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SUMMARY 

Human platelets contain phosphorylase activity similar in some respects to that 
of skeletal muscle Sucrose gradient analysis of partially purified phosphorylase 
revealed a phosphorylase b dlmer with apparent molecular weight of 177 ooo, S2o,w = 

8 9 S, a phosphorylase a dimer with apparent molecular weight 177 ooo, S2o,w = 8 9 S ,  

and a phosphorylase a tetramer with apparent molecular weight of 326 ooo, seo,w - -  

13 5 S AMP-independent phosphorylase activity (phosphorylase a) , n  w t r o  could be 
varied from 2 3% to 90% of total activity by suitable incubation or dialysis with 
MgATP, NaF or EDTA Of interest is the observation of an active phosphorylase a 
dimer (AMP-independent) Phosphorylase a dimer was the predominant form of 
phosphorylase a with the experimental condition employed 

A kinetic analysis of phosphorylase b revealed a slgmoidal AMP-dependence 
curve with 1/2Vmax = 6 IO 5 M 

Phosphorylase a had an apparent K m  for glycogen and orthophosphate of o 2 
and o 7 mM, respectively ATP and ADP served as noncompetitive lnhlbitors with 
respect to glycogen and competitive inhlbitors with respect to orthophosphate The 
apparent K, for ATP and ADP with respect to orthophosphate was o 82 and 2 9 mM, 
respectively The apparent K, for ATP and ADP with respect to glycogen was 2 5 
and 3 5 raM, respectively 

INTRODUCTION 

Human platelets play a dual role in the maintenance of hemostasls (I) They 
form a platelet plug which as essential for the repair of injury to blood vessels (2) They 
provide a phosphohpld surface that is required for optimum coagulant interaction1, 2 
Human platelets are a unique tissue in that the performance of their physiologic 
function is associated with their physical disintegration Consequently, the require- 
ment for a return to steady-state levels of metabohc intermediates is no longer ap- 

* This work was presented in par t  a t  the Third Conference on Blood Platelets, Oak Ridge, 
T e n n ,  June  22-23, 1967 
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pllcable Thus, we are dealing with a tissue which performs its physiologic biochemical 
activity with a terminal release of energy 3 

Platelets have properties similar to those of skeletal muscle in the possession of 
a contractile protein ATPase, thrombosthenm, similar to actomyosm 4 They also 
contain similar concentrations of adenine nucleotlde and of glycogen 8, which when 
depleted result in impaired platelet function 5-8 They have a predommantly aerobic 
glycolytlc metabohsmg, 1° with a glycolyhc rate which is 14 times that of the red blood 
cell 11 and 4 times that of primate skeletal muscle 1. Since glycogenolysls represents 
45% of total lactate productlon3J °, a study of one of the enzymes regulating this 
major metabolic energy source was mstltuted 1~ 

Human platelet phosphorylase was partially purified and assayed in both the 
direction of glycogen synthesis and of glycogen degradation for total phosphorylase 
activity and AMP dependence Sucrose gradient estimations of phosphorylase mole- 
cular weights were obtained for AMP-dependent and AMP-mdependent phosphorylase 
activity Kinetic measurements of phosphorylase interaction with substrates as well 
as with AMP, ATP and ADP were also obtained 

METHODS 

Preparat,on of platelets 
All procedures were performed at o ° unless otherwise noted. Human platelet- 

rich plasma, collected in acid-citrate-dextrose solution, was obtained 1-2 h after 
phlebotomy Platelets were separated from plasma by differential centrlfugatlon and 
were washed in a modified human Rmger solution (pH 7 I) as described previously3,1° 

Extract, on of platelet phosphorylase 
Platelet phosphorylase was extracted at a low temperature (--196°) in an 

extractant similar to that employed by DANFORTH et al 14 The frozen pellet of above 
was ground to a fine powder as described and was thoroughly mixed with 3 vol /g  wet 
weight of 40 mM fl-glycerol phosphate buffer (pH 6 8), IO mM mercaptoethanol, 5 mM 
EDTA, 20 mM NaF and 60% glycerol Control experiments revealed that 5 mM EDTA 
and 20 mM NaF were optimum concentrations for fixation and extraction of phos- 
phorylase b and phosphorylase a, respectively The mortar was then transferred to an 
ice bucket where it was kept until thawing took place. The thawed slurry was reground 
and transferred to a centrifuge tube This was sedlmented at 27 ooo × g for IO mm 
The supernatant was then treated with charcoal (neutralized norlte A), 4 ° mg/ml, 
to remove AMP Recentrlfugatlon of this material provided the phosphorylase enzyme 
mixture for enzymatic assay Repetition of the charcoal procedure did not result in 
any appreciable decrease of phosphorylase activity or percent phosphorylase a This 
extract represented a 7-fold purification* 

* The  diff iculty in ob t a in ing  large quan t i t i e s  of  f resh  h u m a n  pla te le ts  (i g wet  we igh t  per  
5o0 ml whole  blood) prec luded  a t t e m p t s  a t  fu r the r  pur i f icat ion of  h u m a n  p la te le t  phosphory l a se  
Never the less ,  t he  p r ime  role p layed  by  th i s  t i ssue  in h e m o s t a s l s  a n d  i ts  s ignif icant  dependence  
on glycogenolysls ,  was  considered s lgmf ican t  lUStlficatton for ob t a in ing  t h e  d a t a  to be p resen ted  
The  A M P  dependence  of  phosphory l a se  b (Fig I) a n d  t he  kmet lc  d a t a  of  phosphory l a se  a (to be  
d i scussed  below) did  provide  reasonable  and  useful  i n fo rma t ion  wi th  regard  to t he  regu la t ion  of  
th i s  e n z y m e  in h u m a n  p la te le t  g lycogenolysls  The  s ame  can  be said for sucrose  g rad ien t  ana lys i s  
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Phosphomlase actw,ty 
This was measured  in bo th  direct ions,  ~ e towards  glycogen synthes is  wi th  the  

hbera t lon  of  P1 and towards  glycogen degrada t ion  with  the  hbera t lon  of  G l c - I - P  
z Glycogen svnthes,s o 2 ml of  the  t issue ex t rac t  was added  to o 8 ml of  the  

mcuba t lon  mix tu re  (tissue di lu t ion of I 20) a t  3 °0 The t issue AMP added  to the  assay  
cuve t te  was equiva lent  to i 3 ' 1 o - 5  M The incuba t ion  mix tu re  conta ined  7 5 mM 
/5-glycerolphosphate buffer (pH 6 8), 7 5 mM Glc- I -P ,  5 mM mercap toe thano l ,  IO mM 
NaF,  o 5 mM E D T A  and 7 2 mM glycogen (glucose units) wi th  or wi thout  o 5 mM 
AMP Ahquo t s  (o 2 ml) were removed  at  o, io ,  20 and  40 m m  and were a d d e d  to 8 ml 
of o 125 M sodium ace ta te  buffer (pH 4) PI  l ibe ra ted  was assayed in dup l ica te  b y  the  
me thod  of LowRY AND LOPEZ 15 Measurements  were hnear  wi th  t ime  in the  presence 
or absence of  o 5 mM AMP Nonhnear  measurements ,  when present ,  were d iscarded  
The assay  gave zero readings  in the  absence of G l c - I - P  or t issue ex t rac t  and  was l inear  
wi th  t issue ex t rac t  

2 Glycogen degradatwn Tissue ex t rac t ,  20/zl, (tissue di lut ion I IOO) was added  
to a cuve t te  conta in ing  a final volume of o 5 ml and 20 mM fl -glycerolphosphate  buffer 
(pH 6 8), 16 3 mM glycogen (glucose units) ,  2 mM potass ium phosphate ,  3 mM MgC12, 
o 46 mM N A D P ,  2 #g  glucose-6-phosphate  dehydrogenase  and IO/zg phosphogluco-  
mutase  wi th  or wi thout  I mM AMP at  3 °0 The t issue AMP con t r ibu t ion  to the  assay  
cuve t te  was equivalent  to 2 5 lO-6 M following charcoal  ex t r ac t ion  and  t issue di lu t ion 
Ra tes  were zero in the  absence of P~ or glycogen Rates  were l inear  wi th  t ime  as well 
as wi th  t issue ex t rac t  

Sucrose grad,ent analys~s 
Sucrose grad ien ts  were employed  in a manner  s imilar  to tha t  r epor ted  b y  MARTIN 

AND AMES 16 Continuous grad ien ts  of  5 2O~o sucrose in 20 mM fl-glycerol phospha t e  
buffer (pH 6 8), 5 mM mercap toe thano l  wi th  or wi thout  20 mM NaF ,  5 mM MgC12, 
I mM A T P  or 5 mM E D T A  were run in a Beckman  L2 u l t racent r i fuge  employing  a 
SW-39 head wi th  to ta l  volume of  250 #1 careful ly  l ayered  onto the  g rad ien t  Catalase  
was assumed to have a molecular  weight of  25o ooo, Seo,w = I I  3 S (ref 17) Grad ien t s  
were centr i fuged at  37 ooo r e v / r a i n  for lO-13 h at  4 ° The grad ien t  was t apped ,  and  
4-drop ahquots  were collected This was d i lu ted  b y  add i t ion  of  300/,1 of 20 mM/5-gly- 
cerol phospha te  buffer (pH 6 8), 20 mM NaF,  5 mM E D T A  and 5 mM mercap toe thanol ,  
and  a l t e rna te  tubes  were assayed for enzyme ac t i v i t y  in the  presence and absence of 
I mM AMP Marker  protein,  catalase,  was assayed at  406 m/~ Molecular  weights  were 
ca lcula ted  b y  employ ing  the t r e a t m e n t  of  MARTIN A N D  AMES 16, e g S l / S  2 - -  (M1/M2)2/a, 
where s I and  s e are sed imen ta t ion  cons tan t s  of two different  prote ins  and M 1 and M2 
are thei r  respect ive  molecular  weights The assumpt ion  was made  t ha t  Sl/S e =- R1/R 2, 
where R 1 and R~ represent  the  d is tance  t r ave led  from the  meniscus of the  sucrose 
grad ien t  

Materzals 
Dist i l led delonlzed wate r  was used at  all t imes  All  chemicals  were reagent  grade 

Glucose-6-phosphate  dehydrogenase ,  t ype  X, E D T A ,  N A D P  +, ATP,  A D P  and AMP 
were ob ta ined  from the Sigma Chemical  Co (St Louis,  Mo ) Nor l te  A was o b t a m e d  
from Fisher  Scientific (New York,  N Y ), and  shell fish glycogen was ob ta ined  from 
Mann Research Co (New York,  N Y ) I t  was dissolved in dist i l led wate r  and  t r e a t e d  

Bzochzrn B~ophys Acta, 185 (1969) 350-359 



HUMAN PLATELET PHOSPHORYLASE 353 

twice with charcoal, 6o mg/g glycogen The glycogen in the absorbed solution was 
then precipitated twice with absolute alcohol, was dissolved in fl-glycerol phosphate 
buffer and was assayed for glycogen content 

RESULTS 

Phosphorylase actzwty 
When measured in the direction of glycogen synthesis, total phosphorylase 

act ivi ty was 67 7 ± 9 7/,moles Pi per g per h (IO experiments, ± S E ) Under basal 
conditions (directly extracted from o ° washed platelets in the presence of EDTA and 
NaF), platelet phosphorylase a (AMP-independent activity) represented 49 ± 8% 
of total  act ivi ty (IO experiments) 

When phosphorylase was measured in the direction of glycogen breakdown, 
total  phosphorylase activity was 17 5 :k o 7/,moles Glc-I-P per g per h (7 experiments, 
± S E ) Percent phosphorylase a represented 56 ± 7 4% (8 experiments, ± S E ) 
(Phosphorylase was assayed in the direction of glycogen breakdown for the remainder 
of the investigation ) 

Phosphorylase b 
When the tissue extract of above was dialyzed in the extractant  media, m,nus 

the glycerol (~ e contained 20 mM NaF and 5 mM EDTA), I ml of tissue extract  per liter 
of dialysis fired, 12 hours at 4 °, the °/o ofphosphorylase a decreased to 37 ± 9% (5 ex- 
periments, + S E ,  P < o o5)* Addition of glycerol to the assay mixture had no 
effect on the 37 ~/o phosphorylase a obtained following dialysis The small decrease in 
percent phosphorylase a following dialysis could be further enhanced by  redlalysis to 
remove NaF (, e same dialysis fluid, m,nus NaF, conditions favoring phosphorylase 
phosphatase) followed by  incubation at 37 ° for 1-2 h in the presence of 5 mM EDTA 
Under these conditions, phosphorylase a declined to 15 + 6% (6 experiments) When 
phosphorylase was extracted from platelets with the above extraction media, rmnus 
NaF, the percent phosphorylase a was again 56~o before dialysis However, following 
dialysis against the same extractant,  rmnus glycerol, the percent phosphorylase a 
decreased to 9% and incubation at 37 ° was unnecessary The lowest phosphorylase a 
obtained with the above type manipulations was 2 3 % 

When low percent phosphorylase a preparations were assayed in the presence 
of increasing AMP concentrations, sigmoidal curves were obtained (Fig I) similar to 
the AMP dependence of skeletal muscle phosphorylase b The AMP concentration at 
which velocity was 1/gVmax was 6. lO -5 M I t  IS thus apparent that  concentrations of 
AMP of 2 5"1o-6-1 3 lO-5 M (see MATERIALS AND METHODS) could not have been 
responsible for the relatively high percentage of phosphorylase a obtained prior to 
dialysis. 

Sucrose grad, ent analys,s of phosphorylase b 
A phosphorylase extract  containing 2o mM/5-glycerolphosphate buffer (pH 6 8), 

5 mM mercaptoethanol and 5 mM EDTA was incubated at 37 ° for I h This resulted In 

* Similar results were obtained when the enzyme was assayed in the direction of glycogen 
synthesis  Tmsue extract  obtained with minimal  mampula t lon ,  ~ e directly out  of plasma, revealed 
56% phosphorylase  a prior  to dialysis and 33 % following dialysis (average of 4 experiments) 
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Fig  i AMP s a t u r a t i o n  curve  for phosphory lase  b ac t iva t ion ,  p l o t t ed  semi - loga r i thmica l ly  Low 
percen tage  of phosphory lase  a p repa red  as descr ibed in MATERIALS AND METHODS was  a s sayed  m 
the  d i rec t ion  of glycogen b r e a k d o w n  wi th  increas ing concen t ra t ion  of AMP E x p e r i m e n t a l  d a t a  
f rom three  different  p r epa ra t i ons  are p lo t t ed  AMP concen t ra t ion  a t  one-hal f  m a x i m a l  ve loc i ty  
was 6 lO -5 M 

Fig 2 Sucrose g r a d i e n t  ana lys i s  of phosphory lase  con ta in ing  98°,/ phosphory lase  b Thts prepa-  
ra t ion  was ob t a ined  as descr ibed in MATERIALS AND METHODS A 5-ml con t inuous  g rad i en t  of 
5 - 2 o %  sucrose con ta in ing  20 mM fl-glycerol phospha t e  buffer, 5 mM mercap toe thano l  and  5 mM 
E D T A  was  l aye red  wi th  2o0/~1 of t issue e x t r a c t  and  2 mg  ca ta lase  m a r k e r  I t  was  cen t r i fuged  a t  
37 ooo r e v / m m  a t  4 ° for i i  h m a B e c k m a n  Lz u l t r acen t r i f uge  employ ing  a SW-39 head  A l t e rna t e  
t ubes  were assayed  for phosphory lase  a c t i v i t y  in  the  absence ( C ) - - © )  and  presence (0 - - -0 )  of 
I mM AMP Cata lase  pro te in  was de te rmined  from the  absorbance  a t  406 nap, ( × - -  ×)  

a p repa ra t ion  conta in ing 2 3 %  phosphorylase  a When  this  p repa ra t ion  was centr i -  
fuged in a sucrose g rad ien t  conta in ing 20 mM fl -glycerolphosphate  buffer (pH 6 8) 
5 mM E D T A  and 5 mM mercap toe thanol ,  one enzyme peak was ob ta ined  (Fig 2) 
This peak  conta ined  phosphory lase  ac t iv i ty  in the  presence of I mM AMP bu t  absence 
of  enzyme ac t iv i ty  in the  absence of i mM AMP The appa ren t  molecular  weight  for 
th is  p repara t ion  was 151 ooo, s~o,w = 8 I S and p r o b a b l y  represents  phosphory lase  b 
(refs 18-2o) 

Phosphorylase a 
When  the  phosphory lase  ex t rac t  was d ia lyzed  overnight  a t  4 ° agains t  20 mM 

fl-glycerolphosphate  buffer (pH 6 8) plus 5 mM mercap toe thanol ,  5 mM MgC12 and 
20 mM NaF ,  no significant increase in phosphory lase  a was ob ta ined  Nei ther  was an 
increase ob ta ined  when this  mix ture  was incuba ted  at  37 ° for 1-2 h However ,  If I mM 
A T P  was added  to this  mix ture  which was then  incuba ted  at  37 ° for I h, (condit ions 
favor ing phosphory lase  b klnase) phosphory lase  a increased to  88 i I 3 % (6 experi-  
ments)  I t  was also soon appa ren t  t ha t  incuba t ion  at  37 ° was unnecessary ,  since 
dialysis  of  the  above  mix tu re  at  4 ° for 12 h in the  presence of i mM A T P  was al to 
effective, resul t ing in conversion to 86% phosphory lase  a 

K,net, c analysm of regulators of phosphorylase a 
A phosphory lase  p repa ra t ion  was p repared  b y  ex t r ac t ing  t issue ex t rac t  as 

descr ibed in methods  bu t  wi th  the  absence of 5 mM E D T A  This t issue ex t rac t  was then  
d ia lyzed  at  4 ° overnight  aga ins t  the  same ex t r ac t an t ,  m,nus 60% glycerol,  plus 5 mM 
MgC12 and I mM A T P  This p repa ra t ion  d id  not  lose ac t i v i t y  dur ing dia lys is  and  wa~ 
now re f rac tory  to AMP ac t iva t ion  (O-lO% act iva t ion)  

The Km for glycogen for this  phosphorylase  a ex t rac t  was approx  o 2 mM 
(Figs 3 A and 3 B) Both  A T P  and A D P  served as noncompe t i t i ve  lnhlbl tors  of phos- 
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Fig  3 A L m e w e a v e r - B u r k  p lo t  of phosphory la se  a for i n t e r ac t i on  of g lycogen and  A T P  Three  
levels  of A T P  are  g iven C), o mM, 0 ,  I mM, I ,  2 mM, A, 3 mM Glycogen Km for t h i s  p r e p a r a t m n  
was o 212 mM (glucose units)  Respec t ive  Vmax va lues  for these  A T P  inh ib i to r  concen t r a t i ons  
were 71 4, 52 6, 4 3 5  and 35 I T h e K ,  f o r A T P w a s 2 5 m M  ]3 L m e w e a v e r - ] 3 u r k p l o t o f p h o s -  
phory lase  a for i n t e rac t ion  of g lycogen and  A D P  Two levels  of A D P  are g iven  O,  o mM, O, 
o 75 raM, I ,  I 5 mM Glycogen Km for th i s  p r e pa r a t i on  was o 197 mM Respec t ive  Vmax va lues  
for these  A D P  inh ib i to r  concen t ra t ions  were 58 8, 47 6 and  4 ° 8 The  K, for A D P  was 3 5 mM 
Assay  for A and  B was  in the  d t rec t lon  of g lycogen b r e a k d o w n  a t  3 o° The assay  c u v e t t e  
con ta ined  2o mM fl-glycerol p h o s p h a t e  buffer, p H  6 8, 2 mM p o t a s s i u m  phospha te ,  va laab le  
glycogen,  3 mM MgClz, 2o mM NaF,  o 46 mM N A D P  +, 2 # g  g lucose-6-Phosphate  dehydrogenase ,  
io /~g  p h o s p h o g l u c o m u t a s e  and  2o/~1 of  ohosphory la se  a t i ssue  e x t r a c t  (i i oo  t i s sue  di lut ion)  
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Fig  4 A L m e w e a v e r - B u r k  p lo t  of phosphory la se  a for i n t e r ac t i on  of o r t hophospha t e  and  A T P  
Three  levels  of A T P  are  g iven  O, o mM, Q, z raM, m, I 5 mM, A, 2 5 mM Respec t ive  Km va lues  
for t h i s  phosphory la se  p r e pa r a t i on  a nd  these  A T P  mtub l to r  concen t ra t ions  were o 528, I 18, 
i 61 and  I 99 mM The K, for A T P  was  o 82 mM B L m e w e a v e r - B u r k  p lo t  of phosphory la se  a 
for mte rac tzon  of o r t h o p h o s p h a t e  and  A D P  Three  levels  of A D P  are g iven  O, o mM, O, o 75 mM, 
m, i 5 mM,  A, 3 o InM Respec t ive  Km va lues  for th l s  phosphory la se  p r e p a r a t i o n  and  these  A D P  
inh ib i t o r  concen t ra t ions  were  o 938, I 25, I 4 ° a nd  i 88 mM The K,  for A D P  was  2 9 mM 
A s s a y  for A and  ]3 was  in the  d i rec t ion  of  g lycogen b r e a k d o w n  a t  3 °0 The  a s say  c u v e t t e  con- 
t a ined  t he  same  as m F ig  i excep t  for g lycogen whmh was  held c o n s t a n t  a t  5 6 mM (glucose uni ts)  
and  o r t h o p h o s p h a t e  which  was va rmd  
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phorylase a when glycogen was varied The K, for ATP and ADP were 2 5 and 3 5 raM, 
respectively (Figs 3 A and 3B) 

The Km for orthophosphate of phosphorylase a varied between o 53 and o 94 
mM (F~gs 4 A and 4 B) Both ATP and ADP served as competitive mhibltors of phos- 
phorylase a when orthophosphate was vaned ATP appeared to be a more potent 
inhibitor of orthophosphate than was ADP Thus the K, for ADP was 3 5 -fold greater 
than the K, for ATP , ,  e 2 9 and o 82 raM, respechvely (Figs 4 A and 4 B) 

Sucrose gradient analysm of phosphorylase a 
When dialyzed phosphorylase extract was treated with 20 mM fl-glycerol- 

phosphate buffer (pH 6 8), 5 mM mercaptoethanol, 20 mM NaF, 5 mM MgC12 and 
I mM ATP at 37 ° for IOO ram, a preparation was obtained containing 85 % phosphory- 
lase a When this was centrifuged on a sucrose gradient (same as above except for 
ATP), again one enzyme peak was obtained (5 experiments) with apparent molecular 
weight of 179 oo, s20,~ = 9 o S (Fig 5) The enzyme actlwty was present in the absence, 
as well as in the presence, of I mM AMP and is probably a phosphorylase a dlmer ~1-24 

46 I - -  - ] 

_ > r ~  34 ~ 4 0  ~ o 

~ ~ ~0" I~ I ~ ~ 

t~ 4 R 12 16 ZO ~4 2~ 32 ~6 4Q ~4 

TUBE N U M B E R  

Fig  5 

_ r  - J  

. ,  , t . , . . °  . o +  3 , 

] i I tF<F r II IMEjFF, 

Sucrose g rad i en t  ana lys i s  of phosphory lase  con ta in ing  8 5 % phosphory lase  a This prepa-  
ra t ion  was ob ta ined  by  d ia lys i s  a t  4 ° for 12 h m the presence of 20 mM fl-glycerol p h o s p h a t e  buffer, 
p H  6 8, 20 mM NaF,  5 mM MRC] 2, I mM A T P  This  was  n e x t  i n c u b a t e d  a t  37 ° for 200 rain and  
then  layered  on a 5 - 2 0 %  sucrose g rad i en t  con ta in ing  all of the  above,  excep t  for i mM ATP  The 
g rad ien t  was  cent r i fuged a t  37 ooo r e v / m l n  for 13 h a t  4 ° A l t e rna t e  tubes  ~ e r e  a s sayed  for phos- 
phory lase  a c t i v i t y  m the  absence ( © - - O )  and presence (O---O) of i mM AMP Cata lase  pro te in  
was de t e rmined  from the  absorbance  a t  4o6 m/z, ( × - -  - -  × ) 

F ig  6 Sucrose g rad ien t  ana lys i s  of phosphory lase  con ta in ing  84% phosphory la se  a This  prepa-  
r a t ion  was  ob t a ined  and t r e a t e d  m d e n t l c a l l y  as in Fig 5 excep t  for the  omiss ion of the  37 ° in- 
cuba t ion  s tep 

When an 85% phosphorylase a preparation was obtained in the absence of 
heating,, e by employing a similar mixture as above, but was dialyzed overnight at 4 °, 
two enzyme peaks were obtained (Fig 6) The higher molecular weight peak, apparent 
molecular weight 306 ooo, s20,w -- 12 9 S, had an identical enzyme activity in the 
absence and presence of i mM AMP and probably represents a phosphorylase a te- 
trainer The lower molecular weight peak, apparent molecular weight 173 ooo, S~o,w = 
8 9 S, had shghtly greater enzyme activity in the presence of I mM AMP than m its 
absence This peak probably represents a phosphorylase a dlmer with a small admix- 
ture ofa  phosphorylase b dlmer Attempts at finding tetramer were not always success- 
ful and may be related to the relatively low enzyme concentration employed, Inherent 
in a partially purified enzyme system Thus, only 4 out of 7 enzyme preparations 
dialyzed at 4 ° under conditions leading to varying percentage phosphorylase a resulted 
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m tetramer formation In 3 out of these 4 cases, the tetramer peak was minor The 
one example of malor tetramer peak is shown in Fig 6 Further attempts at con- 
slstently Inducing tetramer formation proved unsuccessful (see DlSCUSSlOt,') 

Assay of 17 dlmer preparations had a molecular weight of 177 ooo 4- 2800 
(S E ), s20,w = 8 9 S No significant differences were noted in molecular weights of 
phosphorylase a or b dlmers The tetramers averaged an apparent molecular weight 
of 326 ooo ± 12 500 (4 experiments), s20,,v --~ 13 5 S 

DISCUSSION 

Human platelets are glycolytlcally and glycogenolytlcally achve Glycogenolysls 
contributes approximately one-half of glycolytlc flux through the Embden-Meyerhof 
pathway, the principal metabohc pathway3,9,1°, 25 The regulahon of glycogenolysls 
is mediated by a platelet phosphorylase which has been found to be similar in some 
respects to skeletal muscle phosphorylase The presence of a phosphorylase in human 
platelets, which is activated by AMP, has been previously reported from this labora- 
tory13, *e as well as from other laboratories27, 28 However, the molecular weights as well 
as the kinetic mterachon of phosphorylase with substrates, glycogen and ortho- 
phosphate, and modifiers, AMP, ATP, ADP, have not been previously reported Human 
platelet phosphorylase exists as 2 functional forms with respect to enzyme activity 
as modified by AMP a senslhve phosphorylase b form, which is machve in the absence 
of AMP, (apparent molecular weight 177 ooo, S2o,w -- 8 9 S) and an insensitive phos- 
phorylase a form which is active m the absence of AMP (apparent molecular weight 
326 ooo, s20,w = 13 5 S) (or active dlmer, apparent molecular weight 177 ooo, s20,w = 
8 9 S) Although these molecular weights are less than that reported originally by 
KELLER AND COR118, they are m reasonable agreement with more recent reevaluations 
of rabbit skeletal muscle phosphorylaseZ°, 3°, In rabbit skeletal muscle, phosphorylase 
b and phosphorylase a have been shown to consist of 2 or 4 subunits which make up 
a dlmer and tetramer species, respectlvely31,1s, 19 Interconverslon of phosphorylase 
b ~ phosphorylase a is mediated by the enzymes, phosphorylase phosphatase 32 and 
phosphorylase b klnase a3 with the additional requirement of MgATP for klnase 
achvl ty This has been found to result in the incorporation of 4 phosphoryl groups 
per mole of tetramer, phosphorylase a 34 Similar subunlts appear to be operative in 
human platelets as well as the enzyme apparatus for the lnterconverslon of the two 
phosphorylase species Platelet phosphorylase also contains an active phosphorylase 
a dlmer, ,  e an enzyme that is active m the absence of AMP with a molecular weight 
similar to that of phosphorylase b dlmer In this respect, WANG AND GRAVES 21 have 
reported lnterconverslon of a phosphorylase a tetramer to an Inactive phosphorylase 
a dlmer by increasing temperature, increasing salt concentration, decreasing pH and 
protein dilution In another communication, these authors 22 presented suggestive 
evidence for the presence of an active phosphorylase a dlmer In human platelets, 
temperature and protein dilution also appear to enhance the formation of an active 
phosphorylase a dlmer Recently, HELMREICH et al 2~ have reported the presence of an 
reactive phosphorylase a dlmer obtained from the phosphorylase a tetramer by the 
addition of glucose In an earlier report, METZGER et al 35 presented hght-scattermg 
evidence for an active phosphorylase a dlmer WANG AND GRAVES 21 have also noted 
stablhzatlon of the phosphorylase a tetrarner by the presence of AMP or alkahne pH 
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We have been unable to duphcate these observations with human platelet active 
phosphorylase a dlmer We were unable to enhance phosphorylase a tetramer for- 
matlon. I t  is conceivable that  the experimental conditions employed resulted in too 
low an enzyme concentration In this respect, these data are consistent with the 
suggestion that  active phosphorylase a , n  w v o  may exist as the phosphorylated dimer 
rather than the tetramer Similar conclusions were drawn by METZGER et al  35 

Of further interest, with respect to platelet phosphorylase, is the recent report 
o f  KARPATKIN AND LANGER 13 wherein inactive phosphorylase dlmer as well as monomer 
could be converted to phosphorylase b and phosphorylase a in the presence of MgATP 

Of interest was the observation of strong ATP and ADP competitive inhibition 
of human platelet phosphorylase a for orthophosphate In rabbit  skeletal muscle, 
phosphorylase b is more strongly inhibited by  ATP than is phosphorylase a 3e 

Although human platelet total phosphorylase activity represents approx 2 4% 
that  reported for frog skeletal muscle (per g wet weight, 5 5 % per mg protein*) la the 
rate of glycogenolysis of human platelets 3,10 is still considerably greater than that  
reported for frog skeletal muscle14, as This rate might conceivably be attr ibuted to the 
high percentage of "resting" human platelet phosphorylase a, 45% (ref 26), when 
compared to resting skeletal muscle phosphorylase of 3% (ref 14) As reported by  
KARPATKIN AND LANGER 26, activation of glycogenolysls by  physiologic agents known 
to initiate platelet plug formation (agglutination and contraction of platelets) did not 
result in the further conversion of phosphorylase b to phosphorylase a as is the case 
with skeletal muscle contraction 14 Observations of a similar nature were noted in rat 
heart  muscle3e,40, 41, as well as in an I strain of mice without phorylase b kInase 42 
Changes in platelet glycogen and orthophosphate, as well as in ATP, ADP, AMP, 
Glc-6-P (modifiers of phosphorylase al,a3) following platelet aggregation by  physiologic 
agents, have also been reported by KARPATKIN AND LANGER 3 The present kinetic 
data on human platelet phosphorylase along with the intracellular changes of sub- 
strates and modifiers of platelet phosphorylase mentioned above might conceivably 
explain the activation of glycogenolysls during simulated platelet plug formation 3,1° 
m the absence of changes in percent phosphorylase a 

ACKNOWLEDGMENTS 

This work was supported by a grant-m-aid from the New York Heart  Asso- 
ciation S K IS a Career Scientist of the Health Research Council of the City of New 
York (I-459) 

R E F E R E N C E S  

I E E WOODSIDE, D G THERRIAULT AND W KOCHOLATY, Blood, 24 (1964) 76 
2 A J MARCUS AND D ZUCKER-FRANKLIN, J A m  Od Chemists Soc, 42 (1965) 500 
3 S KARPATKIN AND R M LANGER, J Chn Invest , 47 (1968) 2158 
4 M BETTEX-GALLAND AND E F LUSCHER, in  C B ANFINSEN, JR ,  M C ANSON, J T EDS~-LL 

AND F M RICHARDS, Advances *n Prote*n Chemistry, Academm Press, New York,  1965, p i ,  
20 

5 M BETTEX-GALLAND AND E T LUSCHER, Thromb Dmth Haemorrhag, 4 (196o) 178 

* Frog  skele ta l  muscle  con ta ins  267 mg  pro te in  per  g wet  we igh t  3. H u m a n  p la te le t s  con~ 
t a m  114 mg p ro t em per  g wet  we igh t  39 

Bzochzm Bzophys Acta, 185 (1969) 35o-359 



HUMAN PLATELET PHOSPHORYLASE 359 

6 R GRoss, in S A JOHNSON, R W MONTO, J W I~EBUCK AND R C HORN, Blood Platelets, 
Little Brown and Co,  Boston, 1961, p 4o7 

7 E H MURER, A J HELLEM AND M C ROZENBERG, Scand J Clzn Lab Invest ,  19 (1967) 280 
8 M C ROZENBERG AND H HOLMSEN, B*och,m B,ophys Acta, 155 (1968) 342 
9 I S LUGANOVA, I F SEITS AND V TEODOROVICH, B,ochem~stry USSR English Transl ,  23 

(1958 ) 379 
io S KARPATKIN, J Clan Invest ,  46 (1967) 409 
i i  A S KEITT, Am J Med ,  41 (1966)762 
12 G H BEATTY, R D PETERSON, G M BASINGER AND R M BOCEK, A m  J Phys*ol, 21o 

(1966) 404 
13 S KARPATKIN AND R M LANGER, J Bzol Chem, 244 (1969) 1953 
14 W H DANFORTH, E HELMREICH AND C F CORI, Proc Nail  Acad Scz U S ,  48 (1962) 1191 
15 O H LOWRY AND J A LoPEZ, J B,ol Chem, 162 (1946 ) 421 
16 R G MARTIN AND B N AMES, J B,ol Chem, 236 (1961) 1372 
17 J ]3 SUMNER AND N GRALEN, Science, 87 (1938) 284 
18 P J KELLER AND C F CORI, B*och,m B,ophys Acta, 12 (1953) 235 
19 lxI ]3 MADSEN AND C F CORI, J B,ol Chem , 223 (1956) lO55 
20 E H FISCHER AND E G KREBS, J Bzol Chem, 231 (1958) 65 
21 J H WANG AND D J GRAVES, J B~ol Chem, 238 (1963)2386 
22 J H WANG AND D J GRAVES, B,ochem,stry, 3 (1964) 1437 
23 D J GRAVES, I~ W SEALOCK AND J H WANG, B,ochem,stry, 4 (1965) 29o 
24 E HELMREICH, M C MICHAELIDES AND C F CORI, B,ochemzstry, 6 (1967) 3695 
25 A L WARSHAW, L LASTER AND 1%[ R SHULMAN J Clan Invest ,  45 (1966) 1923 
26 S KARPATKIN AND R M LANGER, Bull N Y Acad Med ,  43 (1967) 1193 
27 R 13 SCOTT, Blood, 3 ° (1967) 321 
28 A A YUNIX AND G K ARIMURA, Blood, 3 ° (1967) 859 
29 V L SEERY, E H FISCHER AND D C TELLER, B,ochemzstry, 6 (1967) 3315 
3 ° D L DEVINCENZI AND J L HEDR1CK, B,ochem,stry, 6 (1967) 3489 
31 A A GREEN, G T CORI ANDC F CORI, J B,ol Chem, 142 (1942 ) 447 
32 G T CORI AND A A GREEN, J B,ol Chem, 151 (1943) 31 
33 E G KREBS AND E H FISCHER, B*oGh*m B*ophys Acta, 2o (195o) 15o 
34 E G KREBS, A B KENT AND E H FISCHER, J B,ol Chem , 231 (1958) 73 
35 B MET7GER, E HELMREICH AND L GLASER, Proc Natl  Acad Sc* U S ,  57 11967) 994 
36 H E MORGAN AND A PARMEGG1ANI, J B,ol Chem, 239 (1964) 2435 
37 S KARPATKIN AND A SAMUELS, Arch B*ochem B*ophys, 121 (1967) 695 
38 S KARPATKIN, E HELMREICH AND C F CORI, J B,ol Chem, 239 (1964) 3139 
39 S KARPATKIN, [ Clzn Invest ,  244 (1969) lO73 
4 ° M CORNELATH, P J RANDLE, A PARMEGGIANI AND H E MORGAN, J B,ol Chem, 238 

(1963) 1592 
41 H E MORGAN AND A PARMEGGIANI, J B*o1 Chem, 239 (I964a) 2440 
42 J B LYON, JR AND J PORTER, J B~ol Chem, 238 (1963) i 
43 A PARMEGGIANI AND H E MORGAN, B,ochem B,ophys Res Commun,  9 (1962)282 

B,och,m Bzophys Acta, i85 (1969) 35o-359 


