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Identification of HTLV-IIIILAV sor Gene Product 
and Detection of Antibodies in Human Sera 

The nucleotide sequence of the genome of HTLV-111, the infectious agent etiologically 
associated with the acquired immune deficiency syndrome, predicts a small open 
reading frame, termed sor, located between the pol and env genes. A DNA segment 
containing 82 percent of the sur region was inserted into a prokaryotic expression 
vector, pJL6, to determine whether sor encodes a viral protein and to gain some insight 
into its possible function. The bacterially synthesized sor protein reacted with sera from 
individuals infected with HTLV-111, indicating that sor is expressed as a protein 
product or products that are immunogenic in vivo. Antibodies to the purified, 
bacterially synthesized sor protein were found to react specifically with the same 
protein and also with a protein of molecular weight 23,000 (23K) in HTLV-III- 
infected H9 cell extracts. The 23K protein cornigrated with a protein irnmunoprecipi- 
tated by the serum of a hemophiliac patient with antibodies to HTLV-111, suggesting 
that this protein is probably the sur gene product. 

H UMAN T-LYMPHOTROPIC VIRUS 

type I11 (HTLV-IIIILAV) has 
been implicated as the causative 

agent of the acquired immune deficiency 
syndrome (AIDS) in humans (1-5). The 
published nucleotide sequences of three iso- 
lates of HTLV-I11 and related viruses pre- 
dict the characteristic retroviralgag, pol, and 
env genes as well as two small open reading 
frames, sor and 3'-of (6-8). The two small 
open reading frames in the HTLV-I11 
genome are unusual in that they have no 
equivalents similar in size and location in the 
genomes of other exogenous human retro- 
viruses such as HTLV-I and HTLV-I1 (9, 
10). The sor region is located between the pol 
and env genes and can encode a protein of 
192 amino acids with an estimated molecu- 
lar weight of 22,500 (22.5K). Its initiator 
methionine overlaps with the end ofpol and 

its terminator precedes the beginning of env. 
The 440 nucleotides between sor and env 
contain additional open reading frames that 
have the potential to encode small novel 
proteins. One of these has been shown to 
constitute the second exon of the trans- 
activating gene (tatlI1) (1 1, 12). The puta- 
tive initiator methionine of the 3'-of is 
located 4 base pairs downstream from the 
stop codon of the env protein. Its open 
reading frame extends into the U3 element 
of the 3' long terminal repeat (LTR). The 
native gene product of 3'-ofin HTLV-III- 
infected cells has been identified as a 27K 
protein and shown to be immunogenic in 
vivo (13, 14). In this report, we show that 
the HTLV-I11 sor gene product is a 23K 
protein that is also immunogenic in vivo. 

HTLV-I11 is an exogenous retrovirus that 
infects mainly the T4+ human T cells. Un- 

like most other nondefective retroviruses, 
infection with HTLV-I11 generally leads to 
cell death in vitro and to depletion of T cells 
with OKT4 phenotype in patients with 
AIDS (2, 5, 15). The small open reading 
frames may contribute to this cytopathic 
effect by encoding viral proteins that either 
directly or indirectly alter the cell metabo- 
lism. DNA probes derived from the sm 
region hybridize to RNA species in HTLV- 
111-infected cells (12, 16). However, wheth- 
er the sor-related messenger RNA's 
(mRNAYs) are translated into distinct pro- 
tein species remains to be studied, and the 
functions of the putative sor gene products 
are unknown. 

In one approach to these problems we 
have expressed the sor region in Escherichia 
cdi. The Alu I-Alu I fragment of the BHlO 
clone (17) of HTLV-I11 corresponding to 
the segment from nucleotides 4724-5201 
[numbered according to Ratner et al. (6)] 
was isolated from an Eco RI subclone. The 
5' Alu I site is located 34 amino acids 
downstream from the putative initiator me- 
thionine, while the 3' Alu I site coincides 
with the termination codon of sor. There- 
fore, only 35 amino acids may have been 
deleted with respect to the native protein. 
The Alu I fragment was joined to the expres- 
sion vector pJL6 (18,19) at the Hind I11 site 
(Fig. 1). Thirteen amino acids at the NH2- 
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terminus, including the initiator methionine Table 1. Frequency of human natural antibodies determined by sequential Edman degrada- 
for the sor-containing protein, are provided against bacterially synthesized sm protein. tion with an Applied Biosystems protein 
by the phage A cII gene. The structure of Number sequencer model 470A. Although the sam- 
plasmid psor2 was verified by the chain Num- positive ple was composed of two bands seen on 
terminator DNA sequencing method (20) Clinical status ber SDS-PAGE, only a single NH2-terminal 
with the use of double-stranded psor2 DNA tested To- Per- 

tal centage sequence could be detected. This sequence is 
as described by Zagursky e t  d. (21). The composed of the first 13 amino acids of the 
DNA sequence of about 100 nucleotides Healthy donors 16 4 25 NH2-terminus from the X cII gene. Residues 
clearly demonstrates that psor2 contains an at risk 29* 12 

ARC 22" 7 
41 14-17 are derived from the ligation proce- 

open reading frame starting at the cII gene AIDS 28* 15 dure and residues 18-29 are from the NH2- 
in the vector that extends in frame into the terminus of the Alu I-Alu I fragment of 
sor open reading frame. The bacterially syn- *M these sera were also positive for antibodies to other BHlO clone. This result indicates that the 
thesized sor protein, with an estimated mo- viral antigens (p24 or gp41 or both). 

two species of sor protein are not due to 
lecular weight of 20K, thus contains 1 7  internal initiation of the cloned fragment 
amino acids derived from the vector at its sor region (Fig. 2A, lanes 1 and 3).  Coomas- and could be the result of proteolytic cleav- 
amino terminus. The remaining 157 amino sie blue staining showed that the sor protein age at the COOH-terminus or other post- 
acids are derived from the HTLV-I11 sor constituted approximately 10 percent of to- translational modification of the protein. 
region. tal E. wli proteins (Fig. 2B). This sor protein The partially purified sor protein shown in 

The cII-sor hybrid gene in psor2 is under was purified by successive extractions with Fig. 2C, lane 1, was used in a Western blot 
the transcriptional control of the A pL pro- salts and detergents as described by Krippl assay to test its irnrnunoreactivity with hu- 
moter located immediately upstream from e t  d. (22) and represented about 80 percent man sera. Serum samples from 79 patients 
the cII gene. psor2 was placed in E. coli MZ1 of the protein at this stage of purification seropositive for other HTLV-I11 antigens 
that contains a temperature-sensitive A re- (Fig. 2C, lane 1). It was further purified by (p24 or gp41 or both) (24,25) and from 16 
pressor (18). When total E. coli proteins high-performance liquid chromatography normal blood donors with no detectable 
were metabolically labeled with either (HPLC) either on a cation-exchange col- antibodies to the HTLV-I11 8% and env 
[35~]methionine or [35S]cysteine, a new pro- umn or on a reverse-phase CI8 column as proteins were obtained on a random basis. 
tein of 20K was produced in temperature- described by Samuel e t  al. (23). The cation- The 79 seropositive patients included 29 
induced MZ1 cells containing psor2 (Fig. exchange column resolved the two major individuals "at risk," such as male homosex- 
2A, lane 2). This protein was observed as species of sor protein and revealed a possible uals, intravenous drug users, and relatives of 
two species that were resolved on sodium third species of intermediate mobility on AIDS patients; 22 patients with AIDS-relat- 
dodecyl sulfate-polyacrylamide gels (SDS- SDS-PAGE (Fig. 2C, lanes 2 to 4).  The two ed complex (ARC) (4); and 28 patients with 
PAGE). It was not observed in uninduced prominent bands seen in Fig. 2C, lane 1, AIDS. Representative Western blots are 
cells, or in induced cells containing the coeluted from the Cl8 column, and the shown in Fig. 2D. We detected antibodies 
vector alone, or psorl with an out-of-frame NHz-terminal sequence of both species was that reacted with the sor protein in some 

people of all the groups that were analyzed, 

ECO RI  HTLV Ill 
including the healthy donors (Table 1). The 

3'-orf  0 ~ 1 1 1  env t 1 k b  

healthy donors presumably have not been 
exposed to HTLV-111 (all of them were 

A ~ P '  , I fl I I H seronegative for other viral proteins), sug- 
pJL6 I' \ \  

, gesting that sera from these people may 
Barn HI I Stu l ' \ ~ I u  I 

bp 
recognize a normal cellular protein or anoth- 

I H er foreign protein that shares antigenic de- 
M$ , ' \ \  \ * 

1 terminants with the sor protein. Therefore, 
I \ the percentage of patients whose sera react- + \ 

5 '  CGA ATC GAT AAG CTT 3 '  ' C 5: A A ~  AGG $ ed with the purified HTLV-I11 sor protein in 
Cia I Hind III AIU I vitro may not reflect the real frequency with 

Hind I I I  digestion which antibodies to sor protein were pro- 1 Filling in end; I 1 duced in the infected people. Our results 
indicate that the sor protein is immunogenic 

Blunt end ligation 

5 '  CGA ATC GAT AAG CTC TAG G 3 '  
Cla I Alu I 

1 Cla I digestion Fig. 1. Construction of plasmid psor2. The Alu I-Alu I fragment of HT'LV-I11 is derived 
1 Filling in ends from the BH 10 clone (17) corresponding to positions 4724 to 5201 (6). It can encode 157 

amino acids out of a maximum of 192 determined by sor and thus covers at least 82% of the 
5 '  CGA ATC GCG ATA ETCT AGG 3 '  HTLV-111 sor gene. The Alu I fragment was joined to the expression vector pJL6 (18) at the 

AIU I unique Hind I11 site that is located 42 base pairs downstream from the initiator methionine 

Eco RI 
of the h cII gene. pJL6 DNA was cleaved with Hind I11 and the cohesive ends were 
converted to blunt ends by E. coli polymerase. The Alu I fragment was then ligated by the 
blunt end to the linearized pJL6 DNA by T4 DNA ligase. The plasmid psorl was shown to 
contain the HTLV-I11 sor sequence cloned in the correct orientation by observing the Stu I 
site near the middle of the Alu I fragment. To adjust the frame of translation of the inserted 
sequence, psorl DNA was cleaved with Cla I, treated with E. coli polymerase to fill in the 
cohesive ends, and religated by T4 ligase. A plasmid, termed psor2, was shown to have the 
expected reading frame by observing a new Nru I site replacing the Cla I site, and by direct 

Barn HI sequencing of the vector-insert junction. Asterisks indicate termination codons. 
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in vivo and that its prevalence is higher in 
infected patients than in normal people. 

The sw protein purified by reversed-phase 
HPLC (23) was used to elicit antibodies. 
The Western blot assay shown in Fig. 3A 
demonstrated that the rabbit antiserum re- 

(Fig. 3B, lanes 1 and 2). The serum of a 
hemophiliac individual without symptoms 
of AIDS, but seropositive for HTLV-I11 
envelope antigens, also reacted with a pro- 
tein from the same cell extract which corni- 
grated with the 239  protein. A protein of 
the same size in HTLV-111-ipfected cells 
was also detected with the sera from HTLV- 
III-seropositive people and was identified as 
the native sw gene product by partial amino 
acid sequencing (26). 

Open reading frames revealed by nucleo- 
tide sequence analysis are potential but not 
necessarily functional genes. One way to 
verify the coding potential of an open read- 

ing frame is to insert it, in frame, into a 
prokaryotic expression vector that can trans- 
late h o s t  a$ foreign gene. Furthermore, 
antibodies to the bacterially synthesized fbr- 
eign protein can facilitate the identification 
o f &  native product or products in the 
virus-infected cells. For example, the 3'-mf 
gene, which was first identified in the 
HTLV-I11 nucleotide seauence as an own 

acted strongly with both species of the sw 
protein purified by the cation-exchange 
HPLC column. The rabbit antiserum was 

reading &me, has been ixpressed in bacte- 
ria (14). In this report we have identified the 
sw gene, another HTLV-I11 gene first pre- 
dicted from its nucleotide sequence by ex- 
pressing it in E. coli through the use of a 
phage A promoter. We found no specific 
correlation between the detection of anti- 
bodies against sw in patients with AIDS or 
ARC and the different stages of the disease. 

then used to identify the native sw protein in 
HTLV-In-infected H9 cells (2). Cells were 
metabolically labeled and the cell extract was 
immunoprecipitated with the rabbit antise- 
rum. Only the immune serum recogrued a 
23K protein in the HTLV-111-infected cells 

The low percentage of seropositivity against 
the sw antigen in the infected people may 
reflect either a low irnmunogenicity of the 
protein or an infrequent exposure of the sw 
antigen to the immune system. 
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kitha lin& 25-minute gradient of 0 to 80% bf 0 . 7 5 ~  N ~ C I  & the equilibration b&r. Portions of the 
oeak fractions were analvzed on 12.5% SDS-PAGE stained with Coomassie blue Ilanes 2 to 4). ID) The 
'mally purified sm pr&tein fraction shown in (C), lane 1 was subjected to el;ctrophoresk onr15% 
SDS-PAGE, transferred to a nitrocellulose filter, and reacted with human sera (1 : 100 dilution) by the 
Western blot assay as described (28). The antigen-antibody complexes were detected by using '251- 
labeled protein A. Fig. 3 (right). Characterization of rabbit antiserum to HTLV-I11 sm protein. A 
rabbit was immunized with 100 kg of the bacterial sm protein purified by reverse-phase high-pressure 
liquid chromatography (23). The initial immunization was Mowed by two 100-kg booster doses 10 
and 20 days later. (A) Western blot analysis (28). The fractions containing thesm protein were subjected 
to electrophoresis on 10% SDS-PAGE and immobilized on a nitrocellulose filter (28). Immune 
com lexes were detected with 1Z51-labeled protein A. Lanes 1 to 4 corrcs nd to those shown in Fi . 
2C, &, I to 4. e) immyn?precip~tation analysis. JfILV-1II-infect$"H9 cells were labeled wi% 
equal activities of [ Slmeth~ome and [35S]cysteine and lysed as described (29,30). The cell extract was 
immunoprecipitated with: lane 1, rabbit preimmune serum; lane 2, the rabbit antiserum as described 
above; lane 3, serum from a hemophdiac patient; and lane 4, serum from another hemophiliac patient, 
Mowed by electrophoresis on 10% SDS-PAGE. The presence of gpl60 in lane 3 and gp160, gp120, 
p55, and p24 in lane 4 indicate that the patients have been exposed to the virus. 
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