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Schistosoma mansoni: relationship between membrane turnover rates

and susceptibility to immune damage

ABSTRACT

In order to identify the biochemical nature of the schisto-
somular surface two groups of experiments were done:

A) Investigation of turnover rates of surface proteins of
Schistosoma mansoni schistosomula

Turnover rates of surface proteins of S. mansoni schisto-
somula were investigated because changes in the rate of individual
surface proteins may be involved in the susceptibility to immune
attack. The data report three observations on the schistosomula
tegument during the period in which the parasite becomes resistant
to the lethal antibody effect: (1) no qualitative alterations in
the electrophoretic patterns of the surface proteins were observed.
(2) There are differential rates of synthesis and degradation of
surface proteins on the schistosomula tegument.
(3) There is a marked heterogeneity in synthesis and degradation
rates among constituent proteins of the tegument of schistosomula
grown in medium supplemented with serum. In addition, the synthe-
sis and degradation rates o* surface proteins did not seem to play
a role in the acquisition of protection by schistosomula against
lethal antibody. In fact Concanavalin A, which is very effective
in stimulating the loss of susceptibility to immune attack, causes
a slight decrease in the turnover rate of the schistosomulum
surface proteins.

B) Identification of surface antigens of S. mansoni

125,
Proteins from schistosomula tegument previously treated with

'I by the lactoperoxidase or BoIton and Hunter methods, were
processed for SDS-polyacrylamide gel electrophoresis and auto-
radiography. Only one band could be labelled reproducibly using
the lactoperoxidase technique. When the Bolton and Hunter pro-
cedure was used, 13 protein bands were identifiable by autoradio-
graphy, but the protein band more intensely marked corresponded
to the prominent lactoperoxidase labelled protein. This protein
does not incorporate 1 4C amino acid, suggesting that it has a
'low turnover rate *.

Electrophoretic patterns from the tegument of worms front



each sex showed qualitative differences, but these differences
were less remarkable in the autoradiography pattern of tegumental
proteins labelled with ^-^1.

By comparison of schistosomula and adult worm autoradio-
graphic patterns it was possible to clearly identify at least
one stage-specific protein.

A) S. mansoni; relationship between membrane turnover rates

and susceptibility to immune damage

INTRODUCTION

As the schistosomula of S. mansoni develop in defined
medium they become less susceptible to immune attack (1, 2, 3),
presumably due to intrinsic changes in their surface membranes.
In the presence of serum, a partially purified serum fraction,
Concanavalin A (Con A) , or after contact with host tissues, this
change in the membrane appears to occur more rapidly (4, 5, 6 ) .
Several hypotheses have been advanced to explain the loss of
susceptibility of the surface membrane to immune attack. Since
many different types of host molecules have been shown to be
acquired by the schistosomula (7,8,9,1O). it was suggested that
the acquisition of host molecules into and onto the surface of
the parasite may prevent the schistosomula from being recognized
as a target (11,12,13). Alternatively, developmental studies in
the presence of serum have suggested that increased protein
synthesis in the larval surface occurs during induced membrane
changes (4), while lipid uptake has been postulated as a possible
determinant of the induction of membrane changes involved in its
decreased susceptibility (14). Xn experiments measuring the
protection induced by Con A, however, a general increase of
protein synthesis was not observed. Nevertheless, any changes
in the rate of individual surface proteins which may be involved
in the susceptibility to the antibody-mediated killing has not
yet been described. This possibility was then investigated by
measuring the turnover rate of the surface proteins of schisto-
somula cultured in a chemically defined medium, or in a medium
in which serum or Con A was added to increase the rate of
susceptibility loss of schistosomula surface membrane to immune
attacks.

MATERIALS AND METHODS

Preparation of schistosomala

Cercariae of S. mansoni (LE strain, BeIo Horizonte, Brazil)



were obtained from laboratory-reared Biomphalaria glabrata and
concentrated as described by Gazzinelli et al (15). Packed
cercariae were resuspended in 15 ml-vol glass conical tubes / each
containing 2 ml of ice-cold Earle's saline with O.5% lactalbumin
hydrolysate and 0.178% glucose, pH 7.4 (Elac), with 2OO units/ml
penicillin and 200 Ug/ml streptomycin. Each tube was agitated
for 45 sec on a Vortex Genie and the suspension was transferred
to 2 tubes, each containing 5 ml Elac (final volume 6 ml/tube).
After 6-7 min the tail-rich supernatant fluid was decanted and
the bodies were washed twice with 6 ml Elac and collected in a
vial. The cercarial bodies (approx. 50,000/vial) were incubated
at 37°C in Elac + 2O mil Hepes for 90 min under gentle agitation.
During this period the parasites were washed twice with NCTC-109
(Difco Lab, Detroit, Mich, USA) medium, modified by omitting
arginine, enzymes, coenzymes, glucuronolactone, sodium glucuronate
and Tween-8O; antibiotics in this medium were substituted by a
mixture of 2OO units penicillin and 200 Ug streptomycin. The
medium thus prepared was named M-109.

Incubation procedures for double-labelled experiments

In order to understand how the surface membrane becomes
resistant to the antibody-mediated lysis and to see if there is
any change in the protein pattern during the period of early
development of the schistosomulum, the following experiments
were carried out.

Experiment I; 200,000 schistosomula were divided into 4 sterile
20 ml-vol screw-cap vials, each containing 50,000 schistosomula
in 3.0 ml of M-109 with 10% dialyseQ foetal calf serum (DFCS),
and 2.5 uCi 14C-arginine (345 mCi/mraol). After 18 h at 37°C in
an atmosphere of 5% CO2 in air, the schistosomula from the 4 vials
were washed 3 times in cold' M-109 containing 100 times more ^c-
arginine (M-109-Arg), and reincubated as before in the presence
of IO uCi ^H-arginine per vial for an additional period of 1Oh.
The schistosomula were then collected, washed and treated with
CaCl2, as described in the next section for tegument extraction.

Experiment II; It was previously demonstrated that serum from
many species added to the culture medium stimulates the incorpor-
ation of labelled amino acid in the schistosomula tegument con-
comitant with the development of insusceptibility of parasites
against the lethal antibody (4). In order to determine whether
or not the synthesis of all proteins was stimulated to the same
degree and had a uniform rate of degradation, the following
experiment was done.
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Group 1: 150,CXX) schistosomula were divided into 3 sterile screw-
cap vials, each containing 50,0CO parasites in 3.O ml of M-109
with 10% DFCS, 2.5 UCi of 14C-arginine, and IO JiCi of 3H-arginine.
After 18 h incubation the schistosomula were put together, washed
twice with M-109-Arg and their tegument extracted with CaCl-

Group 2; 150,000 schistosomula were divided into 3 sterile screw-
cap vials, each containing 50,0OO parasites in 3.O ml of M-1O9
with 1O% DFCS and 2.5 uCi of ^C-arginine. The schistosomula were
collected after 18 h of incubation, washed twice with M-109-Arg
and incubated for 22 h in M-109. At the end of this period, 10
yCi of 3H-arginine were added to each vial and the incubation
proceeded for an additional period of 1Oh. The schistosomula
were then collected in one tube, washed twice with M-lO9-Arg, and
their tegument extracted with CaCl2- Groups 3 and 4 were similar
to groups 1 and 2, except that 8 yg of Con A (Pharmacia) were
added to each vial instead of DFCS. (This medium was called
M-109 + Con A).

14 3
Control incubation was set up in which C and H-arginine

were added to the culture media at the same time for a period of
18 h. The schistosomular teguments were then extracted and
processed as described.

In applying this technique we were assuming a steady state
of synthesis and degradation of surface proteins during the time
of the experiment. This has previously been discussed by Kusel
(16), when using this technique for adult worm parasites.

Experiment III: Finally the turnover rate (synthesis and degrad-
ation) of tegumental proteins from schistosomula cultured in a
given medium was examined. The experiment deals with the evalu-
ation of the effects of DFCS or Con A on the rates of synthesis
of individual proteins in relation to identical protein fraction
obtained from schistosomula cultivated in a chemically defined
medium (M-109). Four different groups of schistosomula were
cultivated.

Group A: 300,000 schistosomula were divided into 6 sterile
screw-cap vials, each containing 50,000 parasites in 3.O ml of
M-1O9 +2.5 pCi of l^c-Arg. Following an incubation period of
18 h at 37°C, under an atmosphere of 5% C02 in air, the schisto-
somula from the vials were collected, washed twice with M-109-Arg
and treated with CaCl2 for tegument extraction. Group B: 150,000
schistpsomula divided into 3 vials and incubated as before in 3.O
ml of M-109 containing 10 ViCi of 3H-Arg per vial. Group C:
150,000 schistosomula incubated as before in 3 vials, each with
3.O ml of M-109, 10% DFCS and IO uCi of 3H-Arg. Group D: 150,000
schistosomula incubated as before in 3 vials, each containing



3.O ml of M-109, 8 jjg of Con A and 10 yci of 3H-Arg. After 18 h
the schistosomula were collected, washed and their tegument
extracted. The tegumental extracts were then processed as des-
cribed in the next section. Samples of tegumental preparations
were combined as described below.

C

Tegumental preparations

The teguments of schistosomula were removed by the addition
of 2.0 ml of 0.3 M ice-cold CaCl2 to each sample of the packed
larvae under continuous whorling on a Vortex Genie during 7 min.
After a low-speed centrifugation for 30 sec, the supernatants
containing the tegument were separated by aspiration with a
Pasteur pipette and kept in an ice-bath. The schistosomula were
washed 3 times by Vortex agitation for 1 min with l.O ml 0.3 M
CaCl2; the supernatants of each group were pooled and dialysed
overnight at 4°C against cold water, lyophilised and keot at
-23°C until submitted to gel electrophoresis.

Preparation of samples and electrophoretic procedures

Lyophilised tegumental preparations were suspended in 63 mM
Tris-HCl buffer pH 6.8 containing 2% sodium dodecyl sulphate (SDS),
5% mercaptoethanol (v/v), 10% sucrose (w/v) and O.O01% bromo-
phenol blue at concentrations of 4O-5O Ug of protein per 10 yl,
and solubilised by heating at 100°C for 2 min.

The mixtures for electrophoresis from Experiment 3 were
prepared as follows: after protein determinations (17), the
samples from tegumental preparations of Groups A, B, C and D were
diluted with the above described buffer to have the same protein
concentration (about 300 yg/0.1 ml). A 50 yl sample of tegumental
preparation from Group A (Teg. ̂ C-M-109) was then mixed with an .
equal volume of tegumental preparations from Group B (Teg.3H-M-IOQ),
from Group C (Teg.3E + DFCS) and from Group D (Teg.3H + Con A ) .

SDS gel electrophoresis of the 3 samples obtained from the
combined tegumental preparations was performed according to the
method of Studier (18), as described by Cordeiro & Gazzinelli (19).

Radioactivity determination in gels

Gel slices 1 mm thick were cut and placed in a scintillation
vial containing 0.5 ml of 30% vol H2O2» capped tightly and incub-
ated at 60°C for 12 h. After dissolving the gel by this procedure
0.1 ml of 1% Triton X-IOO (Amersham-Searle Scintillation Grade),
and 10 ml of scintillation fluid ( 5 g of 2,5-diphenoloxazol,



0.5 g of 7,4-bis 2-(5-phenyloxazolyl-benzene and 100 g naphthalene
per litre of dioxane) were added. The samples were counted in a
Beckman LS-150, model 1694. Counting efficiencies of approximately
49% for tritium and 60% for ^ C were obtained for all sample
slices. Quenching differences from vial to vial were not encount-
ered. Spillover of ^4C counts into the tritium channel was sub-
tracted from total counts in the tritium channel to yield net
tritium counts. There was no spillover of tritium counts into
the 14C channel.

RESULTS

14 3
1. Electrophoretic patterns of C- and H-labelled tegument

14 3As shown in Fig. 1, C- and H-labelled patterns can be
superimposed, indicating that no particular surface protein was
synthesized in vitro during the time intervals in which the
experiment was performed.

2. Relative turnover rates of protein constituents of the
schistosomula tegument

3 14The H and C counting in protein fractions obtained from
gel electrophoresis of the schistosomula tegument are presented in
Pig. 2 (control), and Fig. 3 (experimental). If all protein
fractions of the tegument were synthesized and degraded at the
same rates, then the 3H/14c ratios should remain constant in all
proteins. However, this was not the case of the surface proteins
of the schistosomula, where marked variations in the 3H/l4c ratios
did occur. These results can be better appreciated in Fig. 4,
using the combined results of Figs, 2 and 3.

In the subsequent experiment, the turnover rates of individual
proteins of the tegument extracted from schistosomula cultivated
in a Con A-supplemented medium were investigated by the same
experimental procedure. The results presented in Pig. 5 show a
significant decrease of the 3H/14C ratio in the region of the
high molecular weight protein fractions.

3. Differential rates of synthesis of the tegumentaL proteins

The effects of DFCS and Con A (Experiment III) on the rate of
synthesis of tegumental proteins are shown in Fig. 6. The results
expressed as the ratio of 3H/14C derived from the electrophoretic
profiles of the mixtures A + D, B + D and C + D, show that there
is an increase in the rate of the protein synthesis in fractions .
of the tegument of schistosomula cultivated in the presence of
serum, when compared to those obtained from the parasites cultiv-
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ated in a chemically defined medium. The effect of Con A, based
on 3H/14C ratio, was not so apparent. It seems however, that the
rate of synthesis is decreased in certain fractions.

DISCUSSION

The data presented here show three aspects related to the
schistosomular tegument during the period in which the parasite
becomes resistant to the lethal antibody effect.

1. During the period of in vitro incubation, qualitative altera-
tions in the electrophoretic patterns of the surface proteins
were not observed, thus confirming previous results of Tavares
et al (4). This observation, however, may not apply to in vivo
situations, since results based on the freeze-fracture technique
indicate a difference in particle density between schistosomula
obtained in vitro and in vivo, which is particularly evident
after being cultivated for 12 h (20).
2. There were marked variations in the 3 H / 1 4 C ratios presented
by the electrophoretic fractions of the tegument, suggesting
differential rates of synthesis and degradation of surface pro-
teins. This conclusion is in accordance with those of Dehlinger
and Schimke (21) and Gurd and Evans (22) for proteins from plasma
membranes of mammalian liver cells, but disagree with the data of
Kusel (16), which suggest that the majority of proteins in the
membrane of the adult worm turns over at the same rate. Thus
there is the possibility that the tegumental proteins are assem-
bled by different processes in the young worm and the adult para-
site. Alternatively, the calcium chloride solution used for
extraction of surface material may also be removing some proteins
of the schistosomula bodies, and in that case measurements were
being performed of the relative turnover rates of a mixture of
proteins from the membrane surface and from deeper layers of the
schistosomula body.

It is of interest to note that Con A, as judged by the 3H/14C
ratios, decreased the rate of synthesis and degradation of some
protein fractions, whereas others did not seem to be altered. In
the adult worm it was reported that Con A blocks the insertion of
the membraneous bodies in the parasite membrane that is believed
to contribute to its establishment(23).

3. The rate of tegumental protein synthesis of schistosomula
grown in a medium supplemented with DFCS is .differentially
increased, as compared to that shown by parasites cultivated
only in a chemically defined medium. On the other hand. Con A
added to this medium did not change significantly the rate of
synthesis of most protein fractions.



C

In summary, the available data, based on two different
techniques, indicate that there is a marked heterogeneity in
synthesis and degradation rates among constituent proteins of
the tegument of schistosomula grown in a medium supplemented
with serum. In addition, the synthesis and degradation rates
of surface proteins did not seem to play a role in the acquisition
of protection by schistosomula against the lethal antibody.
In fact, Con A which is very effective in stimulating the loss
of susceptibility to the immune attack, causes only a slight
decrease in the turnover rate of the schistosomular surface
proteins.

The authors wish to thank Jose de Souza Filho and Rita
de Cassia Soares Franca for technical assistance.
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I Radioactivity of the mixtures prepared from
schistosomula teguments (Experiment III)

C

Experimental groups

A (M~1O9+14C)

B (M-1O9+3H)

C (M-lO9+serum+ H)

D (M-109+ConA+ H)

Mixtures* (1:1)
submitted to
electrophoresis

A + B

A + C

A + D

Radioactivity in the
mixture (cpm)
3 H 1 4 Q

-

27,59O

31,725

22,559

30,000

3O,6OO

3O,6OO

30,6OO

G

The samples from Groups A1 B, C and D were made to contain the
same amount of protein

C
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FIG. 1. Electrophoretic patterns of double-labelled schistosomula
tegument. Schistosomula incubated with ^C-arginine (o o)
in M-109 plus 1O% DFCS at 37°C in an atmosphere of 5% CO2 in
air for 18 h were washed and reincubated with %-arginine
(o o) in the same conditions. After an additional period
of 10 h, the schistosomula tegument was removed and processed
for electrophoresis and radioactivity determination.
(Experiment I)
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FIG. 2. Distribution of C (o o) and H (o o) radioactivity
in eiectrophoretic fractions of solubilized schistosoraula
tegument. Schistosomula were incubated simultaneously with
2.5 MCi 14C-arginine and 10 PCi 3H-arginine in 3.0 ml of M-109
+ 10% DPCS at 37°C in an atmosphere of 5% CO2 in air. After
18 h / the schistosomula were washed and their teguments re-
moved and processed for gel electrophoresis and radioactivity
determination (EXPERIMENT II, control).



understanding that it will not be cited in the literature or in any way be reproduced in its present form. The views expressed and
the statements made remain the responsibility of the named suthor(s); the views do not necessarily reflect those of the govern-
ment of the designating Member State(s) or of the designating organization(s). In particular, neither the IAEA nor any other
organization or body sponsoring this meeting can beheld responsible for any material reproduced in this preprint.

15

I 21.1

16.0

14.0

K.0

10.0

CU

O

C
Fraction number

FIG. 3. Distribution of C (o o) and H (o o) radioactivity in
electrophoretic fractions of solubilized schistosomula tegu-
ment. Schistosomula were incubated with 2.5 yCi 14C-arginine
in 3.0 ml of M-109 + 10% DFCS at 37°C in an atmosphere of 5%
COj in air. After 18 h the schistosomula were washed and
transferred to a non-radioactive medium. After 22 h, 10 yCi
of 3H-arginine was added to the medium and schistosomula in-
cubated in the same conditions for an additional period of 1Oh.
The parasites were then washed and their teguments extracted
and processed for SDS-electrophoresis and radioactivity
determination (EXPERIMENT IX).
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PIG. 4. Ratio of 3H to 14C cpm in fractions of solubilized
teguments of schistosomula. A - results derived from FIG. 2
(control); B - results derived from FIG. 3. The broken lines
indicate the standard deviation obtained from the control data.
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3 14FIG. 5. Ratios of H to C cpm in fractions of solubilized
teguments of schistosomula. Data derived from experiments
similar to those shown in FXGS. 2 and 3« except that the
schistosomula were incubated in M-109 + Con A. Control (A)
and experimental group (B) were plotted as in FIG. 4.
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3 14FIG. 6. Ratios of H to C cpm in fractions of solubilized
teguments of schistosomula. Data derived from electrophoresis
of teguments of schistosomula incubated with ^H-arginine in
M-109 (A), M-109 + 10. DFCS (B) and M-1O9 + Con A (C), and
mixed 1:1 with tegument of schistosomula incubated with 1 4C-
arginine in M-109. (EXPERIMENT III). The broken lines indi-
cate standard deviation obtained from A (control).



B) Identification of a surface antigen of Schistosoma mansoni

INTRODUCTION

The interaction between S. mansoni and the immune system of
the host takes place on the surface of the parasite tegument.
Available evidence indicates that surface antigens of the young
parasite are the targets for the host's immune attack (1).
Techniques for radiolabelling external components of the schisto-
somula and adult S. mansoni teguments were used as a prerequisite
for identifying antigens of the parasite tegument which could
play a role in the host-parasite relationship.

MRTERIALS AND METHODS

Preparation of schistosomula

Schistosomula were prepared in vitro according to the method
of Ramalho-Pinto et al (2).

Recovery of adult worms

Adult worms were recovered from mice 7 weeks after they had
been exposed to 100 cercariae by perfusion of the liver and
mesenteric veins.
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Surface labelling with lactoperoxidase

125.
Adult worms and schistosomula were labelled with """""l by the

lactoperoxidase method, according to Hayunga et al (3) . The
parasites were washed 3 times in Earle's balanced salt solution
(EBSS) and resuspended in SOO 1 of EBSS containing 5 x 1O~7

potassium iodide (Radiochemical Centre, Amersham, Bucks, UK),
followed by IO yl of lactoperoxidase containing 5 yg/lO Ul and
10 ul O.O75% H2O2 The reaction was allowed to proceed for 10 min
at room temperature with gentle agitation by hand every 2 min.
Ten yl of a 10 mg/1 solution of sodium thiosulphate was then
added, and after 1 min the parasites were washed 4 times in EBSS.

Individual preparations of 200 male adult worms, 400 female
adult worms, 200 pairs of adult .worms, and 300,0OO schistosomula
were used for surface labelling experiments. In one batch,
before surface labelling with lactoperoxidase, schistosomula
(300,000) were incubated with trypsin (500 yg/5OO yl) for 30 min
at 37°C. The parasites were washed 4 times in EBSS and resuspend-
ed in 250 yl EBSS containing 20 yl of Trasylol (Aprotinin), a
protease inhibitor.
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Surface labelling of schistosomula with the Bolton-Hunter reagent

The parasites were washed 3 times in EBSS brought up to pH
8.5/ with the addition of sodium carbonate and suspended in 25OP1
of EBSS, pH 8.5. Benzene was evaporated from the bottle of Bolton
and Hunter reagent (2 mCi 125j) (New England Nuclear, Boston, Mass
USA), with a stream of dry nitrogen and the reagent was immediate-
ly dissolved in 2OO JJl EBSS, pH 8.5.

To a tube containing 3OOfCX)O schistosomula in 250 IJl EBSS,
pH 8.5, was added 100 pi of Bolton-Hunter reagent. Labelling
proceeded for 3O min at O°C, with agitation by hand every 5 min.
The reaction was terminated by addition of 500 yl of a 1% solu-
tion of glycine in pH 8.5 buffer. After 5 min incubation at-O0C
the parasites were washed 3 times in EBSS, pH 8.5. and resuspended
in 2 ml of a solution of CaCl. 0.3M, for removal of the tegument.

14
Incubation procedures for C amino acid incorporation

Schistosomula were washed 3 times with NCTC-1O9 (Difco Lab,
Detroit, Mich, USA) medium modified by omitting arginine, enzymes,
coenzymes, glucuronolactoma, sodium glucuronate and Tween-80
(M-1O9). About 20,000 cercarial bodies in 10 ml of M-109 were
introduced in sterile 20 ml screw-cap vials containing 2.0 ml of
sterile M-109 and 2 yci in 0.05 ml of (14C) arginine (ICM Pharma-
ceuticals Inc) (270 mCi/mmol) . The vials were then incubated in
an atmosphere of 5% CO2 in air ac 37°C for 18 h.

Removal of parasite tegument

For removal of tegument, schistosomula and adult worms were
treated for 7 min with 3.0 ml 0.3 M calcium chloride. The para-
site surface lifted away from the bodies and could be isolated by
whorling the treated bodies in a vortex mixer for 15 sec. The
vortex treatment sheared off the surface from the bodies, which
could then be spun as a pellet at 300 g for 1 min to leave the
surface fragments in the supernatant fluid. The tegument was
also obtained by 2 repeated cycles of freezing (-700C) and
thawing (37°C) of adult worms in EBSS. After centrifugation at
300 g for 1 min, the tegument was collected in the supernatant.
The supernatants were dialysed against distilled water at 4°C
for 48 h and lyophilised.

Polyacrylamide slab gel electrophoresis

Lyophilised tegumental preparations obtained from labelled
schistosomula and adult worms were suspended in 62.5 mM Tris-HCl
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buffer, pH 6.8 containing 2% sodium dodecyl sulphate (SDS), 5%
(v/v) mercaptoethanol, 10% (w/v) sucrose and 0.001% bromophenol
blue at concentrations of 40-50 ug of protein/10 ul, and solubil-
ised by heating at 1000C for 2 min. Electrophoresis was performed
as described by Tavares et al (4).

Autoradiography

14.Slab gels from schistosomula tegument labelled with ~*C-Arg,
were fixed overnight in an acetic acid-isopropanol-water mixture
(1.2:3.1:8) and processed for fluorography-autoradiography, using
the highly sensitive method of Bonner and Laskey (5) , which enables
detection of 14C by the incorporation of the fluor-2,5-diphenyl-
oxazole (PPO) into the fixed gel. Gel slices were stained and
dried by heating and vacuum suction, overlayered with ROX-O mat
X-ray film (6), before contact with the dried gel to ensure
proportionality of image darkening.

Slab gels from parasite tegument labelled with I were
overlayered with X-ray film after being fixeä and stained.
Radioactivity was measured in individual protein bands after the
gel had been cut.

RESULTS RND DISCUSSION

The results show that on the schistosomula tegument only one
band with relative mobility (Rm) of 0.65 could be labelled repro-
ducibly using the lactoperoxidase technique, a method for iodinat-
ing tyrosine residues. When the Bolton and Hunter procedure was
used to label the schistosomular surface with *2I>I, however, at
least 13 identifiable protein bands were detected in autoradio-
graphy of SDS-polyacrylaraide gel electrophoresis. A small portion
of the label remained in the stacking gel and the protein band
most intensely marked corresponded to the prominent lactoperoxidase
labelled protein (Fig. 1). This protein band disappeared almost
completely in the autoradiography after trypsin treatment of living
schistosomula prior to tegument iodination by the lactoperoxidase
technique.

When the stained gel from the schistosomular tegument electro-
phoresis is compared with autoradiographic patterns yielded by the
Bolton-Hunter-labelled, lactoperoxidase labelled and C-amino acid
labelled teguments, it can be seen that a protein band at Rm 0.65,
which is clearly labelled with 1 2 5 I , does not incorporate ^ 4

amino acid (Pig. 2).
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Taken together, these data suggest that a tyrosine-rich
material of 'low turnover rate* occurs in the schistosomular
surface.

Electrophoretic patterns from the teguments of worms of each
sex, extracted by 0.3 M CaCl2 and stained by Coomassie blue,
showed qualitative differences. These differences were less
remarkable in the autoradiographic pattern obtained from the gel
electrophoresis of tegumental proteins labelled with 1^5j jjV ty,e
lactoperoxidase technique (Fig. 3). Poorly labelled protein bands
were observed in the autoradiography of adult worm teguments
extracted by freezing and thawing..

By comparison of schistosomula and adult worm autoradiographic
patterns it was possible to clearly identify at least, one stage-
specific antigen.
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FIG. 1. Autoradiographic patterns of SDS-polyacrylamide gel
electrophoresis (PAGE) of schistosomular tegument labelled
with 1 2 5I by lactoperoxidase (A) and Bolton-Hunter (B)
methods.
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FIG. 2. Autoradiographic patterns of SOS-PAGE of schistosomular
tegument labelled with:
B - 125i by lactoperoxidase method
C - 125i by Bolton-Hunter method
D - 14c amin acid
In A, pattern of SDS-PAGE of schistosomular tegument
stained with Coomassie blue.
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Pig. 3. Pattern of SDfS-PAGE of adult worm tegument extracted with

0.3 M CaCl2 (A, B and C) and by repeated freezing and thawing
(D, E and F)

A and D = male worms
B and E = worm pairs
C and F = female worms
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Fig. 4 AUiOradiography of the ge l of Fig. 3 .
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