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Characterisation of Sm20,  a 20-kilodalton calcium-binding protein of 
Schistosoma mansoni 
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A cDNA clone encoding part of a 20-kDa antigen of Schistosoma mansoni (Sm20) has been isolated. The amino acid sequence 
of this antigen, as predicted from the sequence of the cDNA, has significant homology to the family of calcium binding proteins 
which include calmodulin, troponin C and the light chain of myosin. Although we have been unable to show any immunological 
cross-reactivity between Sm20 and calmodulins from a range of other species, we have verified that Sm20 is a functional calcium 
binding protein. Sm20 is encoded by a small multigene family and is expressed in schistosomula and adult worms but not in eggs. 
The 20-kDa nascent polypeptide appears to be post-translationally modified to give a 38-kDa species. Sin20 is present in prepa- 
rations of tegumental membranes and is easily removed from intact schistosomula by detergent treatment, suggesting that it is 
associated with the tegument. However, the cloned portion does not appear to be exposed on the surface. 
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Introduction 

The  in t r ace l lu l a r  ca lc ium ion concen t r a t i on  of  
e uka r yo t i c  cells is c losely  r egu la t ed .  In  r e sponse  
to ex t race l lu l a r  s ignals ,  the  in t race l lu la r  level  of  
Ca 2÷ t rans ien t ly  increases  and funct ions  as a sec- 
ond  messenge r  to induce  a wide  var ie ty  of  cal- 
c ium m e d i a t e d  phys io log ica l  responses .  The  Ca 2+ 
signal  is t r a n s d u c e d  by  a va r ie ty  of  ca lc ium-bind-  
ing p ro te ins ,  which  in tu rn  t r ansmi t  the  signal to 
specific sub-cellular  compar tments .  Many  of these 
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c a l c i u m - d e p e n d e n t  responses  are  m e d i a t e d  by 
ca lmodul in ,  an ub iqu i tous  in t race l lu la r  calc ium 
b inding  pro te in .  In add i t ion ,  cont ro l  of  specific 
ca lc ium d e p e n d e n t  processes ,  such as muscle  
con t rac t ion ,  is m e d i a t e d  by spec ia l i sed  calc ium 
binding  p ro te ins  such as t r opon in  C and the light 
chain of myosin .  

In  sch is tosomes  the regu la t ion  of  ca lc ium lev- 
els is also impor t an t .  E lec t ron  p r o b e  X- ray  anal-  
ysis of  adul t  female  and  adul t  male  worms  [1] 
shows that  females  conta in  more  calc ium.  This  is 
most likely due to the calcareous corpuscles found 
in s tage 4 vi te l l ine cells of  the  female  r ep roduc -  
tive t ract  and  must  involve a specific mechan i sm 
for calc ium accumula t ion  in these  cells. The  se- 
c re to ry  bod ies  in the  p r e - a c e t a b u l a r  g lands  of  
ce rcar iae  also conta in  high levels of  ca lc ium [2]. 
This  is thought  to inhibi t  the  p ro t eases  also found  
in the  gland until  p e n e t r a t i o n  of  the  skin requ i res  
the i r  ac t iva t ion .  In add i t ion ,  ca lc ium is involved  
in the  regu la t ion  of  muscle  con t rac t ion  in schis- 
t o somes  but  can be  d i s rup ted  by p raz iquan te l  or  
o x a m n i q u i n e  in a c a l c i u m - d e p e n d e n t  m a n n e r  

[3,41. 
Consequen t ly ,  a n u m b e r  of  ca lc ium b inding  
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proteins should exist in schistosomes which me- 
diate the above processes. A calmodulin-related 
antigen has been purified and characterised from 
adult worms of Schistosoma mansoni by classical 
biochemical techniques. [5]. It is a 19-kDa pep- 
tide representing 0.5% of the total protein in adult 
worms as judged by radioimmunoassay with an 
antiserum against rat calmodulin. An 8-kDa cal- 
cium binding protein expressed only in cercariae 
[6] has also been identified. This paper describes 
the cloning and characterisation of a 20-kDa cal- 
cium binding protein which is associated with the 
tegumental membrane and has homology with the 
calmodulin family of calcium-binding proteins. 

Materials and Methods 

Parasite material. A Puerto Rican strain of S. 
mansoni was maintained in BALB/c mice and in 
the snail Biomphalaria glabrata. Adult worms 
were recovered by perfusion of the hepatic portal 
system [7]. After washing in saline, the parasites 
were frozen and stored in liquid nitrogen. For 
some experiments adult worms were derived from 
cercariae obtained from infected snails collected 
from endemic areas of Kenya. 

Indirect immunofluorescence antibody assay. This 
was performed on live intact schistosomula as 
previously described [8]. 

Production of antisera. Antisera raised in rabbits 
against purified schistosomulum tegumental 
membranes (DT3, DT7, DT8) [9] and total bac- 
terial extracts of hg t l l  lysogens [10] were pre- 
pared as previously described. 

Sera raised against the size-fractionated, deter- 
gent-soluble proteins stripped from intact schis- 
tosomula (Rb 16 to 20) were prepared as follows: 
300000 18-h mechanically prepared schistoso- 
mula were incubated at 4°C for 20 min in 1% de- 
oxycholate. Denuded bodies were removed by 
centrifugation and SDS added to the supernatant 
to a final concentration of 0.1%. This material was 
boiled for 10 min then concentrated to 100 ~1 by 
ultrafiltration on a Diaflo YM10 membrane 
(Amicon Corporation).  Fractionation by gel fil- 
tration was achieved on a 7.5 x 600 mm TSK- 
G4000SW HPLC column (LKB) equilibrated in 

0.1% SDS in PBS, pH 7.2, 0.5-ml fractions were 
collected and analysed by SDS-PAGE and silver 
staining. Adjacent fractions were pooled, and 5 
apparently non-overlapping 1-ml pools were used 
to immunise rabbits (0.2 ml per injection). The 
immunisation procedures were as described pre- 
viously [10]. 

Antiserum against bovine brain calmodulin 
raised in goats was purchased from Sigma. 

Expression of Sm20 in pGEX. The 260 bp frag- 
ment of A1.11 was subcloned into the EcoRI site 
of the expression vector pGEX1 [11]. The fusion 
protein (Sm20GST) and the carrier protein alone 
(GST) were purified as described [11]. 

In vitro translation, immunoprecipitation and 
Western blotting. These were performed as pre- 
viously described [10]. Gel samples of parasite 
material for SDS P A G E  analysis were prepared 
as follows: 1 g of adult worms was homogenised 
in 1 ml of PBS, then centrifuged at 12000 x g for 
10 min. SDS gel sample buffer [12] was added to 
the resultant supernatant. 35000 cercariae, 60000 
schistosomula or 300 000 eggs were solubilised by 
boiling in 1 ml of SDS sample buffer. 

Calcium shift experiment. Calmodulin from bo- 
vine brain, human erythrocytes, Neurospora 
crassa and spinach were purchased from Sigma. 
Samples were resuspended in SDS gel sample 
buffer containing either 25 mM CaC12 or 2.5 mM 
E G T A  and run on SDS-PAGE gels [12] contain- 
ing 25 mM CaC12 or 2.5 mM E D T A  [5]. 

Calcium binding assay. Proteins were western 
blotted as above then the nitrocellulose filter was 
incubated with 45Ca, washed and autoradi- 
ographed as described [13]. 

cDNA library and production of lysogens. A 
cDNA library derived from mRNA of adult 
worms was cloned into Xgtll [10]. Lysogens were 
produced from individual phage as previously de- 
scribed [10]. 

DNA sequencing. This was according to the di- 
deoxy chain terminator method of Sanger [14] 
with the modifications required for the enzyme 



Sequenase (United States Biochemical Corpora- 
tion). 

Northern and Southern blotting. Genomic DNA 
was prepared by the sarkosyl method. 1 g of adult 
worms was ground to a fine paste in liquid nitro- 
gen, then 2 ml 0.5 M EDTA,  0.15% Sarkosyl, 100 
~g ml-~ proteinase K were added. The mixture 
was incubated at 50°C for 4 h, phenol/chloroform- 
extracted twice, and dialysed extensively against 
50 mM Tris/10 mM EDTA/10 mM NaC1, pH 8. 
RNAse A was added to a final concentration of 
40 txg ml-I  and the mixture incubated at 37°C for 
1 h. Following three phenol/chloroform extrac- 
tions, the preparation was dialysed against 10 mM 
Tris/1 mM EDTA,  pH8. 

DNA was restricted under standard conditions 
[15] and electrophoresed on 0.8% agarose gels in 
T E A  buffer (40 mM Tris, 16 mM EDTA,  2 mM 
Na-acetate, pH 8.1). The DNA was visualised by 
staining with 1 Ixg m1-1 ethidium bromide, then 
transferred to nitrocellulose by the method of 
Southern [16]. R NA was separated on 1.0% aga- 
rose gels containing 2.2 M formaldehyde [17] and 
transferred to nitrocellulose as above. 

Radiolabelling of DNA and hybridisation. Probes 
were prepared by the random priming method 
[18], but using the Klenow fragment of DNA po- 
lymerase I. Hybridisations were at 42°C in 50% 
formamide; washing was at high stringency (0.1 
x SSC/0.1% SDS, 53°C). 

Results 

Cloning of  a 20-kDa antigen, cDNA was syn- 
thesised from m R NA isolated from adult worms 
of S. mansoni and a library constructed in the 
expression vector kg t l l  [19]. The library was 
screened with a pool of sera raised against either 
purified schistosomulum tegumental membranes 
or soluble egg antigens, as previously described 
[10]. The fusion protein in kg t l l  of one clone, 
A I . l l ,  was strongly recognised by three sera in- 
dependently raised against purified tegumental 
membranes, but either weakly or not at all by two 
sera raised against soluble egg antigens. It was 
also strongly recognised by one (Rb 19) of a panel 
of sera (Rb 16--20) raised against individual size 
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Fig. 1. The in vitro translation products of mRNA from adult 
worms of S. mansoni were immunoprecipitated with serum 
from: lane 1, Rb 20; lane 2, Rb 19; lane 3, a rabbit immu- 
nised with a lysogen of clone AI.ll. M indicates the positions 
of marker proteins in kDa. * indicates the message-independ- 

ent product of translation. 

fractions of the material stripped from intact 
schistosomula by detergent. Rbl9  immunopre- 
cipitates three in vitro translation products of 
adult worm mRNA of approximately 24 kDa, 22 
kDa and 20 kDa (Fig. 1, lane 2). The fusion pro- 
tein was not recognised by a second serum from 
the series (Rb 20) which immunoprecipitates only 
the two in vitro translation products of 24 kDa and 
22 kDa (Fig. 1, lane 1). This suggested that clone 
A I . l l  encoded the 20-kDa antigen. This was 
confirmed as the serum raised against the fusion 
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protein of A I . l l  in kgtll  immunoprecipitated an 
antigen of 20 kDa from the in vitro translation 
products of adult worm mRNA (Fig. 1, lane 3) 
which co-migrated with the 20-kDa antigen re- 
cognised by Rbl9 but not Rb20. In addition, when 
the 260-bp fragment of A I . l l  cloned into pUC 
was used to message-select the corresponding 
mRNA, this also translated to give a 20-kDa pep- 
tide (data not shown). This antigen has been 
called Sm20. 

Characterisation of clone AI . l l .  EcoRI digestion 
of the DNA from clone A1.11 in kgt11 revealed 
the presence of two fragments of approximately 
260 and 210 bp. These could represent either two 
independently cloned cDNAs tandemly ligated 
into the vector, or a single cDNA containing an 
internal EcoRI site. The fusion protein expressed 
by A1.11 is approximately 126 kDa. Discounting 
the 115-kDa portion contributing by [3-galacto- 
sidase, this indicates that approximately 11 kDa 
of the fusion protein is contributed by the in- 
sert(s). In theory, the 260-bp fragment had a pro- 
tein coding capacity of 10 kDa and the 210-bp 

fragment could encode 8 kDa. Given the level of 
accuracy of measurement of protein sizes on SDS 
polyacrylamide gels, it was impossible to be cer- 
tain whether one or both inserts were being ex- 
pressed in the clone. 

The sequence of clone AI . l l .  The orientation of 
the 260-bp and the 210-bp fragments of A I . l l  in 
kgtll were determined after subcloning of the 
KpnI-SacI fragment containing the inserts and 
some flanking kgtll sequence into M13 mp18 and 
mpl9. Oligonucleotides complementary to the 
regions flanking the EcoRI site in the [3-galacto- 
sidase gene were used to sequence the k-schisto- 
some DNA junctions of the clone. This showed 
that the 260-bp fragment is situated 5' to the 210- 
bp fragment and would be transcribed and trans- 
lated first. It also confirmed the open reading 
frame used for the production of the [3-galacto- 
sidase-Sm20 fusion protein. 

The complete DNA sequence of both EcoRI 
fragments was determined with overlapping runs 
on both strands. The co-linearity of the two frag- 
ments was demonstrated by sequencing through 
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Fig. 2. (a) The nucleotide sequence of clone A I . l l  is shown together with the predicted amino acid sequence.  * indicates the 
stop codon for translation. (b) The partial peptide sequence of Sm20 ( A I . l l S m 2 0 )  is shown aligned with that of Chlamydomonas 
calmodulin and the calmodulin-related antigen of C. elegans. (:) indicates an identical amino acid, (.) indicates a conservative 

substitution. The amino acid positions for each peptide are indicated above and below, respectively. 



their junction using the KpnI-SacI fragment and 
the oligonucleotide primers described above. The 
complete nucleotide sequence is shown in Fig. 2a. 
It is very A+T-rich (65%) in agreement with 
other published genes from S. mansoni. The se- 
quence revealed that the central EcoRI site had 
not been created by the ligation of two independ- 
ently EcoRI linked fragments, but is a naturally 
occurring EcoRI site. Multiple translation termi- 
nation signals occur in two reading frames but the 
third contains an open reading frame (ORF) of 
90 amino acids. This ORF is in frame with the [3- 
galactosidase gene, confirming that this is the 
ORF used to produce the fusion protein in hgtll .  
The ORF is represented by the entire 260-bp 
fragment and 21 bp of the 210-bp fragment. A 3' 
untranslated region of 169 bp is present, but no 
poly(A) + addition signal or poly(A) tail. 

The amino acid sequence of Sm20 (Fig. 2a), 
predicted from the nucleic acid sequence, con- 
tains a high level of acidic amino acids (28%). 
When this sequence was used to search the Swis- 
sprot and PIR databases for homology to other 
proteins, significant homology was seen with cal- 
modulin, troponin C, and the regulatory light 
chain of myosin. The greatest homology was seen 
with Chlamydomonas calmodulin. There was 45% 
identity, but, including conservative substitu- 
tions, an overall homology of 86% (Fig. 2b). 
Chlamydomonas calmodulin is unusual in that it 
has a 10-amino-acid extension at the C terminal 
when compared with calmodulins from other spe- 
cies. The portion of Sm20 cloned includes the 
third and fourth predicted calcium binding do- 
mains and the majority of the 2nd domain. Sm 20 
shows only 35% identity with the calmodulin re- 
lated antigen of C. elegans (Fig. 2b) but 42% ho- 
mology with troponin C from chick skeletal mus- 
cle and 36% homology with myosin regulatory 
light chain from smooth muscle. There are no po- 
tential sites for N linked glycosylation. 

Characterisation of  the gene encoding Sm20. A 
Southern blot of genomic DNA digested with each 
of three different restriction enzymes (Fig. 3) was 
probed with the radiolabelled 260-bp fragment of 
A1.11. The number and pattern of the bands sug- 
gested that Sm20 is encoded by a small multigene 
family, probably with two or three members. 
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Fig. 3. Genomic DNA from S. mansoni digested with: lane 
1, EcoRI; lane 2, HindlII; lane 3, BamHI was separated by 
agarose gel electrophoresis, Southern-blotted and probed with 
the 260-bp fragment of clone A I . l l .  The resultant autoradi- 

ograph is shown. Marker sizes are indicated in kb. 

Expression of Srn20 during the life cycle of S. 
mansoni. The level of expression of the RNA en- 
coding Sm20 was determined for different life 
cycle stages by Northern blot (Fig. 4). RNA en- 
coding Sm20 was found in schistosomula (lane 2) 
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Fig. 4. A Northern blot of RNA isolated from: lane 1, eggs; 
lane 2, schistosomula; lane 3, adult worms of a laboratory 
strain; lane 4, adult worms derived from cercariae collected in 
Kenya was probed with the 260-bp fragment of clone AI . l l .  
The resultant autoradiograph is shown. Marker sizes are in- 

dicated in bp. 

and in adu l t  worms ,  e i the r  de r ived  f rom ce rca r iae  
co l lec ted  f rom e n d e m i c  a reas  of  K e n y a  ( lane 4) 
or  of  the  l a b o r a t o r y  s t ra in  ( lane  3). N o  R N A  rep-  
resenting Sm20 was de tec ted  in eggs (lane 1). The  
size of  the  m R N A  was e s t i m a t e d  to be 1700 bp.  

W e s t e r n  blots  (Fig.  5) of  ex t rac ts  of  mechan i -  
cally t r a n s f o r m e d  sch i s tosomula  cu l tu red  in vi t ro 
for  18 h ( lane  4) or  48 h ( lane 5) or  adul t  worms  
( lane 6) p r o b e d  with  a s e rum ra ised  against  the  
iysogen of  A1.11,  revealed  two antigens,  of 20 and 
38 k D a  which were  not  r ecogn i sed  by a con t ro l  
se rum ra ised  agains t  a lysogen  of  h g t l l  ( lanes  
1-3).  This  sugges ted  tha t  the  20 -kDa  p r imary  
t rans la t ion  p r o d u c t  was pos t - t r ans l a t iona l ly  mod-  
ified to give the  38 -kDa  species .  

Fig. 5. A Western blot of 18-h schistosomula (lanes 1,4,7), 
48-h schistosomula (lanes 2,5,8) and adult worms (lanes 3,6,9) 
probed with a control serum raised against a lysogen of hgtll 
(lanes 1-3), a serum raised against the lysogen of clone A1.11 
(lanes 4-6) or the preimmune serum of the same rabbit (lanes 

7-9). Marker sizes are indicated in kDa. 

Is Sm20 schistosome calmodulin? To d e t e r m i n e  
whe the r  Sm20 was sch is tosome ca lmodu l in  a 
n u m b e r  of  expe r imen t s  were  p e r f o r m e d .  A n  
an t i se rum against  bovine  bra in  ca lmodu l in  was 
used  to p r o b e  W e s t e r n  blots  of  e i ther  fusion pro-  
teins of  Sm20 in a var ie ty  of  vec tors  o r  ex t rac ts  of  
d i f ferent  life cycle s tages  of  S. mansoni but  no 
ant igens  were  recogn i sed  (da ta  not  shown) .  In  
add i t ion ,  this se rum did not  i m m u n o p r e c i p i t a t e  
an in vi t ro t rans la t ion  p roduc t  of  adul t  w o r m  
m R N A .  



Western blots of purified calmodulin from bo- 
vine brain, human erythrocytes, Neurospora 
crassa or spinach were probed with the serum 
raised against the fusion protein of A I . l l  in hgtl l ,  
but none of these were recognised (data not 
shown). 

Is Sm20 a calcium-binding protein? Most cal- 
cium-binding proteins exhibit a marked increase 
in mobility on SDS-PAGE when run in the pres- 
ence of calcium rather than EDTA. This is ex- 
emplified by bovine brain calmodulin, where the 
apparent molecular weight decreases from 19 000 
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to 14000 (Fig. 6 A and B). The in vitro transla- 
tion product of Sm20 immunoprecipitated by 
Rb19 exhibits a shift of 1.7 kDa (Fig. 6 C and D). 
This is a specific change as most peptides immu- 
noprecipitated by the serum DT8 show no signif- 
icant change. 

To directly test whether Sm20 was a calcium 
binding protein the 45Ca isotope of calcium was 
used to probe Western blots of either the purified 
fusion protein of the 260-bp fragment of Sm20 
with GST or GST alone (Fig. 7, lanes 1 and 3). 
The autoradiograph showed that the fusion pro- 
tein of Sin20 (lane 2) did bind 45Ca but that GST 
did not (lane 4). 

| 

14 

A B C D 

- -  + - -  + 

Fig. 6. Bovine brain calmodulin (CalM) and the in vitro translation products of adult worm m R N A  immunoprecipi ta ted by Rb19 
or DT8 were run on SDS-polyacrylamide gels in the presence of E D T A  (panels A and C) or CaCI 2 (panels B and D). Panels A 
and B show the polyacrylamide gels stained with Coomassie Blue. Panels C and D show the autoradiograms of the same gels. The 
sizes of molecular  weight markers  (M) are indicated in kDa. CalM (Panels A and B) and Sm20 (Panels C and D) are arrowed. 
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Fig. 7. A Western blot of the fusion protein of Sm20 in pGEX 
(Sm20GST) (lanes 1 and 2) and GST alone (lanes 3 and 4) was 
probed with 45 Ca. The resultant autoradiograph (lanes 2 and 
4) and Sudan black-stained blots (lanes 1 and 3) are shown. 

Localisation of Sm20. Sm20, or possibly an anti- 
genically related peptide, is present in prepara- 
tions of tegumental membranes of schistosomula 
and can be stripped from intact schistosomula by 
mild detergent treatment as sera against these 
preparations contain anti-Sm20 antibody. This 
suggests that Sm20 has a surface or tegumental 
membrane associated location. However ,  the 
serum raised against the fusion protein of Sm20 
in hg t l l  does not give positive indirect immuno- 
fluorescence of the surface of schistosomula. 

Discussion 

We report  here the cloning of a 20-kDa pep- 
tide antigen (Sm20) of S. mansoni which appears 
to be post-translationally modified to give a 38- 
kDa species. This modification is most likely to 
be either covalent dimerisation or glycosylation. 
However,  the portion of Sm20 sequenced so far 
does not contain any potential sites for N-linked 
glycosylation. Sm20 is encoded by a small multi- 
gene family and is expressed in schistosomula and 
adult worms, but not in eggs. The predicted amino 
acid sequence of Sm20 shows that it has homol- 

ogy to the family of calcium binding proteins 
which include calmodulin, troponin C and the 
light chain of myosin. However,  no immunolog- 
ical cross-reactivity could be detected between 
Sm20 and calmodulins from a range of other spe- 
cies. This does not preclude Sm20 from being 
schistosome calmodulin, as the lack of cross-reac- 
tivity could be due to the extent of divergence 
between the species. 

A calmodulin-related polypeptide has been 
identified from the nematode Caenorhabditis ele- 
gans [20], which is very divergent from other eu- 
karyotic calmodulins. Sm20 is even more diver- 
gent from this group but shows even less 
homology to the C. elegans polypeptide. An 8- 
kDa calcium-binding protein has been cloned 
from S. mansoni [6]. This peptide is distinct from 
Sm20, both in its size and its cercarial specific 
expression. 

A calmodulin-related protein has been purified 
from adult worms of S. mansoni [5]. It was shown 
to be a peptide of 19-kDa which was recognised 
by an antiserum raised against rat brain calmo- 
dulin (Amersham). This antiserum is no longer 
available but an antiserum against bovine brain 
calmodulin (Sigma) did not show any crossreac- 
tivity with Sm20 or any other antigen in adult 
worms. 

Sm20 does appear to be a calcium-binding pro- 
tein as it exhibits a calcium dependent change in 
mobility on SDS-polyacrylamide gels. This change 
is not as large as that seen with bovine brain cal- 
modulin but is similar to that reported for a cal- 
modulin-like flagellar protein from Chlamydo- 
monas [21]. The fusion protein of Sm20 with GST 
is able to bind the 45Ca isotope of calcium con- 
firming that Sm20 is a calcium-binding protein. 

Sm20 can be removed from intact schistoso- 
mula by detergent treatment and is present in 
preparations of tegumental membranes. How- 
ever, antibody against the cloned portion of Sm20 
does not recognise epitopes present on the sur- 
face of intact schistosomula indicating that either 
they are not present on the surface or are masked, 
perhaps by the addition of carbohydrate. 

Classically, calmodulin is an intracellular cal- 
cium-binding protein, but is often found com- 
plexed with the internal face of plasma mem- 
branes. The above data are consistent with such 
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a location for Sm20. However,  this must be in- 
vestigated in detail using antisera raised against 
the complete Sm20 antigen. 

In conclusion, we have determined that Sm20 
is a calcium-binding protein but cannot demon- 
strate any cross-reactivity with calmodulins of 
other species. The modification of Sin20 to give 
the 38-kDa species is not a characteristic of cal- 
modulins, and may indicate a different role for 
Sm20 in schistosomes. 

Acknowledgements 

We would like to thank The Edna McConnell 
Clark Foundation, The Wellcome Trust, The 
Medical Research Council and The Commission- 
ers of the European Economic Community for fi- 
nancial support, and Angela Smith for prepara- 
tion of the figures. 

References 

1 Shaw, M.K. and Erasmus, D.A. (1984) Schistosoma man- 
soni: electron probe X-ray microanalysis of the elemental 
composition of the tegument and subtegumental tissues of 
adult worms. Exp. Parasitol. 58, 163-181. 

2 Davies, T.W. (1983) Schistosoma mansoni: the structure 
and elemental composition of the pre-acetabular penetra- 
tion gland cell secretion in pre-emergent cercariae. Par- 
asitology 87, 55-60. 

3 Xiao, S.-H., Friedman, P.A., Catto, B.A. and Webster, 
T.L. (1984) Praziquantel induced vesicle formation in the 
tegument of male Schistosoma rnansoni is calcium-de- 
pendent. J. Parasitol. 70, 177-179. 

4 Soares de Moura, R., Rozental, R. and Claudio-da-Silva, 
T.S. (1987) Schistosoma mansoni: effects of bromolysergic 
acid diethylamide, verapamil and Cae+-free solution on the 
motor activity of the isolated male worm induced by elec- 
trical stimulation and oxamniquine. Exp. Parasitol. 63, 
173-179. 

5 Thompson, D.P., Chen, G.-Z., Sample, A.K., Semeyn, 
D.R. and Bennet, J.L. (1980) Calmodulin: biochemical, 
physiological and morphological effects on Schistosoma 
mansoni. Am. J. Physiol. 251, 1051-1058. 

6 Ram, D., Grossman, Z., Markovics, A., Avivi, A., Ziv, 
E., Latner, F. and Scbechter, I. (1989) Rapid changes in 
the expression of a gene encoding a calcium binding pro- 
tein in Schistosoma mansoni. Mol. Biochem. Parasitol. 34, 
167-176. 

7 Smithers, S.R. and Terry, R.J. (1965) The infection of 
laboratory hosts with cercariae of Schistosoma mansoni and 
the recovery of adult worms. Parasitology 55,695-700. 

8 Taylor, D.W. and Butterworth, A.E. (1982) Monoclonal 
antibodies against surface antigens of Schistosoma man- 
soni. Parasitology 84, 65-82. 

9 Taylor, D.W. and Wells, P.Z. (1984) Isolation and anti- 
gen analysis of surface tegument membranes from schis- 
tosomula of Schistosoma mansoni. Parasitology 89, 
495-510. 

10 Havercroft, J.C., Huggins, M.C., Nene, V., Dunne, D.W., 
Richardson, B.A., Taylor, D.W. and Butterworth, A.E. 
(1988) Cloning of the gene encoding a 50-kilodalton po- 
tential surface antigen of Schistosoma mansoni. Mol. 
Biochem. Parasitol. 30, 83-88. 

11 Smith, D.B. and Johnson, K.S. (1988) Single-step purifi- 
cation of polypeptides expressed in Escherichia coli as fu- 
sions with glutathione S-transferase. Gene 67, 31-40. 

12 Laemmli, U.K. (1970) Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4. Na- 
ture 227, 680-684. 

13 Maruyama, K., Mikawa, T. and Ebashi, S. (1984) Detec- 
tion of calcium binding proteins by 4-~Ca autoradiography 
on nitrocellulose membranes after sodium dodecyl sul- 
phate gel electrophoresis. J. Biochem. 95,511-519. 

14 Sanger, F., Nicklen, S. and Coulson, A.R. (1977) DNA 
sequencing with chain terminating inhibitors. Proc. Natl. 
Acad. Sci. USA 74, 5463-5467. 

15 Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) Mo- 
lecular Cloning. A Laboratory Manual. Cold Spring Har- 
bor Laboratory, Cold Spring Harbor, NY. 

16 Southern, E. (1975) Detection of specific sequences among 
DNA fragments separated by gel electrophoresis. J. Mol. 
Biol. 98,503-517. 

17 Boedker, H. (1971) Conformation independent molecular 
weight determination of RNA by gel electrophoresis. 
Biochim. Biophys. Acta 240, 448-453. 

18 Shank, P.R., Hughes, S.H., Kung, H.-J., Majors, H.J., 
Quintrrell, N., Guntaka, R.V., Bishop, J.M. and Var- 
mus, H.E. (1978) Mapping unintegrated avian sarcoma vi- 
rus: termini of linear DNA 300 nucleotides present once 
or twice in two species of circular DNA. Cell 15, 
1385-1395. 

19 Huynh, T.V., Young, R.A. and Davies, R.W. (1985) 
Constructing and screening cDNA libraries in hgtl0 and 
hgtl l .  In: DNA Cloning. A Practical Approach., Vol. 1. 
(Glover, D.M., ed.), pp. 49-78, IRL Press, Oxford. 

20 Salvato, M., Sulston, J., Albertson, D. and Brenner, S. 
(1986) A novel calmodulin like gene from the nematode 
Caenorhabditis elegans. J. Mol. Biol. 190, 281-290. 

21 Van Eldick, L.J., Piperno, G. and Wattrerson, D.M. 
(1980) Similarities and dissimilarities between calmodulin 
and a Chlamydornonas flagellar protein. Proc. Natl. Acad. 
Sci. USA 77, 4779-4783. 


