
601 

B ~ochim~ca et Btophysica A cta, 370 (1974) 601---604 
© Elsewer Scmntffm Pubhshlng Company Amsterdam --  Printed m The Netherlands 

BBA Report 

BBA 61298 

ON THE MOLECULAR BASIS OF PYRUVATE KINASE DEFICIENCY 

K.G BLUMEa, H ARNOLD a, G W LOHR a and G SCHOLZ b 

aMedlzmzsche Unwers~tatsklmtk Frelburg/Br and bMedtzm~che Unwersltatspohkfin~k 
Hetdelberg (G F R ) 

(Received October 24th, 1974) 

Summary 

Oxidized glutathmne was found to be m the normal range m pyruvate 
kmase (ATP" pyruvate 249-phosphotransferase, EC 2.7.1.40) defmmnt erythro- 
cytes and m erythrocytes  f rom obhgate heterozygotes with this reborn error 
of metabohsm. Physmlogmal concentratmns of oxidized glutathlone failed to 
affect  the kmetms and stability of pyruvate kmase From the data reported m 
this paper it seems to be unhkely that  pyruvate kmase defmmncy is the con- 
sequence of an increased oxidized glutathmne concentratmn in the red blood 
cell 

In the twelve years following the first description [1] of hemolytm anemia 
due to inherited defmmncy of red blood cell pyruvate kmase (ATP pyruvate 
2 o-phosphotransferase, EC 2 7 1.40) about  200 addlhonal  cases with this 
reborn error of  metabohsm have been observed. The molecular heterogeneity 
of the defmmnt enzyme protein has been demonstrated by electrophoretm, 
kinetic, and lmmunologmal methods [2--5] There is also a considerable 
varlablhty m the expression of the chnmal disorder and no correlahon between 
residual enzyme achvlty and seventy of  hemolytm disease has been found 

In two recent papers [6,7] it was suggested, on the basis of m vitro exper- 
iments, that  pyruvate kmase defmmncy is a secondary defect whmh could be the 
consequence of an increased oxidized glutathmne concentratmn m the red 
blood cell and that  the change m the -SH groups of the enzyme might also be 
responsible for the increased rate of  hemolysis. However, the concentratmn of 
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oxidized glutathlone was not  determmed in normal erythrocytes and m the 
patients' erythrocytes. Moreover, the concentration of oxidized glutathlone 
used in the in vitro experiments (2.5 mM) [6] was higher by about three orders 
of magnitude than has been observed earher in VlVO by using a rehable method 
for determination (3 6 + 1 4 pmol/1 erythrocytes) [8] 

Confhctlng results concerning the ratio of  reduced oxidized glutathione 
in pyruvate klnase-deflclent red blood cells have been reported [9] oxidized 
glutathmne was markedly mcreased in one patient but was found to be normal 
in two other patients However, the method whmh had been used for the 
determination of  oxidized glutathione [10]  did not  allow the accurate measure- 
ment of  the oxidized form of  this trlpeptide. 

To elucidate the relahon between pyruvate kmase deficiency and 
omdlzed glutathmne we performed biochemical studies m six pyruvate kmase 
patients, bye obligate heterozygotes for pyruvate klnase deflcmncy and ten 
healthy controls. For all determinations we fol lowed earher-descnbed methods 
pyruvate klnase [11 ], oxidized glutathlone [8 ] ,  reduced glutathlone [12] ,  
glutathione reductase [13 ] ,  and hexoklnase [14]  Pyruvate klnase was purified 
up to Step 4 of  our previously pubhshed method [15 ] ,  gaming a 2460-fold 
purlflcatmn with a yield of  53 % Mercaptoethanol was omitted from all 
buffers. Prior to kinetic analysis, hemolyzate  and enzyme preparation were 
dmlyzed against 250 mM Trls--HC1 buffer pH 8 0 The conditions for kinetic 
studies and for heat-stability tests were identical to  those reported earher 
[11 ,15]  All blochemlcals used in this study were purchased from C F Boeh- 
ringer, Mannhelm (Germany), except  for N-ethylmalelmlde which was 
obtained from Sigma C o ,  St Louis, U S.A 

T A B L E  I 

A C T I V I T Y  OF P Y R U V A T E  KINASE~ H E X O K I N A S E  A N D  G L U T A T H I O N E  R E D U C T A S E  W I T H  
A N D  W I T H O U T  F L A V I N  A D E N I N E  D I N U C L E O T I D E .  A N D  C O N C E N T R A T I O N  OF R E D U C E D  
A N D  O X I D I Z E D  G L U T A T H I O N E  IN E R Y T H R O C Y T E S  F R O M  10 N O R M A L  SAMPLES,  5 O B L I G A T E  
H E T E R O Z Y G O T E S  F O R  P Y R U V A T E  K I N A S E  D E F I C I E N C Y  A N D  6 P Y R U V A T E  K I N A S E -  
D E F I C I E N T  P A T I E N T S  

Normal  Obhgate Pyruvate Kmase 
Samples  Heterozygotes  deflctent patlents 
(n = i 0 )  (n = 5) (n = 6) 

Pyruvate klnase 
(unlts/g hemoglobin)  

H e x o k m a s e  
(umts /g  hemoglobin)  

Glutathlone reductase 
wl thout  F A D  
(unlts /g  hemoglobin)  

Glutathlone reductase 
wlth  F A D  
(unlts/g hemoglobln)  

Reduced glutathlone 
( # m o l / l  erythr ocytes)  

Oxldlzed glutathlone 
( # m o l / l  eryth~ocytes)  

8 6 1 - +  1 47 5 3 1 +  1 3 1  2 6 7 - +  1 4 7  

0 6 4 - +  0 2 3  0 6 1 - +  0 1 9  1 24-+ 0 3 2  

3 6 7 - +  0 7 8  3 8 6 - +  0 9 9  3 86-+ 0 9 6  

5 5 6  + 1 1 3  4 9 2 -  + 0 8 9  5 3 4 -+  0 9 1  

2190  -+ 205  2 2 0 2  -+ 207 2158  +- 184 

5 29 +- 0 9 3  57 7 -+  2 47 5 1 9 - +  1 70 
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The results of red cell-enzyme determlnatmns and eshmatlons of 
glutathlone are summarized m Table I. The pyruvate kmase-defmmnt patients 
have markedly reduced pyruvate kmase activity whereas this enzyme shows 
mtermedmte values in heterozygotes, as it has been observed earher [1 ] 
Hexokmase, which has been determmed as a marker for red cell age, is m the 
same range for normal samples and m erythrocytes from heterozygotes, and 
is increased in pyruvate klnase deficiency, reflecting the high content  of  
young red cells Glutathlone reductase, whmh is not  a cell age-dependent 
enzyme, shows no essentml difference between the three groups The effect 
of flavm adenine dlnucleotlde on glutathmne reductase is also similar in the 
three groups There is no difference m content  and ratio of reduced or 
oxidized glutathlone between normal samples, heterozygotes and pyruvate 
kmase defmlency Especially oxidized glutathlone is not  increased m pyruvate 
klnase defmmncy 

The kmetm data m Table I! show that  there is no remarkable effect of 
physmloglcal concentratmns of oxidized glutathlone on pyruvate kmase The 
thermostabfll ty of the enzyme is not  significantly affected by 5 pM oxidized 
glutathlone 

From our data it seems unhkely that  an increased oxidized glutathlone 
concentration m the red blood cell is the causative factor for pyruvate kmase 
deficiency, as has been discussed recently [6,7] 

T A B L E  II 

K I N E T I C  D A T A  A N D  H E A T  S T A B I L I T Y  O F  P Y R U V A T E  K I N A S E  IN A H E M O L Y S A T E  A N D  A 
P Y R U V A T E  K I N A S E  P R E P A R A T I O N  W I T H  A N D  W I T H O U T  P R E I N C U B A T I O N  W I T H  5 ~M 
O X I D I Z E D  G L U T A T H I O N E  

H e m o l y z a t e  H e m o l y z a t e  P r e p a r a t l o n  P r e p a r a t i o n  
w l t h o u t  ox l -  w l t h  o x l d l z e d  w l t h o u t  OXl- w l t h  o x l d l z e d  
d l zed  g l u t a t h l o n e  g l u t a t h l o n e  dLzed g l u t a t h z o n e  glutathlone  

Kx/2 P h o s p h o e n o l -  
p y r u v a t e  ( m M )  0 37  

K m Adenos ine  
dlphosphate ( raM) 0 2 9  

K1/~ F r u c t o s e  
1 , 6 - d l p h o s p h a t e  (/~M) 0 0 6  

T h e r m o s t a b d l t y  
(Loss  o f  a c t i v i t y  
after 6 0  m m  a t  53  o C) 1 9  

0 31 0 51 0 4 7  

0 2 4  0 2 8  0 2 4  

0 0 6  0 1 4  0 1 9  

2 6  2 3  1 8  
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