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Resolution of two high-Km ATP:D-hexose 6-phosphotransferase bands by 
starch-gel electrophoresis 

To date four ATP D-hexose 6-phosphotransferases (EC 2 7 I I) have been Identi- 
fied in rat  liver supernate 1_ These have been designated I, n,  III, and IV, according to 
their migrat ion on starch-gel electrophoresis ~_ Types I, II, and I I I  have been shown to 
be typical  animal hexokinases with molecular weights of 96 ooo and low Km values 
for glucose s . Type  IV, however, has previously been found only in liver extracts I t  
has a lower apparent  molecular weight than the other ammal  hexokmases a,4, a higher 
Km for glucose s, and has been shown to decrease in act ivi ty with fasting and diabetes 5 

I t  has now been found with starch-gel electrophoresis tha t  under well-defined 
conditions two type  IV bands, designated IVf  (fast form) and IVs (slow form), are seen 
in liver extracts  (Fig. I) If  electrophoresls is performed with E D T A  in the barbital  
buffer (Fig_ I, column I), a typzcal pattern~ as reported by  KATZEN AND SCI-IIMKE a, 
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F i g  I D i a g r a m  of  t h e  e l e c t r o p h o r e t I c  p a t t e r n s  of  h v e r  (L), k i d n e y  (K), a n d  t e s t i s  (T) e x t r a c t s  
u n d e r  a v a r i e t y  of  c o n d i t i o n s  H o m o g e n a t e s  of  t h e  t i s s u e s  w e r e  m a d e  w i t h  buf fe r  c o n t a i n i n g  
o 15 M KC1, o 005 M MgSO, ,  o 005 M E D T A ,  a n d  o 005 M 2 - m e r c a p t o e t h a n o l  ( f l - M E T O H ) ,  
p H  7 o a n d  c e n t r i f u g e d  for  60 m m  a t  lO 5 ooo x g (Sp) a n d  0 - 4  ° in  a Sp lnco  M o d e l  L u l t r a -  
c e n t r i f u g e  (NH4)zSO * (AS) f r a c t l o n a t l o n  w a s  p e r f o r m e d  on  s o m e  of  t h e  s u p e r n a t a n t  f r a c t i o n s ,  
as  i n d i c a t e d  m t h e  d i a g r a m  S a m p l e s  (o 05 ml)  of  t h e  s u p e r n a t a n t  a n d  (NH4)2SO 4 f r a c t i o n s  w e r e  
s u b j e c t e d  t o  v e r t i c a l  s t a r c h - g e l  e l e c t r o p h o r e m s  12 for  16 h a t  a c u r r e n t  of  6 V / c m  B a r b i t a l  bu f fe r  
(o 05 M, p H  8 6) w i t h  or  w i t h o u t  E D T A  a n d / o r  2 - m e r c a p t o e t h a n o l  w a s  u s e d  to  p o l y m e r l z e  t h e  
s t a r c h  a n d  in  t h e  buf fe r  c h a m b e r s  H e x o k m a s e  b a n d s  w e r e  l o c a t e d  on  t h e  s t a r c h  gels  b y  t h e  
m e t h o d  of  KATZEN AND SCHIMKE 2 C o l u m n  3 is t h e  p a t t e r n  o b t a i n e d  w h e n  t h e  gel  is s t a i n e d  
w i t h  o 5 m M  g lucose  i n  t h e  s t a i n i n g  m i x t u r e  Al l  o t h e r  c o l u m n s  w e r e  s t a i n e d  u s i n g  IOO m M  
g lucose  H a t c h e d  a r e a s  i n d i c a t e  b a n d s  w h i c h  a p p e a r  a t  IOO m M  b u t  n o t  a t  o 5 m M  g l u c o s e  con-  
c e n t r a t l o n s ,  m d m a t m g  t h a t  t h e y  are  h l g h - K m  l s o z y m e s  N o n e  of  t h e  b a n d s  d e p i c t e d  in  t h i s  
f igure  a p p e a r e d  i f  A T P  w a s  o m i t t e d  f r o m  t h e  s t a i n i n g  m i x t u r e  

is seen_ If E D T A  is omitted, two bands appear in the position of type  IV The ap- 
pearance of the two bands is dependent  upon the omission of E D T A  from the electro- 
phoresls buffer only Its presence or absence in the homogenlzmg buffer does no t  
affect the appearance of two type  IV bands The presence or absence of 2-mercapto- 
ethanol in the electrophoresls buffer or the homogenizing buffer was without  effect 
on the appearance of the two type IV bands The slow form of type IV is also observed 
in extracts  of testis and kidney 

The slow form of type  IV could be separated from other ATP:I)-hexose 6- 
phosphotransferases in both liver and kidney extracts 
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Fig 2 Sephadex G- ioo  gel f i l t ra t ion of  a par t ia l ly  puri f ied IVs f ract ion f rom rat  l iver Rat  hver  
IO 5 ooo × g supernatant was sublected to (NH4)2SO 4 f ract ionat lon (o 45 %), £)EAE-cellulose 
chromatography, and concentrat ion by (NH4)2SO 4 (o 45%) pr ior  to apphcat ion to Sephade× 
The Sephadex  G- ioo  c o l u m n  (2 c m  × 7 o cm) was equi l ibra ted  wi th  homogen iz ing  buffer  (Fig i) 
The  h lgh-Km IVs (solid line) ac t iv i ty  peak  coincides exac t ly  wi th  t h a t  for purified IVr, ind ica t ing  
t h a t  bo th  have  an  a p p a r e n t  molecular  weight  of  48 ooo A smal l  a m o u n t  of  low-Kin hexok lnase  
c o n t a m i n a n t  (dashed hne),  mos t l y  type  III, can  be seen to be sepa ra ted  f rom the  IVs ac t iv i ty  
A similar  e lut lon profile f rom Sephadex  is ob ta ined  for par t ia l ly  purified IV., f rom k idney  A T P  
D-hexose 6 -phospho t rans fe rase  ac t iv i ty  was assayed  by  the  m e t h o d  of VINUELA,  SALAS AND SOLS 1~ 
Ac t iv i ty  ls represented  by  rela t ive change  in absorbance  a t  34 ° m/~ The  posi t ions of the  void 
vo lume  (V0), peak  for low-Kin hexokmases ,  and  the  purified IVr (as de t e rmined  by  prev ious  runs  
on the  same  column) were a t  Frac t ions  37, 43, and  59, respect ive ly  

I n  l i ve r ,  I V s  1s f o u n d  w i t h  t h e  l o w - K i n  h e x o k l n a s e s  In  t h e  0 - 4 5  % s a t d .  ( N H 4 ) 2 S O  4 

f r a c t i o n ,  I V f  p r e c i p i t a t e s  o n l y  in  t h e  45 6 5 %  s a t d .  f r a c t i o n  L i v e r  I V s  w a s  p u r i f i e d  

a s  d e s c r i b e d  i n  t h e  l e g e n d  fo r  Fig_ 2 T h e  f i na l  ge l  f i l t r a t i o n  s e p a r a t e s  t h e  c o n t a m i n a t i n g  

l o w - K i n  h e x o k m a s e s  f r o m  I V s .  T h e  I V s  f o r m ,  h k e  IVr ,  h a s  a n  a p p a r e n t  m o l e c u l a r  

w e i g h t  o f  48  ooo  b y  t h e  S e p h a d e x  f i l t r a t i o n  m e t h o d  ( F i g  2) T h e  I V s  f o r m ,  h k e  I V t ,  

a l s o  h a s  a h i g h  K m f o r  g l u c o s e  : a f t e r  s t a r c h - g e l  e l e c t r o p h o r e s i s  n e i t h e r  b a n d  is  s t a i n e d  

w h e n  t h e  g l u c o s e  c o n c e n t r a t i o n  in  t h e  s t a i n i n g  m i x t u r e  is  r e d u c e d  t o  o 5 m M  (F ig .  I ,  

c o l u m n  3)- 
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Fig 3 a DEAE-ce l lu lose  ch roma t og ran l  of  ra t  k idney  s u p e r n a t a n t  The  k idney  ext rac t ,  p repa red  
as described In Fig I, was applied to a DEAE-cel]u!ose co lumn  (15 cm × 3 cm) and  e lu ted  
wi th  a l inear KC1 g r a d m n t  (o 02-0  6 M) Frac t ions  were assayed  and  ac t iv i ty  represen ted  as in 
Fig 2 Area  A was pooled as r ep resen t ing  the  h e x o k m a s e  I peak ,  a rea  B as the  t ype  [1 peak ,  and  
area  C as the  area  con ta in ing  types  I I I  and  IVs The  pooled f ract ions  were concen t ra t ed  by  
prec ip i ta t ion  wi th  (NH4)2SO 4 (o 45%) and  reso lublhza t lon  in a m i n i m u m  vo lume  of  homo-  
genizing m e d i u m  These  concen t ra ted  f ract ions  were t h e n  e lect rophoresed on s t a r ch  gel and  
s ta ined  for hexok lnase  ac t iv i ty  the  p h o t o g r a p h  of r e su l t an t  pa t t e rn s  is seen in b W h e n  com- 
pared  to a s u p e r n a t a n t  ex t r ac t  (column I) a rea  A (column 2) con ta ins  only  t ype  I, area B 
(co lumn 3) con ta ins  types  I, II and  III ,  and  area  C (co lumn 4) conta ins  ma in ly  types  I and  IVs 
~ l t h  t ypes  II  and  I I I  as minor  c o n t a m i n a n t s  
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In kidney, no IVf is seen in the original extract in the absence of EDTA (Fig. I, 
column 7) The IVs was separated from the low-Km hexoklnases (Figs 3a and 3b) I t  
is of interest that  DEAE-cellulose chromatography does not resolve a clearly defined 
IVs peak Nonetheless, if the region where liver IVt normally elutes from DEAE- 
cellulose (Fag 3a, area C) is subjected to starch electrophoresls, it contains IVs as the 
predominant form (Fig_ 3b, column 4)- The Km for glucose, the molecular weight, and 
the salt solubility of kidney IVs are the same as those of liver IVs 

A significant difference between the two forms is that  the slow form is not 
inhibited by a specific antibody made to the purified fast form from rat liver which 
was shown not to cross-react with any of the low-Km hexokinases 6 

The physiological significance of the two type IV forms is far from clear. 
S. WEINHOUSE (personal communication) has also observed two type IV bands in 
liver and some hepatomas. We have previously shown that  there is a preferential 
disappearance of the IVt band in fasting and diabetes, type IVs being apparently 
unchange&. Other investigators have demonstrated the appearance of a variable 
number of hexokinase bands depending on the extraction and/or electrophoretlc 
procedures employedS, 9. The lactate dehydrogenase lsozyme system also exhibits 
extensive sub-bandingi°, 11 

In order to investigate the nature and function of such multiple forms it IS 
necessary to isolate each and study its chemical and physical properties With these 
goals in mind we have been able to separate IVs and show that  it differs from IVt in 
terms of salt solubility, electrophoretic mobility, antigenlclty, and adaptive charac- 
teristics, while exhibiting a similar Km and molecular weight. This evidence suggests 
that  IVs and IVt are different molecular forms 
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