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SUMMARY 

Previous  observat ions  have ind ica ted  t ha t  the  s igmoid curve of ra te  versus Pi 
concentra t ion  ob ta ined  with  aged p repara t ions  of  phosphory lase  a (a- I ,4-glucan:  
o r thophospha te  glucosyl t ransferase ,  EC 2 .4 . I . I ) ,  is abol ished b y  the ac t iva to r  AMP. 
The effects of urea  on the kinet ics  of the  enzymat i c  reac t ion  were inves t iga ted  in order  
to help clar i fy the  re la t ionship  be tween s t ruc ture  and function.  Urea also abolished 
the s igmoid curve a l though at  concent ra t ions  IO ooo-fold higher  than  AMP. However ,  
a l though 2 • lO -5 M AMP reduced  the a p p a r e n t  K m  for Pi, 0.3 M urea  was a compet i t ive  
inh ib i tor  wi th  respect  to Pi, and  I.O M urea  caused inhibi t ion  of the  mixed  type.  Mixed 
inhibi t ion exper iments  wi th  urea  and arsenate ,  a t rue  compe t i to r  of  Pi, and  the re- 
duct ion of the  K m for AMP b y  bo th  urea  and a rsena te  ind ica ted  t ha t  urea  indeed 
competed  with  Pi. Urea  did  not  affect the  V for AMP, whereas  a rsenate  reduced it. 
The d a t a  ind ica ted  tha t  AMP pro tec ted  the  enzyme agains t  urea  inhibi t ion  b y  reducing 
the affinity of  the  enzyme for urea. I t  is suggested t ha t  aging causes changes in the  
s t ruc ture  of the  enzyme which allow easier demons t ra t ion  of homotropic  in teract ions .  

INTRODUCTION 

Considerable a t t en t ion  has recent ly  been given to the  role of AMP in the  act i-  
va t ion  of phosphorylase  (a-I ,4-glucan : o r thophospha te  glucosyl t ransferase,  EC 2.4.I .  I) 
In  bo th  the a and  b forms, AMP increases the affinity of the  enzyme for the  sub- 
s t ra tes  1-5, and it has been suggested t ha t  AMP al ters  the  conformat ion  of the  enzyme.  
Thus,  AMP favors the  dissociat ion of the  t e t r amer ic  a form into a d imer  which is more 
act ive than  the na t ive  enzyme 6. Other  agents  which affect the  ac t iv i ty  of the  enzyme 
a l te r  i ts  s ta te  of  aggregat ion  7. Conformat ional  effects have  also been proposed,  based  
on s tudies  of  p H  and t empe ra tu r e  effects s, of the  in te rac t ion  with  a n t i b o d y  f ragments  9, 
of the  b inding  of  b r o m t h y m o l  blue b y  phosphory lase  b (ref. IO) and of the  opt ical  
r o t a t o r y  dispersion of the  enzymes n. 
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UREA AND AGED PHOSPHORYLASE a ACTIVATION 8I  

In a preliminary communication it was stated that under some conditions the 
saturation curve of aged preparations of phosphorylase a with Pi  w a s  sigmoid in the 
absence of AMP but that in its presence the curve was hyperbolic. Also it was shown 
that high concentrations of arsenate in the absence of AMP abolished the sigmoid 
curve and that this effect of arsenatO was specific. Here are presented further obser- 
vations on these phenomena. In particular, the effect of urea on the kinetic parameters 
of the enzymatic reaction are analysed, since urea is known to affect protein confor- 
mation in many cases, particularly that of phosphorylase b (ref. I2). 

EXPERIMENTAL 

Phosphorylase a assays 

The enzyme was assayed in the direction of glycogen breakdown. The formation 
of glucose I-phosphate from glycogen and Pi was followed by measuring the reduction 
of NADP + to NADPH in the presence of excess phosphoglucomutase and glucose- 
6-phosphate dehydrogenase. Except where otherwise indicated the composition of 
the reaction mixture was IO mM Tris, IO mM cysteine, IO mM MgC12, o.24 mM NADP +, 
I.O mg/ml glycogen, IO mM Pi, o.3 unit each of glucose-6-phosphate dehydrogenase 
and phosphoglucomutase and 2-IO -~ M AMP, when present. The amount of phos- 
phorylase a ranged from 1.6 to 5.o #g depending on the activity of the preparation and 
on the particular experiment to be performed. The final volume of the system was 
3.o ml at pH 7.5. The reaction was started by adding the enzyme, and after a lag of 
2-3 min, it became a linear function of time. The rate was recorded for 5 rain in the 
linear region using a Beckman-DU spectrophotometer with an attached linear-log 
Varicord recorder (Model 43, Photovolt Corp.). Initial velocity conditions were 
maintained throughout the reaction period by keeping the measured rates below 
o.o2/~mole NADPH per rain. In order to eliminate any inhibitory effects which the 
factors studied had on the auxiliary enzymes of the assay system, these factors were 
added to the system in absence of phosphorylase a. The capacity of the system was 
then tested by adding glucose I-phosphate to a final concn, of o. oo6 M. When necessary, 
the amounts of the auxiliary enzymes were increased so that their effective activities 
remained at o.3 units each. The results were calculated on the basis of #moles of 
NADPH formed per mg of protein per rain equals one unit. 

Twice crystallized phosphorylase a, was purchased from Worthington Bioche- 
mical Corporation as a suspension of crystals in (NH4)~SO 4. The various preparations 
used had aged several weeks at 5 °. The protein was collected by centrifugation and 
was dissolved in water as needed. The concentration of dissolved phosphorylase was 
determined from the data of VELICK AND WICKS x3 by using a molar extinction coeffi- 
cient of 5.8" lO 5 at 280 m/~. Phosphoglucomutase and glucose-6-phosphate dehydro- 
genase were purchased from Sigma Chemical Company or from Calbiochem as sus- 
pensions in (NH4)2SO 4 or as powders. After reconstituting them when needed, they 
were centrifuged and dissolved in water. NADP + and AMP were purchased from 
Sigma Chemical Co. Glycogen was obtained from Fisher Scientific Company. Since 
AMP was a contaminant in the glycogen, a 5 ~o solution was purified by treating it 
twice with activated charcoal in the cold, followed by centrifugation and then by 
filtration. Before and after treatment, aliquots were treated with I M HC1 until the 
glycogen was hydrolyzed, and their absorbances were measured at 259 m#. No de- 
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t e c t a b l e  a b s o r p t i o n  r e m a i n e d  a f t e r  t h e  c h a r c o a l  t r e a t m e n t ,  w h e r e a s  s t r o n g  a b s o r p t i o n  

was  o b s e r v e d  p r i o r  to  it.  A s i m i l a r  p u r i f i c a t i o n  p r o c e d u r e  h a s  b e e n  u s e d  b y  HELMREICH 
AND CORI 1. 

RESULTS 

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

r e a c t i o n  is p l o t t e d  a g a i n s t  t h e  c o n c e n t r a t i o n  of  Pi  can  be  a b o l i s h e d  spec i f ica l ly  a t  low 

c o n c e n t r a t i o n s  b y  t h e  a c t i v a t o r  A M P  a n d  b y  t h e  i n h i b i t o r  a r s e n a t e ,  b o t h  o f  w h i c h  

h a v e  ef fec ts  o n  t h e  K m  for  Pi (ref. 5)- Na~S04,  a n o n c o m p e t i t i v e  i n h i b i t o r  a t  t h e  o . o i  M 

c o n c e n t r a t i o n  (Fig. I) ,  does  n o t  h a v e  a s i m i l a r  effect  (Fig.  2). I n  o u r  p r e v i o u s  c o m m u -  
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oJo  

[Pill ~_  ~ -2 . 3.o ~ . ~  z o  
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Fig. I. The effects of o.oi M Na2SO 4 on the rate dependence of the reaction with respect to Pi 
in the presence of 2. lO -5 M AMP. O, control; [], with SO42-. Km for both  equals 1. 7 • lO -3 M. 
V is decreased from 15.1 to 12.o by SOl ~-. 

Fig. 2. The effects of o.oi M Na2SO 4 and o.oi M sodium arsenate on the rate dependence of the 
reaction with respect to Pi in the absence of AMP. O, control; El, with SO4a-; A,  with arsenate. 
/4m in the presence of 0.0i M arsenate is 12.10 -3 M Pi. V is reduced by SO42- from 12.o to 7.1. 

Fig. 3. The effects of AMP and Na2SO 4 on a plot of the data  according to Equat ion i. Slope of the 
line equals n. O, in the presence of 2- lO -5 M AMP, n equals 0.99; IN, no additions, n equals 1.44; 
A,  with o.oi M SO4 ~- and no AMP, n -- 1.48. The enzyme used for the experiment with SO, S- 
was from a different lot and had a different specific activity from the lot used for the other two 
curves. 

n i c a t i o n  i t  was  s t a t e d  t h a t  S04  ~- i n c r e a s e s  t h e  s i g m o i d  c h a r a c t e r  o f  t h e  cu rve .  T h i s  
imp l i e s  t h a t  SO,  2- is a n e g a t i v e  e f f ec to r  a n d  t h u s  mod i f i e s  i n t e r a c t i o n s  of  s u b s t r a t e s .  

H o w e v e r ,  t h i s  a p p a r e n t  effect  is d u e  to  t h e  r e l a t i v e  d i s t o r t i o n s  o f  t h e  c u r v e s  in  L i n e -  

w e a v e r - B u r k  p lo t s .  A n  a n a l y s i s  o f  t h e  d a t a  in  t e r m s  o f  t h e  e q u a t i o n  : 

log v / V  - -  v = n log IS] + log K ( I )  

p r o p o s e d  b y  MONOD et  a l .  14, for  t h e  case  of  s i g m o i d a l  r a t e  cu rve s ,  s h o w s  t h a t  t h e  v a l u e  

o f  n is n o t  c h a n g e d  b y  S042-  (Fig.  3)- ATKINSON et  a l .  ~5 h a v e  i n d i c a t e d  s o m e  o f  t h e  

poss ib l e  p i t f a l l s  in  t h e  i n t e r p r e t a t i o n  o f  t h e  d a t a  w h e n  s i g m o i d  r a t e  c u r v e s  a re  o b t a i n e d .  

C o n f i d e n c e  in  t h e  p o s i t i v e  ef fec t  of  A M P  is g i v e n  b y  t h e  v a l u e s  of  Fig.  3 w h i c h  s h o w  

t h a t  in  i t s  p r e s e n c e  t h e  v a l u e  o f  n a p p r o a c h e s  I.O. I n  a d d i t i o n ,  i t  s h o u l d  b e  m e n t i o n e d  
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T A B L E  I 

E F F E C T  OF I N C R E A S I N G  U R E A  C O N C E N T R A T I O N S  ON T H E  A C T I V I T Y  OF P H O S P H O R Y L A S E  

U r e a  w a s  a d d e d  d i r e c t l y  t o  t h e  r e a c t i o n  m i x t u r e .  T h e  r e a c t i o n  w a s  s t a r t e d  w i t h  e n z y m e  a n d  
m e a s u r e d  as  d e s c r i b e d  in  EXPERIMENTAL. 

Urea Veloci ty  o f  reaction R a t i o  v l / v  2 
(mo lar  
conch. )  N o  A M P  2 .  zo  -5 M 

v 1 A M P  
V2 

o lO.22  11 .83  o , 8 6  
0 .3  4 .35  9 . 1 o  o ,48  
o .6  3 .78  8 .37  o ,45  
0 .9  o .4o  6 .36  o ,o6  
i . z  o .oo  3 .78  o 
1. 5 o .oo  1.45 o 

that  the effects of o.oi M arsenate on the sigmoid curve are present down to a very low 
concentration of phosphate in relation to the Km obtained in that experiment. Theoreti- 
cally, a lower concentration of phosphate could result in a higher rate in the presence 
of arsenate, as happens with aspartate and maleate in aspartate transcarbamylase 16. 
However, this could not be tested as we were working at the lower limits of accuracy 
of our method for the determination of the reaction velocity. 

Judged by the low concentrations at which they are effective, both AMP and 
arsenate are very specific effectors. However, it is possible to alter the behavior of the 
enzyme by using higher concentrations of apparently less specific agents such as 
increased ionic strength or urea. Addition ofo. I M NaC1 in the absence of AMP abolishes 
the sigmoid curve but also results in a marked, competitive inhibition with Km of 
15" IO -8 M Pi.This'value is about three times the apparent affinity constant in the absence 
of NaC1. In the presence of AMP when o.I M NaC1 is added, a competitive effect also 
occurs with an increase in the Km from 1. 5 • lO -3 M to 5" IO-S M Pl (ref. 5). Similar 
effects are observed when Tris is used to increase the ionic strength. 

In view of the results caused by high ionic strength, it was decided to investigate 

T A B L E  I I  

REVERSIBILITY OF INHIBITION BY UREA 

P h o s p h o r y l a s e  a w a s  e x p o s e d  t o  1.5 M u r e a  f o r  5 m i n  a n d  a s s a y e d  a s  d e s c r i b e d .  F o r  a s s a y  i n  t h e  
a b s e n c e  o f  a d d e d  u r e a ,  t h e  f ina l  c o n c e n t r a t i o n  o f  t h i s  a g e n t  c a r r i e d  o v e r  w i t h  t h e  e n z y m e  w a s  
o. i M. F o r  a s s a y  in  1.5 M u r e a ,  e n o u g h  o f  t h e  c o n c e n t r a t e d  6 .0  M s o l u t i o n  o f  t h i s  a g e n t  w a s  a d d e d  
t o  t h e  r e a c t i o n  m i x t u r e  t o  a c c o u n t  f o r  1.4 M u r e a .  E n z y m e  u n e x p o s e d  t o  u r e a  a l so  w a s  a s s a y e d  in  
t h e  p r e s e n c e  o f  a d d e d  o . i  M u r e a .  

Urea (molar  concn. )  Veloci ty  o f  reaction R a t i o  
U1/U2 

.Enzyme A s s a y e d  N o  A M P  2 .IO -5 M 
exposed  in  v 1 A M P  
to v 2 

1. 5 o . I  7 .65  9 .5o  o .8o  
1. 5 1. 5 o .oo  0 .88  o .oo  
o o . I  8 .62  lO.95  0 .79  
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the  effects of urea,  an agent  which is known to change the  s t ruc tu re  of  enzymes.  Table  I 
shows t h a t  the  presence of AMP appears  pa r t i a l l y  to p ro tec t  the  enzyme agains t  the  
inhibi t ion  b y  urea.  AMP also pro tec t s  phosphory lase  b agains t  urea  12. The d a t a  from 
Table  I I  show tha t  the  inhib i t ion  b y  urea  is reversible.  Al though  there  was some loss 
of ac t iv i ty ,  the  enzyme which was recovered had  the same ra t io  of ac t iv i t ies  bo th  in 
the  absence and in the  presence of AMP.  

Fig.  4 presents  the  effects ofo .3  M urea  on the kinet ics  wi th  respect  to phospha te  
in the  absence of AMP. The kinet ics  of  reac t ion  are normal ized,  and  the Km for Pi  

is I I • lO -3 M. Since the  inhibi t ion  b y  urea  is s imilar  to t ha t  of NaC1, the  effects of AMP 
were s tudied.  Fig. 5 shows t ha t  0.3 M urea  indeed is compet i t ive ,  bu t  t ha t  I.O M urea 
causes a mixed  t ype  of inhibi t ion.  The  quest ion remains  whe ther  a t  low concentra t ions  
urea  is act ing as a ful ly  or pa r t i a l ly  compet i t ive  inhibi tor .  

Kinet ic  Km values  r epor ted  for phosphory lase  a for AMP of 0.5" IO-e-2 • IO -6 M 
(refs. I ,  2, 17) agree r e m a r k a b l y  well wi th  the  dissociat ion cons tan t  ob ta ined  from 

t 

0,50 l- 
t 

yv 

OJC 
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o ~ ~8 
p~i ×10-2 

0.5C 
'/v 

/ 
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~ lo-2 [AMP] x ~o6 

Fig.  4. E f fec t s  o f  0. 3 M u r e a  on  t h e  L i n e w e a v e r - B u r k  p l o t  w i t h  v a r i a b l e  Pi  c o n c e n t r a t i o n  in  t h e  
a b s e n c e  o f  A M P .  O ,  c o n t r o l ;  [~, w i t h  o.3 M urea .  /£m in t h e  p r e s e n c e  of  u r e a  equa l s  i i • i o -3 M Pi. 

Fig.  5. E f fec t s  o f  o. 3 M a n d  i .o M u r e a  on  t h e  L i n e w e a v e r - B u r k  p lo t  w i t h  a v a r i a b l e  Pi  c o n c e n -  
t r a t i o n  in t h e  p r e s e n c e  of  2 - 1 o  -5 M A M P .  O ,  c o n t r o l ;  E], o.3 M u r e a ;  /k,  i . o  M u rea .  T h e  K m  is 
i n c r e a s e d  b y  t h e  t w o  c o n c e n t r a t i o n s  of  u r e a  f r o m  1. 7 • lO .3 to  3 .o .  lO .3 to  I I .  lO -8 1V[ Pi.  I.O iV[ 
u r e a  r e d u c e s  t h e  V f r o m  15.1 to  9.1. 

Fig.  6. P l o t  o f  [ A M P ] / v  versus  EAMP~ for  a c t i v a t i o n  a n d  t h e  effects  o f  o .o i  M s o d i u m  a r s e n a t e .  
0 ,  c o n t r o l ;  [2], o .o i  M a r s e n a t e .  K m  is r e d u c e d  f r o m  i . o .  i o  -e M to  o .6 .  lO -8 M, a n d  V f r o m  3.3 
to  1.8. 

ul t racen t r i fuga t ion  exper iments  of mix tures  of  p ro te in  and  AMP is. The same is t rue  
for phosphory lase  b (Kin 3" l ° - 5 - 5  " I ° -5  M). Al though  the condi t ions  were somewhat  
different in each exper iment ,  i t  can be assumed tha t  Km values,  de te rmined  kinet ical ly ,  
represent  fa i r ly  accura te ly  the  dissociat ion cons tan t  of  the  enzyme for AMP. The 
difference be tween the ac t iv i ty  at  each concent ra t ion  of AMP and the ac t iv i ty  wi thou t  
AMP was taken  as v. Because of the  re la t ive ly  small  differences t ha t  were measured,  
the  d a t a  were more  var iable  than  in the  previous  exper iments .  The more  precise plots  
of [S]/v versus IS], ins tead  of i/v versus I / [S]  (ref. I9) , were  used. 

The  Km for AMP is I.O" IO 6 M with  a V in this  pa r t i cu la r  p repara t ion  of 3. 3 units .  
The  effect of o .o i  M arsenate,  as seen in Fig. 6, is uncompet i t ive  ; t ha t  is, the  Km is 
reduced  in half, bu t  there  is also a 45 % inhib i t ion  of V. The  effects of urea  are shown in 
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Fig. 7. Increasing concentrations of urea progressively increase the binding of AMP 
but  in this case, there is no effect on the V for AMP. Both o.oi M Na~SO 4 and o.I M 
NaC1 act as noncompetit ive inhibitors, causing 30 and 64% inhibitions of V, respect- 
ively (Fig. 8). 

Uncompetit ive inhibition by  arsenate can be explained on the basis of obser- 
vations previously made. AMP increases the affinity of phosphorylase a for arsenate s. 
Increasing the concentration of Pi causes a moderate decrease in the Km for AMP% 
The data  presented here show that  binding of arsenate at the active site causes the 
same effect, namely an increase in the affinity for AMP, a s  P i  binding. 

3.0 

2.£ 

~I,C 

01 5 I() " 
[AMP] ~ ~6 

2.0 
% 
× 

Xm c I 
o ~ ,6- 
lAMP] ~ io6 

0.20~v 

0.10 

01 ,5 16 
. × 1 0 - 2  

F i g .  7. T h e  e f fec t s  o f  0. 3 M a n d  i . o  M u r e a  o n  p l o t s  [ A M P ] / v  versus [ A M P ]  f o r  a c t i v a t i o n .  O ,  
c o n t r o l ;  [ ] ,  0. 3 M u r e a ;  A ,  i . o  M u r e a .  V e q u a l s  3.2,  3 .3  a n d  3.6,  r e s p e c t i v e l y .  Km is r e d u c e d  b y  
u r e a  f r o m  I.O • lO -6 t o  0 .6  • i o  -n t o  0. 3 • IO -6 M. 

F ig .  8. T h e  e f fec t s  o f  o . o i  M N a 6 S O  4 a n d  o . i  M NaC1 o n  p l o t s  o f  [ A M P ] / v  versus [ A M P ]  f o r  a c t i v a -  
t i o n .  O ,  c o n t r o l ;  [ ] ,  o . o i  M SO~ 6 ; A ,  o . i  M NaC1.  K m  is u n c h a n g e d  a t  i . o . i o - e M .  V e q u a l s  
3 .3 ,  2-3 a n d  1.2, r e s p e c t i v e l y .  

F ig .  9. E f f e c t s  o f  m i x e d  i n h i b i t i o n  w i t h  0. 3 M u r e a  a n d  o . o i  M s o d i u m  a r s e n a t e  o n  t h e  r a t e  de-  
p e n d e n c e  o f  t h e  r e a c t i o n  w i t h  r e s p e c t  t o  P i  in  t h e  p r e s e n c e  o f  2 .  i o  -~ M A M P .  O ,  c o n t r o l ;  Vq, 
0. 3 M u r e a ;  A ,  o . o i  M a r s e n a t e ;  Q ,  o. 3 M u r e a  a n d  o . o i  M a r s e n a t e .  Km c a l c u l a t e d  a s s u m i n g  
t h a t  b o t h  i n h i b i t o r s  b i n d  a t  t h e  s a m e  s i t e  f o r  t h e  m i x t u r e  u s i n g  t h e  v a l u e s  o b t a i n e d  f r o m  t h e  
f i r s t  t h r e e  c u r v e s ,  5.1 • lO -6 M P~. 

Both urea and NaC1 behave as competi t ive inhibitors of phosphate. Their 
different behaviors toward AMP binding, however, suggest that  the mechanism of 
the inhibition is different. The urea effect at low concentrations may  be due to its 
binding at the phosphate site. At higher concentrations additional effects counteracted 
by  AMP must be present. NaC1, on the other hand, probably does not have a direct 
effect at the phosphate site; that  is, because it does not affect the Km for AMP it is a 
partially competit ive inhibitor. 

In order to test the assumption that  urea at low concentration binds at the 
phosphate site, a mixed inhibition experiment with arsenate and urea was performed. 
I f  two competit ive inhibitors, A and B, act at the same site, the Km for the substrate 
will be increased by  (I + [A]/Ka + [B]/Kb) when both are present simultaneously. 
I f  they act at two separate sites but  have a fully competitive effect so that  no EAS or 
EBS complexes are formed, the slope is increased by  (I + [A]/Ka)" (I + [B]/Kb) 
(ref. 20). 
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Fig. 9 shows the mixed inhibition experiment using 0.3 M urea and o.oi i 
arsenate. The theoretical value for the first case was 5.1" IO -a M Pi,  which also was 
obtained experimentally, indicating that urea is a true competitor of phosphate. 
However, there remains the possibility that at low concentrations urea is a partially 
competitive inhibitor. The rate equation obtained for this case is too complex for direct 
experimental testing. I t  is not possible to determine whether urea is a partially com- 
petitive inhibitor by varying the inhibitor concentration at a fixed substrate concen- 
tration 21 because, at higher concentrations, inhibition by urea is of the mixed type, 
as shown in Fig. 5. This eliminates the possibility of observing a leveling off in the 
curve of v v e r s u s  urea concentration, as would be expected if urea were a partially 
competitive inhibitor. 

Similar experiments were performed with NaC1 and arsenate and with NaC1 
and urea. It  was found, however, that when NaC1 was present with the other inhibitors, 
the data became very inconsistent. Apparently, the structural effects caused by NaC1 
make the enzyme unstable. 

DISCUSSION 

The evidence presented indicates that with phosphate as a substrate, aged 
preparations of glycogen phosphorylase a exhibit cooperative effects, which are 
abolished specifically by 2.10 .5 M AMP or by i0 ooo-fold higher concentrations of 
urea. These effects cannot be related to changes in the state of aggregation of the enzyme 
because : (a) the effects observed do not require preincubation ; (b) at the concentration 
used here phosphorylase a exists as a dimer 6. They cannot be related either to the 
possible presence of phosphorylase b in the preparation, because the preparation is 
saturated at 2" 10 .5 M AMP, whereas the Km value ofphosphorylase b for the nucleotide 
is higher 22. These effects, therefore, may be due either to an allosteric transition 14 or 
to changes in the mechanism of the reaction 23. Although the evidence does not allow 
a decision on the underlying causes of the effects observed, it clearly indicates a 
difference in the behavior of aged and freshly prepared phosphorylase and can be more 
easily interpreted on the basis of an allosteric transition. 

It  has been recently suggested that the difference in affinities of substrates and 
AMP for the distinct configurational states of the enzymes is greater in phosphorylase 
b than in a and that this accounts for the fact that homotropic interactions can be 
observed more readily with the b form 24. The phosphorylase a preparations used here 
were extracted from rabbit muscle and had aged several weeks before they were used. 
This was in contrast to the many studies performed with freshly prepared enzyme 
by direct conversion from phosphorylase b. We suggest that aging causes structural 
changes which permit an easier demonstration of homotropic interactions in the a form, 
the capability for which is present in the "native" molecule. Although freshly crystall- 
ized preparations of phosphorylase a do not show complex kinetics of binding to anti- 
body fragments, aged preparations show sigmoidal behavior. AMP apparently counter- 
acts the aging effects 9. Recent experiments also indicate that the dissociation constant 
for AMP and the enzyme is larger in aged than in fresh preparations 25. 

If  site-site interactions are taking place, it appears that agents which affect the 
K m  for P, can abolish the interactions. Urea would seem to accomplish this by favoring 
a more "open" configuration of the enzyme, since a reduction in the K m for AMP is 
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observed. If AMP activates the enzyme by increasing the accessibility of the active 
site to all possible ligands, an increased affinity for urea may be observed. As far as 
the present data can be interpreted, this is not the case. The Ki for urea in the presence 
or absence of AMP cannot be determined from plots of I/V versus [I] from the data in 
Table I, because moderately high concentrations of urea cause mixed inhibition 
(Fig. 5), and these plots are not linear in this case. However, the K, for urea in the 
presence of AMP can be calculated from the data in Fig. 5 with 0.3 M urea using the 
relation Km (inhibited) = Km (control) × (I + [I]/K,). The value obtained is approx. 
o. 4 M. Assuming that from Fig. 4 the Ki can be similarly calculated from the data 
without AMP and assuming a value for Km (control) of o.oo 4 M, which is the Pi concen- 
tration needed to half saturate the enzyme 5, the Kt calculated is approx, o.2 M. Thus, 
although AMP increases the affinity of substrates for the active site, it does not cause 
an increase in the affinity of urea for the enzyme. The effects of AMP on the enzyme 
appear to be of a specific kind which yield a form with more affinity for the substrates 
and with less affinity for the inhibitor. 
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