thase. These findings support the con-
cept that insulin mediators are involved
in the rapid intracellular responses to
insulin but probably are not involved in
membrane transport processes. Consist-
ent with this concept is the finding of
Gelehrter et al. (29) that the mechanism
responsible for insulin stimulation of ion
transport in rat hepatoma cells differs
from the postbinding mechanisms in-
volved in the stimulation of amino acid
transport and tyrosine aminotransferase
induction.

Two recent reports would indicate that
insulin receptor phosphorylation is not
involved in the mechanism responsible
for insulin stimulation of glucose trans-
port. Plehwe et al. (30) showed that
marked suppression of insulin-stimulat-
ed phosphorylation had little if any effect
on insulin-stimulated glucose transport.
Simpson and Hedo (31) reported that an
antiserum to the insulin receptor mim-
icked insulin’s action on glucose trans-
port, phosphorylation of integral mem-
brane proteins, and internalization of the
insulin receptor in fat cells, while having
no effect on phosphorylation of the sub-
unit of the insulin receptor. Thus, yet to
be defined mechanisms must be involved
in insulin stimulation of glucose trans-
port. Experiments involving subcellular
systems, intact cells, and whole animals
will be needed to define the exact role of
the insulin mediators in each of insulin’s
actions. At the same time, major efforts
are needed to purify and chemically
identify this apparently new family of
mediator substances.
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Vaccination Against Schistosoma mansoni with

Purified Surface Antigens

Abstract. Two surface antigens were isolated from young or adult schistosomes by
affinity chromatography with monoclonal antibodies. Vaccination with an antigen
having a molecular weight of 155,000 gave partial protection against challenge in
some batches of mice and in a group of cynomolgus monkeys. Vaccination with an
antigen having a molecular weight of 53,000 gave similar levels of protection in mice.
The results demonstrate that protection can be obtained with single antigens, but the
precise requirements for reproducible vaccination are as yet unknown.

Schistosomiasis is a debilitating tropi-
cal parasitic disease that affects more
than 200 million people in 73 countries.
The causal agents are small paired
worms that live in the hepatic portal

system and produce large numbers of

eggs, which escape via the intestinal wall
and feces and hatch in fresh water. The
miracidial stage that emerges from the
egg infects certain species of snails and
multiplies asexually in this intermediate
host. Man is infected by direct penetra-
tion of the skin by the cercarial stage,
which emerges from the snail into water.

An infection can induce substantial,
though not complete, resistance against
reinfection in several laboratory hosts,
and there is circumstantial evidence that
immunity develops in man (/, 2). Vacci-
nation with large numbers of living juve-
nile schistosomes, irradiated to restrict
development, can stimulate high levels
of protection (3), but most attempts to
vaccinate with extracted material have
been only marginally effective (4). One
unconfirmed report indicates that ex-
tracts of cercariae, the infective stage,
can give significant protection in mice

(5). In vitro studies and experiments with
irradiated cercariae have shown that the
target antigens are located on the surface
membrane of the young schistosomula
stage, which is formed as soon as the
cercariae penetrate the skin (2). There is
considerable interest in characterizing
individual surface antigens with mono-
clonal antibodies (6), and several groups
are moving toward the production of
target antigens by genetic engineering in
order to obtain sufficient quantities for
vaccination studies (7). Although large-
scale production of antigens will almost
certainly require biosynthesis or synthe-
sis of short peptides, quantities sufficient
for experimental vaccination can be ob-
tained from moderate numbers of schis-
tosomulae or adult schistosomes. We
report here the isolation of two surface
antigens by affinity chromatography with
monoclonal antibodies and present pre-
liminary results of vaccination trials.
Eight mouse monoclonal antibodies
directed against surface antigens of
schistosomulae were available, but only
one of these, an immunoglobulin M
(IgM) antibody (WP66.4), mediates a sig-
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nificant level of protection against chal-
lenge in passive transfer experiments (8).
This IgM monoclonal antibody was
shown in Western blot experiments to
recognize an antigen with a molecular
weight of about 155,000 in extracts of
adult parasites (Fig. 1). Western blots of
schistosomula proteins did not reveal
any antigens detected by this antibody,
but affinity chromatography allowed iso-

lation of very small quantities of a 155K
antigen from detergent extracts of schis-
tosomulae.

Initial attempts to prepare an effective
immunoabsorbent with monoclonal anti-
body 66.4 were discouraging until it was
realized that this IgM has a pronounced
tendency to aggregate at pH 8.0 during
purification but not at pH 7.0. Partial
purification of the IgM by gel filtration at

Fig. 1 (left). Identification of the antigen rec-
ognized by IgM monoclonal antibody 66.4 by

Western blot. Adult schistosomes (50 pairs) 212K~— 212K~

were extracted by boiling for 10 minutes in JoEK- 165K

100 wl of 62 mM tris-HCI buffer (pH 6.8) 155K—1a% " 156K

containing 2 percent SDS, 10 percent (by 130K~

volume) glycerol, 2 mM phenylmethylsul- 130K~

fonyl fluoride, 0.25 M dithiothreitol, and 0.05 oAk 94K~ i
percent bromophenol blue. Polypeptides were

separated on 7.5 percent polyacrylamide gels

containing 0.1 percent SDS with a 3.5 percent 68K- 94K—
stacking gel in the discontinuous system of 68K-

Laemmli (/6) and transferred electrophoreti- :

cally to nitrocellulose paper (/7). Nitrocellu-

lose strips were reacted with monoclonal anti- P 88K=
body 66.4 (1:20, 1.9 mg of IgM per milliliter) L

and washed with 0.1M tris-HCI (pH 7.0) con- 45K~ I

taining 0.1 percent Tween 20. Bound antibody

was detected with '*I-labeled F(ab"), frag- X S

ment of rabbit antibody to mouse IgG, by

autoradiography (Kodak X-Omat x-ray film). et
Molecular weight marker polypeptides were

myosin (212K), Escherichia coli RNA poly-

merase (165K, B' subunit and 155K B sub-

unit), B-p-galactosidase (130K), phosphory-

lase (94K), bovine serum albumin (68K), and

ovalbumin (45K). Fig. 2 (center). Prepara-

tive purification of the 155K antigen by affini-

ty chromatography with monoclonal antibody 66.4. The antibody was partially purified from
mouse ascitic fluid (2 to 4 mg of IgM per milliliter) by gel filtration on Sephacryl S-300
(Pharmacia) by using 0.1M sodium phosphate buffer (pH 7.0) containing 0.5M NaCl. Fractions
rich in IgM were dialyzed against 0.05M sodium bicarbonate containing 0.15M NaCl, brought to
pH 7.0 by gassing with CO,, and coupled to CNBr-activated Sepharose 4B in a sealed container
to maintain the correct pH (1.9 mg of IgM per milliliter of gel). Further treatment of the
immunoabsorbent followed the recommendations of the manufacturer (Pharmacia). Batches of
250 adult worms were gently homogenized and extracted for 1 hour at 4°C in 1 ml of 10 mM tris-
HCl (pH 7.0) containing 0.5 percent Nonidet P, (NP,), S mM iodoacetamide, 2 mM
phenylmethylsulfonyl fluoride, 1 mM EDTA, and 1 mM EGTA. The extract was centrifuged at
130,000¢ for 10 minutes in a Beckman Airfuge and applied to a 10-ml column of immunoabsor-
bent equilibrated with 10 mM tris-HCI (pH 7.0) containing 0.1 percent NP4, and 1 mM EDTA.
The immunoabsorbent was washed successively with (i) ten column volumes of the same buffer
containing 0.3M NaCl and 1 percent NP, and (ii) two volumes of sodium acetate buffer (pH 4.0)
and was then returned to the equilibrium buffer. Specifically bound antigen was eluted with 2M
KSCN in the same buffer. After dialysis against equilibration buffer the eluate was reapplied to
the column and retained antigen was eluted as before, dialyzed, and lyophilized. Antigen was
dissolved in 62 mM tris-HCI (pH 6.8) containing 8M urea and 2 percent SDS by heating at 100°C
for 10 minutes, and purity was assessed by SDS-PAGE on 7.5 percent gels (/6). Polypeptides
were fixed and stained in Coomassie blue R-250. The figure shows the single antigen isolated
with monoclonal antibody 66.4. Molecular weight marker polypeptides are as in Fig. 1 (DF, dye
front). Fig. 3 (right). Preparative purification from schistosomulae of the antigen recognized
by monoclonal antibody 80.6. Monoclonal 80.6 was purified from ascitic fluid (5 mg of IgG3 per
milliliter) by affinity chromatography with Protein A (18) and coupled to CNBr-activated
Sepharose 4B at 3 mg of IgG3 per milliliter of gel by the method of the manufacturer,
Pharmacia. Batches of about 100,000 schistosomulae prepared by a mechanical method (19)
were cultured in vitro overnight and then gently homogenized and solubilized in extraction
buffer (described in the legend to Fig. 2) at pH 8.0 and applied to the immunoabsorbent
equilibrated in 10 mM tris-HCIl (pH 8.0) containing 0.1 percent NP,, and 1 mM EDTA. The
column was then washed with ten volumes of the same buffer containing 0.5M NaCl and 1
percent NP,, and returned to the equilibration buffer. Specific antigen was eluted with SOmM
diethylamine at pH 11.5, neutralized with glycine, dialyzed, rechromatographed, and finally
dialyzed and lyophilized. Antigen was tested for purity by SDS-PAGE on a 7.5 percent gel.
Standard polypeptides were phosphorylase 94K; bovine serum albumin, 68K; glutamate
dehydrogenase, 53K; ovalbumin, 45K; and carbonic anhydrase, 30K. Lane 1: 53K antigen
recognized by monoclonal 80.6; lane 2, total schistosomula extract.

536

30K-
DF-=—

456K— 2

- blots of adult or schistosomula extracts,

pH 7.0 and coupling to activated Sepha-
rose 4B at the same pH gave a very
efficient immunoabsorbent that could be
used repeatedly for isolation of pure
155K antigen from detergent extracts of
adult schistosomes (see legend to Fig. 2).
The yield of antigen was approximately
60 pg from a batch of 250 adult parasites.
A much lower yield of the antigen was
obtained from a batch of 100,000 schisto-
somulae. A schistosomula surface anti-
gen of about the same molecular weight

- (160K) has been detected (9) with an

immunoglobulin G2b (IgG2b) mouse
monoclonal antibody raised against para-

» 4 site eggs.

A second surface antigen was isolated
from detergent extracts of schistosomu-
lae by affinity chromatography on im-
munoabsorbent prepared from an immu-
noglobulin G3 (IgG3) monoclonal anti-
body (WP80.6). The apparent molecular
weight of the antigen was 53K, with a
yield of 70 pg from 100,000 schistosomu-

~ .« lae (Fig. 3). An antigen of the same

molecular weight could be obtained from
extracts of adult schistosomes, but it was

% accompanied by two other proteins that

could not be removed from the immu-
noabsorbent by a variety of washing
procedures. Monoclonal antibody 80.6
did not bind to any antigen in Western

and it is not clear whether these addition-
al proteins are genuinely recognized by
the antibody or represent strongly bind-
ing nonspecific proteins. Because of
problems encountered during isolation of
the 53K antigen from adult schisto-
somes, this antigen was routinely puri-
fied from schistosomulae for experimen-
tal vaccination in spite of the difficulty in
preparing large numbers of this stage.
Although both antigens can be detect-
ed on the surface membrane of living
schistosomulae by the appropriate
monoclonals (8) or by polyclonal anti-
bodies raised in mice by immunization
with the purified antigens, they appar-
ently are not synthesized by this early
stage of the parasite. Isolation of the
155K and S3K antigens from detergent
extracts of schistosomulae that had been
cultured for 16 hours in medium contain-
ing [**S]methionine, followed by sodium
dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and fluorogra-
phy (10), showed that neither antigen
had been labeled. Both antigens incorpo-
rated the label, however, when adult
schistosomes were cultured under the
same conditions. Experiments involving
cell-free translation of messenger RNA
from various stages of Schistosoma
mansoni have also shown that two other
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schistosomula surface antigens with mo-
lecular weights of 22K and 14K are not
synthesized by young schistosomulae
).

The results of vaccinating mice with
the 155K or 53K schistosome surface
antigens are summarized in Table 1. Two
doses of antigen in alhydrogel adjuvant
were given at an interval of 4 weeks, and
2 weeks later the mice were challenged
by infection with cercariae. The effec-
tiveness of the vaccine was estimated by
comparing the number of adult worms
recovered from groups of vaccinated
mice 6 weeks after infection with the
number recovered from control groups
“‘vaccinated’” with the adjuvant alone.
Comparison of the mean number of para-
sites recovered from all control groups
(34.4 = 1.3) with the mean for all vacci-
nated groups (25.7 = 1.1) showed that
vaccination with the purified antigens
had a significantly protective effect
(P < 0.01) (Fig. 4). The wide random
variation between different groups of
vaccinated mice obscures any effect that
might have been expected from the
amount of antigen in the vaccine. Vacci-
nating three cynomolgus monkeys twice
with 200 pg of the 155K antigen in alhy-
drogel gave a significant degree of pro-
tection against a cercarial challenge rela-
tive to two control monkeys injected
with the adjuvant alone (11).

These results demonstrate that partial
protection against a challenge infection
can be obtained by vaccination with pu-
rified surface antigens isolated from
adult worms or schistosomulae. Al-
though this finding is a step toward an
effective vaccine for use in man, the
relatively low levels of protection ob-
tained and the lack of consistency that
we encountered are serious obstacles.

Vaccination with large numbers of ir-
radiated cercariae, which die at a rela-
tively early stage of development, can
give high levels of protection in mice (3),
and the reproducibility of these results is
very much higher than that obtained with
purified antigen. The mechanism of
resistance induced by infection with irra-
diated organisms is imperfectly under-
stood, but there is considerable evidence
for involvement of antibodies against
schistosomulae and a cellular compo-
nent—possibly activated macrophages—
with a nonspecific effector mechanism
12).

We have found that vaccination with
purified surface antigens of schistosomu-
lae stimulates a strong antibody re-
sponse, but we have not examined vacci-
nated mice for activated macrophages
capable of killing schistosomulae in vi-
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Fig. 4. Comparison of the mean number of schistosomes recovered from all control and
vaccinated groups of mice (Table 1). The dotted lines indicate the control mean * standard
error (34.4 = 1.3) and the mean for all vaccinated groups (27.1 = 1.1). The means are
significantly different at P < 0.01 (Student’s r-test).

Table 1. Vaccination of B6D2 F, hybrid mice
with schistosomula surface antigens with mo-
lecular weights of 155K or 5S3K. Groups of ten
mice received two intramuscular injections of
antigen in alhydrogel adjuvant (Superfos a/s),
with an interval of 4 weeks elapsing between
injections. Two weeks later vaccinated mice
and control groups ‘‘vaccinated’’ with alhy-
drogel alone were challenged with approxi-
mately 100 cercariae, and 6 weeks later adult
schistosomes were recovered from the portal
system by perfusion (15).

Number of
schistosomes
Experi- Dosp of recovered
antigen
ment ) (mean *
ne standard
error)
155K antigen ‘
1 2 13.1 1.3
5 30.8 =24
0 372+ 1.5
2 2 222 +19
S 28.1 = 1.3
0 344 1.3
3 2 25.1 £ 1.1
10 112+ 1.8
50 237+ 1.6
0 29.7 £ 1.3
4 2 31,5+ 1.5
S 23.8 £2.0
10 329+ 1.5
0 35,1+ 1.5
S 10 352 = 2.7
50 29.1 = 1.6
0 435 +23
6 S 30.1 = 1.8
10 25.6 = 1.0
S50 329 + 2.6
0 36.4 = 1.5
53K antigen
1 10 253+ 1.8
20 272+ 1.5
50 24.0 £ 2.0
0 29.7 = 1.1
2 10 279 =22
30 21.6 £ 2.0
50 27.4 £ 1.0
0 323 +£1.3
3 20 20.8 = 1.7
30 24.7 = 0.7
50 17.9 £ 2.0
0 30.6 £ 1.5
4 30 22.6 = 1.8
S50 328 = 1.0
415

0 35.

tro. Failure to stimulate this cellular arm
of the response may be responsible for
the relatively low and variable levels of
protection induced by vaccination with
purified antigens. Alternatively, the im-
portant variable may involve the class of
antibody stimulated by vaccination. It
has been suggested (5) that immunoglob-
ulin E (IgE) is an essential feature of
successful vaccination against schisto-
somes, but experiments with mice defec-
tive in IgE responses (13) have excluded
the participation of antibodies of this
class in resistance induced by vaccina-
tion with irradiated cercariae. In our
experiments, groups of vaccinated mice
had raised levels of all subclasses of IgG
and IgM antibodies but very little in-
crease in IgE (14).

Progress toward an effective nonliving
vaccine against schistosomiasis may de-
pend as much on the discovery of the
correct immune response that must be
stimulated as on production of a suitable
antigen by genetic engineering tech-
niques or direct peptide synthesis.

MAIRE A. SMITH
Joun A. CLEGG
Department of Biochemical
Parasitology, Wellcome Research
Laboratories, Langley Court,
Beckenham, Kent, England BR3 3BS
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Characterization of Long Terminal Repeat

Sequences of HTLV-III

Abstract. The nucleotide sequence of the long terminal repeat sequence (LTR) of
the human T-cell leukemia (lymphotropic) virus type III (HTLV-III) was determined.
This virus is associated etiologically with the acquired immune deficiency syndrome.
The LTR was found to be 634 base pairs in length with U3, R, and.US 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-III, like that of HTLV-I, showed a limited homology to enhancer-like
sequences within two genes expressed specifically in T lymphocytes, T-cell growth
factor, and vy-interferon. Structural comparisons revealed that the LTR of HTLV-II1
is distantly related to those of HTLV-I, HTLV-II, and bovine leukemia virus.

The human retrovirus termed HTLV-
III has been etiologically linked to the
acquired immune deficiency syndrome

. (AIDS) (I-3), a disease characterized by
~ opportunistic infections and malignan-
' cies such as Kaposi’s sarcoma. This syn-

drome is also characterized by a prefer-
ential loss of OKT4" lymphocytes (4),
the principal cell target for HTLV-III
replication (2). In a recent study (3),
serum samples from 95 percent of pa-
tients with AIDS or AIDS-associated

disorders reacted with HTLV-III 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 II, HTLV-III is lym-
photropic; shows a particular capacity to
infect T4 lymphocytes; contains a rela-
tively large DNA polymerase (about
90,000 daltons), which is Mg?* depen-
dent; contains a major core protein of
24,000 daltons; induces formation of gi-
ant multinucleated cells; and, like
HTLV-I and HTLV-II, 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-III also
shows substantial genomic homology
with visna virus (7), a retrovirus that
causes a chronic neurological disease of
sheep.

The availability of recombinant DNA
clones of HTLV-III prepared in our lab-
oratory (8, 9) has enabled us to study the
molecular details of this virus genome.
The LTR region of HTLV-III 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-III LTR with
the LTR’s of HTLV-I, HTLV-II, BLV,
and other retroviruses, especially mem-
bers of the subfamily Lentiviridae, may
provide evidence of the evolutionary ori-
gin of this virus.

TAGTAGT

u3
TGGAAGGGCTAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCACA 60

CACAAGGCTACTTCCCTGATTAGCAGAACTACACACCAGGGCCAGGGGTCAGATATCCAC 120

TGACCTTTGGATGGTGCTACAAGCTAGTACCAGTTGAGCCAGATAAGGTAGAAGAGGCCA 180

ATAAAGGAGAGAACACCAGCTTGTTACACCCTGTGAGCCTGCATGGGATGGATGACCCGG 240

AGAGAGAAGTGTTAGAGTGGAGGTTTGACAGCCGCCTAGCATTTCATCACGTGGCCCGAG 300
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Fig. 1 (left). A schematic drawmg of HELV-III LTR, restriction map
of the 5’ and 3’ LTR regions of the HXB2 (9) clone and sequencing
strategy. To determine the cell-LTR boundaries we compared the

TATA Pvu II

sequencing data from an unintegrated DNA clone BH8 (8), corre-

sponding to the 3’ 3.5-kb portion of the viral genome, with the
sequence of HXB2. After restriction enzyme digestions, the labeling

of 5' ends was accomplished with y->*P-labeled adenosine triphos- Ry U5

phate and the T4 polynucleotide kinase; 3’ ends were labeled with «-
3P dideoxy-ATP and terminal deoxynucleotidal transferase. The
sequence was determined by the method of Maxam and Gilbert (22).

The U3-R boundary was localized by S1 nuclease mapping (23) (see
Fig. 2) and strong-stop cDNA synthesis. The R-US boundary was

determined from the sequence of a cDNA clone obtained by using oligo(dT) as primer and viral RNA as template (not shown).

AGCTGCATCCGGAGTACTTCAAGAACTGCTGATATCGAGCTTGCTACAAGGGACTTTCCG 360

CTGGGGACTTTCCAGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGAGCCCTCAGAT 420

Ir

u3 y Bgl
CCTGCATATAAGCAGCTGCTTTTTGCFTGTACTGGGTCTCTCTGGTTAGACCAGATCTGA 480

Hind III

Sstl Poly(A) s
GCCTGGGAGCTCTCTGGCTAGCTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCT 540

TGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTC 600

tRNA Lys

U5 y
AGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAETGGCGCCCGAACAGGGAC 660

TAGTAGT

Fig. 2 (right).

Complete HTLV-III LTR sequence of the genomic clone obtained from the HTLV-III-producing T-cell line H9 (2).





