
proteins, this may imply that the fiinction of 
p23 is subject to structural constraints exert-
ed by the tn 'p tophan residues. The observa
tion that an analogous open reading frame 
of visna, designatcd orf Q (29), is also 
unusually rich in t ryptophan residues, raises 
the possibilit)' that some functional features 
( ommon to thèse two c)'topathic viruses are 
1 lediated by this région of the virus. 
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Replicative and Cytopathic Potential of 
HTLV-III/LAV with sor Gene Deletions 

JOSEPH SODROSKI, WEI CHUN GOH, CRAIG ROSEN, ANDRé TARTAR, 
DANIEL PORTETELLE, ARSèNE BURNY, WILLIAM HASELTINE 

The. génome o f t h e huxnan T lympho t rop ic virus type I I I ( H T L V  I I I / L A V ) has the 
X)tential to encode a t least th ree polypept ides in addi t ion t o those encoded by t h e ^ a g , 

pol, and env gènes . I n th is s tudy, t he p roduc t of the sor ( shor t open reading frame) 
région, which over laps t he 3 ' end of the pol gene, was f o u n d to be a p ro te in w i t h a 
molecular w e i g h t o f 2 3 , 0 0 0 . An assay was developed fo r tes t ing the ability o f c loned 
H T L V  I I I p rov i ruses t o p roduce viruses cytopathic for T4"^ lymphocytes. I n t h e cell 
line used, C 8 1 6 6 , n e i t h e r t he H T L V  I I I sor gene p roduc t n o r the complète 3'<?r/"gene 
p roduc t were necessary f o r the repUcation or cytopathic eflFects of the H T L V  I I I . 

THE H U M A N T - L Y M P H O T R O P I C VI-

rus type III (HTLVI I I /LAV) is the 
primary etiological agent of the ac

quired immune deficienq' syndrome 
(AIDS) and associated disorders (1). Infec
tion with the virus can resuit in a depletion 
of the T4* subset of lymphocytes in pa
tients, which results in the immune suppres
sion characteristic of A I D S (2). H T L V  I I I 
can exert cytopathic effects on cultured pe
""ipheral blood lymphocytes as well as on 
•stablished lymphocyte lines, mimicking the 
effects on the host cell in vivo [1, 3). 

The complète nucleotide séquence of sev
eral independent isolâtes of the virus has 
been determined (4). In addition to the 
gènes that encode structural components of 
the virus ( t he_^^ and env gènes) and a gene 
that encodes f u n a i o n s required for replica
tion (the fol gene) (5), the génome of ail 
strains of this virus has the potential to 
encode at least three additional polypep
tides. The ta.t\\i gene, which includes two 
coding exons, one located just 5 ' t o env and 
a second located within an alternative read
ing frame of env, encodes the 14K transacti

vator protein (molecular weight 14,000) {6, 
7). The product of fatm induces high levels 
of expression of gènes under the control c f 
the H T L V  I I I long terminal repeat (LTR) 
\'ia in teraa ion with spécifie target séquences 
{8). Expression of tatm in in feaed cells 
gready stimulâtes the rate of virus protein 
expression and thereby contributes to effi
cient replication of the virus (P). A 27K 
protein of unknown function is encoded by 
the ?,'-orf reading frame, located between 
the env gene and the 3' L T R {10). 

A third potential coding région in the 
HTLVI I I génome, designated sor for short 
open reading frame, overlaps the 3 ' end of 
the pol gene (4). Studies of virusspecific 
messenger R N A (mRNA) species présent in 
infected cells revealed two spliced polyaden
ylated R N A species, of 5.5 and 5.0 kilobases 
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w ^ )w|«ai|l0 gp , , 2 0 - Hllml ' ^'S' ^' I'™^'^°P''^'^'P't3tion o f extracts from HTLV-III - infected cells with 
antiserum t o oligopcptide S. Cell lines were labcled o\'ernight with 

" , : 2 3 K * - - g I» à - B - S [ ' 'S]methionine at 100 jiCi per miLlilitcr and prcpared for immunoprecip-
*̂  "* " • " l H ^ itation with rabbit antiserum to ol igopcptide S (lanes 1 to 8) or sera from 

5 5 _ fl|ÉB|9ÉV HTLV-III - infec ted individuals (lanes 9 to 13) as describcd (17). Lanes I 
p 4 , ^ « M 5 M ï r ind 2: u n i n f e c t e d H 9 c e U s and H 9 c e U s infected with HTLV-III (H9/IIIB) , 
p38'^ ^ W * * " * respectively, precipitated with the antiserum to oligopcptide S. Lanes 3, 4 , 

• ~ and 5: immunocompet i t ion o f H9/ I I IB cell lysates for the antiserum to 
' W oligopcptide S with incrcasing amounts (5, 10, and 2 0 p.g, respectively) o f 

* j oligopcptide S présent in the réaction. Lanes 6, 10, and 12; Jurkat-fafni cells 
transfected wi th pHXBc2. Lanes 7, 9 , and I I : Jurkat-tatm cells transfccted 

p24 - • • • B t ® ^yj^ p D s o r l . Lanes 8 and 13; untransfectcd Jurkat-tatm ccUs. Cells were 
labelcd 5 to 6 days after transfection by the DEAE-dextran technique (18) 

, with 15 M.g o f plasmid D N A . Antiserum to oligopcptide S was useci to 
precipitatc cell extracts in lanes 6 to 8, patient antiserum T.W. in lanes 9 and 

p i 7 - • — 10, and parient antiserum 4 -3 in lanes 11 to 13. 
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(kb), from which the sor région could bc 

expressed {11). Here we report that the 

HTLV-I I I sor région encodes a 2 3 K protein 

and we discuss the rôle of this gene in viral 

replication and cytopathicity. 

The nucleotide séquence of the sor opcn 

reading frame f rom several H T L V - I I I 

strains predicts that this région could encode 

a protein of 192 to 203 amino acids wi th a 

molecular weight of 22.5K to 23K. T o 

détermine whether a protein corresponding 

to the translation product of sor is made in 

H T L V - I I I - i n f e a e d cells, a synthetic oligo-

peptide \\ ith 14 amino acid residues was 

prepared that corresponds to the predictcd 

residues 166 to 179 (nucleondes 5083 to 

5124 of the HTLV-I I I provirus) according 

t o the numbering schcme of Ratner et al. 

(4). The oligopeptide (Thr-Pro-Lys-Lys-De-

Lys-Pro-Pro-Leu-Pro-Ser-Val-Thr-Lys, oli-

gopeptide S; > 9 0 percent pure) was conju-

gated with tetanus toxoid and used to im-

munize rabbits. 

The rabbit antiserum to oligopeptide S 

was used in an immunoprecipitation anal\'sis 

of radiolabeled proteins in virus-infected 

cells. For this purpose, a ccll line infectcd 

widi HTLV-II I (H9/IIIB) ( i ) was labeled 

for 12 hours with [^'SJmethionine. The 

rabbit antiserum precipitated a protein with 

s o r O M I , , ,„,D[ri3'orf 
3 ' p H X B c 2 

A v r II A v r I I 
p D s o r 1 

p D s o r 2 

Fig. 2. Structure o f the pHXBc2 proviral clone 

and deletion mutants. The structure of the 

HTLV-III provirus in plasmid p H X B c 2 is shown 

{12). The dark boxes reprcsent LTR séquences 

and the open boxes beneath the génome rcpresent 

coding régions. The u v o tat exons are designated 

ïat E l and tat E2. The V-arf gene in the p H X B c 2 

provirus contains a stop codon (rcpresented by a 

vertical broken line). The nucleotide séquence and 

predicted amino acid séquence near this stop 

codon, obtained by the mcthod o f Maxam and 

Gilbert (19), is as follows: 

(8720) CAC A C A CAA G G C T A C 

His Thr Gin Gly Tyr 

T T C CCT G A T TAG CAG A A C 

Phe Pro Asp « Gin Asn 

T A C A C A (8759) 

Tyr Thr 

The middlc of the HTLV-III génome is shown in 

détail. The positions of splicc donors ( D ) and 

acceptors i A) and nucleotide numbcrs are dcrived 

from the séquence o f HTLV-III complementary 

D N A clones by Muesing et al. [in (4)]. De ledons 

made in pHXBc2 are shown beneath the génome. 

The locations of the deletion end points occur at 

restriction enzyme cicavage sites. Ail plasmid 

D N A ' s were purified by ccntrifugation in CsCl 

before being used in transfection assays. 

an apparent molecular weight of 23K from 

extracts of die H9/ I I IB cells (Fig. 1, laxie 2) , 

but not f rom extracts of uninfected H 9 cells 

(lane 1). The protein was not precipitated 

by nonimmime rabbit sérum. Oligopeptide 

S itself, when added in increasing amoimts 

to the reaction, spccifically competed for the 

ability of the antiserum to precipitate the 

23K protein (Fig. 1, lanes 3 to 5). 

If the 23K protein is the product of the sor 

région, viruses with the sor région deleted 

should not express it. T o test tl ris p red ia ion , 

a human T-lymphocyte line, Jurkat-ïa^m, 

was transfected with either plasmid 

pHXBc2, containing an infections H T L V -

III provirus {12), or plasmid p D s o r l , which 

is identicai to pHXBc2 except for a deletion 

within the sor région (Fig. 2). The Jurkat-

tatiii line, established by infection of Jurkat 

cells with a recombinant retrovirus vector, 

constitutively expresses a fiinctional tatm 

protein {13). This cell Une was chosen be-

cause when it is transfected with either 

pHXBc2 or pDsor I , the levels of viral reph-

cation and protein production are similar, in 

contrast to our observations in cell lines not 

expressing the tatm product. 

The rabbit antiserum to oligopeptide S 

precipitated a 23K protein from the 

pHXBc2 transfeaants , but not f rom the 

pDsor I t ransfeaants or from imtransfeaed 

Jurkat-totiii cells (Fig. 1, lanes 6 to 8). 

Radiolabeled protein extracts f rom the 

transfected cells were also incubated with 

sera f rom HTLV-III - infected individuals to 

détermine whether other viral proteins were 

produced after transfection with p D s o r l . 

Sérum samples f rom infected patients pre-

cipitated approximateh' equal amounts of 

the g p l 6 0 , g p l 2 0 env gene products, the 

p55, p24-25, and p l 7 ^ag gene proteins, 

and the virus-specific proteins of 41K and 

38K from cells t ransfeaed with either the 

pHXBc2 or the pDsor l plasmids. Sera f rom 

some of the infetted patients also apparentiy 

precipitated the 23K protein f rom the Jur-

kat-fafiii cells transfected with pHXBc2 but 

not f rom the cells transfected with p D s o r l 

(Fig. 1, lanes 9 to 13). Thèse results demon-

strate that a deletion in the sor région specifi-

cally curtails the expression of a 23K protein 

detected by rabbit antiserum directed 

against the predicted sor polypeptide. We 

conclude that the HTLV-II I sor région en-

codes the 23K protein, which we suggest be 

called p23'°' '. 

T o investigate the rôle of the sor gene in 

HTLV-I I I replication and cytopathicity, ad-

ditional deletions were introduced into 

pHXBc2. The pHXBc2 provirus contains a 

termination codon at nucleotide 8744, 123 

codons 3' to the initiation site of the i'-orf 

gene (see legend to Fig. 2). Upon transfec-

tion into peripheral blood lymphocytes. 

pHXBc2 produces replicating cytopathic vi-

rus {12). Wild-type proviruses and those 

containing deletions were introduced into 

appropriate récipient cell lines to monitor 

viral propagation and cytopathic effects. 

The deletions introduced into pHXBc2 in 

the région of the sor gene are shown in Fig. 

2. In plasmid p D s o r l , the 3' third of the snr 

gene is deleted, substituting a random cocii 

reading frame for the deleted segment. Tiie 

deletion in a second plasmid, pDsor2, en-

compasses nearly the entire sor gene. Ncither 

I 2 3 4 5 6 7 

T i m e a f t e r i n f e c t i o n ( d a y s ) 

Fig. 3. (A) Infection of C 8 1 6 6 ceUs widi HTLV-

III. Approximateiy 3 x 1 0 ' donor H 9 and H9/ 

IIIB cells ( i ) were pellcted and resuspended !n 

fresh RPMI 1640 médium supplemented wirh 

20% fetal bovine sérum and mitomycin C (140 

p.g/ml). After incubation at 37°C for 80 minutes, 

the cells were washed twice in phosphate-bufiFered 

saline and cocultivated for 2 4 hours with approxi-

mateiy 1 0 ' C 8 1 6 6 cells in 50% conditioned médi-

um from the original donor cells and Polybrene (4 

(ig/ml). After cocultivation the cells were pellcted 

and resuspended in fresh médium. Médium was 

changed in this manner every 2 days. Only cells 

that excluded trypan blue were included in the 

total cell count. Pilot cxperiments indicated tl.Jt 

Icss than 1% o f the donor cells excluded tr\'paii 

blue 4 8 hours after mitomycin C treatment, indi-

cating that most of the counted cells were C8166 

récipient cells. Membrane immunofluorescencc 

was examined as described (20) with a 1 : 8 dilu-

tion o f R V 1 I 9 A I D S patient sérum, and a 1:30 

dilution o f fluorescein isothiocyanate-conjugated 

goat antiserum to human immunoglobulin (Cap-

pcl). Experiments donc in parallel with normal 

human sérum as a control did not detect mem-

brane fluorescence. Reverse transcriptase wa= .c-

tcrmined on 100-fold concentrated cell-frec 

pernatants as described with an ol igo dT-polyi.-\) 

template-primer and magnésium cofactor (21)-

(B) Membrane fluorescence (curve) and reverse 

transcriptase (histogram). Open bars and circles 

represent C 8 1 6 6 cells cocultivated with H9/IIIB) 

solid bars and circles, C 8 1 6 6 cells cocultivated 

with uninfected H 9 cells. The time course of viral 

replication varicd by no more than 1 day from the 

values shown in three separate experiments. 
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of tliese deletions interfered widi die coding 

régions of die a d j a c e n t o r tat gènes. T h e 

more extensive deletion in die pDsorS pro-

virus removes coding séquences at the 3' 

end of the pol gene and extends beyond the 

3' end of the sm- gene. The proviruses that 

carr)' thèse deletions express the tatm gene 

(at about 40 percent of the level of an 

undeleted provirus) as judged by their abili-

!.v to stimulate heterologous gene expression 

under the control of an HTLV-I I I L T R in 

transient t ransfeaion assays (7). 

Cells of the C8166 T 4 * lymphocyte line 

were chosen as récipients for the assay be-

cause this line expresses markers typical of 

aaivated T cells and is exquisitely sensitive 

to HTLV-II I infection and cytopathicit)' 

{14). Figure 3 shows the results of infection 

of C8166 cells with virus produced by the 

H9/IIIB protoDi'pe cell line ( i ) . Just before 

the C8166 cells showed their maximum 

HTLVTII-specif ic positi\ e membrane fluo-

rescence and extracellular reverse transcrip-

tase (RT) activit}', q t o p a t h i c changes oc-

curred that included syna t i a formation, cel-

lular enlargement, and extrusion of cell 

membranes (Fig. 3). The number of viable 

cells decreased rapidly thereafter. N o such 

changes occurred in C8166 cultures exposed 

to uninfected H 9 cells. 

The abilit)' of the full-length provirus and 

of the proviruses with w gene deletions to 

produce infectious as well as cytopathic vi-

rus was determined. For this purpose, the 

pHXBc2 plasmid and plasmids with dele-

dons were initially transfectcd into a human 

B-lymphoc)te line, Raj i-mfm, constitutively 

expressing the HTLV-I I I tat protein {13). 

Viral jji^, tat, and env products were readily 

de teaed at 72 hours in cells transfected with 

pHXBc2, pDsor l , pDsor2, or pDsorS plas-

mid DNA. At this time, the transfected cells 

were treated with mitomvcin C and cultivat-

ed with récipient C8166 cells at a ratio of 1 
to 3. Within 4 days, most of the C8166 cells 

that had been cocultivated with cells that 

received pHXBc2 exhibited HTLV-I I I - spe -

dfîc membrane fluorescence (Fig. 4) , and 

about half of them showed cytopathic 

changes indistinguishable f rom those ob-

ser\'ed after infection of C8166 cultures 

with the prototype virus derived f rom H 9 / 

IIIB cells. SLx days after cocultivation wi th 

pHXBc2 transfectants, almost ail of the 

e s 166 cells showed cytopathic changes and 

there was a dramadc decrease in the viability 

of the culture. Extracellular R T activity was 

de teaed in cell-free supernatants of such 

cultures, albeit at lo^\'er levels than after 

infection of C8166 cultures (see Fig. 4 

legend). 

In parallel experiments, C8166 cells were 

cocultivated with Raji-taïm cells transfected 

with the pDsor I , -2, and -3 plasmids. Al-

though the levels of viral £[ag and env pro-

teins transiendy produced in the Raji-tafni 

cells transfected wi th the deleted plasmids 

were the same as in the pHXBc2-transfected 

cells, the results of cocultivation with the 

C8166 récipients differed markedly. N o évi-

dence of the virus infection was detected in 

C8166 cells exposed to the pDsor3 transfec-

tants. N o cytopathic effect was noted and 

the number of viable cells was indistinguish-

able from that of control cultures cocultivat-

ed with mock-transfected Raji-rarm cells, 

even after 3 weeks. A maximum of 4 percent 

of cells showed évidence of positive surface 

immune fluorescence, a value that did not 

increase with time. N o viral D N A or pro-

teins could be d e t e a e d in thèse cells at 10 

days after cocultivation. We conclude that 

the pDsor3 deletion renders the virus inca-

pable of replication in this System. 

In contrast, C 8 1 6 6 cells cocultivated with 

both the p D s o r I - and pDsor2-transfected 

Raji-mfiii lymphocytes did produce virus 

(Fig. 4). However , the spread of virus infec-

tion in the culture was delayed. Greater than 

95 percent of the cell population showed 

HTLV-III-specif ic membrane fluorescence 

at 10 days after exposure to the deleted 

proviruses; such fluorescence occurred at 4 

days after exposure to pHXBc2. The C8166 

cultures exposed to the deleted proviruses 

showed delayed cytopathic changes and 

longer cell viability, but nonetheless more 

than 95 percent of the cells died after 12 to 

13 days. 

The protein products présent in the in-

fected cell populations were analyzed hv 

immunoprecipitat ion of cell lysates labeled 

at the t ime of maximimi immunofluores-

cence, just prior to the onset of marked loss 

of cell viability (Fig. 5). When tested with 

sérum f rom an AIDS patient (RV119) , 

immunoprecipitates of H 9 cells infected 

with H T L V - I I I reveal products of the £ag 

gene (p55, p24-25, p l 7 , and possibly p38) 

(5), env gene ( g p l 6 0 , g p l 2 0 , and gp41) (5), 

and 3'-OTf gene (p27) {10). When C8166 

cells that had been exposed to pHXBc2 were 

tested with R V 1 1 9 sérum, the profile was 

similar except for the absence o f the p27 3'-

orf product . This was expected, because the 

provirus présent on this plasmid contains a 

termination codon near the middle of the 

Z'-orf coding région (see Fig. 2). When 

I 3 5 7 9 II 13 

Time a f t e r cocul t ivat ion ( d a y s ) 

Fig. 4. (A) Infecrivity and cytopathicity assays with C8166 celJs. Approximately 2 x 10 ' Raji-f«t,„ cells 

constinjti\'elv expressing tatm were transfeaed with 15 p-g o f plasmid D N A by the DEAE-dextran 

procédure {18). Approximately 72 hours after transfection, the cells were treated with mitomycin C and 

cocultivated with C8166 cells as described in Fig. 3. Plasmids used for the transfection included 

pHXBc2 ( � ) , pDsorI ( � ) , pDsor2 (O), and pDsorS ( � ) . Total cell counts, reverse transcriptase assays, 

and membrane immunofluorescence were perfonned as described in Fig. 3. Reverse transcriptase levels 

(5 X 10' to 10 X 10' cpm/ml compared to background of 4 x 10' to 6 x 10' cpni/ml) peaked at day 5 

after cocultivation with thc pHXBc2 transfectants and at days 10 to 11 after coculn\ adon with either 

pDsorI or pDsor2 transfectants. Reverse transcriptase was not elevated above background in C8166 

cells cocultivated with the pDsorS transfectants. The time course of viral replication varicd by no more 

than 2 days from the values shown in three separate experiments. (B, C, and D ) C 8 1 6 6 cells 9 days after 

cocultivation with Raji-f«fi], cells transfected with pDsorS, pDsorI , and pHXBc2 plasmids, respectively 

( x l 6 0 ) . Cytopathic effects are présent in (C) and (D). (E) Typical pattem of fluorescence observ-ed in 

C8166 cells 10 days after cocultivation with pDsorI transfectants. 
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1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 Fig. 5. Immunoprecipitation o f C 8 1 6 6 proteins. The C 8 1 6 6 cells werc 

labeled with [''S]cysteine overnight at the time of maximal positive mem-

brane fluorescence spécifie for HTLV-III (days 4 to 5 for C816 6 cells 

cocultivatcd with p H X B c l transfectants, days 9 to 10 for cells cocultivatcd 

with p D s o r l , pDsor2, or pDsor3 transfectants). Labeled cell lysatcs werc 

immunoprecipitated {17) with R V 1 1 9 , a positive AIDS patient sérum (lancs 

1 to 6), or rabbit antiserum to oligopeptide S (lanes 7 to 12). Sources of the 

lysates are H 9 cells infeaed with HTLV-III (lanes 1 and 7), uninfcctcd H 9 

cells (lanes 2 and 8) , or C 8 1 6 6 cells cocultivatcd with transfected Raji-K,-;. , 

cells. The original transfected plasmids include pHXBc2 (lanes 3 and 9 , 

pDsorI (lancs 4 and 10), pDsor2 (lanes 5 and 11), or pDsorS (lancs 6 and 

12). 

p 1 7 - — 

1 2 3 4 5 6 7 8 9 10 11 

Fig. 6. Southern blot of D N A from C 8 1 6 6 cells. Total cellular D N A was 

isolated from C 8 1 6 6 cells at the timc o f maximum membrane immunofluo-

resccnce spécifie for HTLV-III (day 4 after cocultivation with pHXBc2-

transfected Raji-tarm cells; day 9 after cocultivation with Raji-fat,,, o:i':. 

transfected with pDsorI , pDsor2, or pDsorS). The D N A (10 \ig) w^s 

digested with Xba I (lanes 1 to 3) , Xho I (lanes 4 to 7), Bam HI (lane 8), or 

Hind III (lanes 9 to 11) and Southern blotted as describcd {15). The 

nitrocellulose filter was hybridizcd to a probe made from a pooled collection 

of gel-isolatcd Bgl II internai fragments derived from pHXBc2. The filter 

was washed in 0 .2 x SSC at 70°C for 2 hours before autoradiography. The 

original transfected plasmids used werc pHXBc2 (lanes 1 , 4 , and 9) , pDsorl 

(lanes 2, 5, and 10) , pDsor2 (lanes 3, 6 , and 8), or pDsorS (lanes 7 and 11). 

Xba I does not eut within the HTLV-III provirus, yielding apparent 

supercoiled and relaxed circular bands. Both Xho I and Bam HI cleave 

HTLV-III proviral D N A once, yielding an apparently hnear form migratins 

slightly faster than the relaxed circular form obscrved in the Xba I digc 

Hind III cuts the HTLV-III provirus at multiple internai sites, yieldii.g 

fragments of approximatcly 4 .2 , 2 .0 , 1.6, and 0.6 kilobases (the laner 

fragment is not shown). 

C8166 cells that had been exposed to the 

deleted proviruses pDsor l and -2, werc 

tested widi R V l 19 sérum, the profile was 

the same as that for cells exposed to 

pHXBc2 (Fig. 5). The 23K5(7rgene product 

was detected by the antiserum to oligopep-

tide S in C 8 1 6 6 cells exposed to the 

pHXBc2 t ransfeaants , but not in C8166 

cells exposed to p D s o r l or pDsor2. 

The structure of proviral D N A présent in 

cells infected wi th the intact virus or virus 

with so)- région deletions was examined by 

Southern blot analyses of total undigested 

cellular D N A or D N A that had been treated 

with restriction enz)'mes {15). Although the 

same D N A forms, predominandy iminte-

grated closed circular and relaxed circular 

viral D N A forms, were présent in cells in-

fected w ith whole virus or virus with dele-

tions, the amount of D N A was reduced in 

cells carr^'ing the virus with sor deletions 

(Fig. 6), � 
Thèse results show that the sor gene of 

HTLV-II I is no t required for replication of 

the virus or for its cvtopathic effect on a Té'*" 

cell line. Viruses containing spécifie dele-

tions in this gene replicate in and kill the 

e s 166 cell line, bu t at a slower rate than the 

whole \ ims. T w o explanations of this mod-

est e f fea on virus replication can be offered. 

The sor gene itself may slightly accelerate the 

rate of \ irus replication. Alternatively, dis-

turbance of the structure of the viral génome 

in the vicinity of the pal and tat gènes may 

indirecdy affect the level of expression of 

thèse gènes, which are essential for virus 

replication (9). The latter interprétation is 

supported by the obser\'ed decrease in trans-

aaivat ing ability in transient expression as-

says of the ^or-deleted proviruses compared 

to the wild-type provirus (7). Tha t the Icvels 

of protein expression and replication kinet-

ics of the w-de le ted viruses approximate 

that of the wild-type virus in Jurkat-tafm 

cells (see Fig. 1) fijrther suggests that much 

of the atténuation associated with the sor 

deletions can be complemented by the tatm 

product. 

O u r results also demonstrate that expres-

sion of the intact 3'-orf gene is not required 

either for replication or cytopathic effect of 

HTLV-I I I in xhc T 4 * cell line used. Ail of 

the proviruses used for this work contain a 

termination codon within the i'-orf gene 

and do not make détectable levels of the 

27K 3'-o>f protein. 

A fijnaion essential for virus replication is 

apparently deleted in the pDsorS plasmid. 

This deledon removes 148 amino acids f rom 

the 3 ' end of the pol gene. The deletion does 

not remo\'e any coding séquences of tatm, 

and the provirus that carries this deletion 

expresses tatm function (7). The 3' end of 

the pol gene of other retroviruses encodes an 

endonuclcase or integrase fi incuon (16). 

Similarities in the predicted amino acid sé-

quence of this région of the HTLV-II I 

génome to analogous régions of other retro-

viruses suggest that the fijnction of this 

région is conserved (4). For this reason, we 

speculate that inactivadon of the endonuck-

ase-integrase domain of the pol gene prt-

vents virus replication. 

The surprisingly mild effect of mutadons 

in the sor and 3'-otf gènes on the replicadon 

and cytopathic activity of the virus poses 

questions regarding the rôle of thèse gènes 

in the natural life q'cle of the virus. That the 

sor protein plays some rôle is suggested by 

the relatively high degree of conservation of 

this gene in independent virus isolâtes [4). 

One possibilité' is that this protein may be 

required for growth or régulation in cell 

types not examined here. Assays similar to 

those described here but with the target cells 

being derived from the central nervous or 

reticuloendothelial System may reveal novel 

fiinctions for the sor and 3'-orf products. 
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Identification of HTLV-III/LAV sor Gene Product 

and Détection of Antibodies in Human Sera 

NANCY C. KAN, GENOVEFFA FRANCHINI, FLOSSIE WONG-STAAL, 

GAKRETT C. DuBois, W . GéRARD ROBEY, JAMES A. LAUTENBERGER, 

TAKIS S. PAPAS* 

T h e n u d e o t i d e séquence o f t he g é n o m e o f H T L V - I I I , t he infectious agent etiologically 

associated wi th the acqui red Lmmune deficiency syndrome, predicts a small o p e n 

r ead ing f rame, t e rmed sor, located b e t w e e n the pol a n d env gènes. A D N A segment 

con ta in ing 82 percent of t he sor r ég ion w a s inser ted in to a prokaryot ic expression 

vector , p JL6 , to dé te rmine w h e t h e r sor encodes a viral p ro te in and t o gain some ins igh t 

i n to its possible fiinction. T h e bacterial ly synthesized sor p ro te in reacted wi th sera from 

individuals infected wi th H T L V - I I I , ind ica t ing tha t sor is cxpressed as a p ro t e in 

p r o d u c t o r p roduc ts t h à t arc i m m u n o g e n i c in vivo. Ant ibodies to the pur i f ied , 

bacterially syiithesized sor p ro t e in w e r e f o u n d to react specifically wi th the s ame 

p r o t e i n and also wi th a p ro t e in o f molecu la r we igh t 2 3 , 0 0 0 (23K) in H T L V - I I I -

infec ted H 9 cell extracts. T h e 2 3 K p r o t e i n comigra ted wi th a pro te in immunoprec ip i -

t a t e d by the sérum of a hemophi l i ac p a t i e n t w i t h ant ibodies t o H T L V - I I I , suggest ing 

t h a t th is prote in is p robab ly t he sor gene p r o d u c t . 

H
U M A N T - L Y M P H O T R O P I C V I R U S 

type III (HTLV-II I /LAV) has 

been implicated as the causative 

agent of the acquired immvtne deficiency 

syndrome (AIDS) in humans {1-5). T h e 

published nucleotidé séquences of three iso-

lâtes of HTLV-I I I and related viruses pre-

dict the characteristic retro%'iral^ag, pol, and 

env gènes as well as rwo small ôpen reading 

frames, sor and 3'-orf (6-8). The t w o small 

open reading frames in the H T L V - I I I 

génome are unusual in that they have n o 

équivalents similar in size and location in the 

génomes of other exogenous human retro-

viiruses such as HTLV-I and H T L V - I I {9, 

10). The sor région is located between ùiepol 

and env gènes and can encode a protein o f 

192 amino acids with an estimated molecu-

lar weight of 22,500 (22.5K). Its initiator 

methioninc ovcrlaps with the end of pol and 

2 8 M A R C H 1 9 8 6 

its tcrminator précèdes the beginning o f env. 

The 440 nucleotides benveen sor and env 

contain additional open reading frames that 

have the potential to encode small novel 

proteins. One of thèse has been shown to 

constimte the second exon of the trans-

aaivating gene (tafm) (11, 12). The puta-

tive initiator methionine of the 2>'-orf is 

located 4 base pairs downstream f rom the 

stop codon of the env protein. Its open 

reading frame extends into the U3 élément 

of the 3' long terminal repcat (LTR). The 

native gene p r o d u a of 3'-(wf in H T L V - I I I -

infected cells has been identified as a 27K 

protein and shown to be immunogenic in 

vivo (13, 14). In this repon, we show that 

the HTLV-I I I sor gene product is a 23K 

protein that is also immunogenic in vivo. 

HTLV-I I I is an exogenous retrovirus that 

infects mainly the T4"^ human T cells. Un-

likc most o ther nonde fea ive retroviruses, 

infection wi th H T L V - I I I generally leads to 

cell death in vitro and to depletion of T cells 

with O K T 4 phenotype in patients with 

AIDS (2, 5, 15). T h e small open reading 

frames may contr ibute to this cytopathic 

effect by encoding viral proteins that cither 

direcdy or indirectly alter the cell metabo-

lism. D N A probes derived f rom the sor 

région hybridize t o ILNA species in H T L V -

I l l - infec ted cells (12,16). However , wheth-

er the ^or-related messenger RNA's 

(mRNA's) are translated into distinrt pro-

tein species rcmains to be studied, and the 

flmctions of the putative sor gène products 

are unknown. 

In one approach to thèse problerhs we 

have expressed the sor région in Escherichia 

coli. The Alu I -AJu I fragment of the B H I O 

clone (17) o f H T L V - I I I corresponding to 

the segment f rom nucleotides 4 7 2 4 - 5 2 0 1 

[numbercd according to Ratner et al. (6)] 

was isolated from an Eco R I subclone. The 

5 ' Alu I site is located 34 amino acids 

downstream f rom the putative initiator me-

thionine, while the 3 ' Alu I site coïncides 

with the terminat ion codon of sor. There-

fore, only 35 amino acids may have been 

deleted wi th respect to the native protein. 

The Alu I f r agment was joined to the expres-

sion vector pJL6 (18,19) at the H ù i d III site 

(Fig. 1). Thir teen amino acids at the NH2-
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