
single action potential, but also makes it 
possible to separate and measure the 
contributions of various Ca2+ transport 
systems to generation of muscle tension. 
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Expression of the 3' Terminal Region of Human 
T-cell Leukemia Viruses 

Abstract. Humdn T-cell leukemia viruses (HTLV) are closely associated with some 
human T-cell leukemias and lymphomas. A unique 3' region of the HTLV genome is 
believed to be involved in HTLV-induced cellular transformation, although the 
function of this region has yet to be determined. A subgenomic messenger RNA 
transcribed from this region of HTLV has now been characterized. These results 
provide direct evidence for the expression of a novel gene in HTLV. 

The human T-cell leukemia viruses 
(HTLV) types I and I1 are lymphotropic 
retroviruses that have been isolated from 
patients with specific T-cell malignancies 
(14). Infection of normal leukocytes by 
HTLV-I or HTLV-I1 in vitro results in 
the transformation of mature T cells, as 
shown by their continued proliferation 
(5-8). The mechanism of HTLV-induced 
leukemogenesis remains obscure. No 
known viral oncogene has been identi- 
fied in HTLV. However, analyses of 
HTLV-I and HTLV-I1 nucleic acid se- 
quences have identified a region, termed 
X, whose function is, as yet, unknown 
(9-11). The X region is bounded by env 
and the 3' terminal repeat (LTR), is 
approximately 1.6 kilobase pairs long, 
and contains several open reading 
frames. The conservation of the X se- 
quence in both HTLV-I and HTLV-fI 
suggests that it encodes a protein that 
may play a critical role in HTLV replica- 
tion or HTLV-induced cellular transfor- 
mation, or both. 

The HTLV-11-infected Mo-T cell line 
was established by primary culture of 
splenic tissue from a patient with a T-cell 
variant hairy cell leukemia (12, 13). MO- 
T cell RNA was assayed for the presence 
of X-specific sequences by the hybrid- 
ization-S1 nuclease technique. Nucleic 
acid sequence analyses of the HTLV X 
region revealed three open reading 
frames in HTLV-I1 (X-a to X-c) and four 
open reading frames in HTLV-I (X-I to 
X-IV) (9-11). Three of the open reading 
ft-ames in HTLV-I are homologous with 
those in HTLV-11, namely, X-I1 with X- 
a, X-I11 with X-b, and X-IV with X-c. 
Comparison of nucleic acid sequences in 
the X region of HTLV-I and HTLV-I1 
reveals only 33 percent homology in the 
first third of the sequences and an abrupt 
shift to 75 percent homblogy in the 3' 
two-thirds, where the homologous open 
reading frames are located (10, 11). The 
Hha I-Cla I probe prepared from cloned 
HTLV-I1 DNA (see Fig. 1B) is a 431- 
base-pair fragment that spans the junc- 
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tion between the high- and low-homolo- tive of a 174-nucleotide protected frag- sequences of low and high homology. 
gy X sequences. Figure 1A shows the ment is observed. This fragment termi- The large protected fragment of 431 nu- 
DNA fragments protected by hybridiza- nates close to the 5' end of the X-c open cleotides corresponds to hybridization of 
tion to Mo-T cell RNA. A band indica- reading frame near the junction between full-length probe with either genomic 

Fig. 2. Determination of X 
mRNA size. Poly(A)+ cyto- 

1 plasmic RNA from Mo-T 
cells (150 pg) was sediment- 
ed on a 15 to 30 percent 
sucrose density gradient 
in a Beckman SW41 rotor. 
Twenty-three fractions were 
collected. (A) Northern hy- 
bridization of 10-p1 portions 
of selected gradient RNA 
fractions was performed on a 
formaldehyde gel by stan- 
dard methods (25). The nick- 
translated hybridization 

b* 1 
probe was prepared from the 
HTLV-I1 pH-3 subclone, 
which is shown diagramati- 
cally below the HTLV-I1 
genome. The molecular size 

r e  markers are indicated in ki- 
lobase pairs. (B) Sl  nuclease 
analysis of 30-pl portions of 
selected gradient RNA frac- 
tions. The methods are as 
described in Fig. 1A with the 
following modifications: 18 
pg of L-cell RNA was added 
to each SI  assay before the 

hybridization step and the amount of S l  nuclease was reduced to 100 units. Control Sl nuclease assay of uninfected Mo-T RNA is shown in 
parallel. The molecular size markers are shown in nucleotides. The protected fragment of 174 nucleotides is indicated. 
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slization of the splice acceptor 
quence. (A) The HTLV-I1 and HTLV-I 
ha I-Cla 1 probe (see Fig. IB)  was se- 
~enced by the method of Maxam-Gilbert 
6 ) .  Electrophoresis was performed on an R 
:rcent acrylamide-XM urea sequencing gel 
parallel with the respective S, analy.;is of 

TLV-11 (Mo-TI or HTLV-I (SLR-I) RNA 
ee Fig. IA for details). The sequence of the 
N A  probe near the terminus of the 174- 
lcleotide protected fragment is shown. The 
quence shown is complementary to the viral 
NA. The position of the splice acceptor site 
A) is indicated. (BI Nucleic acid sequence 
a portion of the X region showing the 

acceptor site ( S A )  at 
base 5x0 in HTLV-11. 

:nce being numbered 
respective X regions 

I). Asterisks denote HTLV-I and HTLV-I1 
lcleic acid sequence homology. The start of 
e predicted amino acid sequence for the 
TLV-I X-IV and the HTLV-I1 X-c open 

frames is shown. 
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HTLV-I1 RNA or a subgenomic messen- 
ger RNA (mRNA) species, such as env, 
that would encompass the entire probe. 
Control S1 nuclease studies with RNA 
from uninfected cell lines did not reveal 
any protected fragments (data not 
shown). 

JLB-I1 is an HTLV-11-transformed T- 
cell line, derived by cocultivation of le- 
thally irradiated Mo-T cells with normal 
human leukocytes (8, 14, 15). In contrast 
to Mo-'T, which harbors multiple provir- 
uses that differ in nucleic acid sequence 
(11, 14), JLB-I1 contains only the wild- 
type, replication-competent HTLV-I1 
genome (data not shown). The protected 
fragments at 174 and 43 1 nucleotides are 
again observed in the S I  nuclease assay 
with JLB-I1 RNA. These data suggest 
that a potential splice acceptor site is 
located at approximately 174 nucleotides 
upstream of the Cla I site. The other 
minor bands in Mo-T cells may be due 
to variant proviruses or to nonspecific 
cleavage of the hybrid. 

Because of the high homology be- 
tween the nucleic acid sequences of 
HTLV.1 and HTLV-I1 in the distal two- 
thirds of the X region, an X splice accep- 
tor site should also be present in an 
analogous position of the HTLV-I 
genome. The Cla I restriction enzyme 
site is conserved in homologous se- 
quences of HTLV-I and HTLV-I1 (Fig. 
1B). Thus, we prepared a 396-nucleotide 
probe utilizing the Cla I site in HTLV-I, 
allowing a direct comparison of the S1 
mapping data. 

RNA was extracted from the SLB-I 
cell line, which was derived by infection 
of normal human leukocytes with 
HTLV-I in vitro (15, 16). As in the S I  
nuclease assay of HTLV-I1 RNA, a frag- 
ment that is virtually coincident with the 
174-nucleotide HTLV-I1 fragment is pro- 
tected in the HTLV-I system (Fig. 1A). 
Analysis of RNA from the HTLV-I- 
infected SLB-IV cell line resulted in a 
similar pattern of hybridization. 

Taken together, the identity of the S1 
nuclease-resistant fragment seen with 
HTLV-I and HTLV-I1 RNA suggests 
that the X sequences are transcribed into 
a processed mRNA species. To confirm 
the presence and determine the size of 
the subgenomic mRNA predicted from 
the S1 nuclease analysis, we performed 
further studies with size-fractionated po- 
lyadenylated [poly(A)+] Mo-T cell RNA 
(Fig. 2). Northern hybridization data re- 
veal three major species of RNA (Fig. 
2A). The 9-kb band in fractions 8 and 9 is 
the size expected for genomic HTLV-I1 
RNA. The 4.5-kb band in fractions 11 to 
13 has been observed with probes specif- 
ic for the env region of HTLV-I1 (data 
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not shown). The third band, most promi- 
nent in fraction 15, is 2.0 to 2.3 kb in 
size. S l  nuclease analysis of the fractions 
used for Northern hybridization demon- 
strate that the 2.0- to 2.3-kb species 
corresponds to the fractions containing 
the protected 174-nucleotide fragment 
(Fig. 2B). 

Analysis of the HTLV-I and HTLV-I1 
nucleic acid sequences in the vicinity of 
the splice acceptor site identified above 
reveals two potential consensus splice 
acceptor sites (10, 11). Each probe was 
sequenced by the method of Maxam- 
Gilbert and subjected to electrophoresis 
in parallel with the respective Sl  nucle- 
ase-resistant fragments. The data (Fig. 
3) reveal the splice acceptor site in 
HTLV-I to be ACTCAGICCCA at base 
pair 655 and in HTLV-I1 to be CTCAGI 
CCCA at base pair 580, consistent with 
consensus sequences for mRNA splice 
acceptor sites (17). 

These results are direct evidence for 
expression of the X region in HTLV. 
The high homology of HTLV-I and 
HTLV-I1 distal to the splice acceptor 
site (Fig. 3) makes it likely that these 
sequences encode an X-derived protein. 
On the basis of the position of the splice 
site, we predict that these X-encoded 
products will be from the longest open 
reading frame, X-IV and X-c in HTLV-I 
and HTLV-11, respectively. Although 
other reading frames cannot be exclud- 
ed, the identification of 40- and 37-kilo- 
dalton proteins encoded by X-IV and X- 
c, respectively, are consistent with this 
interpretation (18). 

The location of the first methionine 
start codons in the X-IV and X-c open 
reading frames are more than 300 nucleo- 
tides downstream from the splice accep- 
tor site (9-ll), which would be expected 
to occur nearly midway in the 2- to 2.3- 
kb X mRNA. Consequently, we believe 
that the true methionine start codon for 
both the HTLV-I and HTLV-I1 X 
mRNA will be derived from the up- 
stream donor sequencs. Primer exten- 
sion analyses can be used to determine 
these leader sequences and identify the 
methionine start codon for the X mes- 
sage. 

HTLV-I and HTLV-I1 are atypical 
among replication-competent retrovir- 
uses in both their functional and struc- 
tural features. These viruses have a lim- 
ited host range (8, 19, 20) and exclusively 
transform T cells. They do not contain 
known viral oncogenes, nor are they 
found to be specifically integrated near 
cellular oncogenes in tumors or trans- 
formed cells (21, 22). The HTLV-I and 
HTLV-I1 genomes are distinguished by 
the presence of the X sequences. It is 

likely that the protein encoded by these 
sequences is related to the unusual biolo- 
gy of HTLV. The expression of these 
sequences as a unique subgenomic 
mRNA species supports the classifica- 
tion of these sequences as a new gene 
distinct from other genes of naturally 
occurring retroviruses. 
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