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Complete Nucleotide Sequence of the AIDS
Virus, HTLV-IlI

L. Ratner et al.

Fditor’s Note

The early 1980s was a period of intense AlDS-related research and discovery. The AlDS-causing
virus, then called human T-cell leukaemia virus 11l (HTLV-III), was identified and isolated, as were
its modes of transmission. Here US biologist Robert Gallo and colleagues describe the complete
nucleotide sequences of the AIDS virus, a milestone in AIDS research. Overall, the sequence
resembles that of other RNA-encoded “retroviruses” containing the three hallmark genes gag,
pol and env. But it also contains anomalies, not least the immense heterogeneity between clones.
The genome has enabled researchers to define key viral genes and proteins, has shed light on the

origins, nature and spread of HIV, and continues to influence diagnostic and drug development.

The complete nucleotide sequence of two human T-cell leukaemia type III (HTLV-III)
proviral DNAs each have four long open reading frames, the first two corresponding to
the gag and pol genes. The fourth open reading frame encodes two functional polypeptides,
a large precursor of the major envelope glycoprotein and a smaller protein derived from
the 3'-terminus long open reading frame analogous to the long open reading frame (lor)
product of HTLV-I and-II.

UMAN T-cell leukaemia (lymphotropic) viruses HTLV-1, -II and -III, a family of

exogenous retroviruses, are associated with T-cell disorders including adult T-cell
leukaemia lymphoma (ATLL) and the acquired immune deficiency syndrome (AIDS)-'4,
These viruses share a number of biological and structural features: tropism for OKT4*
lymphocytes!®>2! the ability to produce giant multinucleated cells in culture!®!7:22:24,
immunological cross-reactivity of some virally encoded proteins'®!, distant nucleic
acid sequence similarities®***® and the preference for magnesium of the viral reverse
transcriptase?*3!. Moreover, the genome of HTLV-I and -II as well as the related bovine
leukaemia virus (BLV) is somewhat longer than that of other retroviruses®?2323, A
sequence of 1,600-1,800 nucleotides is interposed between the 3’ end of the env gene and
the long terminal repeat (LTR) sequences of these viruses?*>%, the 3’ portion of which is
a long open reading frame (lor)*>?*>%. Another feature that distinguishes HTLV-I, -II,
-IIT and BLV from other retroviruses is the marked increase in the rate of transcription
initiated within the viral LTR sequences in infected compared with uninfected cells®.
This phenomenon, trans-acting transcriptional regulation, is not observed for other
retroviruses* and is probably mediated by the lor gene product of these retroviruses®.
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Complete Nucleotide Sequence of the AIDS Virus, HTI V-l

Despite the similarity between HTLV-III and the other members of the HTLV-BLV
family of viruses, the biology and pathology of HTLV-III differ substantially. Infection
with HTLV-III results often in profound immunosuppression (AIDS), consequent on the
depletion of the OKT4* cell population'®!**-#3, This effect is mirrored by a pronounced
cytopathic rather than transforming effect of HTLV-III infection upon the OKT4"
cells in lymphocyte cultures in vitro'®!'?°. In contrast, infection with HTLV-I results in a
low incidence of T-cell leukaemia lymphoma (an OKT4*-cell malignancy)'®. There is
evidence also for some degree of immunodeficiency in HTLV-I patients®*. Infection of
primary lymphocytes in culture by HTLV-I and -II results in in vitro transformation of
predominantly OKT4* cells*#. A cytopathic effect of HTLV-I infection on lymphocytes
is apparent, but the effect is not as pronounced as that in HTLV-IIT'*'7#-4  HTLV-III
differs also from HTLV-I and -II in the extent of infectious virion production i vwo and
in vitro. High titres of cell-free infectious virions can be obtained from AIDS patient semen
and saliva and from the supernatant of cultures infected with HTLV-III'*-5! Very few,
if any, cell-free infectious virions can be recovered from ATLL patients or from cultures
infected with HTLV-I or -11°2.

To investigate the biological activity of these viruses in vitro and i viwo and to provide
information useful for the development of diagnostic and therapeutic reagents for AIDS,
we have determined the complete nucleotide sequence of the HTLV-III provirus.

Genomic Structure of HTLV-III

Several closely related clones of HTLV-III DNA were obtained from the H9 cell line
infected with HTLV-III present in the blood pooled from several American AIDS
patients'’. The complete primary nucleotide sequence of three unintegrated viral clones of
8.9, 5.3 and 3.6 kilobases (kb) in length?” was determined with the partial sequence from
an integrated proviral clone® (Fig. 1).

The HTLV-III provirus is 9,749 base pairs (bp) long. The overall structure of the provirus
resembles that of other retroviruses. The sequences that encode viral proteins are
flanked by LTR sequences. The LTR itself is flanked by inverted repeated sequences two
nucleotides long (Fig. 1). Four long open reading frames are identified in the viral DNA (Fig. 2).

Long Terminal Repeat

A detailed analysis of the HTLV-III LTR is presented elsewhere®; it is 634 nucleotides
long with U3, R and U5 regions of 453, 98 and 83 nucleotides, respectively. The
boundaries of these regions of the LTR were defined by localization of the 5'-cap site
by S, nuclease mapping and by measurement of the length of the strong stop DNA
transcript, as well as by determination of the 3'-terminus of the viral RNA by sequence
analysis of cDNA clones. A TATAA sequence typical of eukaryotic promoters, as well
as the consensus sequence for polyadenylation, are indicated in Fig. 1. A transfer RNA
binding site complementary to the 3’ end of tRNA™"" is located 3’ to the 5’ LTR. DNA
sequence homologies to the LTR of HTLV-I*?, -II*> and BLV? are indicated in Fig. 3.
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Complete Nucleotide Sequence of the AIDS Virus, HTLV-III
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= GlySerAssl Glull.ﬁlvl‘-lnul'A-e"\rlvulIsGluGluI.wlrdHn'lI'lmlnlrnlr»ﬁlvlw 3
TR el adaadat et AR R R e
(Bam M) Phe
vnurmucvs1caucucnucuusanAcrvcccrmvnoc‘muuucacumcnmv 368
BH1E ‘CEICACC!GACIAMIlclt(‘ﬂl“ullcf'c:"'[C"'ﬂﬁ“m'fl‘ullc"ﬁ::ﬁc‘r‘:‘l:“ 2844 p—
GOTGETACAAGCTAGT ACCAGTTORGCEACAGARDTTAGAAOAAGCCAACAA  ~270 s ThThcProksstyslysHisBlnlysSiubrot Phal aul rpMatGlyTyrGlulsubi s roAsolyaTre
" TAGAGTG  -195 BH1D Aunucmccunamcmccnuuumcmcmcncrovcnvucnnuenomavewounro 2921
Tor £ GlnProlleVallaufraGlu ar TroThrvalAsnAsplleGintysteuvallylystey 451
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Complete Nucleotide Sequence of the AIDS Virus, HTLV-III
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TAGTGTOOTTGOATOGCC
Xho 1 .
ATCTCOAGACCT ATCACAAGTAGCAACACAGCAGC TAACAATGCTGATTOTOCCTOOCT
TTTCCAGTCACACCTEAGBTACCTTT, TTACAAGGE
Puoll Bal 1T Aha s
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1. Nucleotide sequence of HTLV-III. The

complete nucleotide sequence of clone BHIO is

Fig.

shown together with the predicted amino acid
sequence of the four largest open reading frames.
The position of sequences encoding gag protein pl7,
the N-terminus of gag p24 and the C-terminus of
gag pl5 (which overlaps with the N-terminus of the
pol protein) are indicated. The open reading frames
for pol, sor and env-lor are indicated. The sequence of
the remaining 182 bp of the HTLV-III provirus not
present in clone BH10 (including a portion of R, U5,
the tRNA primer binding site and a portion of the
leader sequence) was derived from clone HXB2. The
boundaries of R, U5 and U3, the positions of the
polypurine tract, inverted repeated sequences (IR) and
the transcriptional initiation (TATA) and termination
(AATAA) signals are shown. The sequences of BH8
and BH5 are illustrated also; nucleotide and predicted
amino acid differences compared with BHI10 are
listed and dashes are shown for identical sequences.
Restriction enzyme sites are listed above the nucleotide
sequence and sites present in clone BH8 but not
BHI10 are in parentheses. Deletions are also noted
([ 1) at nucleotides 251, 254, 5,671 and 6,987-7,001.
The nucleotide positions (to the right of each line)
start with the transcriptional initiation site and end
with the viral RNA transcriptional termination site.
The amino acid residues are numbered (to the right
of each line) for the four largest open reading frames
starting after the preceding termination codon in each
case except gag which is enumerated from the first
methionine codon. A proposed peptide cleavage site
(v) and possible asparagine-linked glycosylation sites ”
are shown (¥) for the env-lor open reading frame. The
sequences in the LTR derived from clones BH8 and
BH10 listed in the beginning of the figure are derived
from the 3’ portion of each clone and are assumed
to be identical to those present in the 5’ LTR of the
integrated copies of these viral genomes. Clone HXB2
was derived from a recombinant phage library of
Xbal-digested DNA from HTLV-III-infected H9 cell
cloned in AJ1 (ref. 53). Clones BH10, BH8 and BH5
were derived from a library of Ssi-digested DNA from
the Hirt supernatant fraction of HTLV-IIl-infected
H9 cells cloned in AgtWes ‘AB (ref. 27). Both libraries
were screened with a cDNA probe synthesized from
virion RNA using oligo(dT) as a primer”. Clones
BHS8, BH5 and a portion of HXB2 were sequenced
as described previously”. Clone BH10 was sequenced
by the method of Sanger” modified by the use of
oligonucleotides complementary to the M13 insert
sequence as primers and using Klenow fragment of
DNA polymerase I or reverse transcriptase as the

polymerase.



