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Summary 

The kinetic properties of  a-glucan phosphorylase b (a-D-1,4-glucan : ortho- 
phosphate a-D-glucosyltransferase, EC 2.4.1.1) purified from a deep-sea fish 
Indocibium gut ta t tam were studied in the direction of  glycogen synthesis. 
There was no homotropic  site-site interaction between glucose 1-phosphate 
sites and between glycogen sites. However,  heterotropic interaction was 
observed between substrate and activator sites. 

The kinetic data obtained for the fish enzyme were consistent with the rapid 
equilibrium random mechanism reported for a-glucan phosphorylase from 
other sources. All the dissociation constants were 2--3 times higher for the fish 
enzyme than for the rabbit  enzyme. 

Although the fish enzyme exhibited a greater affinity for AMP at 30°C as 
Compared to the rabbit  enzyme, these sites were characterized by a lack of  
homotropic  cooperativity.  Heterotropic cooperativi ty was observed between 
AMP and glucose 1-phosphate sites. 

Int roduct ion 

a-Glucan phosphorylase (a-D-1,4-glucan : or thophosphate  a-D-glucosyltrans- 
ferase, EC 2.4.1.1) has received particular at tention because of  the significance of  
the reaction it catalyses and also of  the allosteric nature of  its control.  The present 
knowledge about  this enzyme is mainly based on studies with phosphorylase 
from rabbit  and other terrestrial animals. Information regarding the enzyme 
from acquatic fauna is scanty. Temperature effects and interconversions of  the 
a and b forms also have been studied [1- -3] .  

We have shown earlier that  phosphorylase purified from the marine fish, 
Indocibium gut ta t tam has allosteric properties distinctly different from those 
reported for the enzyme from other sources [4] .  While the rabbit  enzyme 
shows sigmoidal kinetics for its substrates and activator, the fish enzyme 
behaves like a desensitized enzyme. This difference prompted  a more detailed 



36 

study of  the enzyme from I. gut tat tarn mainly for the purpose of comparison 
with phosphorylase from other sources. A rigorous comparison is, however, not  
possible at the momen t  with phosphorylase from acquatic sources because the 
available information is either inadequate or beyond the scope of this paper. 

Materials and Methods 

Phosphorylase b from I. gu t t a t t am  was purified to apparent homogenei ty as 
described earlier [5].  Glucose-l-P was obtained from V.P. Chest Institute, New 
Delhi, AMP was from E. Merck, Germany, glycogen from Centron Research 
Laboratories and sodium fi-glycerophosphate and bovine serum albumin from 
Koch-Light Lab., London. All other chemicals were of  analytical grade. 

Initial velocities were measured in the direction of glycogen synthesis 
according to the procedure of Illingworth and Cori [6] using cysteine fl- 
glycerophosphate buffer,  pH 6.8. The liberated inorganic phosphate was 
estimated by the method  of Fiske and Subbarow [7] .  The enzyme solutions 
were incubated in the buffer  for 30 rain at 30°C before assay. The reactions 
were carried out  at 30°C unless specified otherwise. Specific activities are 
expressed as pmol of  inorganic phosphate liberated per min per mg of protein. 
The protein concentrations were determined using Folin reagent [8] according 
to Lowry et al. [9] with bovine serum albumin as standard. 

Results and Discussion 

The initial velocity data for the transfer of  glucosyl residues to glycogen at 
varying levels of  glycogen and glucose-l-P were analysed using double recipro- 
cal plots. The plots were all linear in the range of  glycogen (2.28--57.00 mM 
glucosyl residtte) and glucose-l-P (8.0--32.0 mM) employed indicating lack of 
homotropic  cooperativity between glycogen sites and between glucose-l-P 
sites. This is similar to the results with other  phosphorylases [2,10--14].  

The apparent Km values for glycogen and glucose-l-P as a function of each 
other  were evaluated from the reciprocal plots and are given in Table I. The 
results show that  the apparent Km values for glycogen decrease with increasing 
concentrations of glucose-l-P and vice versa illustrating heterotropic interaction 

T A B L E  I 

A P P A R E N T  K m V A L U E S  F O R  G L U C O S E - 1 - P  A N D  G L Y C O G E N  A T  D I F F E R E N T  C O N C E N T R A T I O N S  
OF E A C H  O T H E R  F O R  P H O S P H O R Y L A S E  b F R O M  I. G U T T A T T A M  

P h o s p h o r y l a s e  b w a s  a s s a y e d  in 15 m M  c y s t e i n e / 2 0  m M  g l y c e r o p h o s p h a t e ,  pH 6.8,  a t  30°C.  The  r e a c t i o n  
m i x t u r e s  c o n t a i n e d  1 m M  AMP. 

Glucose - l -P  K m for  g lycogen  G l y c o g e n  K m for  g lucose - l -P  
(mM) (mM glucosyl  res idue)  (mM  glucosyl  res idue)  (raM) 

8.0 3.8 2 .28  10.5 
12 .0  3.3 5 .70  8.5 
16 .0  3.2 14 .28  7.4 
20.0 3.1 28 .50  6.4 
24.0 3.0 57 .00  6.0 
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between substrate sites. Such heterotropic interactions have been reported for 
rabbit  liver phosphorylase [10] ,  rabbit  muscle phosphorylase b and a [12,13] 
and lobster phosphorylase [1] .  Thus the behaviour of  the fish enzyme is 
qualitatively similar to that  of  phosphorylase from other sources. 

The Km values of  the fish phosphorylase for glucose-l-P and glycogen were, 
respectively, 2-fold and 4-fold greater than those reported for the rabbit  muscle 
enzyme [12] .  Thus the fish enzyme has a relatively lower affinity for the 
substrates at 30 ° C. 

The kinetic mechanism of ~-glucan phosphorylase from rabbit  liver [10] 
rabbit  muscle [11] ,  and Escherichia coli [14] has been shown to be rapid 
equilibrium random bi bi. The reciprocal plots for the substrates ment ioned 
above for the fish enzyme are also consistent with rapid equilibrium random 
mechanism. The point  of  intersection of  the lines in the reciprocal plot  for 
glycogen at different levels of  glucose-l-P corresponds to the reciprocal of  the 
dissociation constants of  glucose-l-P, and enzyme • AMP complex.  This value 
(Ks = 15.3 mM) is nearly twice as that  for the rabbit  muscle enzyme. The 
dissociation constant  K7 was evaluated similarly from the reciprocal plots for 
glycogen at different levels of  glucose-l-P. 

In phosphorylase¢atalysed reaction, glycogen is the product  as well as the 
reactant  and hence its concentrations is unaffected during initial rate measure- 
ments. Also it has been shown that the dissociation constant  is the same if 
initial rate is measured in the direction of  glycogen synthesis or degradation 
[10,11] .  Based on these Engers et  al. [11] proposed a scheme for rabbit  
muscle enzyme. This is given in Scheme 1. An essentially similar mechanism is 
proposed for E. coli phosphorylase also [14] .  

EG EG' 
K S ~ - \  K7 

S c h e m e  1.  P r o p o s e d  r a p i d  e q u i l i b r i u m  r a n d o m  b i  b i  m e c h a n i s m  f o r  rabbit  muscle  p h o s p h o r y l a s e  b [ 1 1 ] .  
E,  G ,  a n d  P are  e n z y m e  • A M P  c o m p l e x ,  glycogen  and o r t h o p h o s p h a t e ,  respect ive ly .  G '  is g l y c o g e n  w i t h  
one t e r m i n a l  g lucose  residue less a n d  P '  is g lucose - l -P .  K I - - K  8 are d i s s o c i a t i o n  c o n s t a n t s  as s h o w n  in  the  
scheme;  k I a n d  k 2 axe r a t e  c o n s t a n t s  f o r  t he  r e a c t i o n  in  t h e  d i r e c t i o n  o f  g l y c o g e n  d e g r a d a t i o n  a n d  
s y n t h e s i s ,  respect ively .  

On the assumption that the affinity of  the enzyme for glycogen for binding 
in the synthetic and degradation direction is the same, Engers et al. [11] 
derived the rate equation for Scheme 1 as below: 

[E]o_ I + 2K3 + K4 + K,K3 

k, [Plk, [V]k, [V]tP]k, 
which can be written in the general form of Dalzlel [15] as: 

[Elo_q)o+ ap, +q)2 + ~,,2 
v [G] [P] [GI[P] 

where [E]0 = total enzyme concentrat ion;  v = initial velocity. 

(i) 

(2) 
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T A B L E  II  

K I N E T I C  C O E F F I C I E N T S  A N D  C O N S T A N T S  F O R  P H O S P H O R Y L A S E  b F R O M  1. G U T T A T T A M a  
A N D  R A B B I T  M U S C L E  b A T  30°C 

I. g u t t a t t a m  Rabbi t  musc le  

Kinet ic  coef f ic ien ts  

qb~) (rag of  p r o t e i n  • ra in  pe r  ;zmol) 0 .0163  0 . 0 1 5 5  
• ~ ( m l n  - m g)  36 .0  51.0 
qb~ (rain • rag)  120 .0  13.0 
~P'l,2 ( tool  • m l n  pe r  m g )  0 .53  0 .1 0 4  

Kinet ic  cons t an t s  

k 2 ( tool / rag  pe r  rain) 61 .4  64.0 
K s (raM glucose- l -P)  3.6 1.5 
K 6 (raM g lycogen  as glucosyl  res idue)  2.8 0.9 
K 7 ( r a m  g lycogen)  9.0 4.4 
K 8 (raM g lucose- l -P)  15.3 7.4 

a Values  ca lcu la ted  f r o m  s e c onda ry  p lo ts  of  slopes and  in t e rcep t s  of  rec iproca l  p lo ts  for  g lucose- l -P  
and  g lycogen  (see t ex t ) .  Ini t ial  veloci t ies  were  m e a s u r e d  in the  d i rec t ion  of  g lycogen  synthes is  i.e. 
for  t h e  r e v e r s e  r eac t i on  s h o w n  in S c h e m e  1. Using the s ame  n o t a t i o n s  of  S c h e m e  1, the ra te  equa-  
t ion  for  g lycogen  synthes is  m a y  be w r i t t e n  as: 

[ E ] 0  1 + ~ + K 6 K s K  7 (3] 
o = ~  k2tP'] g~fG~+k2tG'l[e'] 

~'1 + ¢~ + ¢'1.2 (4) °riZ]0 =Vb+ [ - G - v j v  [-~ [a--~l[P '1 
b Data  f r o m  ref.  11. 

When the slopes and the intercepts were replot ted in secondary plots [15,16] ,  
linear lines were obtained. Moreover, internal consistencies for the rapid 
equilibrium random mechanism were found by common intercepts on the 
intercept plot  and parallel lines on the slopes plot. Hence it is apparent that the 
kinetics of  phosphorylase b from I. gut tat tam is also consistent with the 
random mechanism derived for phosphorylase from other sources. 

Kinetic constants and coefficients for the fish enzyme in the synthetic direc- 
tion were evaluated from secondary plots and compared with the corre- 
sponding values reported for rabbit  muscle phosphorylase b in Table II. 

The catalytic constant  k2 for the synthesis of  glycogen catalysed by the fish 
enzyme (61.4 #mol  of  or thophosphate  liberated per min per mg protein) is 
comparable to the value (64.0) reported for rabbit  skeletal muscle phos- 
phorylase b [11] and to the value (71.0) reported for lobster tail muscle phos- 
phorylase b [1] .  Both for the fish and rabbit  enzymes the affinity of  glucose-1- 
P is greater for the enzyme • AMP • glycogen complex than for the enzyme • 
AMP complex and the affinity of  the glycogen is greater for the enzyme • AMP 
• glucose-l-P complex than for the enzyme • AMP complex. Moreover, there is 
a striking difference, i.e. all the dissociation constants (Ks, K6, K7 and Ks) are 
about  two to three times greater for the fish enzyme as compared to the rabbit  
enzyme showing that the former has lower affinities for its substrates at 30 ° C. 

Kinetics with respect to AMP 
We have reported earlier that  phosphorylase b from I. gut tat tam is distinctly 

different from rabbit  muscle and other  phosphorylases in its allosteric properties 
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T A B L E  I I I  

K m V A L U E S  F O R  A M P  A N D  G L U C O S E - 1 - P  A T  D I F F E R E N T  C O N C E N T R A T I O N S  O F  E A C H  O T H E R  

F O R  P H O S P H O R Y L A S E  b F R O M  I. G U T T A T T A M  

The v a l u e s  w e r e  o b t a i n e d  f r o m  d o u b l e  r e c i p r o c a l  p l o t s .  P h o s p h o r y l a s e  b w a s  a s s a y e d  i n  1 5  m M  cysteine/  
2 0  m M  g l y c e r o p h o s p h a t e ,  p H  6 . 8 ,  a t  3 0 ° C .  T h e  a s s a y  m i x t u r e s  c o n t a i n e d  1 %  g l y c o g e n .  

G l u c o s e - l - P  K m f o r  A M P  A M P  K m f o r  g l u c o s e - l - P  

( m M )  (M)  (M)  ( m M )  

1 2 . 0  8 . 5  • 1 0  -5  1.O • 1 0  -5 3 0 . 0  

1 6 . 0  3 . 2  • 1 0  - s  2 . 5  • 1 0  -5  1 9 . 0  
2 0 . 0  3 . 0  • 1 0  -5  5 .0  • 1 0  -5  1 3 . 3  

2 4 . 0  2 .8  • 1 0  -5 1 . 0  • 1 0  --4 8 . 5  

3 2 . 0  2 .1  • 1 0  -5  1 . 0  - 1 0  -3  7 . 0  

[4]. The kinetics of glucose-l-P and AMP at different concentrations of each 
other was studied. The double reciprocal plots for AMP were linear in the range 
of AMP concentrations (10-s--10 -3 M) for different constant levels of glucose- 
1-P (8.0--32.0 mM) indicating lack of homotropic cooperativity between AMP 
sites. In this respect the fish enzyme is significantly different from rabbit 
muscle and other phosphorylase where the AMP sites show cooperativity. The 
variations of the apparent Km values are presented in Table III. The table 
illustrates that the fish enzyme shows heterotropic cooperativity like the rabbit 
enzyme. 

Influence of  temperature on glucose-l-P kinetics 
The glucose-l-P kinetics of the fish enzyme was analysed at three different 

temperatures (20, 30, and 37°C). The apparent Km values for glucose-l-P did 
not vary considerably in this range. The Arrhenius' plot over this range of 
temperatures was linear and the energy of activation corresponded to 19.4 kcal. 
This value is comparable to 20.0 kcal reported for rabbit muscle phosphorylase 
b, but higher than the value (15.0) reported for lobster muscle phosphorylase b 
[11. 

The results revealed many similarities and differences in the properties of 
phosphorylase b from this deep-sea fish and that of rabbit muscle phosphorylase 
b. Though the kinetic mechanism is the same the kinetic constants differ 
markedly. The fish enzyme is characterized by relatively higher values for the 
Michaelis constants for substrates and decreased heterotropic interactions as 
compared to the rabbit enzyme. The major difference between the two 
enzymes is in their response to the activator, AMP and the metabolic inhibitors 
like glucose, glucose-6-P, and ATP [4]. 

The results show that the role played by phosphorylase b in the regulation of 
glycogen degradation may be possibly very less significant in the fish, viz.,/. 
guttattam. Better understanding of the glycogen metabolism in this fish 
requires a knowledge of the properties of phosphorylase a. 
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