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Summary 

The influence of  a phosphatidylinositol-specific phospholipase C treatment 
on rat heart sarcolemmal 5'-nucleotidase was investigated. Upon complete 
hydrolysis of  all phosphatidylinositol in the sarcolemma, 75% of  5'-nucleo- 
tidase activity was found in the solubilized form. The insolubilized enzyme 
after this t reatment has the same Km for AMP as the untreated, sarcolemmal- 
bound enzyme (0.04 mM), whereas the solubilized enzyme has a 40-fold 
increase in Km for AMP (0.16 mM). Other sarcolemmal-bound enzymes were 
not  affected by  the same treatment.  Hence, the specific involvement of  phos- 
phatidylinositol in the binding of  5'-nucleotidase to the sarcolemma of the rat 
heart is clearly demonstrated.  

Introduction 

The role of  endogenous adenosine in the physiological regulation of  coro- 
nary resistance is well<locumented [1,2].  In addition, adenosine has been 
suggested to limit the inotropic and metabolic effects of  catecholamines in 
myocardium [3--6].  Adenosine formation has been shown to occur mainly 
via dephosphorylat ion of  AMP by 5'-nucleotidase [7].  Although this enzyme 
was demonstrated to be located mainly on the myocardial cell membrane 
[8,9],  the nature of  association of 5'-nucleotidase with sarcolemmal membrane 
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remains largely unknown. In this communication, we report the solubilization 
of the sarcolemmal-bound 5'-nucleotidase from the rat heart by treatment with 
a phosphatidylinositol (PI)-specific phospholipase C [10]. 

Materials and Methods 

PI-specific phospholipase C (Staphylococcus aureus; 8.7 mg/ml in 0.25 
M sucrose/10 mM Tris-HC1, pH 7.4, specific activity 0.08 I.U./mg at 37°C) was 
kindly given to Dr. M.S. Nijjar of this University by Dr. Martin G. Low, Depart- 
ment of Biochemistry, University of Birmingham, U.K. Phospholipase C, 
Clostridium welchii (type I, 4.3 units/mg) was obtained from Sigma Chemical 
Co., St. Louis, MO, U.S.A. [U-14C]AMP (specific radioactivity, 479.0 mCi[ 
mmol) was purchased from New England Nuclear, Canada. Other chemicals 
were of analytical grade. 

Cardiac sarcolemmal membrane fraction was prepared as described previ- 
ously [11]. The sarcolemmal suspension (0.475 ml, 2.1 mg protein/ml) was 
incubated with 25 /zl (0.018 I.U.) of PI-specific phospholipase C for 30 rain 
at 37°C. After the incubation period, the reaction tubes were cooled at 0°C 
and an aliquot was taken to assay for 5'-nucleotidase activity. Subsequently, 
the incubation mixture was centrifuged at 25000 X g for 10 min and the 
resultant supernatant was further centrifuged at 100 000 X g for 60 min. The 
supernatant was collected and the pellet washed twice with 0.25 M sucrose/ 
10 mM Tris-HCI, pH 7.4, and resuspended in the same medium (1 mg protein/ 
0.5 ml). 5'-Nucleotidase activity was determined in the supernatant and pellet 
fractions as well as in the reconstituted suspension. 

Rat heart sarcolemma suspension (1 mg) was also incubated with Clo. 
welchii phospholipase C (1.33 mg) in 1 mM CaCI~ and 0.2 mg bovine serum 
albumin (final volume, 0.5 ml) for 10 min at 30°C. The incubation was ter- 
minated by the addition of 2 mM EGTA. Fractionation of the mixture after 
incubation was performed as described above. Control preparations were 
treated identically without addition of any phospholipase. 

The rate of ATP hydrolysis in sarcolemmal fraction was determined as 
described previously [12]. 5'-Nucleotidase was assayed according to a modified 
procedure of Avruch and Wallach [13]; [U-14C]AMP (0.2 mM) was used as 
substrate and dicyclohexylammonium p-nitrophenylphosphate (2 mM) was 
added to the assay mixture to avoid the interference of non-specific phos- 
phatase activities. The determination of K÷-stimulated p-nitrophenylphos- 
phatase activity was performed as described by Lamers et al. [14]. Protein 
was measured by the method of Lowry et al. [15] with bovine serum albumin 
as Standard. 

Results 

In order to demonstrate unequivocally that a specific association was pre- 
sent between phosphatidylinositol and 5'-nucleotidase, the sarcolemma from 
rat heart was treated separately with PI-specific phospholipase C and phospho- 
lipase C from Clo. welchii. As shown in Table I, 80% of 5'-nucleotidase was 
released from the sarcolemma by the treatment with PI~pecific phospholipase 
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T A B L E  I 

E F F E C T S  OF PI-SPECIFIC P H O S P H O L I P A S E  C A N D  Clo. W E L C H ] ]  P H O S P H O L I P A S E  C ON R A T  
H E A R T  S A R C O L E M M A  E N Z Y M E S  

Rat  hea r t  s a r c o l e m m a l  f rac t ion  was  p r e p a r e d  as descr ibed  in Me th o d s  an d  was  t r e a t ed  w i th  the  p h o s p h o -  
lipase C as ind ica ted .  A f t e r  t r e a t m e n t ,  the  m i x t u r e  was  cen t r i fuged  and  the  pel le t  f rac t ion  was  assayed for  
e n z y m e  activit ies.  Values  for  con t ro l  a nd  PI-specific phospho l ipase  C r ep re sen t  the m e a n  -+S.E. of  fou r  
expe r imen t s .  

T r e a t m e n t  Mg2+-ATPase ( N a + + K + ) - A T P a s e  K+-st imulated 5 ' -Nuc leo t idase  
p -n i t ropheny lphospha tase -  

Pi f o r m e d  Adenos ine  f o r m e d  
(pmo l  • h -1 • m g  -!  ) p - N i t r o p h e n y l  f o r m e d  ( n m o l  • ra in  -1 • m g  -1 ) 

( p m o l  • h -1 • m g  -1 )  

Cont ro l  32.5 ± 2.0 8.7 ± 2.0 1.2 ± 0.4 75.7 ± 8.4 
PI-specific 

phosphol lpase  C 30.9 ± 2.4 8.3 ± 2.1 1.2 ± 0 .4  14.1 ± 3.4 
Phosphol ipase  C f r o m  Clo. Welchi i  

Exp.  A 19.1 5.0 1.0 71.7 
Exp .  B 17.9 5.1 1,1 77.9 

C, whereas other sarcolemma-bound enzymes assayed were not affected by this 
treatment. In contrast, treatment of the sarcolemma with the phospholipase 
C from Clo. welchii, which hydrolyzes a variety of neutral phospholipids 
[16], caused a general decrease in all the ATPase activities, but did not solu- 
bilize any 5'-nucleotidave or alter its activity in the sarcolemma. Phospholipid 
analysis of  the sarcolemma upon PI~pecific phospholipase C treatment showed 
that all PI in the sarcolemma was selectively hydrolyzed. Similar experiments 
with the Clo. welchii phospholipase C did not show any significant change in 
PI content (5.22 nmol lipid phosphorus/mg protein) before and after incuba- 
tion, although over 70% of phosphatidylcholine and phosphatidylethanolamine 
in the sarcolemma was hydrolyzed. 

T A B L E  II  

S O L U B I L I Z A T I O N  OF 5 ' - N U C L E O T I D A S E  IN R A T  H E A R T  S A R C O L E M M A  BY PI -SPECIFIC PHOS- 
P H O L I P A S E  C 

Ra t  hea r t  sa . rcolemma suspens ion  was  i n c u b a t e d  wi th  PI-specific phospho l lpase  C as descr ibed  in the  t ex t .  
The  suspens ion  was  s epa ra t ed  in to  s u p e r n a t a n t  a nd  pel let  f rac t ions  b y  u l t r acen t r i fuga t ion .  These  f rac t ions  
were  r e c o n s t i t u t e d  to  t he  original v o l u m e  in subsequen t  expe r imen t s .  5 ' -Nuc leo t idase  ac t iv i ty  was  m o n i -  
t o r e d  in each  s tep of  t r e a t m e n t .  

t . , . 

5 -Nucleo t ldase  ac t iv i ty  
( n mo l  • m i n  -1 • 0 .5 rrd -1 ) 

Con t ro l  
s a r e o l e m m a  

S a r c o l e m m a  t r ea t ed  
w i t h  PI-specific 
phospho l ipase  C 

Direc t  a f t e r  i n c u b a t i o n  76.1 
S u p e r n a t a n t  f rac t ion  1.2 
Pel let  f rac t ion  77 .0  
R e c o n s t i t u t i o n  o f  s u p e r n a t a n t  and  pel le t  f r ac t ion  

112 .8  
57 .4  
12 .9  

122 .7  
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Fig. I. Double reciprocal plots of adenosine formation at various concentrations of AMP. Rat heart 
sarcolemmal suspension was incubated with PI-specific phospholipase C and the mixture was subse- 
quently centrifuged to yield a supematant and a pellet fraction. The pellet fraction was resuspended 
with buffer to the same volume as the supernatant fraction. 5'oNucleotidase activities were assayed in 
the supeznatant fraction (m), pellet fraction (o) and in the untreated saxcolemma suspension (e). Enzyme 
activity is expressed as nmol of adenosine formed • rain -I • 0.5 m1-1 of each enzyme preparation. 

Activation of  5'-nucleotidase activity was also observed in the sarcolemmal 
suspension after PI-specific phospholipase C t reatment  (Table II). This activa- 
tion was abolished after the treated sarcolemmal suspension was separated into 
the supernatant and pellet fraction by centrifugation. The sum of enzyme 
activity in these two fractions was almost equal to enzyme activity in the 
untreated sarcolemmal suspension. An increase in 5'-nucleotidase activity was 
again observed when the supernatant and pellet fractions of  the treated sarco- 
lemmal suspension were recombined. 

The Km of  5'-nucleotidase in the supernatant and pellet fractions after PI- 
specific phospholipase C t reatment  was determined. As depicted in Fig. 1, 
the Km of the enzyme in the pellet fraction was similar to that  of  the untreated 
enzyme in the sarcolemma (0.04 mM), whereas the Km in the supernatant 
(solubilized enzyme) is about  40 times higher (1.6 mM). 

Discussion 

From the results obtained in this study,  the specific dependency of  rat heart 
sarcolemma 5'-nucleotidase on PI is clearly demonstrated.  Similar results were 
obtained with rat liver microsomes and pig lymphocytes  by  PI-specific phos- 
pholipase C treatment  [17].  However, the nature of  enzyme activation 
immediately after solubilization is not  clear. One possible explanation is that  
the enzyme may undergo conformatory changes to a more active form after 
solubilization, with concurrent change in V and Km for 5'-AMP. Since further 
activation of  enzyme activity was observed when the pellet was added to the 
solubilized enzyme, we postulate that  the solubilized enzyme may have a 
requirement for lipid or other components  in the pellet fraction for maximum 
activity. Hence, full activation was only observed when the pellet fraction 
was present  after solubilization. Further studies on the lipid requirements 
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of the solubilized 5'-nucleotidase are necessary to establish this point. 
The release of  5'-nucleotidase from the sarcolemmal membrane upon treat- 

ment with PI-specific phospholipase C appears to be specific, since other 
membrane-bound enzymes such as Mg2+-ATPase, (Na ÷ +K*)-ATPase and 
K*-stimulated p-nitrophenylphosphatase were not affected by this treat- 
ment. Our results indicate that the nature of  binding of  5'-nucleotidase with 
membranes is different from that of  (Na÷+ K+)-ATPase. This view is sup- 
ported further by the fact that the ATPase activities, unlike 5'-nucleotidase 
activity, were markedly decreased upon treatment of  the sarcolemma with 
phospholipase C from Clo. welchii. Since 5'-nucleotidase activity was not 
altered by this treatment and at the same time PI was not hydrolyzed, it is 
conceivable for us to conclude the specific involvement of  PI in the binding 
of 5'°nucleotidase in heart cell membrane. 
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