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S U M M A R Y  

T h e  e f f e c t s  o f  A T P  and g l y c o g e n  on t h e D  to I c o n v e r s i o n  of  
g l y c o g e n  s y n t h e t a s e  have been  i n v e s t i g a t e d  in a 9 e l f i l t r a t e  o f  a 17000 x g 
s u p e r n a t a n t  f r o m  human p o l y m o r p h o n u c l e a r  l e u k o c y t e s .  I t  was  f ound ,  
tha t  2, mM A T P b a r e l y  i n h i b i t e d  the  g to I c o n v e r s i o n  at  l o w  g l y c o g e n  
c o n c e n t r a t i o n s ,  w h e r e a s  the i n h i b i t i o n  i n c r e a s e d  s u b s t a n t i a l l y  at  h i g h e r  
g l y c o g e n  c o n c e n t r a t i o n s .  T h e  p o s s i b i l i t y  t ha t  t h i s  e f f ec t  i s  p a r t  of  the  
c o n t r o l  m e c h a n i s m  of  the  e n z y m e  is  d i s c u s s e d .  

G l y c o g e n  s y n t h e t a s e  e x i s t s  in mos t  t i s s u e s  in two  i n t e r c o n v e r -  

t i b l e  f o r m s ,  s y n t h e t a s e  D and s y n t h e t a s e  I. C o n v e r s i o n  of  t h e O  f o r m  to 

the  I f o r m  is  c a t a l y z e d  by  s y n t h e t a s e D  p h o s p h a t a s e .  G i l b o e  and N u t t a l l  

have  s h o w n ,  tha t  the D to 1 c o n v e r s i o n  of  g l y c o g e n  s y n t h e t a s e  i s  i n h i b i -  

ted  by  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  o f  A T P  in m u s c l e  ( 1 )  and l i v e r  (2) ;  

in m u s c l e  e x t r a c t s  g l y c o g e n  e n h a n c e d  the  i n h i b i t i o n  by  A T P .  In c o n t r a s t  

to t h i s ,  K a t o  and B i s h o p  (3) f ound  no e f f e c t  o f  A T P  on t h e i r  h i g h l y  p u r i -  

f i e d  m u s c l e  g l y c o g e n  s y n t h e t a s e  p h o s p h a t a s e .  T h i s  c o m m u n i c a t i o n  d e a l s  

w i t h  the  e f f e c t  of  p h y s i o l o g i c a l  A T P - c o n c e n t r a t i o n s  at  i n c r e a s i n g  c o n -  

c e n t r a t i o n s  of  g l y c o g e n  on the O to I c o n v e r s i o n  of  l e u k o c y t e  g l y c o g e n  

s y n t h e t a s e .  
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M A T E R I A L S  AND M E T H O D S  

E.xper imental  p rocedu re .  

Human p o l y m o r p h o n u c l e a r  leukocy tes  w e r e  i so la ted  as ou t l i ned  

in a p rev ious  pub l i ca t i on  (4). 109 ce l l s  ( ~ 1 gram) we re  suspended in 

1 ml p re incuba t i on  bu f fe r  ( T r i s - H C I  50 mM, d i t h i o t h r e i t o l  1 mM, pH '7. 4), 

son ica ted,  and cen t r i f uged  at 1"7000 x g at 4 ° f o r  15 min. The s u p e r n a -  

tant was f i l t e r e d  through a column of Sephadex  G-50 F ine ,  which had 

been e q u i l i b r a t e d  in p re incuba t i on  bu f fe r ,  and the e f f luent  was incubated 

at 2,5 ° f o r  30 rain. At  i n t e r va l s  t h e D  to I c o n v e r s i o n  of g lycogen syn the -  

tase was f o l l o w e d .  150 #1 samples w e r e  w i t hd rawn  and mixed wi th  100 #1 

of ice--cold d i l u t i on  bu f fe r  ( T r i s - H C I  50 mM, E D T A  40 mM, NaF 50 raM, 

d i t h i o t h r e i t o l  2 mM, pH "7.4) and p laced in an i ce -ba th .  S h o r t l y  a f t e r w a r d s  

each sample was f i l t e r e d  through 2, ml co lumns of Sephadex  G-50 F i n e  D 

which had been e q u i l i b r a t e d  in d i l u t i o n  bu f fe r ,  and assayed f o r  enzyme 

a c t i v i t y  and p ro te i n  content.  The last  Sephadex  f i l t r a t i o n  reduced the 

amount of low mo lecu la r  weight  me tabo l i t es  to less than 0. I% of the 

concen t ra t i on  o r i g i n a l l y  found in the sample.  

Leukocy te  g lycogen was p r e p a r e d  e s s e n t i a l l y  by a method a l r e a d y  

desc r ibed  f o r  the p u r i f i c a t i o n  of g lycogen synthetase (5). The g lycogen  

was f i l t e r e d  through a Sephadex G-50 column e q u i l i b r a t e d  in d i s t i l l e d  

wa te r ,  heated at 50 ° C f o r  1 hour  to d e s t r o y  adher ing  enzymes~ and 

lyoph i l  ized. 

Ana ly t [ ca l  p rocedu res .  

Glycogen synthetase a c t i v i t y  was de te rm ined  w i th  the method of  

Thomas et al. (6), using /4 mM U r i d i n e  d iphosphate  U - 1 4 C - g l u c o s e  

(spec i f i c  a c t i v i t y  2-3 × 10 ̀5 cpm/pmole) ;  I - a c t i v i t y  and t o t a l  a c t i v i t y  

vveremeasured wi th  10 mM Na 2 S04 and 6. "7 mM 91ucose-6-phosphate ,  

r e s p e c t i v e l y ,  in the reac t i on  m ix tu re .  1 mUni t  enzyme a c t i v i t y  i n c o r p o -  

ra tes  1 nanomole g lucose into g lycogen pe r  min. at 30 ° . 

149 



Vol. 57, No. 1,1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

T A B L E  1 

G I y c o g e n  
c o n c e n t r a t i o n  0, 1% (n = g) 0, 25% (n = 9) 0, 5% (n = 6) 

No a d d i t i o n s  0, 171 + 0 , 0 2 2  0, .146 + 0 , 0 2 2  0 ,081  + 0 , 0 1 7  

2 m M  A T P  0 , 1 6 3 4 - 0 , 0 1 9  0 , 0 8 5 4 - 0 , 0 1 2  0 , 0 3 4 - I " 0 , 0 1 0  

D e g r e e  o f  5% /42% 58% 
i n h i b i t i o n  

T a b l e  1. T h e  e f f e c t  of  2 mM A T P  on the D to I c o n v e r s i o n  of  g l y c o g e n  
s y n t h e t a s e  a t  t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  of  g l y c o g e n .  

T h e  r a t e s  o f  c o n v e r s i o n  a r e  g i v e n  as m U n i t s  of I - a c t i v i t y  f o r m e d  
p e r  m in .  d u r i n g  the i n t e r v a l  f r o m  10 to 30+rain. , w h e r e  the r e a c t i o n  is  
f a i r l y  l i n e a r .  R e s u l t s  a r e  g i v e n  as m e a n  - s . e . m .  

G l y c o g e n  w a s  d e t e r m i n e d  as g l u c o s e  us i ng  the  h e x o k i n a s e  a s s a y  

a f t e r  2 I / / 4  h o u r s  h y d r o l y s i s  in 0 . 6  N HCl  at 100 ° . P r o t e i n  w a s  d e t e r m i n -  

ed by  a L o w r y  m e t h o d ;  s a m p l e s  w e r e  d i l u t e d  100 t i m e s  b e f o r e  m e a s u r e -  

men t  to a v o i d  i n t e r f e r e n c e  by  T r i s  and E D T A  ('7). 

C H E M I C A L S  

C h e m i c a l s  w e r e  o b t a i n e d  f r o m  B o e h r i n g e r  and S i g m a  and used  

w i t h o u t  f u r t h e r  p u r i f i c a t i o n  w i t h  the  e x c e p t i o n  of  r a b b i t  l i v e r  g l y c o g e n  

( B o e h r i n g e r  g r a d e  I I ) ,  w h i c h  w a s  t r e a t e d  w i t h  a m i x e d  ion e x c h a n g e  

r e s i n  ( A m b e r l i t e M H - 3 )  b e f o r e  use.  R a d i o a c t i v e  u r i d i n e  d i p h o s p h a t e  

g l u c o s e  w a s  o b t a i n e d  f r o m  A m e r s h a m .  

R E S U L T S  A N D  D I S C U S S I O N  

D u r i n g  a r e c e n t  s e r i e s  o f  e x p e r i m e n t s  on the  D to I c o n v e r s i o n  

of  g l y c o g e n  s y n t h e t a s e  in g e l f i l t r a t e s  o f  h o m o g e n a t e s  f r o m  human p o l y -  

m o r p h o n u c l e a r  l e u k o c y t e s ,  we  found  r a t h e r  c o n f l i c t i n g  r e s u l t s  r e g a r d -  

ing  the  e f f e c t  of  A T P  on the  r e a c t i o n .  In some e x p e r i m e n t s  we  found  an 
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i n h i b i t i o n  of  the  r e a c t i o n  w h e r e a s  o t h e r s  s h o w e d  no e f f e c t  o r  even  a 

s m a l l  a c t i v a t i o n  by  a p h y s i o l o g i c a l  c o n c e n t r a t i o n  o f  A T P  (2 raM). T h e  

e f f ec t  of  A T P  b e c a m e  r e p r o d u c i b l e  when  we  v a r i e d  a s e c o n d  p a r a m e t e r ,  

the c o n c e n t r a t i o n  of  g l y c o g e n  in the  i n c u b a t i o n .  

T a b l e  I s h o w s  a s e r i e s  o f  e x p e r i m e n t s  w h e r e  the c o n c e n t r a t i o n  of  

g l y c o g e n  in the i n c u b a t i o n  med ium has been  a d j u s t e d  to the  i n d i c a t e d  v a l u -  

es w i t h  c o m m e r c i a l  g l y c o g e n .  It  can  be seen  tha t  the  i n h i b i t i o n  c a u s e d  by  

2 mM A T P  i n c r e a s e s  f r o m  5% at a c o n c e n t r a t i o n  of  0, 1% g l y c o g e n  to 

58% at  0 , 5 %  g l y c o g e n .  S i n c e  g l y c o g e n  i t s e l f  i s  an i n h i b i t o r  of  the  c o n -  

v e r s i o n ,  a f u r t h e r  i n c r e a s e  in g l y c o g e n  s u p p r e s s e d  the r e a c t i o n  a l m o s t  

t o t a l l y ,  bo th  in the  p r e s e n c e  and a b s e n c e  of  A m P .  P r i n c i p a l l y ,  the  same  

r e s u l t s  w e r e  o b t a i n e d  in a f e w  e x p e r i m e n t s  s u b s t i t u t i n g  l e u k o c y t e  g l y c o -  

gen f o r  the  c o m m e r c i a l  p r o d u c t .  I t  s h o u l d  be  m e n t i o n e d  tha t  a d d e d  A T P  

is no t  d e g r a d e d  d u r i n g  the i n c u b a t i o n  p e r i o d  and tha t  a d o s e - r e s p o n s e  

r e l a t i o n s h i p  can be o b t a i n e d  by  v a r y i n g  A T P  f r o m  I mM to 4 raM. 

F i g .  I s h o w s  tha t  1 mM g l u c o s e - 6 - p h o s p h a t e  is  b e t t e r  a b l e  to 

o v e r c o m e  the i n h i b i t i o n  by  A T P  at  l o w  c o n c e n t r a t i o n s  than at  h i gh  c o n -  

c e n t r a t i o n s  of  g l y c o g e n ,  w h e r e a s  g l u c o s e  ( 5 , 5  mtvl) has  no e f f e c t  on the 

r e a c t  i on. 

T h e s e  r e s u l t s  m i g h t  i n d i c a t e  tha t  g l y c o g e n  p l a y s  a dual  r o l e  in 

the c o n t r o l  o f  the  D to 1 c o n v e r s i o n  of g l y c o g e n  s y n t h e t a s e ,  bo th  as  an 

i n h i b i t o r  and as a p r e r e q u i s i t e  f o r  o b t a i n i n g  i n h i b i t i o n  by  A T P .  T h e  

g l y c o g e n  c o n c e n t r a t i o n  in w h o l e  c e l l s  d e c r e a s e s  f r o m  0 . 8 %  to 0 . 2 %  

d u r i n g  i n c u b a t i o n  in a m e d i u m  not  c o n t a i n i n g  g l u c o s e  (4) and a s i m i l a r  

v a r i a t i o n  can be e x p e c t e d  to take  p l a c e  in v i v o .  S i n c e  the  A T P  c o n c e n -  

t r a t i o n  in the c e l l s  i s  2 mM and p r o b a b l y  does  not  f l u c t u a t e  v e r y  much ,  

the s u g g e s t e d  c o n t r o l  m e c h a n i s m  w o u l d  be m o r e  f l e x i b l e  than one b a s e d  

on the c o n s t a n t  i n h i b i t i o n  of  the D to I c o n v e r s i o n  by  A T P .  

T h e  e f f ec t  o f  g l u c o s e - 6 - p h o s p h a t e  w a s  o b t a i n e d  w i t h  c o n c e n t r a t i o n s  

5 to 1 0 - f o l d  the c o n c e n t r a t i o n s  found in w h o l e  c e l l s .  E x p e r i m e n t s  w i t h  
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F ig .  1 The ef fect  of 1 mM g lucose -6 -phospha te  on the i nh i b i t i on  of 
t h e D  to I conve rs i on  of g lycogen synthetase by 2 mM AmP; exper imen ts  
w i th  2 d i f f e r e n t  g lycogen concen t ra t i ons  a r e  shown. 

phys io l og i ca l  c o n c e n t r a t i o n s  of 0, 1 and 0 ,2  mM g lucose -6 -phospha te  

f a i l e d  to show any ef fect .  

The  m o l e c u l a r  bas is  of the obse rved  phenomena rema ins  unreso lved .  

One p o s s i b i l i t y  is that g lycogen synthetase phosphatase ex is ts  in two 

states,  one at low c o n c e n t r a t i o n s  of g lycogen which is not a f fected by 

A T P ,  and one at high concen t ra t i ons  of g lycogen which is i nh ib i ted  by 

A T P .  A n o t h e r  p o s s i b i l i t y  is,  that g lycogen synthetase D exh ib i t s  con-  

f o rma t i ona l  changes in the p resence  of AmP as suggested by Gi lboe and 

Nut ta l l  (2) and that these con fo rma t iona l  changes a re  somehow modi f ied  

by g lycogen and g lucose -6 -phospha te .  S i nce  A T P  is not i n h i b i t o r y  at 

low g lycogen concen t ra t i ons ,  however ,  i t  seems more l i k e l y  that g lycogen 

e l i c i t s  the c0n fo rma t iona l  change r a t h e r  than A T P .  
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