C A A C T A T A C C A A C T A T A ~ ~ T T ~ A T A C A T T ~ T A A C A ~ ! T C A ~ T C  

Ilelhr6lnAlaCysProLysVa1SorPheGluProllrProIleHlsTyrCysThrProAlaGlyPheAlalloLeuLysCysAsnAsnLysThrPhoAsnGlyLys6lyProCysThr 251 
6388 ATTACACA66CCT6TCCAAA66TATCATTT6A6CCAAf tCCCATACATTATT6TACCCC66CTG6TTTT6C6ATTCTAAA6T6TAATAATAAAAC6TTCAAT66AAAA6GACCAT6TACA 

AsnVa1 SerlhrVa161 nCysThrHlsGly l leArgPro l loVa1  S T 1  n~ouLeuLeuAsn6lySerLouAlaGl u l u l  V a l  1  I loArgSorAspAsnPhoThrAsnAsn 291 
6508 AAT6TCA6CACA6TACAAT6TACACAT66AAt tA6fCCAATA6T6TCAACTCAACT6CT6TTAAAT66CA6TCTA6CA6AA6AA6AG6TA6TAATTA6ATCTGACA~T1TCACGAACAAT 

AlaAl aGlySerlhrMetGlyA1 aVa1SerLeuThrLeuThrVa16lnAl aArg6 lnLeuLouSer ly  lloVal6ln6ln6lnAsnAsnLeuLouArgAla1leGluAla6ln6l I 511 
7348 6CA6CA6GAA6CACTAT666C6CA6T6TCATT6AC6CT6AC66TACA66CCA6ACAATTATT6TCT66TATA6T6CAACfi6CA6AACAATTT6CT6A666CTATT6AG6C6CAACAACAT 

LeuLou6lnLeuThrValTrp61 yllrLyl6lnLwGlnAlaArgValLouAlaVal6luArgTyrLeuArgAsp6ln6lnLeuLeuGlylloTrpGlyCysSor6lyLysLoulleCys 611 
1468 CT6lT6CAACTCACA6TCT6666CATCAA6CA6CTCCAG6CAA6A6TCCT66CT6T66AAAMTACCTAA666ATCAACA6CTCCTA666ATTT66G6TT6CTCT66AAAAClCATTT6C 

lhr lhrAl~Va lPro l rpAsnAlaSerTrpSerAsnLysSerLu6 luAs~leTrvAspAsnMetThrTrpMet6 lnTrv6 luArg6 lu l loAspAsnTyrThrAsnThr l leTyrThr  bbl 
1588 ACCACT6Cl6T6CClT66AAT6CTA6TT66A6TAATAAATCTCT66AA6ACATTT666ATAACAT6ACCT66AT6CA6T666AAA6A6AAATT6ACAATTACACAAACACAATATACACC 

LouLeu6lu6l  user61 nAsn6ln61n61 uLysAsn61u6161uLeuLu61 uLeuAspLysTrpA1 aSerLouTrpAsnTrpPheSorl leThrAsnTrpLeuTrpTyrl l  o L y s 1 0  691 
1708 TTACTT6AA6AATC6CA6AACCAACAA6AAAA6AACAA6AATTATTA6AATT66ATAA6T666CAA6TTT6T66AATT66TTTA6CATAACAAACT66CT6T66TATATAAA6ATA 

Ph~lleM~tlleVal6ly6lyLouVal61yLeuAr~llrVahoAlaValLouSorlleValAsnArgValAr6ln6lyTyrSorProLouSorPhoGlnThrArLouPro~alPro 731 
7828 TTCATAAT6ATA6TA66A6fCff66TA66llTAA6AATA6TTTTT6CT6T8CTTTCTATA6T6AATA6A6TTA66CA666ATACTCACCATT6TCATTTCA6ACCC6CCTCCCA6TCCC6 

Ar~GlyProAspArgProAsp6lyll~6lu6lu6lu6ly6l~6luArgAs~ArgAspArgSorValArgLeuValAsp6lyPhoLouAlaLoulleTrp6luAspLeuArgSerLouCys 111 
7948 A6666ACCC6ACA66CCC6AC66AATC6AA6AAfAA60tE6A6A6A6A6ACA6A6ACA6ATCC6TTC6ATTA6T66AT66ATTCTTA6CACTTATCT666AA6ATCT6C66A8CCT6T6C 
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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 U5 
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 tRNAIYs 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 et al. (51). NH2-terminal microsequenc- 
ing of these proteins was canied out as described by Hunkapiller et al. (52). COOH-terminal 
analysis was by the carboxypeptidase digestion procedures of Hayashi (53). The compiled 
ARV-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. 

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 1 with the synthetic 
oligonucleotide S'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 (EWSlll reference serum from P. Feorino, Centers for Disease Control, Atlanta, 
Georgia) and then with a 1 : 200 dilution of horseradish peroxidaseconjugated 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. 

control serum (data not shown). Virion 
proteins were isolated from a polyacryl- 
amide gel and the first 30 amino acids at 
the NH2-terminus of pl6 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 NH2-terminus of p25 is gener- 
ated by a cleavage between Tyr-138 and 
Pro-139 (Fig. 2). Proline is present at the 
NH2-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 NH2-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 Gln-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) (16). A preponder- 
ance of hydrophilic residues character- 
izes these proteins. 

Sequence comparisons of pl6gag of 
ARV-2 with pl6gag of HTLV-I (16), 
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 NH2- 
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 NH2-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 is 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 NH2-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 a-helices and 
P-sheets; the NH2-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 NH2- 

* * * 
393 400 410 

ARV K  L E N  C h Y E  G K I  A  YN L R  A  ER 
HTLV- I  P L E R  L h K A  G K W  S  K L L T  O  PR 
RSV L L Y T L G S P G Y Y O A O L P K K R  
MIJLV O L A Y C K E K L Y W B Y L L P K Y P  

X * 
420 

ARV K K L - - - - - L W R L f i R E f i K O  
HTLV- I  P P P I ; P - - - L P I L O O P T K W  
RSV K S & N S R E R L O L & N G M f i Y N  
MuLV R G P R f i P R P O T S L L T L D D -  

* 
429 

ARV M K I ) C _ T  
HTLV- I  K  R  D L P 

terminal and COOH-terminal portions 
contain, respectively, 26 and 5 potential 
NH2-linked glycosyiation sites (Asp-X- 
Thr, Asp-X-Ser) (Figs. 2 and 9). Cyste- 
ine residues are asymmetrically distrib- 
uted as in other retrovirpl env gene prod- 
ucts (19). The NH2-terminal domain has 

262 2 70 280 
ARV L V L I I V  G BAY E S V  L L D  Y D  E K K  
HTILV N T T i l L R 1 1 4 F f N I P L P K N C N P  
RSV M L L B L K D C F t S I L b A D N D B E  
Pl i iW L V . b l ? L  K Q A F  L C  L K i t 1  P  T  S  N  P  

290 300 
ARV L T 4 E L I P S I k K E T L G I B L N Y  
HTLV Y F  A E L V  P N  N  C  N Y  G E G T  Y L A  W  
RSV A  F  B L I L L S V k g O A  E A  K K F  L W  
Y l j i V  I . F & E _ t W - R D P E M G  I S G N L T W  

310 320 
ARV V V L P B G W Y G  S P A  I E Q S  S  M T  K  
HTLV K V L E Q h F  K L L P T  L E E  Y Q L  A  H 
RSV K V L E Q L M r C S P T I C Q L V V G Q  
fluLV T S L E P L F Y N 5 L T L C D E A L H R  

RSV A Y O L R  330 340 
1  T L L L E R K  B N  E L L  V  I Y  Q l M L l l  

MuLV - - - - - 1 b L L E i R O A F L E C T I L Q ~ ~ ~ ~  

Fig. 5 (left). Homology of amino acids in RSV V  L f L L  R L  K  tl !? S L  C  N L  H Y K Q  
regions of the gag gene of ARV-2, HTLV-I, MuLV 1) 1 4 D t B I 4 Y P O 1- T  L  L  4 Y V  B 2 
RSV, and MuLV. Identical amino acid resi- 

350 
dues are underlined. Positions of cysteines ARV i y  v G 2 3 1 6 Q 
are noted with asterisks. ARV-2: pl6gag, H ~ ~ V  A 
amino acid 14 to 5 1 (Fig. 2). HTLV-I: pl2gag, Rsv 
amino acid 12 to 50 (10). RSV: p12gag, amino L L L A A S S H D L L  

acid 20 to 61 (16). MuLV: plogag, amino acid A A 

25 to 60 (16). Numbers indicate amino acid positions (Fig. 2). Fig. 6 (right). Homology of 
amino acids in the NH2-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 (16). 
Numbers indicate amino acid positions (Fig. 2). 

810 820 

719 7 30 ARV A E T G  O E T A Y F I L K L L G R -  W P  
ARV G I  D K A Q E - E K E K Y K S N W R A M A  HTLV- I  G I S S E A I  S S L L Q A I B H L - G K  
HTLV- I  Q L S P A - E L K S F T K C G Q T A L T  RSV V L S V A V Q H H W A T A i 4 V L - G R  
RSV P L R E A K D L K T A L K I G P R A L S  MuLV E T A K V V T K K L L F F I  F P R F G M  
M u  Q L T H L S F S K M K A L L E R S H S P  

M u  Y Y M L N R D R T L K N L T E T C K A C  850 860 
ARV C W W 4 G L K Q E F G I P Y N - L E S - O  - -  - - 

760 770 HTLV- I  C T C l . A l R H T T H V P L & - P T S S  
ARV Q L K G E A M H G Q V U C - - - - - - -  RSV L A R W G I A H T T L T P G k - S  B G  Q 

R G G N P Q H  Q R P R G H I R - R G L L  MuLV A D L L L G L D W K L H C A Y R F W  
R Y  N S A P A L E A G V N P - - - - - - - G  
MuLV A Q V N A S K S A V K Q G T R V R G H R  

870 878 
ARV G V  V E S  M M  k N  E  L Y Y I  L 

ARV 
HTLV 
RSV 
M u l V  

780 
SPGLWQLQCT-HLL.GK-I I L - -  

-1 P N K I W g G D I I & F K Y K N T L T R  
E L  U i W j T  O F  1- L E P  R S W C- - 
P G T H W E I D F T E I K P G L Y G Y K  

790 800 
ARV - - - V A y H V A & & Y I - E Y E - V I  P 
H T L V  - L H ~ W V _ D ~ F ~ & A ~ S & Q - L R K  
RSV - - A  V _ T  !!.ETA S S  A i V  V  T  Q H  G  R  
MuLV Y L L V _ F  I D T F S L W L E A F P T K K  

HTLV- I  G L  V L R S  S  NC, I LL K T  L  
RSV A M V L B A A L R L L Y D R L  
MuLV G Q V f R - M E R T I Y D T L  

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 (16). Numbers 
indicate amino acid positions (Fig. 2). 
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Table 2. Summary of homologies of ARV-2 with other retroviruses. Homologies are given as 
percentages from the MALIGN program. 

Virus 

ARV-2 gag 
(amino acid 393 to 

429, Fig. 5) 

ARV-2 pol 
(amino acid 303 to 

390, Fig. 6) 

Amino Nucleo- 
acid tide 

Amino Nucleo- 
acid tide 

HTLV-I 
RSV 
MuLV 

ARV-2 pol 
(amino acid 719 to 

878, Fig. 7) 

Amino Nucleo- 
acid tide 

28 19 
28 12 
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 lo4 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 pSV7clgag showed a speckled pat- 
tern of immunofluorescence throughout 
the cytoplasm with AIDS patient serum 
EW5111 (Fig. 8A). Antiserum MC from 
a patient in the early stage of AIDS 
appeared not to react with cells trans- 
fected with pSV7clgag (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 
EWSlll readily reacted to p25gag. Se- 
rum from normal individuals gave no 
appreciable fluorescence (data not 
shown) in cells transfected with pSV7cI 
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. I )  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. I )  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 (58,591. Both ARV gag and env DNA fragments contain ATG start codons. 
pSV7cIgag utilized a TAA stop codon in SV40 DNA. pSV7cIenv 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 I 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 I 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 (~630) of cells transfected with (A) pSV 
7Clgag and (B) pSV7CIenv. About 5 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 lo4 cells per 
microscope slide) transfected with 
pSV7clenv and treated with either 
EW5l 1 1 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 
pSV7clenv and treated with normal hu- 
man control sera (dafa not shown). 

Discussion. The complete DNA se- 
quence of ARV-2 reveals a fuqdamental 
genetic structure similar to that of other 
retroviruses. Several features of ARV-2 
indicate that it is no pore closely related 
to the other human retroviruses HTLV-I 
and HTLV-I1 than it is to avian or mu- 
rine retroviruses. 

ARV-2 has an inverted 3 bp repeat 
(CTG . . . CAG) 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 (14). The MuLV 
LTR has two direct repeats 72 bp long 
located in an internal position within the 
LTR (19). HTLV-I1 has several direct 
repeats, one of which is 21 bp long and is 
very similar to a 21-bp repeqt in HTLV-I 
(16, 17). RSV, however, is like ARV-2 
aqd has no large direct repeats in its LTR 
(19). In the ARV-2 LTR, the proposed 
poly(A) addition site is 20 bp down- 
stream from the consensus ~oly(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-11, the AATAAA sequence is lo- 
cated upstream from the TATA box; R is 
229 bp in HTLV-I and 287 bp in HTLV- 
I1 (16, 17). ARV-2 and MMTV have a 
t ~ ~ A ' ~ " o r  priming minus-strand DNA 
syllthesis (Fig. 2) (18); avian retroviruses 
use tRNAtT and other mammalian retro- 
viruses use tRNAPrO (19). 

The gqg regions of MuLV and RSV 
encode precursor polypeptides that are 
cleaved into at least four and five pro- 
teins, respectively (30). Both 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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+ ++ In ARV-2 there are two additional 

/ \ 
IAPTKA~VVQREICICAVGIVGAMF 

502 526 
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; V, potential N-glycosylation sites; +, 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 (16). 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 NHz-terminal 
end of the proposed env gene. 

The predicted ARV-2 entt polypeptide, 
like that of other retroviruses, has a 
hydrophilic NH2-terminal domain and a 
COOH-terminal portion characterized 
by a long stretch of hydrophobic amino 
acids (23 amino acids long) (Fig. 9). The 
NH2-terminal domain of ARV-2 env con- 
tains 26 potential glycosylation sites, an 
unusually high number when compared 
to other retroviruses: HTLV-I has 5 (13,  
HTLV-I1 has 6 (351, RSV has 17 (24), 
and MuLV has 7 (24). The extent and 
function of glycosylation in retroviral 
env proteins remain to be investigated. 

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 (31). HTLV-I (16), 
HTLV-I1 (13, 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-11, 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 

1 10 20 
cys  g l n  g l u  g l u  IyS g l n  lyS s e r  l e u  g l y  i l e  met g l u  asn a r g  t r p  g l n  va l  n e t  t l e  Val t r p  g l n  val asp  r r g  e e t  

4551 ATAAAAGTAG TGC CAA G1A GAA AAG CAR AAA TCA TTA GGG ATT ATG GAA AAC AGA TGG CAG GTG ATG A T T  6 T G  TGG C I A  GTA GAC AGE A T 6  

30 40 50 
a r g  i l e  a r g  t h r  t r p  l y s  s e r  l e u  Val l y s  h i s  h i s  m e t  t y r  t l e  s e r  l y s  l y s  a l a  l y s  g l y  t r p  phe t y r  a r g  h l s  fi ls t y r  g l u  s o r  

4642 AGG A T 1  AGA ACA TGG AAA AGT TTA GTA AAA CAC CAT ATG T A T  A T T  TCA AAG AAA GCT AAA 6 6 1  TGG T T T  T A T  AGA CAT CAC T A T  GAA AGT 

90 100 110 
a r g  g l u  t r p  h i s  leu  g l y  g l n  g l y  Val a l a  i l e  g l u  t r p  a r g  l y r  l y s  1ys t y r  s e r  t h r  g l n  v r l  asp  pro p l y  l e u  a l a  a s p  p l n  l e u  

4822 AGA GhA TGG CAT T r G  GGC CAG GGA GTC GCC A T A  GAA TGG 1 6 6  AAA AAG AAA TAT AGC ACA CAA GTA GAC C C T  6 6 C  C T i  E C A  6 A C  CAA CTA 

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- 
eieotides are numbered 
according to Fig. 2. 

120 130 140 
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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-I11 (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-I11 with HTLV-I and HTLV-I1 
(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-I 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-111, and ARV). 

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 (2-4, 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 (4448). 
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 

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 ge?eration 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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