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The w r i t e r s  suggest  a method of e lec t rophore t i c  separa t ion  of the hexokinase i soenzymes  
in agar  gel. This  method is much l e s s  labor ious  than other  known methods of separa t ing  
these  i soenzymes  and i t  r equ i r e s  a s m a l l e r  quantity of expensive  reagents .  

Of the exis t ing methods of separa t ion  of i soenzymes ,  because  of i ts  s impl ic i ty  and convenience,  e l e c -  
t r o p h o r e s i s  in agar  gel has  becom e  widely used in the l abora to ry .  However ,  so fa r  as the separa t ion  of 
the i soenzymes  of hexokinase (2.7.1:1), a key enzyme of g lycolys is ,  is concerned the re  is  a detai led account 
of e l e c t r o p h o r e s i s  in s ta rch  gel [4] but no informat ion  on e l ec t ropho re s i s  in agar.  Never the le s s ,  e l e c t r o -  
phore t ic  separa t ion  of hexokinase  i soenzymes  in s t a rch  gel is  r e la t ive ly  labor ious ,  and quanti tat ive d e t e r -  
mination of the stained i soenzymes  is  difficult because  of the opaci ty of the gel. 

The p roposed  method of de te rmin ing  hexokinase  i soenzymes  is based  on the method of e l e c t r o p h o r e -  
tic separa t ion  of lac ta te  dehydrogenase  i soenzymes  in agar  gel suggested by Yurkov and Ala ty r t sev  [1], and 
the staining method of Katzen and Schimke [4]. The mos t  effect ive conditions for  e l ec t rophore t i c  s e p a r a -  
tion were  chosen and op t imum propor t ions  of the subs t r a t e  mixture  for  the color  reac t ion  were  found. 

The complete  analysis  is made up of the following pr inc ipa l  s tages :  the p r e p a r a t o r y  t r e a t m e n t  of the 
t i s sues ,  p r epa ra t i on  of the agar  gel, e l ec t rophores i s ,  and staining the i soenzymes .  

P r e p a r a t i o n  of the T i s sues  for  E lec t rophores i s .  The animals  were  kil led by decapitat ion.  The t i s -  
sues  for  tes t ing were  quickly removed ,  washed f ree  f r o m  blood with cold t r i s -HC1 buffer ,  pH 7.4, contain-  
ing 5 mM Na2EDTA and 5 mM 2-mercap toe thano l  (ME). The samples  were  homogenized in two vo lumes  
of the same buffer  for  1 rain. The homogenate  was centr i fuged at 4~ for  1 h at 30,000 g. E ry th rocy t e s ,  
s epa ra ted  f rom p l a s m a ,  were  twice washed with th ree  vo lumes  0.9% NaC1 solution with 0.01 M glucose.  
Hemolys i s  was c a r r i e d  out by addition of an equal volume of a mixture  of bidis t i l led  wa te r  and e the r  in the 
ra t io  of 3:1 to the e r y t h r o c y t e s  [5]. The bidis t i l led  wa te r  contained 5 mM Na2EDTA , 5 mM ME, and 0.01 
M glucose.  The hemolysa t e  was cent r i fuged at 4~ for  20 min at 30,000 g. 

E lec t rophores i s .  The superna tants  were  applied in a volume of 0.05 ml by a mic rop ipe t  to a groove 
in the agar  one- th i rd  of the dis tance f r o m  the edge of the side, as the origin. A 1.5% agar  gel was used 
ins tead of the o rd inary  1% gel. With this  concentra t ion of agar ,  the separa t ion  of the i soenzymes  was 
c l ea r e r .  The gel was made up in 0.021 M t r i s -HC1 buffer ,  pH 8.4, containing 0.02 M bor ic  acid, 0.001 M 
Na2EDTA, 5 mM ME, and 0.01 M glucose.  The glucose was added to the gel to s tabi l ize  the hexokinase  
activity.  The e lec t rode  buf fer  had the following composi t ion:  0.21 M t r i s -HC1 buffer ,  pH 8.0, 0.15 M bor ic  
acid, 0.47 M Na2EDTA, 5 mM ME. By using,  instead of Na-ba rb i t a l  buffer ,  a t r i s -HC1 buffer  of the same 
pH, as B rewer  [3] showed, the fo rmat ion  of a l a y e r  of hemoglobin above the hexokinase  i soenzymes  is 
prevented.  E l ec t rophores i s  was c a r r i e d  out for  3.5 h at 4~ with a vol tage of 90 V and c u r r e n t  30 mA. 

L a b o r a t o r y  of Clinical B iochemis t ry ,  Institute of Ped ia t r i c s ,  Academy of Medical Sciences of the 
USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical  Sciences of the USSR S. E. Severin.)  
T rans la t ed  f r o m  Byul le ten '  t~ksperimental 'noi  Biologii i Meditsiny,  Vo. 71, No. 2, pp. 121-122, Feb rua ry ,  
1971. Original a r t ic le  submit ted  June 9, 1970. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

217 



Hexokinase Glucose- 6- phosphate 
M g + +  dehydrogenase 

�9 1 Phenazine ATP I Glucose Lactone of 6- , NADP~ . . . . . . .  ~_. Formazan 
\ /  phosphoglucon[c\/ ~ /  .... ta~uuam ~ / 

aDP A Glucose- 6- phosphate NADP//~Phenazine / retrazoli- 
metasulfate- H z um salt 

Fig. 1. Scheme of reac t ions  used to de te rmine  tmxokinase 
by Katzen and Seh imke ' s  method. 

Fig. 2. Distr ibut ion of hexokinase i soenzymes  in r a t  t i s sues  and 
human e ry th roey tes :  1) l iver ;  2) muscle ;  3) hear t ;  4) kidney; 5) 
bra in ;  6) e ry th rocy tes ;  7) control  (staining without ATP,  the same  
in all t i ssues) ;  I-IV) types  of hexokinase i soenzymes .  

Staining. The sl ides with agar  gel were  placed in a bath containing the subs t ra t e  mixture  with the 
following components:  0.1 M t r i s -HC1 buffer ,  pH 7.4, 0.5 mM NADP, 10 mM MgC12, 5 mM ATP,  2 mM 
NaCN, 20 nag g lucose-6-phospha te  dehydrogenase to 60 ml of solution, 0.13 mM phenazine metasul fa te ,  and 
0.47 mM ni t ro -BT.  The NADP concentra t ion was reduced to one-tenth of that  in the usual  f o rmu la  [4], 
which did not affect the intensi ty  of s taining but which made the method ve ry  much cheaper .  R e m e m b e r i n g  
that the opt imum for  catalyt ic  act ivi ty of hexokinase occurs  when the ra t io  Mg++:ATP =2 :I [2], the MgC12 
concentra t ion was doubled. No glucose was added to the staining mixture ,  because  the glucose added to the 
gel was sufficient to r evea l  all types  of i soenzymes .  All components  of the subs t ra t e  mixture  were  added 
immedia te ly  before  incubation. Incubation at 37~ continued for  1.5 h. 

The pr inciple  of de te rmina t ion  of the hexokinase i soenzymes  is based  on the i r  role  in t r a n s f e r r i n g  
the th i rd  phosphate group of ATP to the C6 a tom of the hexose.  The g lucose-6-phospha te  thus fo rmed  is  
oxidized with the aid of g lucose -6-phospha te  dehydrogenase.  The NADP is thereby conver ted  into i ts  r e -  
duced form.  The phenazine metasul fa te  added to the reac t ion  mixture ,  accepting hydrogen f rom NADP. H2, 
t r a n s f e r s  i t  to the dye n i t r o - B T  which, on reduction,  f o r m s  insoluble fo rmazan  sa l t s  (Fig. 1). These  sa l t s  
a re  adsorbed  w h e r e v e r  the hexokinase  i soenzymes  a r e  found. 

Four  types of hexokinase i soenzymes  were  detected in r a t  t i s sues .  Types I and II mig ra te  toward 
the cathode, and III and IV toward the anode. In the c h a r a c t e r  of dis t r ibut ion of the i r  i soenzymes ,  the 
t i s sues  di f fered significantly f r o m  each other.  Four  types  of i soenzymes ,  for  example ,  were  found in the 
l iver ,  types i and II (mainly II) in musc le ,  tsrpes I and II in about equal intensi ty in the hear t ,  and types  I 
and II (mainly Din the kidney. Two factions were  found in human and r a t  e ry th rocy t e s  (Fig. 2). Compar i -  
son with the r e su l t s  of e l e c t r o p h o r e s i s  in s t a rch  gel [1] showed ag reemen t  as r ega rd s  both the o r d e r  of 
a r r a n g e m e n t  of  the types of hexokinase  i soenzymes  f rom cathode to anode and in the dis t r ibut ion of types 
in the r a t  t i ssues .  
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