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SUMMARY 

A study of the isoenzymes of adenylate kinases (ATP :AMP phosph0transferases 
EC 2.7.4.3) from several tissues of human and rabbit indicated that  there is a mini- 
mum of two sets of isoenzymes within an individual. Isoenzyme sets were distin- 
guished by differences in inhibitions by AgNO 3 and an antiserum against rabbit 
muscle adenylate kinase. The adenylate kinases from muscle, erythrocytes and brain 
were similar and form one set of isoenzymes. The adenylate kinases of liver, kidney, 
spleen and heart were similar and form another set of isoenzymes. 

The discovery of the isoenzymes of adenylate kinase (ATP:AMP phospho- 
transferase, EC 2.7.4.3) in human erythrocytes and musclel, * was shown to occur in 
three polymorphic forms, AK I, AK 2, and AK 2-1 (ref. 2). Based upon the similarity 
of the isoenzyme electrophoretic patterns in erythrocytes and muscle, it has been 

T A B L E I  

INHIBITION OF ADENYLATE K I N A S E  F R O M  V A R I O U S  T I S S U E S  BY ANTI-RABBIT MUSCLE ADENYLATE 
KINASE 

The assay sys tem for adenylate  kinase was t ha t  of Adams 7. H u m a n  tissues were homogenized in 
5 ° mM Tris-HC1 buffer (pH 7-5) in I mM mercaptoe thanol  and then sonicated for 2 min at 20 
kcycles. Debris was removed by centrifguation at  6o0 o o o g . m i n .  The prepara t ion of anti- 
rabbi t  muscle adenylate  kinase f rom guinea pigs and the inhibition assay were previously givenS, 9. 

Animal Tissue Percent 
inhibition 

Rabbi t  

H u m a n  

Skeletal muscle 95 
Ery th rocy tes  93 
Brain 88 
Liver o 
Kidney o 
Eye lens o 
Skeletal muscle 94 
Ery th rocy tes  94 
Brain 83 
Hear t  35 
Liver 22 
Spleen 54 
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suggested that  the isoenzymes of adenylate kinase from various tissues within an 
individual were identical 1-a. This paper shows that  the adenylate kinase from various 
human tissues occurs as at least two sets of adenylate kinase isoenzyme patterns from 
a single individual. Table I shows the degree of inhibition of adenylate kinase from 
various tissues by guinea pig antiserum against rabbit muscle adenylate kinase. The 
dilution of the antiserum was adjusted so that  just less than lOO% inhibition was 
obtained for the homologous system. The adenylate kinase from rabbit liver, rabbit 
kidney and rabbit eye lens were not inhibited by the antiserum. The adenylate kinase 
from human heart, liver and spleen were not inhibited completely even in antiserum 
excess and were further investigated by starch gel electrophoresis. Fig. I shows the 
pattern of adenylate kinase isoenzymes from human tissues. The pattern from brain 
(d) is similar to that  of erythrocytes (a) and muscle (not shown). The patterns of 
liver (b), kidney (c) and spleen (e) are similar to one another but  differ from (a) and 
(d). Fig. 2 shows the pattern of adenylate kinase isoenzymes from erythrocytes (a) 

Fig. I. S ta rch  gel e lec t rophore t ic  p a t t e r n s  of  adeny l a t e  k inase  i soenzymes  f rom h u m a n  t issue,  
p h e n o t y p e  A K  I (ref. 2); a, e r y t h r o c y t e s ;  b, l iver;  c, k idney ;  d, b ra in  and  e, spleen. The  br idge 
buffer  was  o.I M Tr i s -c i t r a te ,  p H  8.6, and  t h e  gel buffer  was  o.o2 M Tr i s -c i t r a te ,  p H  8.6. Elect ro-  
phores is  was  carr ied ou t  a t  25o V, 12. 5 m A  a n d  4 °C for I6 h. The  s t a in ing  solut ion for de tec t ing  
t h e  a d e n y l a t e  k inase  ac t iv i ty  was  t he  s a m e  as  t h a t  o f  Fi ldes a n d  Har r i s  1. 

and the inhibitions by a 5-fold excess of anti-rabbit muscle adenylate kinase (b). 
Some of the adenylate kinase isoenzymes of liver (c) and heart (e) were not inhibited 
by excess antiserum, as shown by (d) and (f) in Fig. 2. The two most cathodal iso- 
enzymes of heart adenylate kinase from another individual of the phenotype AK 2-1 
(ref. 2) were the only isoenzymes inhibited by the antiserum. The patterns and reac- 
tions of kidney adenylate kinase (not shown) were similar in all respects to heart 
adenylate kinase and liver adenylate kinase. 

Muscle adenylate kinase is inhibited by sulthydryl reagents 4 and liver adenylate 
kinase is notS, 6. Thus, AgN03 inhibits muscle adenylate kinase, but  was used as a 
purification step for liver adenylate kinase 5. Fig. 3 shows the results of treatment of 
human adenylate kinase with i mM AgNO z. All of the muscle (a) isoenzymes were 
inhibited, whereas only the most cathodal adenylate kinase isoenzymes of heart (b), 
liver (c) and kidney (d) were inhibited. The inhibition patterns were similar to those 
with the antiserum. 
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Fig. 2. Lack of inhibit ion of some adenylate  kinase isoenzymes from h u m a n  liver and heart  by  
excess ant iserum. The condit ions were the same as in Fig. i. a, E ry th rocy tes  (phenotype AK i) ; 
b, e ry throcytes  (phenotype AK i) plus ant i se rum;  c, liver (phenotype AK i); d, liver (pheno- 
type  AN I) plus ant i serum;  e, hear t  (phenotype AK 2-1); L hear t  (phenotype AK 2-1) plus 
ant iserum.  

Fig. 3- Lack of i n h i b i t i o n  of some adenylate  kinase isoenzymes of h u m a n  adenylate  kinase by 
AgNO 3. The tissue extracts  were incubated for IO min at  o°C in I mM AgNO a and then subjected 
to  electrophoresis. The extracts  shown are a, muscle plus AgNO3; b, hear t  plus AgNO3; c, liver 
plus AgNO a and d, kidney plus AgNO 3. 

The view for the identity of adenylate kinase isoenzyme sets in all tissues within 
an individuaP -3 does not appear to be correct. A minimum of two types of adenylate 
kinase isoenzyme patterns were distinguished by electrophoresis, by inhibitions with 
antiserum and by inhibitions with AgNO 3. The importance of the buffer systems used 
in the starch gel electrophoresis cannot be overemphasized. The different sets of 
adenylate kinase isoenzymes may have direct application in the detection of organ 
specific dysfunctions and in studies of tissue differentiation. 
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