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The lysosomal fraction isolated in a PercoU gradient from rat liver and heart after 30 
min of  the postreanimation period following a 5-min heart arrest stimulated incorpo- 
ration of  32p in total lysosomal protein. Addition of  cAMP and protein inhibitor of  
cAMP-dependent  protein kinase changed the rate of  phosphorylation. Endogenous phos- 
phorylation of  total lysosomal protein in the postreanimation period was reduced in 
the heart and increased in the liver. This may be due to a change in the intracellular 
level o f  cAMP, which fell in the heart and rose in the liver. 
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The lysosomal enzymes play an important  role in 
the development of  destructive changes in the heart 
and liver tissues during both hypoxia and ischemia, 
as well as during postischemic rehabilitation [8]. 
The permeability of  lysosomal membranes and the 
activity of  acid hydrolases in the cytosol of  hepatic 
and myocardial cells have been shown to be in- 
creased in the early postischemic and postreanima- 
tion period [2,3]. The detected relationship between 
the intracellular cAMP concentration and the state 
of  lysosomal membranes during postischemic re- 
covery permits one to hypothesize a cAMP-medi-  
ated mechanism regulating lysosomal activity [6,10]. 

In  this research we investigated the relation- 
ship between the rate of  endogenous phosphoryla- 
tion o f  proteins in the lysosomal fraction of rat 
liver and heart and the level of  cAMP during the 
early postreanimation period. 

MATERIALS AND METHODS 

Male Wistar rats were used in the study. Circula- 
tion was arrested by clamping the cardiac vascular 
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bundle after short-term ether narcosis [4,9]. Re- 
animation was carried out 5 rain after heart ar- 
rest. The reanimation complex included indirect 
massage of the heart and artificial ventilation of  the 
lungs with room air through an intubator inserted 
in the trachea. The efficacy of  reanimation was 
assessed by the time needed for the recovery of  
heart  work, spontaneous respiration, and corneal 
reflexes [10,12]. The control group consisted of  
animals decapitated synchronously with experimen- 
tal groups after light ether narcosis. The lysosomal 
fraction was isolated from the heart and liver tis- 
sue in a PercoU gradient [13]. The resultant frac- 
tion contained about 70% total proteolytic lysoso- 
real activity. Endogenous phosphorylation was mea- 
sured by incorporation of nP-ATP (Radiopreparaty, 
Russia) in the total fraction of  lysosomal protein 
(TLP) or in histone II-A (Sigma). The reaction 
mixture contained 5 to 10 ~tg lysosomal protein,  
50 m M  Tris-HC1 (pH 7.5), 5 m M  MgC1 v 50 ~g/ 
ml pepstatin, and 0.1 mM nP-ATP (1 ~tCi) in a 
final volume of  130 M. The reaction was stopped 
by adding 1 ml o f  10% trichloroacetic acid con- 
taining 100 ~tg/ml bovine serum albumin.  The 
samples were transferred to Whatman 3MM filters 
for radioactivity scintillation [7]. Protein concen-  
tration was measured as described previously [11]. 
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Pig. 1. Content  of cAMP in rat hear t  and liver tissue. White  
bars :  c o n t r o l ;  s h a d e d  bars :  5 ra in  h e a r t  a r r e s t + 3 0  m i n  
postreanimation. Asterisk shows p<0.05 in comparison with the 
control.  N u m b e r  of exper iments  shown in parentheses.  

The concentra t ion o f  cAMP was measured by  ra- 
d io immunoassay using Amersham kits after rapid 
freezing o f  tissue samples in liquid nitrogen. 

RESULTS 

The lysosomal fraction isolated from cardiac and 
hepatic tissue contained protein kinase (PK) activ- 
ity, which  was evident  from 32p incorporat ion in 
both  TLP  and histone I I -A added as exogenous 
substrate (Table 1). The rate o f  32p incorporat ion 
in TLP and histone I I -A decreased in the lysoso- 
mal fract ion o f  the heart  and increased in the 
lysosomal fraction o f  the liver 30 rain after reani- 
ma t ion  in compar i son  with the cont ro l  group. 
Addition o f  protein inhibitor o f  cAMP-dependen t  
PK (Sigma) suppressed the phosphorylation o f  hi- 

stone I I -A and TLP in the lysosomal fraction iso- 
lated from the heart  o f  control  rats and did not  
influence the endogenous  phosphorylat ion in the 
postreanimation period. In the liver, the suppres- 
sive action of  c A M P - d e p e n d e n t  PK inhibitor on 
phosphorylat ion of  histone I I -A and T L P  mani- 
fested itself both under  conditions of  postreanima- 
tion recovery and in the controls (Table 1). Addi- 
tion of  5 ~tM cAMP to the lysosomal fraction of  
the heart  o f  control  rats did not  affect 32p incor-  
porat ion in TLP bu t  normalized the rate o f  pro-  
rein phosphorylation in the lysosomal fraction iso- 
lated from rat heart under  conditions of  the post- 
reanimation period. 

The results indicate a different capacity o f  the 
lysosomal fraction of  the heart  and liver to en- 
dogenous  phosphorylat ion.  The extent  o f  endog-  
enous phosphorylat ion o f  lysosomal proteins  may 
be related to the difference in the concentrat ions  
of  intracellular cAMP in cardiac and hepatic  tis- 
sue after reanimation. Measurement  o f  the cAMP 
level in the myocard ium and liver 30 min after 
reanimat ion showed that the intracellular cAMP 
content  was changing in the same direction as the 
rate of  endogenous  phosphorylat ion (Fig. 1). Fig- 
ure 1 shows that the c A M P  level in the post rea-  
nimation period is reliably reduced in heart  tissue 
and increased  in the liver. It is poss ib le  that  
the initial rate o f  endogenous  phosphoryla t ion of  
lysosomal proteins  is different  in the hear t  and 
liver and depends on the intracellular cAMP con-  
centration. 

Moreover, other factors may influence the rate 
o f  endogenous  phosphorylat ion o f  lysosomal pro-  
teins in the liver and heart  o f  both  control  ani- 
mals and rats subjected to heart arrest followed by 
reanimation.  The different  magnitude o f  endog-  
enous phosphorylat ion o f  lysosomal proteins  may 

TABLE 1. Phosphory la t ing  Activity of Lysosomal Fract ion Isolated from Rat Hear t  and Liver (M• 

Source of lysosomes 

H e a r t  

C o n t r o l  

5 - - m i n  h e a r t  a r r e s t +  
30 m i n  p o s t r e a n i m a t i o n  

Lysosomal 
fraction 

132.83• (8) 

94.29• {8) 

c A M P  

75.26• (8) 

128.80"4"12.10" (8) 

Lysosomal fraction with additives 

c A M P + P K  
i n h i b i t o r  

9728• (8) 

110.43• (8) 

histone II-A 

139.45• (3) 

27,02--2.86" (3) 

h i s t o n e  I I - A  
+ P K  i n h i b i t o r  

12.84---5.28 (3) 

45.75---5.00" (3) 
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i i 50~69~t4.~5 (8} i~03---15!47 {3 ) I8119~4 :29 t  (3) 

Note .  Phosphoryla t ing activity was measured by  32p incorporat ion in total  lysosomal prote in  fract ion and expressed in pmol  of 
32p incorpora ted  in m i n / m g  protein.  The number  of experiments  is shown in parentheses,  cAMP was added  in a concen t ra t ion  
of 5 ~vI, inhibitor  of c A M P - - d e p e n d e n t  PK at 15 ~g per  sample, and histone I I - -A  at 2 mg/ml.  Asterisk shows p<0.05 vs. the 
control.  
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be due to the presence of  multiple forms of  PK 
in the lysosomal membranes [7]. For example, 
the development of  ischemia is known to be re- 
lated to changed sensitivity o f  cAMP-dependent 
PK to cAMP, which may determine the rate o f  
endogenous protein phosphorylation [1]. The ab- 
sence of  a stimulating effect of  cAMP on endog- 
enous phosphorylation in the lysosomal fraction 
isolated from the liver may likewise be caused by 
an endogenous thermolabile inhibitor of cAMP-de- 
pendent PK which suppresses cAMP binding to 
the enzyme [5]. 

The results attest to cAMP-dependent phos- 
phorylation of  lysosomal proteins in the lysosomal 
fraction isolated from the liver and heart of  rats. 
The rate o f  endogenous phosphorylation of  TLP 
depends on the levels of  cAMP and inhibitor of  
cAMP-dependent PK and is achieved in different 
ways in the heart and liver under conditions of  
postreanimation recovery. 

This study was partially sponsored by the In- 
ternational Science Foundation (grant No_MJQ 000). 
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