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Characterization of Long Terminal Repeat 
Sequences of HTLV-I11 

Abstract. The nucleotide sequence of the long terminal repeat sequence (LTR) of 
the human T-cell leukemia (lymphotropic) virus type III (HTLV-IZI) was determined. 
This virus is associated etiologically with the acquired immune dejiciency syndrome. 
The LTR was found to be 634 base pairs in length with U3, R ,  and U5 regions of 453, 
98, and 83 bp, respectively. The proviral DNA is flanked by a 7-base-pair direct 
repeat. The promoter and polyadenylation signals are situated 27 and 24 base pairs 
upstream from the respective transcriptional initiation and polyadenylation sites. 
The primer binding site is complementary to transfer RNA-lysine. The LTR of 
HTLV-ZII, like that of HTLV-I, showed a limited homology to enhancer-like 
sequences within two genes expressed specijically in T lymphocytes, T-cell growth 
factor, and y-interferon. Structural comparisons revealed that the LTR of HTLV-IZZ 
is distantly related to those of HTLV-I, HTLV-II, and bovine leukemia virus. 

The human retrovirus termed HTLV- drome is also characterized by a prefer- 
I11 has been etiologically linked to the ential loss of OKT4' lymphocytes (4), 
acquired immune deficiency syndrome the principal cell target for HTLV-I11 
(AIDS) (1-3), a disease characterized by replication (2). In a recent study (3), 
opportunistic infections and malignan- serum samples from 95 percent of pa- 
cies such as Kaposi's sarcoma. This syn- tients with AIDS or AIDS-associated 

disorders reacted with HTLV-I11 viral 
proteins, whereas samples from 30 per- 
cent of normal homosexuals and less 
than 1 percent of normal heterosexuals 
showed such a reaction (3). Like the 
human T-cell leukemia (lymphotropic) 
virus types I and 11, HTLV-I11 is lym- 
photropic; shows a particular capacity to 
infect T4 lymphocytes; contains a rela- 
tively large DNA polymerase (about 
90,000 daltons), which is ~ g ~ +  depen- 
dent; contains a major core protein of 
24,000 daltons; induces formation of gi- 
ant multinucleated cells; and, like 
HTLV-I and HTLV-11, contains a novel 
gene at the 3' end of the viral genome 
referred to as the long open reading 
frame (LOR) (5). Among animal retrovir- 
uses, bovine leukemia virus (BLV) also 
shares many of these characteristics as 
well as actual protein sequence homolo- 
gies with HTLV-I (6). HTLV-I11 also 
shows substantial genomic homology 
with visna virus (3, a retrovirus that 
causes a chronic neurological disease of 
sheep. 

The availability of recombinant DNA 
clones of HTLV-I11 prepared in our lab- 
oratory (8, 9) has enabled us to study the 
molecular details of this virus genome. 
The LTR region of HTLV-I11 was first 
analyzed since this region in other retro- 
viruses is known to include regulatory 
sequences for viral transcription, host 
cell tropism, and determination of patho- 
genetic capabilities (10). Furthermore, 
comparison of the HTLV-I11 LTR with 
the LTR's of HTLV-I, HTLV-11, BLV, 
and other retroviruses, especially mem- 
bers of the subfamily Lentiviridae, may 
provide evidence of the evolutionary ori- 
gin of this virus. 
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Fig. 1 (left). A schematic drawing of HTkV-I11 LTR, restriction map CTGGGGACTTTCCAGGGAGSCGTGGCCTGGGCGGGACTGGGGAGTGGCGAGCCCTCAGAT 4 2 0  

of the 5' and 3' LTR regions of the HXB2 (9) clone and sequencing T A T A  P V U  11 ~3 q R ~ g l  11 
strategy. T~ determine the  cell-^^^ boundaries we the CCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTGGTAGACCAGATCTGA 4 8 0  - - - - - - - - - - - - 
sequencing data from an unintegrated DNA clone BH8 (8), corre- H l n d  111 

SstI P o l y ( A )  s 
spending to the 3' 3'5-kb portion of the with the GCCTGGGAGCTCTCTGGCTAGCTAGGGAACCCACTGCTTAAGCCTCAATAAAGCC 5 4 0  
sequence of HXB2. After restriction enzyme digestions, the labeling - - - - - - - - - - 
of 5' ends was accomplished with y-32P-labeled adenosine triphos- R y u5 

phate and the T4 polynucleotide kinase; 3, ends were labeled with T G A G T G C T T C A A G T A G T G T G T G C 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 C C C T C  6 0 0  

j2p dideoxy-ATP and terminal deoxynucleotidal transferase. The u5 1 ~ R N A  LYS 

sequence was determined by the method of M~~~~ and ~ i l b ~ ~  (22). AGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGAC 6 6 0  -- ------------------ 
The U3-R boundary was localized by S1 nuclease mapping (23) (see T A G T A G T  

Fig. 2) and strong:stop cDNA synthesis. The R-U5 boundary was 
determined from the sequence of a cDNA clone obtained by using oligo(dT) as primer and viral RNA as template (not shown). Fig. 2 (right). 
Complete HTLV-I11 LTR sequence of the genomic clone obtained from the HTLV-111-producing T-cell line H9 (2). 



Figure la shows the structural features 
of the HTLV-111 LTR derived from a 
genomic clone designated HXB2 (9). The 
complete nucleotide sequence of this 
LTR is shown in Fig. lb. The complete 
provirus is flanked by a 7-bp direct re- 
peat TAGTAGT. The LTR begins with 
the dinucleotide TG at position 1 and 
terminates with the inverted sequence 
CA at position 634. The same unusually 
short inverted repeats are also found in 
HTLV-I (11) and HTLV-I1 (12) LTR's 
and not in any of 12 other retroviruses 
examined including avian and mammali- 
an type C retrpviruses, the type B mouse 
mammary tumor virus and type D retro- 
viruses (Table 1). The overall length of 
the HTLV-I11 LTR is 634 bp. 

The U3 region is 453 bp in length, 
terminating at the RNA transcription ini- 
tiation site as determined by S1 nuclease 
mapping of the viral RNA (Fig. 2) and by 
estimation of the size of the (-) strand 
strong-stop complementary DNA 
(cDNA) (13). Upstream from this site is 
the proposed promoter signal, TATAA, 
which at -27 bp is at a position typical 
for provoters of eukaryotic genes (14). 
No open reading frame is found within 
U3. Furthermore, we were not able to 
find repetitive sequences in U3 such as 
were found in HTLV-I (II), HTLV-I1 
(12), and BLV (15). Sequences related to 
the enhancer core sequeqce GTGG(A1 
T)(A/T)(A/T)G (16) include TGGTTAG 
at position 463 and TGGATGG at posi- 
tion 128. 

As in the HTLV-I and HTLV-I1 
LTR's, and again unlike that of other 
known retroviruses, no CAT box was 
found in the usual location at -70 to -80 
bp from the site of RNA initiation. How- 
ever, a sequence similar tq that signal, 
CCAAT, is located upstream at position 
178. 

The polyadenylation signal AATAAA 
is positioned at -24 bp from the polya- 
denylation site at nucleotide 551. The 
placement of this signal is typical for 
those of eukaryotic genes (14) but dis- 
tinct from those of HTLV-I, HTLV-11, 
and BLV which are positioned much 
further upstream (11, 12, 15). The R-U5 
boundary was determined from the se- 
quence of a cDNA clone obtained by 
using oligo(dT) as primer and viral RNA 
as template (not shown). The polyadeny- 
lation site is also flanked by sequences 
related to the transcriptional termination 
cqnsensus signals TTTGCN(G1 
C)TTGCA and TTGT (17); the latter is 
found 20 bp downstream from this site at 
position 571. The R region is therefore 98 
bp long. 

The US region is 83 bp long and ends 
with a CA dinucleotide. This is followed 
by the primer site which is 18 bp comple- 

mentary to the 3' terminus of transfer 
RNA-lysine ( ~ R N A ' ~ ~ ) .  This is distinct 
from HTLV-I, HTLV-11, BLV, and all 
other mammalian type C retroviruses, 
which utilize tRNA-proline. Mouse 
mammary tumor virus (MMTV) is the 
only other retrovirus known to contain a 
tRNA-lysine primer binding site (Table 
1). The structural features of the HTLV- 
I11 LTR are compared to those of other 
retrovirus LTR's in Table 1. The lengths 
of U5, R, and U3 of HTLV-111 are simi- 
lar to those of other retroviruses thus far 
described. 

As with the HTLV-I LTR (18), the 
HTLV-I11 LTR also contains sequences 
that have some homology to those of 
human T-cell growth factor (TCGF, or 

IL-2) (19). One of these sequences, 
which is located 275 nucleotides up- 
stream from the HTLV-111 transcription- 
al initiation site (CAP site, U3-R bound- 
ary), is 70 percent homologous to a se- 
quence at an analogous position 293 nu- 
cleotides upstream from the CAP site of 
the TCGF gene (Fig. 4a). Other homolo- 
gous (80 percent) sequences are located 
20 and 24 bp downstream from the core 
enhancer consensus signals in the first 
intron of the TCGF genq and in HTLV- 
111 U3, respectively (Fig. 4b). 

A sequence similarity of 83 percent 
was also found between HTLV-I11 U3 
and intron I of human y-intefleron (?-IF) 
(20) (Fig. 4c). The corresponding se- 
quence of the y-IF gene is also located 

Table 1. Comparison of the LTR of HTLV-I11 to those of other retroviruses. Abbreviations: 
LTR, long terminal repeat; IR, inverted repeat; HTLV, human T-cell leukemia/lymphoma 
virus; BLV, bovine leukemia virus; AMV, avian myelocytomatosis virus; ASV, avian sarcoma 
virus; RSV, Rous sarcoma virus; MoMuLV, Moloney murine leukemia virus; MSV, murine 
sarcoma virus; FeLV-B, feline leukemia virus B; FeSV, feline sarcoma virus; Sw, spteen 
necrosis virus; MMTV, mouse mammary tumor virus; SSV, simian sarcoma virus. ' 

Length in nucleotides 
Virus tRNA Refer- 

LTR IR U3 R US primer ences 

IjTLV-111 
HTLV-I 
HTLV-I1 
BLV 
AMV 
ASV 
RSV 
AKR 
MoMuLV 
MSV 
FeLV-B 
FeSV 
SNV 
MMTV 
ssv 

LY s 
Pro 
Pro 
Pro 
Trp 
Trp 
Trp 
Pro 
Pro 
Pro 
Pro 
Pro 
Pro 
L Y ~  
Pro 

Fig. 3. SI nuclease mapping of HTLV-111 and the 
RNA initiation site. Procedure: 0.25 pg of HTLV-I11 
virion RNA (lane I), 5 pg of poly A(+) cellular RNA 
from HTLV-111 infected H9 cells (lane 2), or uninfect- 
ed H9 cells (lane 3) were hybridized to a Hind III-Hpa 
I fragment of clone HXB2 at 49OC for 3 hours in 40 mM 
Pipes, pH 6.4, 400 mM NaCI, 1 mM EDTA, and 80 
percent formamide. The probe was labeled at the Hind 
I11 site with [y-32P]ATP and T4 polynucleotide kinase 
(22). Samples were then incubated with SI nuclease 
(200 Ulml), 280 mM NaCI, 30 mM sodium acetate, pH 
4.4, 4.5 mM zinc acetate, and denatured calf thymus 
DNA (20 pg/ml) at 45°C for 30 minutes (23). Samples 
were subjected to electrophoresis on an acrylamide 
gel. Samples of the same "P-labeled Hind III-Hpa I 
DNA fragment were subjected to electrophoresis in 
parallel after they had undergone sequence reactions 
(22). The (-) strand nucleotide sequence is shown to 
the left of the figure. Since the chemical cleavage 
reactions destroy the nucleotide at which the base- 
specific strand scission occurs (22), the actual se- 
quence length of the major S, nuclease-protected 
fragment is I bp shorter than the corresponding posi- 
tion on the sequence ladder (arrow). 
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TAAA) (Fig. 4e) (position 527 in Fig. 2). 
One can speculate that this promoter- 
like sequence was actually utilized in an 
ancestral virus. If so, the R region of this 
virus would be extended and thus be The Pollination of Zygogynum (Winteraceae) by a Moth, 
more similar in length to those of HTLV- Sabatinca (Micropterigidae) : An Ancient Association? 
I, HTLV-11, and BLV. Furthermore, in 
this extended R region a stable loop Abstract. The primitive and vesselless angiosperm Zygogynum (Winteraceae), 
structure would be positioned similarly which is restricted to New Caledonia, is pollinated by a moth, Sabatinca (Micropteri- 
to those shown for HTLV-I, HTLV-11, gidae). Fossil records o f  both the moth and the plant families extend to the Early 
and BLV (11, 12, 15). These structural Cretaceous. Adult Sabatinca have grinding mandibles and usually feed on the spores 
analogies suggest that HTLV-I11 has of ferns and on pollen. The insects use the flowers as mating sites and eat the pollen 
evolved from the same ancestor as other which is immersed in a dense pollenkitt. This mode of pollination in which flowers 
members of the HTLVIBLV family. The serve as mating and feeding stations withfloral odors acting as cues may have been 
functional role of the transcriptional reg- common in the early evolution offowering plants. 
ulatory sequences in U3 as well as the 
involvement of the LTR in the cytopath- A complex flower-insect relation be- specific moths (Sabatinca) and trees (Zy- 
ic effect of HTLV-I11 remain to be dem- tween two groups of archaic organisms g o g y n ~ ~ m )  are linked; aggregations of 
onstrated. in New Caledonia has been elucidated by moths use the flowers as mating and 

The recent finding of similarities be- field observations and chemical analysis feeding stations, and their activities re- 
tween HTLV-I11 and visna virus in mor- of the flower odors. The life cycles of sult in pollination. This interaction is 
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