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Summary 

1. Electrophoretic mobility and kinetic properties of the pyruvate kinase 
(ATP:pyruvate 2-O-phosphotransferase, EC 2.7.1.40) of human and pig plate- 
lets indicate that the enzyme belongs to the M2-type isozyme. 

2. The enzyme extracted from platelets showed a two-phasic curve in respect 
to phosphoenolpyruvate concentration. It was converted to an allosteric type 
with low affinity for phosphoenolpyruvate (A-type) when treated with EDTA 
and was converted to a Michaelis-Menten type  with high affinity for phospho- 
enolpyruvate (B-type) when treated with fructose 1,6-bisphosphate. The 
enzyme from actively glycolyzing platelets was essentially that of B-type, 
whereas that from the platelets in acid/citrate/dextrose solution was partially 
changed to the A-type. The conversion of the A-type to B-type was so slow 
and so dependent  on the enzyme concentration, that  the addition of fructose 
1,6-bisphosphate into an assay mixture scarcely affected the catalytic rate. 

3. The enzyme was purified from pig platelet extract  by fractionations with 
ammonium sulfate and ethanol, CM-Sephadex chromatography and Sephadex 
G-200 gel filtration. About  300-fold purification was achieved (3.1 kat/kg pro- 
tein at 25°C). The molecular weights of the A-type and B-type enzyme as 
determined by a gel filtration were approx. 120 000 and 240 000, respectively, 
corresponding to a dimer and a tetramer. Kinetic properties of these two forms 
of the enzyme were essentially in agreement with those of enzyme type M2 
reported for various tissues of other animal sources. 

* Present address: Third Department of Internal Medicine, Kyushu University School  of Medicine, 
Fukuoka 812 (Japan) 
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Introduction 

In mammalian tissues, multiple species of pyruvate kinase (ATP:pyruvate 
2-O-phosphotransferase, EC 2.7.1.40) have been found with different kinetic 
and physicochemical behaviors [1--3]: M~, M2 and L-types according to the 
nomenclature of Imamura and Tanaka [1]. The enzyme M2 is most  widely 
distributed and considered to be the primitive species of the enzyme (which has 
also been called III, A or K type  by different authors [4--6]).  Pogson [5] has 
shown that  there are two interconvertible forms of the enzyme type M2 in rat 
adipose tissue: one allosteric type  designated as pyruvate kinase A and another 
Michaelis-Menten type designated as pyruvate kinase B. 

In platelets, glycolysis plays an important  role for energy supply and high 
activities of  glycolytic enzymes have been reported [7,8],  but  there has been 
no precise report  on characterization of platelet pyruvate kinase which is 
involved in control enzyme for glycolytic metabolism. Moreover, platelets are 
available in homogeneous state from human sources other than red cells. The 
enzyme extracted from human platelets, as well as that from pig platelets, 
belongs to the M2 type and exists as two interconvertible forms. In the present 
paper, some kinetic and physicochemical properties of these two forms of 
platelet pyruvate kinase are presented. An involvement of dimer-tetramer 
changes in the interconversion of the A type  to B type  of the purified pig plate- 
let enzyme was shown by gel filtration. The interconversion of  these two forms 
is discussed in connection with metabolic states of platelets. 

Methods 

Preparation of human platelet extracts 
One-day-old platelet-rich plasma concentrate in acid/citrate/dextrose solu- 

tion was kindly provided by Fukuoka  Red Cross Blood Center. After the 
removal of contaminating red cells and white cells by centrifugation at 120 × g 
for 10 min, platelets were collected by centrifugation at 1000 × g for 10 min 
and washed with an isotonic saline solution. They were suspended in a cold, 
isotonic KC1 solution containing 20 mM Tris • HCI buffer, pH 7.4 to approx. 
1.5 • 10 ~° cells/ml and were lyzed by the addition of four volumes of cold, dis- 
tilled water. The extract  was obtained by centrifugation at 9200 × g for 15 min 
at 4°C and contained less than 0.2 pM fructose 1,6-bisphosphate. 

Purification of pyruvate kinase from pig platelets 
Platelets obtained as described previously [7] were suspended in isotonic 

KC1 buffered with 20 mM Tris.  HC1, pH 7.4 and stored a t - - 7 0 ° C  until use. 
Usually, a batch of  approx. 200 g (wet weight) of the platelets obtained from 
100 1 blood was used for the purification. 

The frozen platelets were thawed at 4°C and the extract  was obtained as 
described for human platelets. All the purification procedures were carried out  
at 4°C unless otherwise stated. The extract  was buffered with 20 mM Tris • HC1 
(pH 7.4) containing 5 mM MgC12/0.1 mM dithiothreitol/0.02 mM fructose 1,6- 
bisphosphate. All the solutions used in the purification procedure contained 
the same concentrations of  MgC12, dithiothreitol and fructose 1,6-bisphosphate 
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to protect the enzyme from inactivation. The extract was fractionated by the 
addition of solid (NH4)~SO4. The material precipitating between 45--60% satu- 
ration of (NH4)2SO4 was collected and suspended in imidazole. HC1 buffer 
(pH 7.0) and dialyzed against the same solution overnight. 

Ethanol, chilled to --20°C, was slowly added with constant stirring to the 
dialyzed solution kept in an ethanol/water bath at --5°C. The precipitate 
between concentrations of 10--35% ethanol (v/v) was collected by centrifuga- 
tion at --10°C. The precipitate, dissolved in a 20 mM imidazole. HC1 buffer, 
pH 6.5, was applied at 26 ml/h to a CM-Sephadex C-50 column (2.5 X 8 cm) 
equilibrated with the buffer and washed with 170 ml of it. Enzyme was eluted 
by applying a linear gradient (600 ml) of 0--0.24 M KCI in the same buffer. 
Fractions with specific activity of more than 0.6 kat/kg protein were collected 
and concentrated in a collodion bag (Sartorius SM 13201). 

The concentrated CM-Sephadex eluate (1.5 ml) was applied to a column of 
Sephadex G-200 (2.5 X 63 cm) equilibrated with 20 mM imidazole • HC1 buffer 
(pH 7.0)/50 mM KC1 and eluted with the same buffer at 11 ml/h. Fractions 
with specific activity of more than 2.9 kat/kg protein were collected. The 
enzyme was precipitated with (NH4)2SO4 (80% saturation) and suspended in a 
minimum volume of the (NH4)2SO4 solution/50 mM KCI/5 mM MgC12/0.1 mM 
dithiothreitol/0.1 mM fructose 1,6-bisphosphate. The enzyme was stable for 
more than 3 months when kept at 4°C. Before use, the enzyme was sedimented 
by centrifugation and dissolved in 50 mM triethanolamine. HC1 buffer (pH 
7.4)1 mg/ml bovine serum albumin/50 mM KCI/5 mM MgC12/0.1 mM dithio- 
threitol and with or without 0.1 mM fructose 1,6-bisphosphate. A typical result 
of the purification is given in Table I. The enzyme showed negligible adenylate 
kinase, ATPase and lactate dehydrogenase activities, but two contaminating 
minor bands were observed on SDS polyacrylamide gel electrophoresis. Isoelec- 
tric point of the purified enzyme was found to be approx. 8.0 by isoelectric 
focusing. 

Analytical procedures 
Pyruvate kinase activity was assayed at 25°C by coupling with lactate dehy- 

drogenase [9]. The reaction mixture contained (unless otherwise indicated) 
50 mM triethanolamine. HC1 (pH 7.5)/100 mM KC1/8 mM MgCI:/0.12 mM 
NADH/2 mM ADP/1 mM phosphoenolpyruvate and 5 units of lactate dehydro- 

T A B L E  I 

P U R I F I C A T I O N  O F  P Y R U V A T E  K I N A S E  F R O M  PIG P L A T E L E T S  

Step  V o l u m e  Tota l  prote in  Tota l  ac t iv i t y  * Spec i f i c  ac t i v i t y  R e c o v e r y  
(ml)  (mg)  ( p k a t )  ( k a t / k g  p r o t e i n )  (%) 

Crude ex trac t  2 0 4 0  1 3 4 0 0  1 3 9  0 . 0 1 0  1 0 0  
( N H 4 ) 2 S O  4 ( 4 5 - - 6 0 % )  9 8  2 1 3 0  1 2 4  0 . 0 5 8  89  
Ethanol  ( 1 0 - - 3 5 % )  8 4  5 4 5  9 4 . 8  0 . 1 7 3  6 8  
CM-Spehadex  C-50  7 2  4 2 . 3  6 7 . 3  1 . 5 8  4 8  
S e p h a d e x  G - 2 0 0  27  1 8 . 2  56 .2  3 . 0 8  4 0  

* These  va lues  were  o b t a i n e d  b y  the  m e a s u r e m e n t  for  the  samples  k e p t  w i t h  0 . I  m M  fructose  1,6-  
biphosphate  m o r e  than  1 h a t  4 °C .  
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genase in a final volume of 1.25 ml. The reaction was started by the addition of 
5 pl enzyme. The oxidation of NADH was measured on a Hitachi 124 spectro- 
photometer  equipped with a recorder. The activity and specific activity are 
expressed in katals and katal/kg protein, respectively. 

Plate polyacrylamide gel electrophoresis was performed according to the pro- 
cedure of Imamura and Tanaka [1]. Electrophoresis was carried out  in 10 mM 
Tris • HC1 buffer (pH 8.2)/5 mM MgC12/0.5 mM dithiothreitol/0.5 mM fructose 
1,6-bisphosphate at constant  voltage of 30 V/cm for 4 h at 4°C and gel was 
stained by coupling reaction with lactate dehydrogenase. SDS polyacrylamide 
gel electrophoresis was performed by the method of Weber and Osborn [10]. 
Isoelectric focusing was carried out  with an apparatus and reagents obtained 
from LKB instruments, Inc. Fructose 1,6-bisphosphate was assayed enzymati- 
cally [11].  Protein was estimated by the method of  Lowry et al. [12] using 
bovine serum albumin as a standard. 

Reagents used 
Enzymes and coenzymes were obtained from Boehringer u. SShne, Mann- 

heim. CM-Sephadex C-50 and Sephadex G-200 were purchased from Pharmacia 
Fine Chemicals. All other  reagents were of analytical grade. 

Results 

General properties of platelet pyruvate kinase 
The electrophoretic pattern of  the pyruvate kinase of  human pig platelet 

extract  was different to that  of red cells or L-type (major component  in liver) 
but  similar to that  of  M2-type ( leukocyte or minor component  in liver): on 
plate polyacrylamide gel, pyruvate kinase of  platelet migrated toward the 
anode much slower than that of  red cells or the major component  in liver (not 
shown). This observation, together with the inhibition of the platelet pyruvate 
kinase activity by alanine (described below), indicate that the enzyme belongs 
to the class of  M~, as shown with the leukocyte  enzyme [13]. The activity was 
about  2.5 mkat/kg wet  weight of  human platelets, which is about  100 times 
higher than that of  red cells [14].  

The pyruvate kinase activity of human platelet extract 
Fig. 1 shows the dependence of the pyruvate kinase activity of the platelet 

extract on the phosphoenolpyruvate concentration. The curve is apparently 
two-phasic, suggesting the existence of two enzyme activities with different 
affinity for phosphoenolpyruvate, one with a high K0. ss (>0.3 mM) and the 
other with a low K0. 5s (<0.1 mM). When the extract  was preincubated with 0.1 
mM fructose 1,6-bisphosphate for more than 1 h at 4°C, the curve became 
hyperbolic with an apparent Km of approx. 0.03 mM. This activation was so 
dependent  on time and the concentration of  the enzyme as will be shown 
below, that  the addition of  the fructose 1,6-bisphosphate 0.1 mM to the assay 
mixture caused only slight activation at the low substrate portion of the curve. 
The enzyme extracted from actively glycolyzing platelets, which were incu- 
bated in Ca2+-free Krebs-Ringer phosphate buffer, pH 7.4 with 10 mM glucose 
at 37°C for 30 min, was essentially that  of B-type (not  shown). 
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Fig. 1, Act iv i ty  of  p y r u v a t e  kinase in h u m a n  p la te le t  e x t r a c t  a t  var ious  c o n c e n t r a t i o n s  of  phosphoenol- 
p y r u v a t e  (PEP).  T he  inser t  is a L i n e w e a v e r - B u r k  p lo t  of  the  same resul t .  Th e  ex t r ac t  was  p r e i n c u b a t e d  a t  
4°C for  1 h w i th  (o)  or  w i t h o u t  ( e )  0.1 m M  f ruc tose  1 ,6-bisphosPhate .  Assay cond i t ions  are  given in 
Methods .  

Fig. 2. Ac t iv i ty  of  pur i f ied  p y r u v a t e  kinase f r o m  pig p la te le ts  a t  va r ious  c o n c e n t r a t i o n s  of  phosphoenol- 
p y r u v a t e  (PEP).  The  inser t  is a Hill p lo t  of  the s ame  result .  Th e  e n z y m e  was  dissolved in a f ruc tose  1,6- 
b i sphosPha te - f ree  b u f f e r  (e) ,  in a b u f f e r  con ta in ing  0.1 mM f ruc tose  1 ,6 -b i sphospha te  (o) or  in a Mg 2+- 
free b u f f e r  con ta in ing  2 m M  E D T A  (a )  and  was  p r e i n c u b a t e d  at  4°C fo r  1 h. Assay cond i t ions  are given in 
Methods .  

Activation of purified pyruvate kinase by fructose 1,6-bisphosphate 
To avoid complexities arising from other components in the extract, we 

purified the enzyme from pig platelets, which can be obtained in large quan- 
tities. The procedure consisted of (NH4)2SO4 fractionation, ethanol fractiona- 
tion, CM-Sephadex chromatography and Sephadex G-200 gel filtration (see 
Methods and Table I). Electrophoretic as well as kinetic properties of this 
enzyme were essentially the same as those of the human platelet extract. 

Fig. 2 shows the effect of phosphoenolpyruvate concentration on the pyru- 
rate activity of the enzyme. When the enzyme protein in the stock suspension 
was dissolved in the fructose 1,6-bisphosphate-free buffer, the kinetic curve was 
two-phasic as was the pyruvate kinase activity of the platelet extract. The curve 
became sigmoidal when the enzyme was dissolved in a Mg2+-free buffer contain- 
ing 2 mM EDTA, with a Hill coefficient (nn) of about 1.5 and a K0.ss of about 
0.7 mM, whereas the curve for the enzyme dissolved in a buffer containing 0.1 
mM fructose 1,6-bisphosphate (fructose 1,6-bisphosphate buffer) was hyper- 
bolic with an apparent Km of about 0.02 mM. These two forms were intercon- 
vertible: when the enzyme was diluted with the fructose 1,6-bisphosphate free 
buffer, the activity was promptly decreased and reached a constant level of 
about one third of the original activity when measured at the phosphoenol- 
pyruvate concentration of 0.1 mM. This was reversed by preincubation in the 
fructose 1,6-bisphosphate buffer. The former process (inactivation) was too 
fast to follow, but  the activation was dependent on the concentration of the 
enzyme protein and the higher the concentration the faster the activation rate, 
as shown in Fig. 3. 

The observation suggests the possible existence of two convertible forms of 
the enzyme, the conversion of which may be related to the quaternary struc- 
ture of the enzyme. Accordingly, the molecular weight of the enzyme was 
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Fig. 3. T i m e  course  of  the ac t iva t ion  by  f ruc tose  1 ,6 -b i sphospha te  of  pur i f ied  p y t u v a t e  kinase  f r o m  pig 
p la te le t s  a t  va r ious  c o n c e n t r a t i o n  of  the  e n z y m e .  The  0 and  100% values  ind ica te  the  initial ac t iv i ty  a f te r  
d i lu t ion  in f ruc tose  1 ,6 -b i sphospha te - f ree  b u f f e r  and m a x i m u m  ac t iv i ty  a f t e r  i n c u b a t i o n  wi th  0.1 m M  
f ruc tose  1 ,6 -b i sphospha te  at  4°C,  respec t ive ly ,  o, 40  pg p r o t e i n / m l ;  A, 13 #g  p r o t e i n / m l ;  0, 4 pg p ro t e in ]  
ml.  

Fig. 4. Gel  f i l t ra t ion  of  pu r i f i ed  p y t u v a t e  kinase f r o m  pig pla te le ts .  Th e  e n z y m e  (2 m g  p ro t e in )  was  
appl ied  to  a c o l u m n  o f  S e p h a d e x  G-200  (2 .5  × 67 c m)  equ i l ib ra ted  w i th  20  m M  imidazo le  • HCl b u f f e r  
(pH 7 . 0 ) / 5 0  m M  KC1]5 m M  MgC12/0.5 mM d i th io th r e i t o l  w i th  or  w i t h o u t  0 .02  m M  f ruc tose  1,6-bisphos-  
p h a t e  and  e lu ted  wi th  the  s a m e  b u f f e r  a t  11 m l / h ,  4°C.  G l u t a m a t e  d e h y d r o g e n a s e  ( G D H )  (bee f  liver, tool. 
wt ,  35 0  000) ,  a lcohol  d e h y d r o g e n a s e  ( A D H )  (yeas t ,  tool .  wt .  148  000) ,  m a l a t e  d e h y d r o g e n a s e  (MDH)  (pig 
hea r t ,  tool.  wt .  70 000)  and  c y t o c h r o m e  c (cyt .  c) (horse  hear t ,  tool.  wt .  13 500)  were  used  as r e f e r en ce  
c o m p o u n d s .  The  vo id  v o l u m e  was  d e t e r m i n e d  wi th  Blue D e x t r a n  200  sepa ra te ly  because  the  d y e  com-  
h i n e s  with  p y r u v a t e  kinase.  100% indica tes  the  va lue  in f rac t ion  wi th  m a x i m a l  p y r u v a t e  kinase act iv i ty .  
o . . . . . .  o, the  e n z y m e  dissolved in a f ruc tose  1 ,6 -b i sphospha te  buf fe r ;  • . o, dissolved in a f ruc tose  
1,6 -b i sphospha te - f ree  buf fe r .  

determined by the use of Sephadex G-200 gel filtration (Fig. 4). When the 
enzyme was dissolved in the fructose 1,6-bisphosphate-free buffer and applied 
to a Sephadex column equilibrated with the fructose 1,6-bisphosphate-free buf- 
fer, it gave a major peak at approx. 120 000 daltons and a minor peak at 
approx. 250 000. The enzyme dissolved in the fructose 1,6-bisphosphate buffer 
and applied to the column equilibrated with the fructose 1,6-bisphosphate 
buffer gave a major peak at approx. 230 000 daltons and a shoulder at approx. 
500 000 daltons. Since a subunit of this enzyme had a molecular weight of 
approx. 60 000 as determined by SDS-polyacrylamide gel electrophoresis, it 
may be assumed that  there are at least two interconvertible forms of the 
enzyme: the allosteric form with a dimeric structure and the Michaelis-Menten 
form with a tetrameric structure. 

Effect  o f  amino acids on the pyruvate kinase activity 
The pyruvate kinase activity of the human platelet extract, as well as that  of 

the pig platelet enzyme, were strongly inhibited by the addition of some amino 
acids, such as alanine and phenylalanine to an assay medium. The apparent Ki 
for the alanine inhibition was about 0.03 mM. The inhibition was essentially 
complete when the phosphoenolpyruvate was 0.05 mM whereas it was 
only partial when the phosphoenolpyruvate concentration was 2 mM (Fig. 5). 
The inhibition at low concentration of phosphoenolpyruvate was relieved by 
the subsequent addition of fructose 1,6-bisphosphate in the assay system, but a 
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Fig. 5. E f f ec t  of  a lanine o n  p y r u v a t e  kinase of  h u m a n  p l a t e l e t  e x t r a c t  at var ious  c o n c e n t r a t i o n s  of  phos-  
phoenolpyruvate (PEP).  Assay cond i t ions  aze as g iven in Methods .  o, con t ro l ;  e ,  w i th  1 mM alanine;  A 
wi th  1 m M  alanine + 0.1 m M  f ruc tose  1 ,6 -b i sphospha te .  

Fig. 6. pH d e p e n d e n c e  curve  of p y r u v a t e  kinase ac t iv i ty  in h u m a n  p l a t e l e t  e x t r a c t .  T h e  b u f f e r s  u s e d  in 
assay m i x t u r e s  a~e 50 m M  imidazo le  • HC1 (pH 5 .5- -7 .5)  and  50 m M  t r i e t h a n o l a m i n e  • HC1 (pH 7 .5- -9 .0) .  
Other  c o n d i t i o n s  are as given in Methods .  o, con t ro l ;  e ,  wi th  1 m M  alanine;  A wi th  1 mM alanine + 0.1 
m M  f ruc tose  1 ,6 -b i sphospha te .  

complete recovery of the inhibition was not  observed at high phosphoenol- 
pyruvate, even with higher fructose 1,6-bisphosphate concentration (1 mM). 
The inhibition was strongly dependent on pH and the extent  of the inhibition 
decreased as the pH of the assay medium decreased, so that  the apparent 
optimum pH shifted from pH 7.0 to 6.5 when amino acid was added to the 
assay medium {Fig. 6). 

Some other properties of platelet pyruvate kinase 
The ADP-dependence curve of the pyruvate kinase activity was hyperbolic 

irrespective of the source of the enzyme with a Km of about 0.4 mM. The rela- 
tive rates with other nucleotides, at 2 mM concentration, were 10% (UDP), 4% 
(GDP} and 3% (CDP), relative to that  of ADP at a fixed phosphoenolpyruvate 
concentration of 1 mM. The activity was moderately inhibited by ATP at 10 
mM concentration but fructose 1,6-bisphosphate could not  reverse the inhibi- 
tion. The enzyme was susceptible to SH-inhibitors. 

Discussion 

The M2-type of pyruvate kinase has been found in most tissues: adipose 
tissue, small intestine, kidney, spleen, lung and many other tissues [1,2,5,15.16]. 
It is found in adult liver as a minor component  but is present as a major compo- 
nent  in dividing cells such as fetal or regenerating liver, cultured liver cells or 
hepatoma cells [1,4,17]. It is also present in non-dividing specialized cells such 
as leukocytes [13]. The present report shows that  platelets have M~-type pyru- 
vate kinase similar to leukocytes and in contrast to red cells [18], which origi- 
nate from common bone marrow stem cells, but have an isozyme similar to 
that  of the liver. Crude extract and purified enzyme from platelets showed a 
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biphasic curve for phosphoenolpyruvate concentration. This seems to corre- 
spond to a mixture of  the two interconvertible forms of the enzyme rather 
than negative and positive co-operativity for the substrate according to Engel 
and Ferdinand [19],  as indicated by the incubation with fructose 1,6-bisphos- 
phate and EDTA. The presence of convertible forms of the enzyme, similar to 
these described here, was observed in adipose tissue, cultured liver cells, tumor  
cells, kidney and small intestine [3--5,15--17].  

Pogson [5] observed by a partition-cell ultracentrifugation, values of 
5.3--5.6 S and 7.2--7.3 S for the A and B types, respectively, and concluded 
that the differing sedimentation constants of the two forms may reflect large 
conformational  changes rather than alterations in molecular weight. On the 
other hand, Imamura et al. [3] observed no differences between two types of 
tumor  pyruvate kinase in their ultracentrifugal patterns. More recently, Spar- 
mann et al. [20] observed that two forms had sedimentation coefficients of  
5.3 and 10 S, which correspond to molecular weights of approx. 100 000 and 
220 000 assuming globular structure. Our present observations by gel filtration 
show that the molecular weights are approx. 120 000 and 240 000 for the A 
and B types, corresponding to a dimer and a tetramer, respectively. 

An important  proper ty  of  the association reaction is its relative slowness in 
respect to the catalytic reaction and, hence, it may be classified as a hysteretic 
response according to Frieden [21].  The rate was strongly dependent  on the 
enzyme protein concentration,  with a half-time for the activation with fruc- 
tose 1,6-bisphosphate of about  4 min at the protein concentration of 40 pg 
protein/ml and a half-time of  20 min at 4 pg protein/ml. This protein concen- 
trat ion-dependent slow activation of  the A-type enzyme by fructose 1,6-bis- 
phosphate may explain the negligible effect  of  fructose 1,6-bisphosphate when 
added in a reaction medium. A similar protein concentrat ion-dependent  slow 
change was reported by Schulz et al. [22] for tumor  pyruvate kinase with 
respect to alanine-mediated, temperature-dependent,  reversible inactivation of 
the enzyme. It should be pointed out, however, that the inactivation by the 
amino acid is in several respects different from the interconversion described 
here: (1) alanine depressed not  only the affinity for phosphoenolpyruvate, but  
also depresses the maximal velocity; {2) the addition to assay medium of low 
concentration of fructose 1,6-bisphosphate reverses the affinity but  has little 
effect  on the maximal velocity. 

Finally, it is necessary to discuss the physiological significance of these two 
interconvertible forms. Walker and Potter  [4] have shown that the extraction 
from cultured liver cells (which have been maintained without  glucose in the 
medium) yields the A-type enzyme, whereas the enzyme extracted from cells 
maintained in the presence of  glucose up to the time of the harvest is the B 
type. This is in accord with our observation that the enzyme extracted from 
the platelets suspended in acid/citrate/dextrose solution was partially converted 
to that of  the A type,  whereas the enzyme extracted from the platelets preincu- 
bated with glucose at 37°C was essentially that of the B type. The intracellular 
concentrations of fructose 1,6-bisphosphate under these conditions were about  
50 and more than 400 pM, respectively [7,23].  These observations suggest that 
the interconversion between the A and B types are actually taking place in 
cells, although the possibility remains that  the conversion takes place during 
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extraction processes, owing to the release of the fructose 1,6-bisphosphate in 
the medium. Further studies are necessary to examine the intracellular forms of 
the enzyme; and platelets may be a suitable preparation for this kind of study. 
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