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Characterization of Highly Immunogenic p66/p51 as
the Reverse Transcriptase of HTLV-III/LAV

FuLviA b1 MARZO VERONESE, TERRY D. COPELAND,
ANTHONY L. DEVICO, RUKHSANA RAHMAN, STEPHEN OROSZLAN,
RosBERT C. GALLO, M. G. SARNGADHARAN

Approximately 80 percent of all human sera that react with antigens of HTLV-III, the
ctiologic agent of the acquired immune deficiency syndrome (AIDS), recognize
protein bands at 66 and 51 kilodaltons. A mouse hybridoma was produced that was
specific to these proteins. Repeated cloning of the hybridoma did not separate the two
reactivities. The p66/p51 was purified from HTLV-III lysates by immunoaffinity
chromatography and subjected to NH,-terminal Edman degradation. Single amino
acid residues were obtained in 17 successive degradation cycles. The sequence
determined was a perfect translation of the nucleotide sequence of a portion of the
HTLV-III pol gene. The purified p66/51 had reverse transcriptase activity and the
monoclonal immunoglobulin G specifically removed the enzyme activity from crude

viral extract as well as purified enzyme.

UMAN T-CELL LYMPHOTROPIC VI-
H rus (HTLV-III/LAV) is the etio-

logic agent of the acquired im-
mune deficiency syndrome (AIDS) (I). By
the use of the Western blot technique, sever-
al antigens in lysates of purified HTLV-III
have been recognized as major targets of
antibody reactivity with sera of HTLV-III
infected individuals (2). Antigens of 120,
66, 51, 41, 31, 24, and 17 kD are recog-
nized in these blots (Fig. 1A). Of these
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antigens, those of 17 and 24 kD (pl7 and
p24) have been identified as proteins en-
coded by the HTLV-III gag gene, and
gp120 and gp41 as products of the env gene
3 4.

The nature of p51 and p66 remains to be
determined. Reactivity to these proteins is
present in at least 80 percent of randomly
tested human sera that are HTLV-III anti-
body positive. These proteins are antigeni-
cally unrelated to HTLV-III gag proteins

p24 and pl7, or env proteins gpl20 and
gp41 (5). If one assumes that these proteins
are encoded by the virus, they may be
derived from a long open reading frame
(LOR) other than the LOR’s of the gag and
eny genes.

In one approach to this question we
prepared hybridomas secreting monoclonal
antibodies that recognized these two pro-
teins. BALB/c mice were immunized by
several intraperitoneal injections of deter-
gent-lysates of purified HTLV-III strain 3B
produced in HY cells (6). Splenic lympho-
cytes were fused with the NS-1 mouse my-
eloma line as described (7). Supernatant
fluids from the hybrids obtained were
screened for antibody to HTLV-III proteins
by an enzyme-linked immunosorbent assay
(ELISA) in which we used detergent-dis-
rupted HTLV-III as antigen. Hybrids that
were scored positive in this assay were ex-
panded and tested further by the immuno-
blot technique to define specificities.
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Fig. 1. Detection of p66/p51 by HTLV-III-

sitive human sera and mouse monoclonal anti-
lb)zdy in the immunoblot assay. The assay was
performed as described (3). (A) Lanes 1 and 2,
sera from AIDS patients. (B) Lanes 1, 2, and 3,
supernatant fluids from three individual clones of
M3364.

p17 ——— i
Fig. 2. Purification of p66/p51 by immunoaffinity
chromatography. Purified IgG from M3364 (4
mg) was coupled to activated CH-Sepharose (5
ml) by incubation for 16 hours at 4°C in 10 ml of
0.1M sodium bicarbonate buffer, pH 8, contain-
ing 0.5M NaCl. The gel was washed and further
incubated for 1 hour at room temperature in 10
ml of a 5% suspension of nonfat dry milk in
phosphate-buffered saline (PBS) containing
0.01% Antifoam A and 0.001% Merthiolate to
block remaining protein binding sites on the gel.
The gel was extensively washed and packed into a
column and was equilibrated with PBS containing
0.1% Triton X-100. An extract of HTLV-III was
applied to the IgG-Sepharose column. The un-
bound proteins were collected and the column
was washed with the equilibration buffer. Pro-
teins bound to the column were eluted with 0.2M
glycine, pH 2.8, containing 0.1 mA PMSF and 4-
ml fractions were collected. (A) Western blot
profiles on the unfractionated sample (lane 1), the
fraction that did not bind to the column (lane 2),
and a fraction ecluted from the column with
glycine buffer (lane 3). The antibody source was a
serum from an AIDS patient. (B) A sample
identical to the one used in lane 3 of (A) was
analyzed by acrylamide gel electrophoresis and
stained with Coomassie blue.
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One hybridoma, designated M3364, was
found to secrete antibodies recognizing
both p66 and p51 in HTLV-III prepara-
tions (Fig. 1B). The antibody did not react
with uninfected H9 cells. M3364 was sub-
jected to repeated cycles of cloning in at-
tempts to separate the two reactivities. Even
after the fifth cloning, seeding only one cell
every three wells, the two antibody reactiv-
ities could not be separated. This indicated
that p66 and p51 have common determi-
nants. Ascitic fluids, produced in pristane-
treated BALB/c mice by intraperitoneal in-
jection of M3364 cells, were used to further
characterize the antibody and the proteins
reactive with it. By double-immunodiffusion
analysis M3364 was shown to secrete immu-
noglobulins of the IgG; subclass. Immuno-
blot analysis of cross-reactive epitopes of
M3364 with HTLV-I and -II produced
negative results, defining the specificity of
the monoclonal antibody for HTLV-III.

To further characterize chemically and
biochemically the antigen recognized by
M3364, we purified the antigen by immu-
noaffinity chromatography using M3364
immunoglobulins coupled to activated CH-
Sepharose. The immunoglobulin-bound
antigens were eluted with 0.2M glycine, pH
2.8, containing 0.1 mM phenylmethylsul-
fonyl fluoride (PMSF). Portions from un-
fractionated virus extract, the fraction not
bound to the immunoaffinity column, and
the fractions eluted from the column were
then subjected to electrophoresis on SDS-
polyacrylamide slab gels. The protein bands
were either stained with Coomassie blue or
blotted to a nitrocellulose sheet. The blot
was reacted with a human serum positive for
antibodies to HTLV-III antigens. In Fig.
2A, lane 1 shows the antigenic composition
of the unfractionated HTLV-III extract. Re-
active antigens recognized are gp120, p66,
p51, gp4l, p31, and p24. With a longer
exposure, pl7 was also recognized. Lane 2
represents the unbound fraction. The same
reactive antigens are present as in lane 1, but
the reactivities toward p66 and p51 are
noticeably decreased. Figure 2A, lane 3, and
the lane in Fig. 2B show a fraction eluted
from the immunoaffinity column and ana-
lyzed by the Western blot (lane 3) and
stained by Coomassie blue (Fig. 2B). The
results show that p66 and p51 are the only
proteins recognized in this fraction by a
polyvalent human serum and by Coomassie
blue stain. Another portion of this fraction
was dialyzed against 10 mM ammonium
bicarbonate and lyophilized, then twice dis-
solved in water and relyophilized. While still
in solution, a portion was removed for
protein quantitation by amino acid analysis.
The remainder of the sample was subjected
to gas phase Edman degradation in an Ap-
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Fig. 3. Kinetics of reverse transcriptase activity.
Portions of fractions eluted from the immunoaf-
finity column (Fig. 2) were neutralized with 0.1M
NaOH and brought up to 0.1% Triton X-100, 1
mg/ml of bovine serum albumin, 8 mM dithio-

threitol (DTT), 10% glycerol, and 0.1 mM

PMSF. In the experiment described, 100 pl of
one eluted fraction was incubated at 37°C with 50
mM tris-HCI, pH 7.8; 10 mM MgCl,; 10 mM
DTT; 0.LM NaCl; 20 pM [PH]dTTP (9600
cpm/pmol) and 50 pg of (dT)—;s - (A), in a final
volume of 1. ml. Portions (100 pl) were with-
drawn at indicated times and were treated with
100 pg of yeast transfer RNA and about 3 ml of
chilled 10% trichloroacetic acid containing 0.02M
sodium pyrophosphate. The precipitates were col-
lected on glass fiber filters, washed, and dried, and
their radioactivity was determined with a Packard
scintillation spectrometer.

Table 1. The NH,-terminal amino acid sequence
of HTLV-III reverse transcriptase as determined
by Edman degradation of purified p66/p51.

Predicted Sequence determinedt
amino acid . -
Amino Yieldt
sequence* Cycle acidt (pmol)
Nucleotide numbers 2130-2132
Pro 1 Pro 181
Ile 2 Ile 208
Ser 3 Ser 65
Pro 4 Pro 210
Ile 5 Ile 133
Glu 6 Glu 197
Thr 7 Thr 115
Val 8 Val§
Pro 9 Pro 158
Val 10 Val§
Lys 11 Lys 142
Leu 12 Leu 125
Lys 13 Lys 150
Pro 14 Pro 140
Gly 15 Gly 80
Met 16 Met 50
Nucleotide numbers 2178-2180
Asp 17 Asp 65
1The

*Sequence grcdictcd from Ratner ez al. (10).
input was 300 pmol of protein.  tIdentified as the
phenylthiohydantoin (I’IE—I) derivative. The repetitive
yield based on the quantitative recoveries of Ile (cycle 2)
and Leu (cycle 12) is 95%, which is typical and re-
producibly obtained in microanalyses on the gas phase
uenator. Residues which signiﬁvcﬁtly differ from this
ield are those whose PTH derivative tend to be unsta-
le.  §Qualitative assignment only. PTH-valine could
not be accurately quantitated because of the presence of
an artifact peak in the high-performance liqud chroma-
tography analysis of each cycle of the Edman degrada-
tion.
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plied Biosystems sequenator (8). The phen-
ylthiohydantoin derivative of each amino
acid was identified and quantitated by high-
performance liquid chromatography on a
phenylalkyl support (9). The results ob-
tained in the first 17 cycles are described in
Table 1, along with the amino acid sequence
predicted from a segment of the nucleotide
sequence of the pol gene of HTLV-III,
clones BH10 and BH5 (10). The sequence
determined is a perfect translation of the
nucleotide segment 2130-2180, identifying
the immunoreactive protein as a product of
HTLV-III pol gene.

Immunoaffinity purified p66/51 was as-
sayed for reverse transcriptase activity by
using the primer-templates (dT)-;5* (A),,
(dD)~1s* (dA)y,  (dG)~1s (C)y  and
(dG)~15* (Cm), (11). Figure 3 shows the
enzyme activity of a fraction for which we
used the primer-template (dT)-1s5* (A),.
The enzyme reaction was linear for more
than 60 minutes at 37°C. Relative to the
activity with (dT)-ys* (A),, the enzyme ac-
tivities were as follows: with (dT)_;s-
(dA),, 2.9 percent, with (dG)-ys* (C),,
31.6 percent, and with (dG)~ys * (Cm),, 3.1
percent. Terminal deoxyribonucleotidyl
transferase was absent in this preparation
because it failed to catalyze the incorpo-
ration of radioactivity from tritiated deoxy-
guanosine triphosphate into polydeoxy-
adenylate. The results clearly indicate that at
least one of the two proteins recognized by
M3364 is active reverse transcriptase of
HTLV-IIL :

The effect of the antibody M3364 on the
enzyme activity in HTLV-III extracts was
studied. Incubation of the reverse transcrip-
tase with different concentrations of M3365
IgG did not inhibit the enzyme activity.
Assuming that antibody binding might not
inhibit the enzyme if the antigenic determi-
nant were located distantly from the active
site, we repeated the experiment as follows.
The virus extract was incubated with serial
dilutions of M3364 IgG in the presence of
protein A—Sepharose. The immune complex
was removed by centrifugation and the re-
sidual reverse transcriptase activity in the
supernatant was measured. The results (Fig.
4) indicated a concentration-dependent re-
moval of enzyme activity, greater than 90
percent of the enzyme being precipitated by
1 pg of the M3364 IgG. A titration of the
effect of M3364 IgG on the purified reverse
transcriptase gave similar results. Under the
same conditions, no such reaction was ob-
served with the reverse transcriptase activity
present in extracts of HTLV-I.

The results presented here indicate that
p66 and p51 share common epitopes recog-
nized by the monoclonal antibody M3364.
Both p66 and p51 are present in fairly equal
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amounts in virus preparations because they
both appear as equally intense bands in
Western blots of all batches of virus analyzed
with the monoclonal antibody. In 17 cycles
of Edman degradation the mixture of p66
and p51 gave a single amino acid residue in
each cycle. This could mean that the two
proteins have a common NHj-terminus or
that one of the proteins has a blocked NH,-
terminus. The latter is unlikely, because the
quantitative recovery of the amino acids in
each degradative cycle (Table 1) was signifi-
cantly higher than the theoretical yield if
only half the input protein was undergoing
degradation.

It is not known whether both p66 and
pS1 are enzymatically active. They do not
appear to be an S-S linked dimer because
their electrophoretic mobilities are not influ-
enced by treatment with @-mercapto-
ethanol. It is also not known whether they
are products of a single gene or encoded by
two separate but highly related genes pres-
ent in the virus-producing cell. It is worth
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Fig. 4. Immunoprecipitation of HTLV-III re-
verse transcriptase activity with M3364 IgG. Ten
microliters of a HTLV-III extract (1 pg) in 50
mAM sodium phosphate, pH 7.5, containing 0.8M
NaCl, 0.1% Triton X-100, and 0.1 ma PMSF
was incubated in duplicate with indicated concen-
trations of M3364 IgG for 60 minutes at room
temperature in 100 pl of PBS containing 16 pl of
Protein A Sepharose that had been previously
treated with rabbit antiserum to mouse k light
chain (100 wl per milliliter of Protein A Sepha-
rose). The IgG concentration was maintained at 1
g in each incubation by supplementing with IgG
from an unrelated mouse hybridoma (M25). Por-
tions (55 pl) were then transferred from the
incubation mixtures and treated with 45 ul of a
mixture that produced final concentrations of 50
mM tris-HCI, pH 7.8; 10 mM MgCly; 10 maf
dithiothreitol; 0.1M NaCl; 20 pM [PH]dTTP
(9600 cpm/pmol); and 50 wg/ml of (dT) s * (A),.
The reaction mixture was incubated at 37°C for
60 minutes and processed as described in Fig. 3.
Ten microliters of the virus extract incubated with
1 pg of the irrelevant IgG from the M25 hybrido-
ma incorporated 30 pmol of [H]dTMP per
milliliter under the conditions described. This was
taken as 100%. M25 IgG caused no more than
7% inhibition of reverse transcriptase activity
compared to a control in which phosphate-buff-
ered saline was used instead of IgG.

noting that the monoclonal antibody
M3364 recognizes the same pair of proteins
in another independent isolate of HTLV-III
grown in H9 cells, namely, HTLV-IIlgg
(6). If they are indeed derived from a single
gene, then p51 should be a product of
COOH-terminal cleavage of p66.

The high immunogenicity of p66 and p51
in HTLV-IIT antibody-positive individuals
is remarkable, with the presence of antibod-
ies to these proteins appearing to be inde-
pendent of the clinical status of the patient
or risk group to which the individual be-
longs. Such an immunogenicity of reverse
transcriptase has not been demonstrated for
other animal retroviruses, including HTLV-
I, in their natural hosts.

Reverse transcriptases have been purified
from avian myeloblastosis virus and Mo-
loney murine leukemia virus and their ami-
no acid sequences determined (12). We have
now purified the reverse transcriptase of
HTLV-III and determined its NH,-termi-
nal amino acid sequence. A complete bio-
chemical characterization of the enzyme,
including the determination of its active site,
may now be possible. Reverse transcriptase
appears to be a major target of antiviral
agents, and many such agents are enzyme
inhibitors in vitro (13). The availability of
homogeneous reverse transcriptase will
make possible the direct analysis of the
molecular interactions between effective
drugs and this critical viral component.
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