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Summary 

Col lo ida l  i ron  s ta in ing ,  c a l c i u m  b i n d i n g  a n d  e n z y m e  ac t iv i t i es  w e r e  s t u d i e d  in  
t h e  i so la t ed  ra t  h e a r t  s a r c o l e m m a .  Col lo ida l  i ron  s t a i n i n g  of t h e  s a r c o l e m m a  
r e v e a l e d  a h i g h  d e n s i t y  of n e g a t i v e l y  c h a r g e d  s i tes  a s s o c i a t e d  w i t h  t h e  cel l  surface.  
T h i s  m e m b r a n e  f r ac t i on  w as  f o u n d  to h a v e  c a l c i u m  b i n d i n g  ac t iv i ty  a t  b o t h  low 
(0.1 mlVI) a n d  h i g h  (1.25 raM) c o n c e n t r a t i o n s  of ca lc ium.  P r e t r e a t m e n t  of t h e  sar- 
c o l e m m a  w i t h  e i t h e r  t r yps in ,  p h o s p h o l i p a s e  C or  n e u r a m i n i d a s e ,  w a s  a s s o c i a t e d  
w i t h  a r e d u c t i o n  in  co l lo ida l  i ron  s t a i n i n g  as  wel l  as d e c r e a s e d  c a l c i u m - b i n d i n g  
ac t iv i ty  a t  h i g h  c o n c e n t r a t i o n s  of ca lc ium.  C a l c i u m  b i n d i n g  a t  low c o n c e n t r a t i o n s  
was  d e c r e a s e d  b y  b o t h  t r y p s i n  a n d  n e u r a m i n i d a s e .  Mg 2+ ATPase ,  Ca 2+ A T P a s e ,  a n d  
Na+-K + A T P a s e  ac t iv i t i e s  w e r e  a l t e r ed  b y  n e u r a m i n i d a s e  a n d  t r y p s i n  t r e a t m e n t s ,  
w h e r e a s  p h o s p h o l i p a s e  C t r e a t m e n t  a l t e r ed  Na+-K + A T P a s e  only.  I t  is c o n c l u d e d  
t h a t  b o t h  su r f ace  n e g a t i v e  c h a r g e  a n d  c a l c i u m - b i n d i n g  s i tes  a s s o c i a t e d  w i t h  t h e  
i so l a t ed  ra t  h e a r t  s a r c o l e m m a  are  c o n t r i b u t e d  b y  a m o s a i c  of b i o m o l e c u l e s  i nc lud -  
ing  p ro te ins ,  p h o s p h o l i p i d s  a n d  g lycopro te ins ,  a n d  a l t e r a t i ons  in  t h e  su r f ace  c h a r g e  
m a y  i n f l u e n c e  t h e  ac t iv i t i e s  of m e m b r a n e - b o u n d  enzymes .  

M a n y  s t u d i e s  h a v e  e m p l o y e d  t h e  c o l l o i d a l  i r o n  (CI)  s t a i n  o f  M o w I T  (23) 
t o  d e m o n s t r a t e  t h e  p r e s e n c e  of  a n i o n i c  s i t e s  o n  t h e  c e l l  s u r f a c e  o f  w h o l e  
t i s s u e ,  i s o l a t e d  c e l l s  a n d  c e l l  m e m b r a n e s  (11, 14, 15, 24, 37), a n d  t h e  s t a i n  i s  
b e l i e v e d  t o  b i n d  t o  n e g a t i v e l y  c h a r g e d  m e m b r a n e  s i t e s .  S u c h  s i t e s  c o u l d  
i n c l u d e  a c i d  m u c o p o l y s a c c h a r i d e s ,  a c i d i c  a m i n o  a c i d s  a n d  p h o s p h o l i p i d s  
(4). A l m o s t  t o t a l  l o s s  o f  C I  s t a i n  i n  s t u d i e s  o n  r a t  l i v e r  m e m b r a n e s  (3) a n d  
m y o c a r d i u m  (15) f o l l o w i n g  t r e a t m e n t  w i t h  n e u r a m i n i d a s e  i n d i c a t e d  t h a t  

*) S u p p o r t e d  b y  a G r a n t  f r o m  t he  Medica l  R e s e a r c h  C o u n c i l  (MRC) of Canada .  
**) S u p p o r t e d  b y  MRC  S t u d e n t s h i p  award .  
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CI  w a s  b i n d i n g  to  N - a c e t y l  n e u r a m i n i c  a c i d  (sial ic acid).  B i o c h e m i c a l  
ana ly s i s  of  t h e  s a m e  p r e p a r a t i o n s ,  h o w e v e r ,  i n d i c a t e d  o n l y  60-70 % of t h e  
t o t a l  m e m b r a n e  s ia l ic  a c i d  w a s  s e n s i t i v e  to  n e u r a m i n i d a s e ,  s u g g e s t i n g  t h a t  
s o m e  m e m b r a n e  s i a l o g l y c o p r o t e i n s  w e r e  i n s e n s i t i v e  to  or  i n a c c e s s a b l e  to 
b o t h  t h e  coUoida l  i r o n  s t a in  a n d  n e u r a m i n i d a s e  ac t ion .  

T h e  cel l  m e m b r a n e  a n d  t h e  s u r f a c e  m a t e r i a l  of  t h e  m y o c a r d i a l  cel l  a re  
k n o w n  to  b i n d  c a l c i u m  a n d  a re  i n t i m a t e l y  i n v o l v e d  in  t h e  r e g u l a t i o n  of t h e  
i n t r a c e l l u l a r  s u p p l y  of th is  c a t i o n  (6, 14, 15). T h e  ab i l i ty  of o t h e r  ca t ions ,  
s u c h  as l a n t h a n u m ,  to  u n c o u p l e  e x c i t a t i o n  f r o m  c o n t r a c t i o n  in  t he  
m y o e a r d i u m ,  p r e s u m a b l y  by  r e p l a c i n g  c a l c i u m  at  t he  cel l  s u r f a c e  (26), 
i n d i c a t e s  t h a t  c a l c i u m  is b o u n d  to  n e g a t i v e l y  c h a r g e d  m e m b r a n e  sites.  
R e c e n t l y ,  i t  has  b e e n  s h o w n  t h a t  in a s a r c o l e m m a l  f r ac t ion ,  i so l a t ed  f r o m  
ra t  h e a r t s  p e r f u s e d  w i t h  l a n t h a n u m ,  b i n d i n g  of t h e  s t a in  is m a i n l y  to  t h e  
s u r f a c e  coa t  (31). T r e a t m e n t  of  t h e  i s o l a t e d  s a r e o l e m m a  w i t h  l a n t h a n u m  
r e s u l t e d  in  a s i g n i f i c a n t  d e c r e a s e  in  b o t h  c a l c i u m  b i n d i n g  a n d  c a l c i u m  
A T P a s e  ac t i v i t i e s  of  t h e  m e m b r a n e  (31). T h e  p r e s e n t  s t u d y  w a s  u n d e r t a -  
k e n  to  i n v e s t i g a t e  t h e  d i s t r i b u t i o n  of n e g a t i v e l y  c h a r g e d  s i tes  on  t h e  
i so l a t ed  ra t  h e a r t  s a r c o l e m m a  by  m e a n s  of t h e  c o l l o i d a l  i r o n  t e c h n i q u e .  
P r e i n e u b a t i o n  of m e m b r a n e s  w i t h  e i t h e r  n e u r a m i n i d a s e ,  t r y p s i n  or  phos -  
p h o l i p a s e  C w a s  p e r f o r m e d  to a s sess  t h e  c o n t r i b u t i o n  of s ia l ic  ac id ,  
p r o t e i n s  a n d / o r  g l y c o p r o t e i n s  a n d  p h o s p h o l i p i d s  r e s p e c t i v e l y  to t h e  nega -  
t i v e l y  c h a r g e d  s i tes  s t a i n e d  by  c o l l o i d a l  i ron.  In  a d d i t i o n ,  m e m b r a n e s  w e r e  
e x a m i n e d  for  t he i r  c a l c i u m - b i n d i n g  a c t i v i t y  a n d  for  t h e  ac t i v i t i e s  of Mg 2+ 
A T P a s e ,  Ca 2+ A T P a s e ,  a n d  Na+-K + A T P a s e .  

M a t e r i a l s  a n d  m e t h o d s  

Neuraminidase (C1. perfringens), phospholipase C (C1. welchii) and trypsin 
(bovine pancreas) were obtained from Sigma. Trypsin inhibitor (egg white) was 
purchased from Calbiochem. 45CAC12 was supplied by New England Nuclear. 

E n z y m e  t rea tments  o f  sarco lemma 

Sarcolemmal membranes  were incubated for 20 min at 37 ~ in 50 mM Tris-HC1 
buffer, pH 7.4, containing 20 mM KC1 to which neuraminidase (0.31 U / m g  protein) 
or trypsin (100 ~g/mg protein) had been added. Incubation with phospholipase C 
(1.0 U/rag protein) was carried out in the same buffer in the presence of 2 mM CaC12. 
Trypsin treatment was terminated by the addition of 2-3 x trypsin inhibitor. Phos- 
pholipase C treatment  was terminated by the addition of 2 mM EDTA, and 
neuraminidase t reatment  was terminated by cooling in ice. The specifications for 
these enzyme treatments of the sarcolemma were adopted from studies reported 
elsewhere (28, 30). 

Calcium b inding  

Treated and control membranes  were used to study Ca 2§ binding. Approxi- 
mately 0.15 mg/ml membrane  protein was suspended in a medium containing 
50 rnM Tris-HC1, pH 7.4. Membranes were preincubated for 3 rain at 37 ~ and the 
reaction was started by the addition of 100 ~tl of 45CAC12 at a final concentration of 
either 104 M or 1.25 x 10 -3 M. The reaction was terminated after 5 min by the 
millipore filtration technique (29). 
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Membrane enzyme assays 

ATP hydrolysis of both treated and control membranes was studied by suspend- 
ing 40-50 ~g/mg protein in a medium containing 50 mM Tris-HCl, pH 7.4. Na+-K § 
ATPase was studied in the presence of 0.I M NaCl, I0 mM KCI, 4 mM MgCl2, 1 mM 
EDTA. The activity of Mg 2§ ATPase was studied in the presence of 4 mM IV[gCIz, 
1 mM EDTA and the activity of Ca 2§ ATPase was studied in the presence of 4 mM 
CaCl z. Membranes were preincubated for 3 min at 37 ~ and the reaction was 
started by the addition of 4 mM Tris-ATP, pH 7.4. The reaction was terminated by 
the addition of 12 % ice-cold trichloroacetic acid. Phosphate determination was 
made according to the procedure of Taussky and Shorr (32) and protein concentra- 
tion was estimated by the method of Lowry et al. (18). 

SiaIic acid de terminat ion  

Sialic acid r e l e a sed  by  e i the r  n e u r a m i n i d a s e  t r e a t m e n t  or  ac id  h y d r o l y s i s  of 
s a r c o l e m m a l  m e m b r a n e s  w a s  m e a s u r e d  by  t he  m e t h o d  of W a r r e n  (35). For  d e t e r m i -  
na t i o n  of t h e  n e u r a m i n i d a s e - s e n s i t i v e  c o m p o n e n t  of t he  sialic ac id  c o n t a i n e d  in 
s a r c o l e m m a ,  m e m b r a n e s  w e r e  i n c u b a t e d  w i th  t h e  e n z y m e  as  d e s c r i b e d  above ,  a n d  
t he  s u p e r n a t a n t  was  a s s a y e d  for sialic acid.  T h e  pel le t  w a s  w a s h e d  a n d  r e s u s p e n d e d  
in 0.1 N H2SO 4 for 1 h r  at  80 ~ to h y d r o l y z e  t he  r e m a i n i n g  sial ic  acid,  S o m e  
membranes were hydrolyzed without prior enzyme treatment under the conditions 

described above to determine total sialic acid content. 

Cytochemical  procedures 

Colloidal iron s ta ining and electron microscopy  

T w o  c y t o c h e m i c a l  p ro toco l s  we re  fo l lowed  each  y i e l d i n g  a d i f f e r en t  topo log ica l  
v i ew  of t h e  d i s t r i b u t i o n  of t he  col loidal  i ron  s tain.  In  b o t h  p r o c e d u r e s  m e m b r a n e s  
we re  t r e a t ed  w i th  t ryps in ,  p h o s p h o l i p a s e  C or n e u r a m i n i d a s e  pr ior  to f i xa t ion  a n d  
s t a i n i n g  in o rd e r  to d e t e r m i n e  t he  ef fec t  of r e m o v i n g  or m o d i f y i n g  t he  d i f f e r en t  
m e m b r a n e  c o m p o n e n t s  on  t he  d i s t r i b u t i o n  of n e g a t i v e l y  c h a r g e d  si tes.  In  t he  f i rs t  
p r o c e d u r e  b o t h  t r e a t e d  a n d  con t ro l  m e m b r a n e s  w e re  s u s p e n d e d  in 2 % glu tara l -  
d e h y d e  in p h o s p h a t e  buf fer ,  p H  7.4, for  45 ra in  at  4 ~ F o l l o w i n g  c e n t r i f u g a t i o n ,  t he  
pe l le t  w a s  w a s h e d  in t he  s a m e  buffer ,  fo l lowed  by  two c h a n g e s  (5 m i n  each)  of 12 % 
acet ic  ac id  a n d  r e s u s p e n d e d  in f r e sh ly  p r e p a r e d  col loidal  i ron  so lu t ion ,  pH  1.2-1.3, 
for  a pe r iod  of 1 h r  at  r o o m  t e m p e r a t u r e  (11). Fo l l ow ing  s t a in ing ,  t he  m e m b r a n e s  
were  c e n t r i f u g e d ,  w a s h e d  in four  c h a n g e s  (3 m i n  each)  of 12 % acet ic  ac id  a n d  pos t -  
f ixed  in 1% o s m i u m  t e t r o x i d e  for 1 h r  at  4 ~ T h e  m e m b r a n e s  w e re  d e h y d r a t e d  in a 
g r a d e d  e t h a n o l  se r i e s  a n d  e m b e d d e d  in E p o n  812 (19). T h i n  s e c t i o n s  w e re  c u t  on  a 
P o r t e r - B l u m  u l t r a m i c r o t o m e ,  p l aced  on  F o r m v a r - c o a t e d  gr ids ,  s t a i n e d  w i th  u r a n y l  
ace ta te  a n d  lead  c i t ra te  a n d  e x a m i n e d  in a Ze i s s  EM-9 e l ec t ron  m i c r o s c o p e .  

In  t h e  s e c o n d  p r o c e d u r e  s a r c o l e m m a l  m e m b r a n e s ,  f ixed  a n d  s u b s e q u e n t l y  
s t a i n ed  w i t h  col loidal  i ron  in t h e  m a n n e r  d e s c r i b e d  above ,  w e re  app l i ed  d i rec t ly  to 
F o r m v a r - c o a t e d  g r ids  a n d  e x a m i n e d  in the  e l ec t ron  m i c r o s c o p e  (3, 24). Th i s  proce-  
d u r e  y i e lds  a s u r f a c e  v i ew  of t h e  col loidal  i ron  d i s t r i b u t i o n  on  t h e  s a r c o l e m m a .  

Results 

C o l l o i d a l  i r o n  s t a i n i n g  

I t  h a s  b e e n  r e p o r t e d  e a r l i e r  t h a t  t h e  m e m b r a n e  f r a c t i o n  o b t a i n e d  b y  
h y p o t o n i c  s h o c k - L i B r  m e t h o d  (22) o r i g i n a t e s  f r o m  t h e  m y o c a r d i a l  c e l l  
m e m b r a n e  (31), a n d  e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  h a s  s h o w n  i t  t o  b e  
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f ree  of  c o n t a m i n a n t s  s u c h  as m y o f i a l m e n t s ,  m i t o c h o n d r i a ,  a n d  nuc le i .  
M a r k e r  e n z y m e  s t u d i e s  of  th is  m e m b r a n e  p r e p a r a t i o n  a lso  r e v e a l e d  min i -  
m a l  c o n t a m i n a t i o n  (3 -5%)  w i t h  o t h e r  c y t o p l a s m i c  o r g a n e l l e s  (1). T h e  
f r a c t i o n  u s e d  in  t h e  p r e s e n t  s t u d y  s h o w e d  a h i g h  Na+-K + A T P a s e  a c t i v i t y  
(14.27 _+ 1.06 ~tmoles P i / m g  p r o t e i n  p e r  hr) w h i c h  w a s  80-90 % i n h i b i t e d  by  
2 m M  ouaba in .  T h e  p r e p a r a t i o n  w a s  f o u n d  to c o n s i s t  of v e s i c l e s  of v a r i a b l e  
s h a p e  a n d  size. T h e  o u t e r  s u r f a c e  of m o s t  v e s i c l e s  was  n o t  s m o o t h  d u e  to 
t h e  p r e s e n c e  of s u r f a c e  ma te r i a l .  

D i s t r i b u t i o n  of t h e  c o l l o i d a l  i ron  s ta in  in u n t r e a t e d  s a r c o l e m m a l  m e m -  
b r a n e s  is s h o w n  in  f i gu re  l a  a n d  b. E l e c t r o n  d e n s e  p a r t i c l e s  of  co l lo ida l  
i ron  (CI) in  t h e  s e c t i o n e d  m e m b r a n e s  (fig. la)  w e r e  p r e s e n t  l a rge ly  on  t h e  

b 
Fig. 1. Colloidal iron staining of the isolated rat heart sarcolemma, a) Sectioned 
membranes:  CI particles are seen mostly in the fuzzy layer. This layer at places is 
separated from the unit membrane  (arrows): • 22,500. b)Membranes  in surface 

view: CI forms a dense uniform pattern over the membrane  surface, x 78,000. 
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b 

Fig. 2. Effects of trypsin treatment (100 #g/rag protein) on CI staining of the 
sarcolemma, a) Sectioned membranes:  marked reduction of CI staining as well as 
poor membrane  definition due to this treatment, x 23,000. b) Membranes in surface 

view: uniform reduction in the CI staining, x 70,000. 

su r f ace  ma te r i a l .  T h e  l a t t e r  v a r i e d  b e t w e e n  0.1 and  0.3 ~ in t h i c k n e s s  a n d  
was  e i t h e r  a p p o s e d  to t h e  p l a s m a  m e m b r a n e  or  s e p a r a t e d  f r o m  it  by  a c l ea r  
gap  of up  to 0.5 ~t. R e l a t i v e l y  f ew  CI pa r t i c l e s  w e r e  s e e n  a s s o c i a t e d  d i r e c t l y  
w i t h  t h e  p l a s m a  m e m b r a n e .  I n t e r n a l i z e d  v e s i c l e s  d id  n o t  s h o w  a n y  CI, 
p r o b a b l y  d u e  to n o n - a c c e s s i b i l i t y  of t h e  s ta in  to t h e s e  s t r u c t u r e s .  M e m -  
b r a n e s  f r o m  t h e  s a m e  p r e p a r a t i o n  s h o w n  in f i gu re  la ,  w h e n  e x a m i n e d  in 
su r f ace  v i e w  (fig. lb) ,  r e v e a l e d  a h i g h  d e n s i t y  of CI b i n d i n g  si tes,  a n d  the  
d i s t r i b u t i o n  of CI in th i s  v i e w  was  fa i r ly  u n i f o r m  (fig. lb).  

T r y p s i n  t r e a t m e n t  of  m e m b r a n e s  a l t e r e d  t h e i r  m o r p h o l o g i c a l  a p p e a r -  
a n c e  as we l l  as s u b s e q u e n t  b i n d i n g  of  t h e  CI  to  t he  ce l l  s u r f a c e  m a t e r i a l .  
T h e  r e su l t s  of a t y p i c a l  e x p e r i m e n t  a re  s h o w n  in  f i g u r e  2a a n d  b. In  t h e  
s e c t i o n e d  m a t e r i a l  s a r c o l e m m a l  m e m b r a n e s  w e r e  r e p r e s e n t e d  by  m e m -  
b r a n o u s  s h e e t s  (fig. 2a), r a t h e r  t h a n  by  v e s i c l e s  s e e n  in t h e  u n t r e a t e d  
p r e p a r a t i o n .  CI  s t a i n i n g  of  t h e  ce l l  s u r f a c e  ma te r i a l ,  s e e n  b o t h  in s e c t i o n e d  
a n d  s u r f a c e  v i ews ,  w a s  c o n s i d e r a b l y  r e d u c e d  a f te r  t r y p s i n  t r e a t m e n t ,  
h o w e v e r ,  d i s t r i b u t i o n  of  t h e  s ta in  r e m a i n e d  u n i f o r m .  

T h e  e f f ec t s  of p h o s p h o l i p a s e  C t r e a t m e n t  on  the  d e n s i t y  a n d  d i s t r i b u -  
t i on  of  CI  are  s h o w n  in  f i g u r e  3a a n d  b. In  s e c t i o n e d  ma te r i a l ,  a m o r p h o l o g -  
ical  a l t e r a t i o n  in s a r e o l e m m a l  m e m b r a n e s ,  m a n i f e s t e d  c h i e f l y  by  a sub-  
s t an t i a l  r e d u c t i o n  in t h e  s u r f a c e  m a t e r i a l  as  w e l l  as v e s i c l e  size,  w a s  
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b 

Fig. 3. Effects of phospholipase C treatment (1.0 U/rag protein) on CI staining of the 
sarcolemma, a) Sectioned membranes:  marked reduction in the CI staining as well 
as size of the vesicles is apparent, • 58,000. b) Membranes in surface view: marked 

decrease in CI staining, x 35,000. 

a p p a r e n t .  I n  a d d i t i o n ,  CI  s t a i n i n g  of t h e  s u r f a c e  ma te r i a l ,  in b o t h  s e c t i o n e d  
a n d  su r f ace  v i e w s ,  w a s  r e d u c e d  f r o m  c o n t r o l  (fig. 3a a n d  b). 

N e u r a m i n i d a s e  t r e a t m e n t  of  t he  m e m b r a n e s  h a d  no a p p a r e n t  e f f ec t  on  
t h e i r  m o r p h o l o g i c a l  a p p e a r a n c e  (fig. 4a a n d  b). H o w e v e r ,  CI  s t a i n i n g  of t h e  
s u r f a c e  m a t e r i a l  a f t e r  n e u r a m i n i d a s e  t r e a t m e n t  was  c o n s i s t e n t l y  less  t h a n  
in c o n t r o l s  (fig. 4a a n d  b). I n  s u r f a c e  v i ew ,  t h e  loss  of CI s t a i n i n g  was  f o u n d  
to be  p a t c h y  in a p p e a r a n c e ,  a n d  r e m a i n i n g  CI  pa r t i c l e s  w e r e  s e e n  to 
a g g r e g a t e  in  a r a n d o m  fash ion .  

Sialic a c i d  c o n t e n t  

In  th is  se r i e s  of  e x p e r i m e n t s ,  s a r c o l e m m a l  m e m b r a n e s  w e r e  i n c u b a t e d  
w i t h  n e u r a m i n i d a s e  (0.31 U / r a g  p ro t e in )  as d e s c r i b e d  in M e t h o d s .  
N e u r a m i n i d a s e  t r e a t m e n t  r e l e a s e d  25.4 • 2.70 n m o l e s  s ia l ic  a c i d / r a g  pro-  
te in .  S u b s e q u e n t  ac id  h y d r o l y s i s  of t he  n e u r a m i n i d a s e - t r e a t e d  m e m -  
b r a n e s  r e l e a s e d  a f u r t h e r  14.99 • 0.08 n m o l e s  of s ia l ie  a c i d / m g  p r o t e i n ,  
y i e l d i n g  a to t a l  s ia l ic  ac id  c o n t e n t  of  40.3 • 3.47 n m o l e s / m g  p ro te in .  A c i d  
h y d r o l y s i s  of  c o n t r o l  m e m b r a n e s  w h i c h  h a d  n o t  b e e n  t r e a t e d  w i t h  
n e u r a m i n i d a s e  w a s  p e r f o r m e d  a n d  y i e l d e d  a s ia l ic  a c i d  c o n t e n t  of  
40.4 • 3.14 n m o l e s / m g  p r o t e i n ;  a r e s u l t  v i r t u a l l y  i d e n t i c a l  to t h a t  o b t a i n e d  
in  t h e  a b o v e  e x p e r i m e n t .  N e u r a m i n i d a s e  t r e a t m e n t  t h e r e f o r e  r e l e a s e d  
a p p r o x i m a t e l y  63 % of t h e  to ta l  s a r c o l e m m a l  b o u n d  s ia l ic  acid.  
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Fig. 4. Effects of neuraminidase treatment (0.31 U/mg protein) on CI staining of the 
sarcolemma, a) Sectioned membranes:  In this view only marginal reduction in the 
CI staining is noticed, x 26,500. b) Membranes in surface view: A definite reduction 
in the CI staining as well as a random aggregation (arrows) of the CI particles is 

noticeable, x 72,500. 

C a l c i u m  b i n d i n g  

Rat  h e a r t  s a r c o l e m m a  is r e p o r t e d  to h a v e  b o t h  h i g h  a n d  l o w  a f f in i ty  
c a l c i u m  b i n d i n g  s i tes  w i t h  a f f in i ty  c o n s t a n t  v a l u e s  of  2 • 10 -s M a n d  
5.6 • 10 2 M r e s p e c t i v e l y  (17). I n  th i s  s t u d y  t h e  b i n d i n g  c h a r a c t e r i s t i c s  of 
t h e  s a r c o l e m m a l  f r a c t i o n  b o t h  b e f o r e  a n d  a f te r  t r e a t m e n t  w i t h  t r y p s i n ,  
p h o s p h o l i p a s e  C a n d  n e u r a m i n i d a s e .  T h e  r e su l t s  a re  s h o w n  in t a b l e  1. 
C o n t r o l  m e m b r a n e s  b o u n d  24.5 • 1.96 n m o l e s  Ca2+/mg p r o t e i n  p e r  5 r a in  
in  t he  p r e s e n c e  of 0.1 m M  Ca 2+. I n c r e a s i n g  t h e  Ca z§ c o n c e n t r a t i o n  to 
1.25 m M  r e s u l t e d  in a t e n f o l d  i n c r e a s e  in c a l c i u m  b i n d i n g  to  248.5 • 14.34 
n m o l e s  Ca2+/mg p r o t e i n  p e r  5 rain.  C a l c i u m  b i n d i n g  in  t h e  p r e s e n c e  of 
0.1 m M  c a l c i u m  w a s  r e d u c e d  by  b o t h  t r y p s i n  a n d  n e u r a m i n i d a s e  t rea t -  
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m e n t s  b u t  w a s  u n a f f e c t e d  b y  t r e a t m e n t  w i t h  p h o s p h o l i p a s e  C. F u r t h e r -  
m o r e ,  t r y p s i n  w a s  f o u n d  to  b e  m o r e  e f f e c t i v e  t h a n  n e u r a m i n i d a s e  in  
r e d u c i n g  c a l c i u m  b i n d i n g  a t  t h i s  c o n c e n t r a t i o n .  C a l c i u m  b i n d i n g  a c t i v i t y  
of  t h e  m e m b r a n e s  in  t h e  p r e s e n c e  of  1.25 m M  Ca  2+ w a s  r e d u c e d  b y  
t r e a t m e n t  w i t h  a n y  of  t h e  m e m b r a n e  p e r t u r b i n g  a g e n t s  e m p l o y e d  in  t h i s  
s t u d y  w i t h  t h e  o r d e r  of p o t e n c y ,  s t a r t i n g  w i t h  t h e  m o s t  e f f e c t i v e  a g e n t ,  
b e i n g  t r y p s i n  > n e u r a m i n i d a s e  > p h o s p h o t i p a s e  C ( t ab le  I). 

S a r c o l e m m a l  e n z y m e  a c t i v i t i e s  

T h e  e f f ec t s  of t r y p s i n ,  p h o s p h o l i p a s e  C a n d  n e u r a m i n i d a s e  t r e a t m e n t s  
o n  t h e  a c t i v i t i e s  of  t h r e e  s a r c o l e m m a l  e n z y m e s  a r e  s h o w n  in  t a b l e  2. 
T r e a t m e n t  "of m e m b r a n e s  w i t h  t r y p s i n  r e s u l t e d  in  a n  i n c r e a s e  in  t h e  
s p e c i f i c  a c t i v i t i e s  of  b o t h  M g  e+ A T P a s e  a n d  Ca 2+ A T P a s e  b y  22 % a n d  26 % 
r e s p e c t i v e l y  o v e r  c o n t r o l  va lue s .  I n  c o n t r a s t ,  N a + - K  + A T P a s e  a c t i v i t y  w a s  
r e d u c e d  90 % b y  t h i s  t r e a t m e n t .  P h o s p h o l i p a s e  C c a u s e d  a s l i g h t  d e p r e s -  
s i on  in  t h e  a c t i v i t i e s  of  M g  2+ A T P a s e  a n d  Ca  2+ A T P a s e ,  b u t  t h e s e  c h a n g e s  
w e r e  n o t  s i g n i f i c a n t .  H o w e v e r ,  a m a r k e d  r e d u c t i o n  (85 %) in  t h e  a c t i v i t y  of 
N a + - K  + A T P a s e  w a s  a p p a r e n t  f o l l o w i n g  p h o s p h o l i p a s e  C t r e a t m e n t .  T r e a t -  
m e n t  of  s a r c o l e m m a  w i t h  n e u r a m i n i d a s e  c a u s e d  a c o m p a r a b l e  r e d u c t i o n  
of  a p p r o x i m a t e l y  30-40 % in  t h e  a c t i v i t i e s  of a l l  t h r e e  e n z y m e s ,  a n d  t h e s e  
c h a n g e s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  

D i s c u s s i o n  

I t  i s  w e l l  d o c u m e n t e d  t h a t  CI  a t  p H  1.2-1.4 e m p l o y e d  in  t h e  p r e s e n t  
s t u d y  b i n d s  to  t h e  ce l l  s u r f a c e  (3, 10, 11, 12, 15, 21, 24, 37). A l t h o u g h  t h e r e  is 
s t i l l  n o  a g r e e m e n t  w i t h  r e s p e c t  to  t h e  c h e m i c a l  n a t u r e  of  t h e  s i t e s  b i n d i n g  
CI ,  i t  is  g e n e r a l l y  a g r e e d  t h a t  s u c h  s i t e s  a r e  n e g a t i v e l y  c h a r g e d .  T h e  
p r e s e n t  s t u d y  d e m o n s t r a t e s  t h e  p r e s e n c e  of  n e g a t i v e l y  c h a r g e d  s i t e s  in  t h e  
i s o l a t e d  r a t  h e a r t  s a r c o l e m m a l  f r a c t i o n  b y  t w o  d i f f e r e n t  c y t o c h e m i c a l  
p r o c e d u r e s  u s i n g  CI  s t a i n  a s  a c o m m o n  p r o b e .  A c o m p r e h e n s i v e  p i c t u r e  
r e g a r d i n g  t h e  d i s t r i b u t i o n  of  n e g a t i v e  c h a r g e  c o u l d  b e  c o n s t r u c t e d  b y  
c o m b i n i n g  t h e  o b s e r v a t i o n s  f r o m  b o t h  t h e  s e c t i o n e d  a n d  t h e  s u r f a c e  v i e w s  
of  t h e  C I - s t a i n e d  m e m b r a n e s .  T h e  h i g h  d e n s i t y  of  CI p a r t i c l e s  o b s e r v e d  in  
t h e  s u r f a c e  v i e w  w a s  m o s t  l i k e l y  d u e  to  s u p e r i m p o s i t i o n  of  p a r t i c l e s  
s c a t t e r e d  in  t h e  s u r f a c e  c o a t  a n d  o n  t h e  p l a s m a  m e m b r a n e .  T h e  d i s t r i b u -  
t i on  of  CI  in  t h e  s e c t i o n e d  m a t e r i a l  is  c o m p a r a b l e  to  t h a t  r e p o r t e d  in  r a t  
a n d  r a b b i t  m y o c a r d i a l  t i s s u e  p r e p a r a t i o n s  (10, 14). F u r t h e r m o r e ,  t h e  
r e p o r t e d  s e p a r a t i o n  of  t h e  b a s e m e n t  m e m b r a n e  f r o m  t h e  u n i t  m e m b r a n e  
s e e n  in  r a t  h e a r t s  p e r f u s e d  w i t h  Ca 2+ f r ee  m e d i u m  for  a p r o l o n g e d  t i m e  (10, 
33) m a y  in  f ac t  c o r r e s p o n d  to t h e  o c c u r r e n c e  of  a w i d e  g a p  b e t w e e n  t h e  
t w o  l a y e r s  o b s e r v e d  in  t h e  i s o l a t e d  s e c t i o n e d  m e m b r a n e s .  I n  t h i s  r e g a r d  i t  
s h o u l d  b e  n o t e d  t h a t  i s o l a t i o n  of  s a r c o l e m m a  in  t h e  p r e s e n t  s t u d y  i n v o l v e d  
h o m o g e n i z a t i o n  a n d  w a s h i n g  in  t h e  p r e s e n c e  of  1 m M  E D T A ,  a k n o w n  
c h e l a t o r  of  c a l c i u m .  T h e  r e s u l t s  of  t h i s  c y t o c h e m i c a l  s t u d y  a r e  q u a l i t a -  
t i v e l y  s i m i l a r  to  CI  s t a i n i n g  r e p o r t e d  for  c u l t u r e d  h e a r t  ce l l s  a n d  m y o c a r -  
d i a l  t i s s u e  (10). 

M o w r y  (23) c o n s i d e r e d  C I  to  b e  s p e c i f i c  for  a c i d i c  p o l y s a c c h a r i d e s  a t  
p H  1.1-1.3 b u t  w a r n e d  of  n o n - s p e c i f i c  s t a i n i n g  at  p H  1.4 o r  h i g h e r .  T h e  C I  
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s t a i n  h a s  b e e n  u s e d  for  t h e  c y t o c h e m i c a l  d e m o n s t r a t i o n  of  m e m b r a n e -  
b o u n d  s ia l i c  a c i d  (3, 10, 11, 15, 21, 24) a s  w e l l  as  h y a l u r o n i c  a c i d  a n d  
s u l f a t e d  m u c o p o l y s a c c h a r i d e s  (21, 37). I t  h a s  b e e n  n o t e d  t h a t  t h e  p o s i -  
t i v e l y  c h a r g e d  c o l l o i d  c a n  b i n d  n o t  o n l y  to  c a r b o x y l  a n d  s u l f a t e  g r o u p s  of 
m u c o p o l y s a c c h a r i d e s  b u t  a l so  to  c a r b o x y l  g r o u p s  of  a c i d i c  a m i n o  a c i d s  
a n d  p h o s p h a t e  g r o u p s  of p h o s p h o l i p i d s  (4). T h e  r e s u l t s  of  t h i s  s t u d y  
s u p p o r t  t h i s  c o n t e n t i o n  i n a s m u c h  as  p r e t r e a t m e n t  of s a r c o l e m m a l  m e m -  
b r a n e s  w i t h  e i t h e r  t r y p s i n ,  p h o s p h o l i p a s e  C o r  n e u r a m i n i d a s e  r e d u c e d  CI  
s t a i n i n g .  I t  a p p e a r s  t h e  n e g a t i v e  c h a r g e  o n  t h e  h e a r t  s a r c o l e m m a  is d u e  to  
s e v e r a l  d i f f e r e n t  c h e m i c a l  g r o u p s ,  s i n c e  no  o n e  t r e a t m e n t  c o m p l e t e l y  
p r e v e n t e d  C I  s t a i n i n g .  R e d u c t i o n  in  CI  s t a i n i n g  f o l l o w i n g  p r o t e o l y t i c  
d i g e s t i o n  h a s  b e e n  d e m o n s t r a t e d  in  r e d  ce l l  m e m b r a n e s  (24), a n d  t h i s  
t r e a t m e n t  h a s  a l so  b e e n  r e p o r t e d  to  r e l e a s e  m e m b r a n e - b o u n d  s i a l i c  a c i d  as  
a s i a l o g l y c o p e p t i d e  in  r e d  ce l l s  (20, 24, 34), r a t  l i v e r  m e m b r a n e s  (3), a n d  r a t  
h e p a t o m a  c u l t u r e s  (2). I n  t h e  p r e s e n t  s t u d y ,  r e m o v a l  of o v e r  60 % of  s i a l i c  
a c i d  b y  n e u r a r n i n i d a s e  w a s  n o t  a s  e f f e c t i v e  in  r e d u c i n g  CI  s t a i n i n g  as  w a s  
t r y p s i n  t r e a t m e n t .  T h i s  r e s u l t  c o u l d  b e  a n t i c i p a t e d  if CI  is b o u n d  n o t  o n l y  
to  s ia l ic  a c i d  b u t  a l so  to  m e m b r a n e  p r o t e i n s .  I n  t h a t  e v e n t  r e l e a s e  of 
p e p t i d e s  a n d  s i a l o g l y c o p e p t i d e s  b y  t r y p s i n  s h o u l d  h a v e  a n  a d d i t i v e  e f f ec t  
in  r e d u c i n g  n e g a t i v e l y  c h a r g e d  s i tes .  F u r t h e r m o r e ,  l a n t h a n u m ,  w h i c h  is 
b e l i e v e d  to  d i s p l a c e  c a l c i u m  a t  t h e  ce l l  s u r f a c e  (26), h a s  b e e n  f o u n d  
a s s o c i a t e d  w i t h  s u r f a c e  l a y e r  w h i c h  w a s  s e n s i t i v e  to  t r y p s i n  a n d  p r o n a s e  
(25). O the r s ,  h o w e v e r ,  h a v e  s h o w n  l a n t h a n u m  b o u n d  to  m e m b r a n e  p h o s -  
p h o l i p i d s  (7, 16). O u r  r e s u l t s  on  t h e  i s o l a t e d  r a t  h e a r t  s a r c o l e m m a  s t r e n g -  
t h e n  t h e  v i e w  t h a t  t h e  s u r f a c e  n e g a t i v e  c h a r g e  is d u e  to  a m o s a i c  of  
c h e m i c a l  g r o u p s .  

T h e  d a t a  d e s c r i b e d  h e r e  o n  Ca  2+ b i n d i n g  p r o p e r t i e s  of  t r y p s i n  a n d  
n e u r a m i n i d a s e  t r e a t e d  s a r c o l e m m a  i n d i c a t e  t h a t  p r o t e i n s  a n d  g l y c o p r o -  
t e i n s  m a y  a l so  p l a y  a m a j o r  ro l e  in  b o t h  t h e  h i g h  a f f i n i t y  a n d  l o w  a f f i n i t y  
Ca  2+ b i n d i n g  p o o l s  (9, 17, 27). L i m a s  (27) r e p o r t e d  c a l c i u m  b i n d i n g  to  r a t  
h e a r t  s a r c o l e m m a  w h i c h  w a s  d r a m a t i c a l l y  r e d u c e d  b y  t r y p s i n  t r e a t m e n t  
b u t  r e l a t i v e l y  u n a f f e c t e d  b y  t r e a t m e n t  of t h e  m e m b r a n e s  w i t h  p h o s p h o l i p -  
a s e s  o r  n e u r a m i n i d a s e .  I n  c o n t r a s t ,  w e  o b s e r v e d  a s i g n i f i c a n t  r e d u c t i o n  in  
m e m b r a n e  Ca  2+ b i n d i n g  a t  b o t h  h i g h  (1.25 m M )  a n d  l o w  c o n c e n t r a t i o n s  of 
c a l c i u m  (0.1 m M )  w i t h  n e u r a m i n i d a s e ,  a n d  a t  h i g h  c o n c e n t r a t i o n s  of ca l -  
c i u m  f o l l o w i n g  p h o s p h o l i p a s e  C t r e a t m e n t .  T h e  r e a s o n  fo r  t h e s e  d i f f e r -  
e n c e s  b e t w e e n  t h e  t w o  s t u d i e s  is  n o t  c l e a r  a t  p r e s e n t .  H o w e v e r ,  r e d u c t i o n  
in  t h e  n u m b e r  of  a v a i l a b l e  c a t i o n  b i n d i n g  s i t e s ,  i n d i c a t e d  b y  t h e  fa l l  i n  
Ca  2+ b i n d i n g  f o l l o w i n g  p h o s p h o l i p a s e  C a n d  n e u r a m i n i d a s e  t r e a t m e n t s  in  
t h e  p r e s e n t  s t u d y ,  is  s u p p o r t e d  b y  a c o r r e s p o n d i n g  d e c r e a s e  in  CI  s t a i n i n g  
of t h e  t r e a t e d  m e m b r a n e s .  S i a l i c  a c i d  h a s  b e e n  r e p o r t e d  to  b i n d  c a l c i u m  in  
a s e l e c t i v e  m a n n e r  (13), t h u s  t h e  l a c k  of a n y  s i g n i f i c a n t  e f f ec t  of  
n e u r a m i n i d a s e  t r e a t m e n t  o n  s u b s e q u e n t  Ca  2+ b i n d i n g  to  t h e  s a r c o l e m m a  
in  L i m a s '  (17) s t u d y  is i n t r i g u i n g .  O u r  r e s u l t s  i n d i c a t e  t h a t  p r o t e i n s ,  
p h o s p h o l i p i d s  a n d  s i a l i c  a c i d  a r e  i n v o l v e d  in  m e m b r a n e  c a l c i u m  b i n d i n g .  
F u r t h e r m o r e ,  t h e  f a i l u r e  of  p h o s p h o l i p a s e  C to  s i g n i f i c a n t l y  r e d u c e  Ca  2+ 
b i n d i n g  a t  l o w  c o n c e n t r a t i o n s  (0.1 raM)  of  c a l c i u m  m a y  s u g g e s t  t h a t  p h o s -  
p h o l i p i d s  c o n t r i b u t e  m o r e  to  l o w  a f f i n i t y  Ca  2+ b i n d i n g  poo l .  

N e u r a m i n i d a s e  h a s  b e e n  r e p o r t e d  b y  a n u m b e r  of w o r k e r s  to  s u b s t a n -  
t i a l l y  p r e v e n t  s u b s e q u e n t  b i n d i n g  of CI  in  a v a r i e t y  of  t i s s u e s  (3, 10, 15, 24). 
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While  n e u r a m i n i d a s e  a l w a y s  r e d u c e d  s t a i n i n g  in  ou r  p r e p a r a t i o n ,  it  n e v e r  
e l i m i n a t e d  it. B e n e d e t t i  a n d  E m m e l o t  (3), L a n g e r  et  al. (15), a n d  F r a n k  et 
al. (19) all  r e p o r t e d  60-70 % of m e m b r a n e  sial ic  ac id  was  r e l ea sed  b y  
n e u r a m i n i d a s e .  A t  t he  s a m e  t i m e  a l m o s t  to ta l  a b o l i t i o n  of CI s t a i n i n g  was  
n o t e d  in  t he se  s tud ie s ,  i n d i c a t i n g  the  r e m a i n i n g  s ia l ie  ac id  was  i n s e n s i t i v e  
to or  i n a c c e s s a b l e  to b o t h  t he  s t a i n  a n d  n e u r a m i n i d a s e .  T h e  s t u d y  of 
N i c o l s o n  (24), o n  the  o the r  h a n d ,  r e p o r t e d  h y d r o l y s i s  of 90 % of m e m b r a n e -  
b o u n d  sial ic  ac id  b y  n e u r a m i n i d a s e  w i t h  c o n c o m i t a n t  d e c r e a s e  in  CI 
s t a i n i n g  to 85 % of cont ro l .  I n  the  p r e s e n t  s t u d y  r e m o v a l  of 63 % of 
m e m b r a n e - b o u n d  s ial ic  ac id  r e s u l t e d  in  a de f in i t e  r e d u c t i o n  in  s t a in ing ,  
a l t h o u g h  the  e x a c t  p e r c e n t a g e  d e c r e a s e  c o u l d  n o t  b e  a s c e r t a i n e d  f r o m  th is  
e s s e n t i a l l y  q u a l i t a t i v e  a p p r o a c h .  I t  a p p e a r s  t h a t  b i n d i n g  s i tes  r e m a i n i n g  
f o l l o w i n g  n e u r a m i n i d a s e  t r e a t m e n t  e i the r  are  n o t  s ia l ic  ac id  Dr if t h e y  are, 
t h e y  posses s  a -ke to s id i c  l i n k a g e s  n o t  c l eaved  b y  the  e n z y m e  u n d e r  o u r  
e x p e r i m e n t a l  c o n d i t i o n s .  S u c h  n e u r a m i n i d a s e - r e s i s t a n t  b o n d s  h a v e  b e e n  
r e p o r t e d  b y  D r z e n i e k  (8). 

T h e  effects  of t r y p s i n  a n d  p h o s p h o l i p a s e  C, t w o  m e m b r a n e - i o e r t u r b i n g  
agen ts ,  o n  th ree  s a r c o l e m m a l  enzynqes  are  n o t  u n e x p e c t e d  as loss  of 
p r o t e i n s  or l i p ids  n o t  o n l y  a l te rs  t he  m i c r o e n v i r o n m e n t  of t he  m e m b r a n e  
b u t  m a y  also h a v e  d i r ec t  effects  on  the  e n z y m e  m o l e c u l e s  (5). H o w e v e r ,  a 
r a t h e r  u n i f o r m  d e p r e s s i o n  of Mg 2+ A T P a s e ,  Ca 2+ A T P a s e ,  a n d  Na+-K + 
A T P a s e  ac t iv i t i es  f o l l o w i n g  n e u r a m i n i d a s e  t r e a t m e n t  w o u l d  s u g g e s t  
e i t he r  s ial ic  ac id  fo rms  a pa r t  of t he  e n z y m e  m o l e c u l e s  or  t he  d i s t r i b u t i o n  
of su r f ace  cha rge  p lays  a role  i n  t he  r e g u l a t i o n  of the  ac t iv i t i es  of t he se  
m e m b r a n e - b o u n d  e n z y m e s .  T h e  la t te r  v i e w  is c o n s i s t e n t  w i t h  a r e c e n t  
r epo r t  s u g g e s t i n g  t ha t  t he  ac t iv i t i es  of m e m b r a n e  e n z y m e s  w i t h  c h a r g e d  
s u b s t r a t e s  m a y  be  r e g u l a t e d  b y  t he  d e n s i t y  of t he  su r face  charge ,  a n d  
a l t e r a t i ons  in  t h a t  cha rge  m a y  c h a n g e  t he  c o n c e n t r a t i o n  of a s u b s t r a t e  i n  
t he  i m m e d i a t e  v i c i n i t y  of t he  m e m b r a n e  (36). 

I t  c a n  be  c o n c l u d e d  tha t  the  d e n s i t y  a n d  d i s t r i b u t i o n  of the  su r f ace  
c h a r g e  is i n t i m a t e l y  r e l a t ed  to b o t h  c a t i o n  b i n d i n g  a n d  e n z y m a t i c  
ac t iv i t i es  i n  ra t  m y o c a r d i a l  s a r c o l e m m a  a n d  a l t e r a t i ons  in  th i s  p a r a m e t e r  
b y  r e m o v a l  or  m o d i f i c a t i o n  of m e m b r a n e  c o m p o n e n t s  c o n t r i b u t i n g  to t he  
su r face  c h a r g e  wil l  n e c e s s a r i l y  r e s u l t  i n  c h a n g e s  in  the  f u n c t i o n a l  p r ope r -  
t ies  of th i s  m e m b r a n e  sys t em.  

Zusan~rnenfassung 

Beim isolierten Sarkolemm vom Rattenherzen wurde die F~rbung mit kol- 
loidalem Eisen, Ca-Bindung und Enzym-Aktivit~ten untersucht. Die F~rbung mit 
koLloidalem Eisen zeigte eine hohe Diehte negativ geladener SteUen an der ZeU- 
oberfl~che. Es wurde festgesteUt, da~ diese Membranfraktion ~ber Ca-Bindungs- 
aktivit~t sowohl bei niedriger (0,1 nqM) als auch bei hoher (1,25 n~VD Ca-Konzentra- 
tion verf~gt. 

Vorbehandlung des Sarkolemnqs mit Trypsin, Phospholipase C oder 
Neuraminidase f~hrte sowohl zu einer Abnahme der F~rbung mit kolloidalem 
Eisen als auch zu einer verminderten Bindungsaktivit~t f~r Calcium bei hohen Ca- 
Konzentrationen. Die Ca-Bindung bei niedrigen Konzentrationen wurde sowohl 
durch Trypsin als auch durch Neurarninidase vermindert.  Die Aktivit~t der Mg 2+- 
ATPase, Ca2+-ATPase und  Na+-K+-ATPase wurde durch Neuraminidase und  Tryp- 
sin-Behandlung ver~ndert, w~ihrend Behandlung mit  Phospholipase C nur  die Na +- 
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K+-ATPase  beeinflul3te.  Es  e r g i b t  s ich  die  S c h l u B f o l g e r u n g ,  d a b  s o w o h l  d e n  nega t i -  
v e n  O b e r f l ~ i c h e n l a d u n g e n  als a u c h  d e n  C a - B i n d u n g s s t e l l e n  des  i so l i e r t en  Sar-  
k o l e m m s  v o m  R a t t e n h e r z e n  e in  M o s a i k  y o n  B i o m o l e k ~ l e n  z u g r u n d e  liegt,  w e l c h e s  
P ro t e ine ,  P h o s p h o l i p i d e  u n d  G l y c o p r o t e i n e  en th~l t ,  u n d  d a b  A n d e r u n g e n  de r  
O b e r f l ~ c h e n l a d u n g  d ie  Ak t iv i t~ t  m e m b r a n g e b u n d e n e r  E n z y m e  b e e i n f l u s s e n  
k 6 n n e n .  

Key words: h e a r t  s a r c o l e m m a ,  s a r c o l e m m a l  c a l c i u m  b i n d i n g ,  su r face  charge ,  
co l lo ida l  i ron  s ta in ing ,  m e m b r a n e - b o u n d  e n z y m e s  
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