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THE PHOSPHORYLASE b TO a CONVERTING ENZYME 

OF RABBIT SKELETAL MUSCLE* 

by 

EDWIN G. KREBS AND EDMOND H. FISCHER 

Department o~ Biochemistry, University o[ Washington, Seattle, Wash. (U.S.A.) 

As a result  of the  extens ive  studies of CORI AND CORI on the  regu la tory  mechanisms 
of glycogen metabol ism,  the concept  was es tabl ished tha t  phosphorylase  exists in 
two in terconver t ib le  forms, a and  b, in skeletal  muscle. The conversion of phosphory-  
lase a to b was shown to be due to the  act ion of an enzyme designated as the P R  
enzyme1, 2. In  a previous paper  from this labora tory ,  it  was shown tha t  phosphorylase  
b in fresh rabb i t  muscle ex t rac t s  could be conver ted  to phosphorylase  a during a 
short  per iod of incubat ion in the  presence of cer ta in  added  d iva lent  meta l  i o n s a n d  
ATP**. This react ion has been s tudied  in an isolated sys tem with  purified components ,  
and  a method  for assaying the conver t ing  e n z y m e " *  has been developed.  Phosphory-  
lase a produced from phosphorylase  b in the  presence of s2P-ATP has  been isolated 
anal found to conta in  f i rmly bound  isotopic phosphate .  

EXPERIMENTAL AND RESULTS 

Preparation o~ pkospborylase b 

Muscle ex t rac t s  were p repared  b y  the method  of ILLINGWORTH AND CORI 4 except  t ha t  
ex t rac t ions  were carr ied out  a t  25 ° ra ther  than  in the  cold room. In  addi t ion ,  three  
ex t rac t ions  were made,  the  first and  second wi th  one volume of dist i l led water  each 
and  the th i rd  wi th  a half  volume. The combined  extracts~ were fi l tered th rough  cot ton,  
bu t  were not  f i l tered th rough  paper ,  since this  l a t t e r  procedure  could ordinar i ly  con- 
t r ibu te  sufficient meta l  ions to cause phosphorylase  a formation*. The ex t rac t  was 
d ia lyzed  agains t  cold dist i l led water  for 3 ,a/2 hours~,  af ter  which the p H  was ad jus ted  
to 6.0, and  the prec ip i ta te  which formed was removed  b y  centr ifugation.  (This pre- 
c ip i ta te  was saved for the  p repara t ion  of conver t ing  enzyme.) Phosphorylase  was 
p rec ip i t a t ed  from the supe rna tan t  solut ion a t  o.41 sa tu ra t ion  of ammonium sulfate,  
as described b y  ILLINGWORTH AND CORI, and  col lected b y  centr i fugat ion.  The packed  

* Supported by the initiative i7x Research Fund of the State of Washington and by a research 
grant (A859) from the National Institutes of Health, Public Health Service. 

**The following abbreviations will be used herein: ATP, adenosine triphosphate; AMP, 
adenosine-5'-phosphate; GP, glycerophosphate; EDTA, ethylenediaminetetraacetate; "Iris, tris- 
(hydroxymethyl)-aminomethane. 

*** The enzyme catalyzing the conversion of phosphorylase b to a will be referred to temporarily 
as the converting enzyme. 

§ Fraction I in Table I. 
§§ Fraction 2 in Table I. 

Re/erences p. z57. 



VOL. 2 0  (1956) PHOSPHORYLASE b TO a CONVERTING ENZYME I 5 I  

precipitate was dissolved in sufficient water to give a protein concentration of approxi- 

mately 4%*. 
At this stage the phosphorylase b preparation was 

always found to contain traces of converting enzyme, but 
the following treatment served to inactivate this contaminant 
completely. The solution was dialyzed at 3 ° for I8 hours 
against several changes of o .ooi / l l  Tris buffer, pH 7.5. 
Neutral o . I M  EDTA and o.3 M cysteine solutions were 
added to the dialyzed protein solution to final concentrations 
of 3" IO-* M and 1.5" IO-2 M, respectively. The pH was ad- | 
justed to 8.8 by addition of 2M Tris-, and the mixture was I incubated at 37 ° for I hour. The solution was readjusted to 
pH 7.5 with I N acetic acid and stored at 3 °. F . . . . . . .  

In a typical preparation starting with 51o g of muscle, / 
the yield of phosphoralyse b in the final solution was 1,65o,ooo 
units** with a specific activity of 1,2oo units per mg protein. 
The electrophoretic pattern obtained in o.I tz phosphate 
buffer, pH 7.3, showed the presence of several components, 
but one of these comprised 70% of the total area; the mobility 
of this component was -3.I.IO-5cm 2 volt -x sec -1, which 
compares closely with the value shown by GREEN e for phos- 
phorylase b under these conditions. The sedimentation 
pattern in the ultracentrifuge (Fig. x) showed a major peak 
with an S~o,~ equal to 8.65 Svedberg units; KELLER .~ND 
CORI 7 reported a value of 8.2 for the sedimentation constant 
of phosphorylase b. 

In some preparations, PR enzyme was present as a 
troublesome contaminant. I t  is of considerable interest that 
the type of PR enzyme activity present in this phosphorylase 
b fraction was activated strongly by Mn ++ ions. CORI AND 
CORI 1 originally reported that  the PR enzyme was activated 
by this metal, but KELLER AND CORI 9~ later found that  their 
purified enzyme was inhibited by Mn++ ions. 

Purification of the converting enzyme 

The precipitate obtained after dialysis and pH adjustment 
of the rabbit muscle extract (see above) was suspended 
immediately in 20 ml of water, brought to pH 7.5 with 0.2 M 
NaHC08 solution, and stirred thoroughly to break up all 
visible particles***. I t  was frozen and stored§ at -20 ° . The suspension was thawed 
at 15 °, and centrifuged at 18,ooo g for 3o minutes in the cold. The moderately turbid 

Fig. I. Changes  m the 
u l t r acen t r i fuge  p a t t e r n  
du r ing  convers ion of 
phosphory la se  b to a. 
Cen t r i fuga t ions  were 
carr ied out  for 36 min-  
utes  in the Spinco u l t ra -  
centr ifuge,  opera t ing  a t  
5o,74 o r.p.m., in a o.o0 
M G P - o . o 3 M  cys te ine  
- - o . i M  KCI buffer, pH 
6.8. Upper  pho t og raph :  
Phosphory la se  a ob- 
t a ined  in convers ion re- 
act ion.  Lower  photo-  
g raph :  Phosphory lase  b 
p repa ra t i on  used as sub- 
s t r a t e  in convers ion re- 

ac t ion  (see text ) .  

* For  a r a b b i t  of ave rage  size, y ie ld ing  500 g of excised muscle, a p p r o x i m a t e l y  -'5 ml of wa te r  
is used. 

** Phosphory lase  ac t iv i t i es  were de t e rmined  according to the  me thod  of ILLXNGWORTrt AND 
CoRr4. Pro te in  concen t ra t ions  were d e t e r m i n e d  by  the  me thod  of ROBINSON AND HOGDEN 5. 

*** Frac t ion  3 in Tablg I. 
t Ord ina r i ly  the  p repa ra t i on  was con t inued  the  nex t  day.  I t  is possible,  however,  to  leave 

the  m a t e r i a l  a t  - - 2 o  ° for a t  leas t  two m o n t h s  w i t h o u t  loss of ac t iv i ty .  
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supernatant solution* was brought to 0.33 saturation with saturated ammonium 
sulfate solution (25°), pH 6.8, and centrifuged after standing for 15 minutes. The 
precipitate was dissolved in 20 ml of a 5 % sucrose - -  o. I M phosphate buffer, pH 7.5" * 
and centrifuged for 60 minutes at 40,000 r.p.m, in the Spinco, Model L, preparative 
ultracentrifuge (approximately ioo ,ooo g). The clear solution was decanted and 
stored at - - 2 0  °*** 

Table I shows the recovery and activity of converting enzyme at various steps 
of the procedure. It will be noted that a large proportion of the total units was lost 
in the dialysis of muscle extract, but part of this activity seemed to reappear in 
subsequent steps. The over-all recovery was 33% with a 65-fold purification. 

T A B L E  I 

P U R I F I C A T I O N  O F  C O N V E R T I N G  E N Z Y M E  

The  s tages  in t he  p repa ra t i on  a t  which  the  f ract ions  were ob ta ined  are ind ica ted  in footnotes.  
(For F rac t ions  x and  2, see " P r e p a r a t i o n  of phosphory la se  b".) Un i t s  of conver t ing  enzyme  are 

defined in the  tex t .  

Fraction Volume Protein Total activity Specific aaivity 
units ml mg/ml × xo_ = Units/rag 

I. Crude  musc le  ex t r ac t  i ,o4o x 5,8 i, 103 67 
2. Dia lyzed  ex t r ac t  i ,o6o 15.2 419 26 
3. Prec ip i ta te  ob ta ined  a t  p H  6.o t aken  up in 33 40.o 561 425 

b ica rbona te  
4. Superna tan t .  so lu t ion  af ter  cen t r i fuga t ion  26 20.2 5o 4 96o 
5 .0 .33  a m m o n i u m  sul fa te  prec ip i ta te  in 22 8.9 447 2,280 

suc rose -phospha te  
6. S u p e r n a t a n t  solut ion af ter  cen t r i fuga t ion  20 4.i  365 4,45 ° 

a t  ioo, ooo g 

8- 

~t 

\ 

. 9  

Conversion o/phosphorylase b to a 

W h e n  p h o s p h o r y l a s e  b a n d  c o n v e r t i n g  e n z y m e ,  p r e p a r e d  a s  d e s c r i b e d  a b o v e ,  a r e  

i n c u b a t e d  i n  a n  a p p r o p r i a t e  b u f f e r  i n  t h e  p r e s e n c e  o f  M n  ÷+ i o n s  a n d  A T P ,  a r a p i d  

c o n v e r s i o n  t o  p h o s p h o r y l a s e  a o c c u r s .  F i g .  2 s h o w s  

t h e  c o u r s e  o f  t h i s  r e a c t i o n  a t  f o u r  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  c o n v e r t i n g  e n z y m e .  C u r v e s  A - D  

s h o w  t h e  i n c r e a s e  i n  p h o s p h o r y l a s e  a c t i v i t y  a s  

m e a s u r e d  i n  t h e  a b s e n c e  o f  A M P ~ .  

Fig. 2. Convers ion  of phosphory l a se  b to a wi th  va ry ing  
concen t r a t i on  of conve r t i ng  enzyme.  Reac t ion  m i x t u r e s  

MINUTES 

Re#rences p. z57. 

were m a d e  up  as descr ibed in the  t ex t  for t he  ac t iv i ty  
tes t .  T he  phospho ry l a se  b solut ion used con ta ined  38.0 m g  
pro te in  per  ml  wi th  a specific ac t iv i ty  of 790 u n i t s / m g .  
Concen t r a t ions  of conve r t ing  e n z y m e  were 0.04 m g  per  
ml  in t he  reac t ion  m i x t u r e  of Curve  A and  A',  0.02 m g  
per  ml  in B, o.oi  m g  per  ml  in C, and  0.005 m g  per  ml  in 
D. P hospho ry l a se  ac t iv i t ies  were de t e rmined  a t  i to 4 ° and  
I to IOO di lu t ions  of t he  convers ion  reac t ion  mix tu re s .  
Act iv i t ies  in A - D  were de t e rmined  in the  absence  of AMP.  
Ac t iv i ty  in A '  was  de t e rmined  in t he  presence of AMP.  

* Frac t ion  4 in Table  I. ** Frac t ion  5 in Table  I. 
*** Frac t ion  6 in Table  I. § See foo tno te  ** p. x53. 
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Curve A' shows that  a significant increase in activity.also occurred as measured in 
the presence of AMP. The conversion reaction mixture in the experiment of Curves 
A and A' was identical and contained the highest concentration of enzyme used in 
the experiments of Fig. 2. In this case, the reaction seemed to reach completion as 
indicated by the levelling off that occurred after 50 minutes. At this point the ratio 
of phosphorylase activity (--AMP) to phosphorylase activity (+AMP) was o.8. In 
some experiments (not illustrated) ratios as high as I.O have been noted after con- 
version; this variability is unexplained, but the possibility that activities (--AMP) 
were being influenced by free AMP carried over into the phosphorylase activity assay 
system has been excluded. 

Converting enzyme activity 
In the early part of the conversion reaction the amount of phosphorylase activity 
(--AMP) formed in a given time is proportional to the amount of converting enzyme 
added. On this basis, a unit of enzyme activity is defined as the amount of enzyme 
that gives rise to the formation of ioo units of phosphorylase activity (--AMP) per 
ml of reaction mixture in 5 minutes at 3 o°. Reaction mixtures are made up as follows: 
o. 4 ml o.I25 M Tris - -o . I25  M GP buffer, pH 7.8; o.2 ml phosphorylase b solution 
containing at least 25,ooo units per ml; o.2 ml converting enzyme diluted in neutral 
0.03 M cysteine solution; and after several min- 
utes incubation at 3 o°, 0.2 ml 5" Io -aM Mn(Ac)2 
- -  5" IO-3 M ATP* solution, pH 7.8, to start the 
reaction. Aliquots are removed at 5 minutes and 
diluted in 0.04 M GP - -  0.03 M cysteine buffer, 
pH 6.8, for assay of pho~phorylase activity ac- 
cording to the method of ILLINGWORTH AND 
CORI 4. This dilution prior to the phosphorylase 
assay stops the conversion reaction. Amount of 
converting enzyme assayed should not exceed an 
amount causing conversion of more than one- 
third of the total phosphorylase b present. 

pH Optimum/or converting enzyme 
A simple determination of the pH optimum for 
the phosphorylase b to a reaction was difficult, 
because of a marked discontinuity in activities 
that occurred in changing from one buffer to 
another. In glycerophosphate the activity in- 
creased in a regular manner as the pH was raised 
from 6.o to 7.5, the upper limit for this buffer. 
At this pH, when Tris was substituted for GP, 
a marked drop in activity occurred (Fig. 3), 
although this did not happen when a combination 
of GP and Tris was used. In this mixed buffer, 

~ 2.0' 

i t5' 

(Gl Id Trie) • 

6 7 8 9 pH 
Fig. 3. Converting enzyme activi ty 
with vaxying pH. The composition of 
the reaction mixtures  was the same as 
described in the text,  except for vari- 
ation in the  type of buffer. Points with 
closed circles indicate o.o25M G P -  
o.o25 M Tris buffer. Points  with open 
• circles indicate 0.025 M GP-o.o25 M 
glycine buffer. The buffers for two 
points at pH 7.5, indicated as open 
squares, are given in the figure. Con- 
centration of converting enzyme was 
o.ox mg per ml in all reaction mixtures. 

*" Phosphorylase activity, as measured in the absence of AMP, will be indicated as activity 
( - -AMP);  when measured in the  presence of AMP, as activity (+  AMP). 

* Crystalline disodium ATP, obtained from Pabst  Laboratories, Milwaukee, Wisconsin. 

Relerences p. x57. 
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the activity increase with increasing pH was continuous, as shown in Fig. 3. To 
reach a pH above 9.0, a GP-glycine buffer was used, and at pH 9.3 the rate was found 
to be reduced. These effects have not as yet been studied in detail; they suggest an 
interaction of the buffer ions with components of the reaction mixture. It is known 8, 
for example, that Tris interacts with Mn ++, and, as will be shown in the next section, 
it appears that the concentration of this component is critical. 

Influence o / M n  ++ and A T P  concentrations on converting enzyme activity 

The metal ion specificity for the reaction using purified components, as in the present 
study, is different from what was found 3 for the conversion occurring in crude muscle 
extracts. In the latter case Mn ++ and Ca ++ were active and Mg ++ was inactive, whereas 
in the purified system Mn ++ and Mg ++ are active, but Ca ++ is completely inactive. 
It  would appear likely that the Ca ++ effect in crude extracts was an indirect one, and 
the failure of Mg ++ to activate under these circumstances was due to its non-specific 
binding. These points are being investigated further. 

~,? 0.8. 

MOLARITY OF Mn ÷* (o) or 
MOLARITY OF ATP (o) 

Fig. 4- Effect of variat ion in the ratio of Mn ++ 
and ATP on conversion rates. Reaction mix- 
ture as described for the activity test, except 
for Mn ++ and ATP. Converting enzyme con- 
centrat ion = o.oi mg/ml. Closed circles indi- 
cate variat ion of [Mn ++] with ATP cons tant  

~-~ ~-, ~-3 ~-, 
MOLARITY OF Mnc'¢-ATP 

Fig. 5. Effect of variat ion in concentrat ion of 
Mn++-ATP complex on conversion rates. Reac- 
tion mixtures  as in Fig. 3, except the ratio of 
[Mn ++] to [ATP] cons tant  and equal to i. 

Total concentrat ion varied. 

at io-3M.  Open circles indicate variat ion of [ATP] with Mn ++ cons tant  at  io -aM.  Points con- 
nected by solid line on either side of m a x i m u m  correspond to [ATP]/[Mn ++] :> I. Points con- 

nected by dotted line correspond to [Mn++]/[ATP] >- i. 

A study of the effect of variation in the concentration of Mn ÷+ and ATP on the 
reaction showed (Fig. 4) that maximum activity was obtained when these two com- 
ponents were present in a I to I ratio*. This result is consistent with the interpretation 
that a monomanganous-ATP complex is active in the reaction, and that other com- 
plexes which might be formed 9 containing a higher number of Mn ++ per ATP, or ATP 
per Mn +÷, are inactive or inhibitory. Fig. 5 shows the variation in activity with varying 
concentrations of a i : i  mixture of Mn ++ and ATP; half maximum velocity was at 
4" Io-4M. In all these experiments the Mn++-ATP mixture was added as the last 
component to minimize the effects of interaction of cysteine with Mn ++. 

* At very low concentrat ions of the components ,  i.e., I o - 4 M  or less, an excess of Mn++ over 
ATP is equired for m a x i m u m  activity. This is probably  due to complexing of the metal  ion by 
substances other  than  ATP. 

Re/erences p. 157. 



VOL. 20. 11956) PHOSPHORYLASE b TO a CONVERTING ENZYME 155 

Conversion o~ phosphorylase b to a in the presence o~ 32P-A TP 

In order to determine the role of ATP in the conversion of phosphorylase b to a, the 
reaction was carried out in the presence of s2P-ATP*. In one experiment, the con- 
version was carried out in a dialyzed crude muscle extract 3 and phosphorylase a was 
isolated, essentially according to the Cori method 4 and treated with Norit A (Pfan- 
stiehl) to remove adsorbed nucleotides. In a second experiment, purified phosphoty- 
lase b was used with purified converting enzyme, as described earlier in this paper, 
except on a much larger scale. After conversion, the reaction mixture was brought to 
o.41 saturation with ammonium sulfate, and the precipitated protein was crystallized 
and recrystallized as in the Cori method. For counting, the protein samples in both 
experiments were precipitated in 5% trichloroacetic acid, washed several times with 
the acid, and then taken up in 3% NaOH and plated. 

Table I I  shows the  results of th.e two experiments. In Expt.  I, it would appear 
that  there was close to one mole of phosphate incorporated per mole** of phosphorylase 
a, if the isolated sample were considered as pure enzyme. On the basis of 2,5oo units 
per mg as the specific activity of pure phosphorylase a 1°, the enzyme in this experiment 
was only 75 % pure, and the moles of phosphate per mole of pure enzyme would be 
~.6. In the second experiment, showing somewhat greater incorporation per mg of 
protein, although the sample appeared to be well crystallized, its specific phosphory- 
lase act ivi ty was very low for unexplained reasons and could scarcely serve as a useful 
value for calculations. This sample, when analyzed in the ultracentrifuge (Fig. I), was 
found to contain 74% of a component with an S~0,w= 13:8 corresponding to phos- 
phorylase a T. On this basis the moles of s2p incorporated per mole of phosphorylase a 
were calculated to be 2.2. 

TABLE I I  

U P T A K E  O F  32~p D U R I N G  P H O S P H O R Y I _ A S E  a F O R M A T I O N  IN T H E  P R E S E N C E  OF 3at'-AZl" 

Expt .  I. Phosphorylase  a isolated after formation from phosphorylase b in dialyzed crude muscle 
extracts  3 in the presence of i o -4M a~P-ATP (1.265" lO 6 c.p.m, pe r /~M ATP-terminal  phosphate)  

and I o - a M  Mn ++. 
Expt .  2. Phosphorylase  a, isolated and recrystallized after formation from purified phosphorylase b 
and convert ing enzyme in the presence of I o - l M  32P-ATP (2.850- lO 5 c.p.m, p e r / i M  ATP-~rmina l  

phosphate)  and Io -3M Mn ++. 

PkJospkovylase Ratio Moles *tp 
Expt. activity ( + AMI~J Activity ( - -AMP) c.p.m, per mg incorpomled 

protein per 4.95" toJ g 
units]rag Activity (+AMP) protein 

1 1,89o o.7 ° 3,035 1.2 
2 1,245 o.5o 94 ° 1.6 

DISCUSSION 

The finding of an enzyme that  catalyzes the phosphorylase b to a conversion in a 
cell-free system, now makes it possible to study the interconversion of these two 

" T w o  samples of 32P- -ATP were used; one kindly furnished by Dr. ARTHUR KORNBERG, 
to whom we are greatly indebted, the other  purchased from Schwarz Laboratories, Inc., Mt. 
Vernon, New York. 

** The molecular weight of phosphorylase  a is 495,ooo 7. 
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formS. Separate enzymes are required for the reaction in each direction. The purified 
b to a converting enzyme, as described in this paper, shows no PR enzyme activity; 
it has also been determined that the PR enzyme, as purified by KELLER AND CORI s, 
is free of b to  a converting activity*. It is to be expected that the availability of both 
of these enzymes will facilitate a study of the structural differences and properties of 
the two forms of phosphorylase. For example, no explanation is available for the role 
of adenylic acid in the phosphorylase system; this question, as well as the possibility 
of a prosthetic group n, is in phosphorylase a requires investigation. In addition, no 
structural explanation is at hand for the two-fold difference in the molecular weight ~ 
of phosphorylase a and b. 

The experiments with uP-labeled ATP have shown conclusively that isotopic 
phosphorous becomes incorporated into phosphorylase a formed in the conversion 
reaction; it is present in a form that is not split off by trichloracetic acid treatment. 
As described earlier, the results do not permit a definite conclusion as to the exact 
number of ssp atoms incorporated per mole of phosphorylase a, but it would appear 
that there are at least two. Further experiments with more highly purified and stable 
phosphorylase b wK1 be required to clarify this point. Other proteins, including serum 
albumin, a-lactalbumin, ~-lactoglobulin, B. subtilis a-amylase, and yeast glyceral- 
dehyde 3-phosphate dehydrogenase were not phosphorylated in the presence of 
ssP-ATP and the converting enzyme. 

Attempts to determine whether or not adenosine diphosphate (ADP) is a product 
in the b to a reaction have been rendered difficult by the presence of contaminating 
enzymes in the phosphorylase b preparation which are known to act on ATP inde- 
pendently of the conversion. These side reactions become apparent when the phos- 
phorylase b concentration is raised to the high level required to approach the molarity 
of ATP. If ADP is a product, then it would appear reasonable to think of the b to a 
conversion as a typical kinase reaction in which the terminal phosphate of ATP is 
transferred to a specific protein substrate (phosphorylase b). Experiments (not illus- 
trated) have shown that ssp is released when ssP-labeled phosphorylase a is converted 
to phosphorylase b by the PR enzyme; but the form in which the isotope is released 
has not been determined. CORI AND COR11 reported a release of organic phosphate 
when phosphorylase a was converted to phosphorylase b. Working with liver slices, 
SUTHERLAND AND WOSILAIT determined that inorganic phosphate is released when 
liver phosphorylase is inactivated; phosphate is taken up when the phosphorylase is 
reactivated TM. 

ACKNOWLEDGEMENTS 

The authors wish to thank Mrs. JEANNE DILLS for invaluable technical assistance, 
Mr. BERNARDO S. VANDERHEIDEN for performing the electrophoretie analyses, and 
Mr. ROGER WADE for carrying out the ultracentrifuge analyses. The work performed 
by Mr. KENNETH ANDERSON in connection with this problem is gratefully acknowl- 
edged. 

Re#mnces p. x57. 



VOL. 20  (1956) PHOSPHORYLASE b TO a CONVERTING ENZYME 157 

SUMMARY 

A method for the purification of the enzyme catalyzing the conversion of phosphorylase  b to a 
is described. After a 65-fold increase in specific activity, the enzyme obtained is free of PR 
enzyme activity. 

The course of the reaction at  several concentrat ions of convert ing enzyme is illustrated, 
and convert ing enzyme units  are defined. The op t imum p H  for the enzyme' is  approximate ly  9.o; 
the reaction requires Mn ++ or Mg++ ions and ATP. I t  is shown tha t  a mono-manganous-ATP 
comple~ is probably  acting in the reaction. 

Conversion of phosphorylase  ~ to a is carried out  in the presence of 32P-ATP, aml an in- 
corporation of at least 2 moles of 3zp per mole of phosphorylase a is found to occur. 
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