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ABSTRACT A human type C retrovirus [human T-cell leu-
kemia (lymphoma) virus; HTLV], recently isolated from young
adult patients with cutaneous T-cell lymphoma or leukemia, was
not detectably related to other known animal retroviruses in mo-
lecular hybridization studies, by comparison of reverse transcrip-
tase and the major core protein p24. The p24 core protein was
purified to homogeneity. The amino acid composition, the COOH-
terminal amino acid, and the NH,-terminal amino acid sequence
of the first 25 residues of this major internal structural protein
were determined. These results were then compared to the known
structure of the internal core protein of other retroviruses. The
compositional data reveal that HTLV p24 is chemically distinct
from p30-p24 of other animal retroviruses, in agreement with the
earlier immunological analyses. However, HTLV p24 shares the
common NH,-terminal proline and COOH-terminal leucine of all
mammalian type C viral p30s. In addition, like bovine leukemia
virus (BLV), HTLYV lacks the common prolylleucylarginine tri-
peptide and the larger conserved region found near the
NH, terminus of the other mammalian type C viral p30s. Align-
ment of the amino acid sequence of HTLV p24 with previously
determined sequences of other retrovirus proteins, including BLV
p24, reveals statistically significant sequence homology only to
BLV. The results reported here demonstrate that HTLV p24 is
related to but chemically distinct from the major core protein of
other retroviruses. Similarly, previous results showed that there
was no immunological crossreactivity of the p24 protein and re-
verse transcriptase of HTLV with other retroviruses, including
BLYV, and ne nucleic acid sequence homology. However, the pres-
ent results, combined with the common size of the p24 and reverse
transcriptase, suggest that HTLV may be closer to BLV than any
other known retrovirus.

A type C retrovirus, designated human T-cell leukemia (lym-
phoma) virus (HTLV), was isolated from the cultured T cells of
a patient (CR) with cutaneous T-cell lymphoma (1). Nucleic acid
hybridization analysis showed that HTLV was an acquired virus
(2), rather than an endogenous virus transmitted through the
germ line (unpublished data). More recently, a second identical
or closely related HTLYV isolate was obtained from the T cells
established in culture from a patient (MB) with cutaneous T-cell
leukemia (3). Growth of these cells and isolation of HTLV were
possible only by using a specific T-cell lymphokine, designated
T-cell growth factor (4—6). Partially purified lectin-free T-cell
growth factor stimulates the selective growth of antigen-stim-
ulated normal T cells. On the other hand, long-term growth of
several lymphoblastoid T-cell lines from human lymphocytic
neoplasias have been achieved by using partially purified T-cell
growth factor in the absence of any antigen or lectin stimulation
(7). In retrospect, this unique capability to grow T-cell popu-

lations from specific classes of T-cell malignancies seems to have
been critical for the isolation of the virus, as virus expression
was detected only in cultured T cells and not in cultured B cells
from the same patient (CR) (unpublished data).

HTLYV is a unique retrovirus in man with no significant cross-
reactivity with other known mammalian retroviruses. This is
indicated by results of nucleic acid hybridization studies (2), by
biochemical and immunological comparisons of the reverse
transcriptase (8), and by immunological analysis of the major
structural protein p24 (9). High titer antibodies against HTLV
have been detected in the sera of some patients with T-cell
malignancies, whereas such activities have been negative in
random normal subjects (10, 11). These findings suggest a po-
tential relevance of this or related viruses in the etiology of cer-
tain human T-cell leukemias and lymphomas.

In our previous studies, primary structure analyses of the
structural proteins of retroviruses provided evidence for their
definitive genetic relatedness, which could not be detected by
hybridization and immunological methods (12). Specifically,
BLV p24 and FeLV p27, although unrelated by the above cri-
teria, were found to have statistically significant sequence ho-
mology, allowing the suggestion that these contemporary viral
proteins may have originated from a common progenitor. Here
we report on the primary structure of core protein p24 of HTLV
and its comparison to protein homologs of other mammalian
retroviruses.

MATERIALS AND METHODS

Purification of HTLV p24. Density-banded HTLV was lysed
with 0.5% Triton X-100 and 0.8 M NaCl in 20 mM Tris°HCI,
pH 7.5/1 mM dithiothreitol/20% (vol/vol) glycerol/0.5 mM
phenylmethylsulfonyl fluoride. Nucleic acids were removed
from the clarified lysate by batch adsorption on DEAE-cellulose
at 0.3 M NaCl. The unadsorbed proteins were dialyzed against
10 mM N, N-bishydroxyethylaminoethanesulfonic acid, pH 6.5/
1 mM EDTA/0.1 mM phenylmethylsulfonyl fluoride and chro-
matographed on a column of phosphocellulose equilibrated with
the same buffer eluting with a gradient between 0 and 0.6 M
NaCl. Fractions containing the peak of p24, as judged by
NaDodSO,/polyacrylamide gel electrophoresis, were pooled
and further purified by gel filtration on a Bio-Gel P-60 column.
The nearly homogeneous protein thus obtained was subjected
to reverse-phase high-performance liquid chromatography
(HPLC) on a uBondapak C,;4 column (Waters Associates). (See
the legend to Fig. 1 for details.)

Amino Acid Analysis. Protein samples were hydrolyzed in
vacuo at 110°C for 24 hr with 6 M HCI/0.1% phenol. Amino
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acid analyses were performed on a Durrum 500 analyzer. A
computer program (13) was used to analyze the compositional
data as described (14).

Microsequence Analysis. Semiautomated microsequence
analysis utilizing stepwise Edman degradation (15) was per-
formed with a Beckman sequencer model 890C equipped with
a cold trap accessory as described (16). Phenylthiohydantoin
derivatives of amino acids were identified and quantitated by
HPLC (17).

Carboxypeptidase Digestion. Digestion with carboxypepti-
dase A (Pierce) was performed as described (18).

RESULTS

Purity of HTLV p24 and Amino Acid Composition. The pu-
rity of HTLV p24 as obtained by ion-exchange chromatography
and gel filtration was confirmed by NaDodSO,/polyacryla-
mide slab gel electrophoresis and by HPLC (Fig. 1). For all the
chemical analyses performed, HPLC-purified (final step) p24
was used. The computer-assisted amino acid compositional data
of HTLV p24 is given in Table 1. The total number of amino
acids (minus cysteine and tryptophan) is 236. The molecular
weight calculated from the composition is 25,933. A comparison
of these data with those of other retrovirus p24—p30 core pro-
teins indicates an overall similarity, but a closer scrutiny reveals
that the composition of HTLV p24 is closer to that of BLV p24
than to that of FeLV p27. When the HTLV p24 composition is
compared with that of BLV p24, the major differences appear
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Table 1. Amino acid composition of the major internal proteins
of HTLV, BLV, and FeLV

Residues per protein
Amino acid HTLV p24 BLV p24* FeLV p27*
Lys 12 11 13
His 9 3 4
Arg 11 11 22
Asp 21 26 23
Thr 10 13 14
Ser 14 17 14
Glu 36 41 50
Pro 22 22 23
Gly 15 13 11
Ala 24 33 20
Val 7 9 10
Met 4 1 2
Ile 8 13 7
Leu 32 23 37
Tyr 6 5 6
Phe 5 3 7
Totalt 236 244 263
*Taken from Oroszlan et al. (12).

*Minus Cys and Trp.

in the numbers for histidine, methionine, and leucine (which
are greater) and for alanine and isoleucine (which are lesser) in
HTLV p24 than in BLV p24. We wish to note that the number
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FiGc. 1. NaDodSOJpolyacB;lamide gel electrophoresis (A) and HPLC (B) profiles of HTLV p24. (A) An aliquot of the Bio-Gel P-60 column frac-

tion of p24 was labeled with

T (19) and analyzed by electrophoresis in the presence of NaDodSO, on a 12% polyacrylamide cylindrical gel as

described by Laemmli (20). The gel was sliced into 1-mm slices, and the radioactivity was determined. A molecular weight of 24,000 was determined
by comparison with marker proteins run on parallel gels. (B) Purified p24 dissolved in 0.01 M phosphate buffer (pH 7.5) was acidified with tri-
fluoroacetic acid to pH 2 and applied to a uBondapak C, 5 column. The column was developed with a linear acetonitrile (0-60%) gradient consisting
of 0.05% trifluoroacetic acid in water/0.05% trifluoroacetic acid in acetonitrile. The protein recovered under the major peak was used for the chemical

analysis.
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Table 2. Polarities of HTLV p24, BLV p24, FeLV p27*

% of total amino acids®
Protein Polar Intermediate Nonpolar
HTLVp24 34.0 23.0 43.0
BLV p24 36.5 20.9 42.6
FeLV p27 41.1 18.6 40.3

* Calculated from the data of Table 1 as described by Capaldi and Van-
derkoi (22).
*Minus Cys and Trp.

of residues of histidine is substantially greater in HTLV p24 than
in the major internal proteins of any other retrovirus analyzed
thus far (21). The polarities of HTLV p24, BLV p24, and FeLV
p27 calculated from the respective amino acid composition are
given in Table 2. The comparison shows that whereas HTLV
p24 and BLV p24 are similar, both are less polar than FeLV p27.
It is also clear, however, that by this criterion, HTLV p24 re-
sembles retrovirus major core proteins more closely than the
other lower molecular weight gag gene products (21). This pro-
vides additional support for considering HTLV p24 as the struc-
tural homolog of mammalian retrovirus p30s.

NH,-Terminal Amino Acid Sequence of HTLV p24. To de-
termine the NH,-terminal amino acid sequence of HTLV p24,
2 nmol of protein was degraded in a single microsequence anal-
ysis. The yields of the various amino acids at each sequence
cycle are shown in Fig. 2. Unambiguous identification of phen-
ylthiohydantoin derivatives of amino acids was possible up to
residue 25, except at positions 10 and 17, where no amino acid
could be assigned. The NH,-terminal amino acid sequence of
HTLYV p24 is given in Fig. 3. A comparison with our library of
retroviral protein sequences revealed that HTLV p24, while
sharing the common proline NH, terminus of all retrovirus ma-
jor core proteins, has a unique NH,-terminal amino acid se-
quence distinct from any other retrovirus gene product for
which analytical data are available.

COOH-Terminal Amino Acids. Digestion of HTLV p24 with
carboxypeptidase A for 20 min yielded 0.8 nmol of leucine per
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FiG. 2. Yields of amino acids obtained by degrading 2 nmol of
HTLV p24. The data plotted were from analysis of phenylthiohydan-
toin amino acids by HPLC. Yields are normalized to 100% of the
sample.
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Pro-Val-Met-His-Pro-His-Gly-Ala-Pro-X-Asn-His-Arg-Pro-Trp-

20 25
GIn-X-Lys-Asp-Leu-GIn-Ala-Ile-(Lys)-G1n-

FiG. 3. NH,-terminal amino acid sequence of HTLV p24. X,
unidentified.

nmol of protein. This finding shows that HTLV p24 and BLV
p24 (12) have an identical COOH terminus—namely, leucine,
which is shared with all other mammalian retrovirus p30s (21).

NH;-Terminal Sequence Homology of HTLYV p24 with BLV
p24. To determine whether significant sequence homology ex-
ists between HTLV p24 and the major core proteins of the
known retroviruses, we carried out a statistical analysis. The
computer program ALIGN of Dayhoff (23) was used to compare
sequences. This program is based on the mutation data matrix
for scoring amino acid comparisons. The alignment of the NH,-
terminal sequence of HTLV p24 with sequences of BLV p24 and
FeLV p27 is shown in Fig. 4. It can been seen that HTLV p24
and BLV p24 sequences can be aligned, resulting in 9 common
amino acid residues out of 24 possible comparisons. To obtain
such an alignment, the introduction of only a single break was
necessary in the BLV p24 sequence. An alignment score (num-
ber of standard deviations of real score above random score) of
6.5 was obtained for the two p24s. This indicates that the prob-
ability is only 0.4 X 107 that the similarity between these se-
quences is the result of chance alone. This highly significant
value indicates evolutionary relatedness between HTLV p24
and BLV p24. In contrast, there are only three identities ob-
tained between HTLV p24 and FeLV p27, and this low align-
ment score (=2.8) is not considered to be statistically signifi-
cant. For the BLV p24/FeLV p27 pair, however, our previous
analysis (12) gave a statistically significant (>3) alignment score
of 3.8. A comparison of the HTLV p24 sequence with the other
known retrovirus p30s, or in fact with any other gag gene prod-
uct, indicates that HTLV p24 is more closely related to BLV p24
than to any other retrovirus protein sequence.

DISCUSSION

HTLV is a unique human retrovirus isolated from the T-cell
cultures of some patients with leukemias or lymphomas involv-
ing relatively mature T cells. It has been identified as an ex-
ogenously acquired virus with no immunological crossreactivity
(9) or nucleic acid sequence homology (2) with known animal
retroviruses. An initial limited epidemiological survey has de-
tected significant antibody titers to HTLV antigens in the sera
of some patients with T-cell malignancies and that of one close
healthy relative of one of the virus- and seropositive patients
(10, 11). This stimulated study of possible distant relationships
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Fig. 4. Alignment of the NH,-terminal sequence of HTLV p24
with those of BLV p24 and FeLV p27.
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that might exist between HTLV and other animal retroviruses.
Although morphologic characteristics and mode of reproduction
indicate HTLV to be similar to type C retroviruses, many bio-
chemical and immunologic properties show a clear distinction
for HTLV from other animal type B, type C, and type D re-
troviruses. Chemical analysis and direct sequence determina-
tion of viral genes or gene products provide the basis for quan-
titative estimates of relatedness and allow comparison at a level
less stringent and, therefore, more sensitive than that afforded
by immunologic means.

The study reported here concerns only the major core protein
p24 of HTLV. The results of chemical analysis of HTLV p24
showed overall similarities with other retroviral p30s but, at the
same time, showed some distinct differences. For instance, the
total number of lysine and arginine residues is much lower than
in other mammalian type C viral p30s, and the number of his-
tidine and methionine residues is much greater (21). The amino
acid composition of HTLV p24, and particularly the distribution
between polar and nonpolar groups, is more similar to BLV p24
.than to any other mammalian retroviral p30 (Table 2; ref. 21).
However, there is more similarity to p30s than to any other
retroviral gag proteins.

HTLV p24 shares the common NH,-terminal proline and
COOH-terminal leucine of all mammalian type C viral p30s.
This may indicate conservation of progenitor cleavage sites on
the precursor polyprotein (18). However, like BLV.p24, HTLV
p24 lacks the NH,-terminal tripeptide Pro-Leu-Arg and the
highly conserved region near the NH,-terminus of the mam-
malian type C retroviral p30s. A computer-assisted alignment
of the first 25 amino acid residues of HTLV p24 with those of
BLV p24 resulted in 9 common amino acid residues out of a
possible 24 comparisons, yielding an alignment score of 6.5.
Statistically, this is a highly significant value that emphasizes
the evolutionary relationship between HTLV and BLV. The
extrapolation from structural homology to biologic function is
noncontroversial at the protein level; however, whether this
indicates similar biologic significance of the viruses (oncogenic
potential) remains to be established by the ongoing epidemiol-
ogical studies. The current data do serve to further justify de-
tailed studies of HTLV.

The degree of homology detected between these two viral
proteins is not sufficient to cause immunological crossreactivity,
thus confirming our earlier observations (9). However, this does
not rule out the existence of homologous regions further in the
molecule of sufficient length to qualify as potential antigenic
determinants. Such regions may not be antigenic in the native
molecule because of specific steric characteristics and, there-
fore, may not contribute to crossreactivity in conventional test
systems. Synthetic peptides representing such homologous se-
quences could be used to generate “interspecies” immune re-
agents applicable in screening biological material for related
viral expression. Further, knowledge of the amino acid se-
quence of this major HTLV protein provides an opportunity to
synthesize corresponding oligodeoxyribonucleotide sequences
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useful in cloning the provirus of HTLV—a task that has been
hampered to date by the poor yield of the virus.

Note Added in Proof. Since the submission of this paper, we raised
antiserum to purified BLV p12 (the basic nucleic acid binding protein).
This serum reacted not only with BLV p12 but also with its HTLV hom-
olog, indicating antigenic relatedness between the bovine and human
viruses.

The authors wish to acknowledge the excellent technical assistance
provided by M. Jarvis, Y. Kim, and G. Smythers.
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