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A CaZ+-stimulated, MgZ+-dependent ATPase activity in subcellular 
fractions from Schistosoma mansoni 
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A CaZ+-stimulated, MgZ+-dependent ATPase activity was found in subcellular fractions from Schistosoma mansoni. Its 
specific and relative activities were higher in the heterogeneous cuticle fraction and in the microsomal fraction. The Ko. 5 
for ATPase activation by free Ca 2÷ was 0.2q).5 pM. This is the first description of an ATPase activity stimulated by 

Ca 2+ in the micromolar range in S. mansoni. 
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1. I N T R O D U C T I O N  

I n  m a m m a l s ,  C a 2 + - s t i m u l a t e d ,  M g 2 + - d e p e n d e n t  

A T P a s e s  a r e  r e s p o n s i b l e  f o r  c a l c i u m  u p t a k e  b y  

s a r c o p l a s m i c  r e t i c u l u m  a n d  a r e  p a r t  o f  t h e  C a  2+ 

t r a n s p o r t  s y s t e m  p r e s e n t  in  p l a s m a  m e m b r a n e s  [1 ]. 

I n  c o n t r a s t  to  e x t e n s i v e  s t u d i e s  in  m a m m a l s ,  t h e  in-  

f o r m a t i o n  a v a i l a b l e  o n  C a E + - A T P a s e  a c t i v i t y  in  

Sch i s tosoma manson i  is l i m i t e d  to  a f ew d e s c r i p -  

t i o n s  o f  A T P a s e s  a c t i v a t e d  b y  h i g h  c o n c e n t r a t i o n s  

o f  C a  2+ o r  M g  2+ [ 2 - 4 ] .  R e c e n t l y  we a l so  r e p o r t e d  

t h e  p r e s e n c e  o f  A T P a s e  a c t i v i t y  in  t h e  t e g u m e n t  o f  

S. manson i  t h a t  r e q u i r e d  c a l c i u m  or  m a g n e s i u m  

a n d  h a d  a Ko.5 o f  0 .32  m M  f o r  e i t h e r  o f  t h e  m e t a l -  

A T P  c o m p l e x e s  [5]. T h i s  a c t i v i t y  w as  a t t r i b u t e d  to  
t h e  p r e s e n c e  o f  a C a  2+ o r  M g E + - d e p e n d e n t  A T P a s e  

s i m i l a r  t o  t h e  b a s i c  A T P a s e  o f  s a r c o p l a s m i c  

r e t i c u l u m  f r o m  ske l e t a l  m u s c l e  [5,6] .  T h e  a i m  o f  
t h e  p r e s e n t  w o r k  w as  t o  l o o k  f o r  a 
C a E + - s t i m u l a t e d ,  M g 2 + - d e p e n d e n t  A T P a s e  a c t i v i t y  

in  s u b c e l l u l a r  f r a c t i o n s  f r o m  S. mansoni  t h a t  c o u l d  
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b e  r e s p o n s i b l e  f o r  t h e  t r a n s p o r t  o f  C a  2+ in  v ivo .  

W e  r e p o r t  h e r e  t h e  f i r s t  e v i d e n c e  f o r  t h e  p r e s e n c e  

in  S. manson i  o f  s u c h  a M g E + - d e p e n d e n t  A T P a s e  

s t i m u l a t e d  b y  C a  2+ in  t h e  m i c r o m o l a r  r a n g e .  

2. M A T E R I A L S  A N D  M E T H O D S  

Adult male worms of S. mansoni were obtained from in- 
fected mice as previously described [7]. Male cercariae were ob- 
tained from snails previously infected with a single miracidium. 
About 2000 worms were homogenized in a Dounce 
homogenizer at 4°C in a 0.25 M sucrose solution buffered to 
pH 7.4 with 5 mM Tris-HC1 using 3 sequences of 10 passes of 
the pestle. The homogenate was centrifuged according to the 
method of Smithers et al. [8] to obtain four pellets (P~, P2, P3 
and P4) sedimenting respectively at 300 × ga~ (5 min), 1000 × 
gay (10 min), 8000 × gay (10 min) and 100000 × gay (60 min). 
The pellets were resuspended in buffered sucrose solution and 
stored at - 15 °C until use. The protein concentration was deter- 
mined by the method of Lowry et al. [9] with bovine serum 
albumin as a standard. 

ATPase activity was determined by measuring the Pi 
liberated according to the method of Fiske and Subbarow [10], 
slightly modified. The enzyme (6-40/zg protein) was incubated 
for 1 h at 37°C in 0.5 ml of 50 mM Hepes-Tris buffer, pH 7.4, 
containing 10 mM NAN3, 5 mM Tris-ATP, 5 mM Tris-EGTA 
and 4 mM MgCIE in the presence or absence of various concen- 
trations of CaCIE. Under this condition, it was calculated that 
the MgATP concentration ranged from 3.5 mM in the absence 
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of added CaC12 to 3.8 mM in the presence of the highest CaCI2 
concentration used. 

The concentration of free Ca z+ was adjusted by utilizing 
EGTA and the concentrations of free Ca 2+, free Mg 2+, CaATP 
and MgATP were calculated as described by Fabiato and 
Fabiato [11]. For the measurements of the calcium- or 
magnesium-requiring ATPase activity reported earlier [5], 
1 mM EGTA and millimolar concentrations of calcium were 
used. 

Values of K0.5 (concentration of Ca 2+ required for half- 
maximal activation of ATPase) were obtained from regression 
lines in Hill plots [12]. Tris-ATP was prepared from vanadate- 
free Na2-ATP by passage through a cation-exchange resin 
(Dowex 50W). 

For electron microscopy, pellets of the fractions were fixed 
for 1 h in 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 
7.2), washed in buffer, post-fixed for 1 h in 1% OsO4 in 0.1 M 
phosphate buffer, dehydrated in ethanol and embedded in 
Epon. Thin sections were stained with uranyl acetate and lead 
citrate, and examined in a Jeol 100 CX electron microscope. 
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Fig.1. Concentration dependence on free Ca 2+ of the 
Mg2+-dependent ATPase activity of the P4 fraction from S. 

mansoni. 

3. RESULTS 

In preliminary experiments, we observed an 
ATPase  activity in the presence of  relatively high 
concentrations of  Mg 2+ or Ca 2+, in the absence of 
other cations and in all four P1-P4 fractions. This 
activity apparently similar to that described in the 
tegument of  S. mansoni [5], was referred to as 
basic ATPase  activity. The Ko.5 values were 
0 .4-1 mM for either of  the meta l -ATP complexes. 

In other experiments, ATPase  activity was 
measured in the presence of  a constant,  saturating 
MgATP concentration with or without added 
Ca z+. Activity measured in the absence of  Ca 2+ 
was referred to as the basic ATPase  activity while 
the CaZ+-stimulated ATPase  activity was 
calculated as the difference between the activities 
measured in the presence and absence of Ca 2+ 
[6,13]. Fig.1 shows the concentration dependence 
on free Ca 2+ of  the Mg2+-dependent ATPase  ac- 
tivity in a typical experiment with the P4 fraction. 
Table 1 indicates the individual values of  the four 
parameters  (Vmax of  the basic ATPase;  Vmax, Ko.5 
for free Ca 2+ and Hill coefficient (h) of  the 
Ca2+-stimulated ATPase)  measured for the P1-P4 
fractions obtained f rom two different preparations 
of  S. mansoni. The CaZ+-stimulated ATPase  ac- 
tivity was present in all four fractions but was 
enriched in P1 and P4 as  indicated by the higher 
specific activity in these fractions (table 1). In these 
fractions the Ko.5 for free Ca z+ was 0 .2-0.5  #M. 
The morphological  analysis of  the fractions show- 

ed that P1 contained pieces of  unbroken worm 
tissue, tegument with spines, nuclei and some 
vesicles (fig.2A). Fraction P2 consisted mainly of  
nuclei although other structures such as mitochon- 
dria, dense bodies and vesicles were seen (fig.2B). 
Fraction P3 consisted mainly of  mitochondria,  
with a few vesicles and dense bodies also present 
(fig.2C). Fraction P4 consisted mainly of  free 
vesicles or large multivesicular structures and par- 
ticles that may correspond to ribosomes. A few 
mitochondria  were seen in this fraction (fig.2D). 

Table 1 

Basic and Ca2+-stimulated ATPase activities of PI-P4 fractions 
from S. mansoni 

Fraction Basic ATPase Ca2+-stimulated ATPase 

Vmax Vmax K0.3 h 

P~ a 1.5 3.6 0.37 0.55 
b 4.0 9.4 0.36 0.72 

Pz a 3.8 1.3 - - 
b 4.5 1.8 - - 

P~ a 3.2 0.6 - - 
b 1.9 1.2 0.46 0.75 

P4 a 6.1 5.8 0.21 0.87 
b 3.0 5.7 0.52 0.74 

a and b refer to experiments performed with two different 
preparations. ( - )  Indicates that the ratio of Vmax (umol 
P i 'mg  l . h - l )  for Ca2+-stimulated and basic ATPase was so 
weak that it was not possible to determine the K0.5 (#M, free 

Ca 2÷) and h values in these experiments 
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Fig.2. General view of the Pt (A), P2 (B), P3 (C), and P4 (D) fractions. Pieces of the tegument with spines (S) are seen in the P~ fraction. 
The P2 fraction contains nuclei (N), some mitochondria (m) and vesicles. Fraction P3 contains a large number of mitochondria, some 

dense bodies (arrow) and vesicles. Fraction P4 mainly consists of vesicles. × 10500. 

4. D I S C U S S I O N  

Prev ious  d a t a  on  the presence o f  CaZ+-ATPase  
ac t iv i ty  in S. mansoni consis t  o f  repor t s  on  the 
presence  o f  A T P a s e s  ac t iva ted  by high concen t ra -  
t ions  o f  Ca  2+ or  Mg 2+ [2-5]  and  o f  h i s tochemica l  
obse rva t ions  reveal ing  A T P a s e  act ivi ty  in the  tegu-  
men t  [14,15]. These  A T P a s e  activit ies re fe r red  to  
bas ic  A T P a s e s  are  p r o b a b l y  not  coup led  to Ca 2+ 
t r an spo r t .  W e  repor t  here  the  first  exper imenta l  
evidence for  the presence o f  a CaZ+-st imulated,  

MgZ÷-dependent  A T P a s e  in adu l t  worms  o f  S. 
mansoni. This A T P a s e  is s t imula ted  by  
m i c r o m o l a r  concen t ra t ions  o f  free Ca 2+ as is the 
case for  the  classical  (Ca  2÷ + MgZ+)-ATPases  pre-  
sent  in sa rcop lasmic  re t icu lum [13] and  p l a s m a  
m e m b r a n e  [16] o f  m a m m a l i a n  cells, where  they  are  
coup led  to Ca 2+ t r anspo r t .  F o r  that  reason ,  we 
pos tu l a t e  tha t  the  CaZ+-s t imulated A T P a s e  act ivi ty  
p resen t  in subcel lu lar  f rac t ions  f rom S. mansoni is 
re la ted  to  a phys io log ica l ly  act ive Ca  2+ p u m p  in 
this  worm.  This  CaZ+-s t imulated A T P a s e  is 
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somewhat  more evident in the Pt and P4 fractions. 
P1, the most heterogeneous fraction, is regarded as 
the cuticle fraction since it contains large pieces of  
the tegument ([8] and fig.2A). However,  the 
Ca2+-stimulated activity of  the present report is ab- 
sent f rom isolated partially purified tegumental 
material  [5], and therefore should probably be 
assigned to other cellular or subcellular structures. 
P4, the microsomal fraction ([8] and fig.2D), is 
better defined but might contain plasma as well as 
reticulum membrane.  For these reasons, the 
subcellular localization of  the ATPase  activity 
described here cannot yet be assigned. 

Experiments in progress aim to characterize bet- 
ter this enzyme activity and to determine if the 
vesicles formed in the P4 fraction are able to pump 
45Ca2+" 
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