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Some properties of abnormal red blood cell pyruvate kinase 

Ery th rocy te  pyruva te  kinase (ATP:pyruva te  phosphotransferase, EC 2.7.1.4 o} 
deficiency is a metabolic disorder in which a great  variety in the parameters of 
enzymat ic  act ivi ty  JLV and K m  (phosphoenol pyruvate)!  has been found. Three types 
c{ml{l be distinguished based on these kinetic parameters.  In most cases the. para- 
meters are measured on the {:rude hemolvsate. M U N R O  AND MILLER 1 concluded for a 
mutan t  enzyme that  the AI)P  and P E P  (t)hosphoenol pyruvate)  sites show a greater 
cooperation than the normal enzyme. However they did not calculate the extent of 
cooperation, for instance, expressed as the Hill coefficient. 

This paper deals with three unrelated pyruva te  kinase-deficient patients fl'om 
whom the enzymes are partially purified to stage 4, according to the method of SraAI. 
el al.". The enzymes were finally dialysed overnight against o.oI M Tris-malate  con- 
taining 5o% (v/v) glycerol (pH 8.o). The enzymat ic  act ivi ty of pyruva te  kinase was 
measured according to the nlethod of B{:CHER ANt) PFI.I..'II)ERER a. 

Fig. I shows the I / v - I / [ P E P ]  plots at various A D P  concns, of the normal, 
(highly purified) enzyme and the mutan t  enzymes. In contrast  to the normal enzyme 
(Fig. IA), the enzyme of patient J. v/d K. (Fig. zt3) gives straight lines. This was also 
flmnd with the enzyme of an unrelated patient (N.S.) with pyruva te  kinase deficiency 
(figure not shown). However, the enzyme of the third patient (B.H.) shows the same 
picture as the normal enzyme. The /(m values flw P E P  at IADP] = oo are, within 
experimental error, identical. Moreover, in all Ifi, versus I / IAI )P  ] plots of the data  
of  these patients,  straight lines are obtained (not shown) and the K m  (ADP) at 
[PF.1,1 = 00 are also normal. From these data  it {:an be concluded that  the enzymes 
{}f patients J. v/d K. and N..q., in contrast  t{} n{}rmal enzwne and the enzyme of pa- 
tient B.H. have lost their allosteric properties. 

Fur ther  evidence for this conclusion is found in Fig .  2. This exl}erilnent sh{}ws 
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t h e  v ; , c r s u s  I ' E I '  i plot in t h e  p r e s e n c e  a n d  a l ) s e n c e  o f  l : ru-I ,b- /J .2  fo r  t h e  n o r m a l  a n d  

mutant  enzx'mes. The mutant  enzyme of patient J. r id  K. (l;ig. 2B), like that  of the 
patient N.S. (n. t  shown), sh(,ws, instead of a signioidal curve, a hyperbolic one in 
the absence ,,f Fru-I,(~-P.>. However, the addition <>f Fru-r,()-lJ2 still increases the 
activilv. This is in contrast t -  the normal enzxnw and that  of the patient I>>.H. 
Addition of l:ru-I,()-lJ.> to these enzymes transforms the signioidal curve into it 
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The values arc calculated from the data of Fig. 2. 
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hyt~erblfiic one. Froln Fig. 2 the Hill coetfieients (n) were calculated. These data  are 
summarized in Table I. The u values fl~r the normal enzyme and the mutant  enzyme 
of patient B.H. are identical and are normally influenced by Fru-L~>P,,. t towever,  
the Hill coefficients of the mutan t  enzymes of patients ,]. v/d K. and N.S. are not 
influenced by Fru-xd>P., and have a value of I, meaning no cooperation. 

With starch gel electrol~horesis the highl,v tmrified enzyme shows one band"; 
however, the partially purified normal pyruwtte  kinase shows two bands (Fig. 3A). 
The electroph-retic behaviour of the mutant  enzyme (patient B.H.) is identical to 
the normal enzyme, while the enzyme of patient J. v:'d K. (Fig. 3B) shows a major 
and a very small band. Although, tim positilms of the bands are the same, the ratio 
between the intensities of  the two bands is COml)letely different from the ratio with 
the normal enzyme. It is also shown that  the level just above the start ing point is 
not the leucocyte enzyme, because the latter enzyme is found just below the start ing 
point, as is also the case with the M type enzviue obtaii'wd from rabbit muscle 
(B.ehringer & Sons). 

The heat stability of the mutan t  enzvlneS of all three patients is considerably 

A B C D 
F'ig. 3. l>hc~togral >h of tile starch gel clectrophoresis of the normal and mutan t  enzyme. ;st, normal 
enzyme: l~, mu tan t  enzyme (J. v.d. I,L); (', 31 type pyruva tc  kinase (l¢oehringcn & S6hnc); I)s 
leucocyte pyruva te  kinasc. Condititms, see rcf. 2. 
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less thlm that  ()f the normal  enzyme.  Heat ing  for i ~ rain at 6(/: causes a h iss o f  a c t i v i t \  
of 4o-5o%, while the normal  enzyme remains  fully active.  For the condi t ions  of the 
heating t)r()cecturt ' see ref. e. 

From the da t a  it ('an l)e c()ncluded tha t  the mu tan t  enzxmt, ()f pa t ien t  B.H. 
is k ine t i c a lh  and tqe(rtrophoretically identi( 'al with the n()rnaal enz\ 'me,  l)robabh" 
the reason fl)r the diminished enzx'matic ac t iv i ty  is due to increased ins tabi l i ty  ~,f 
the enzx'mc i,t 7,ivo. Evidence f()r this  is found by  measuring the py ruva t c  kinasc 
ac t iv i ty  in young and old e ry throcytes .  "l'he y~mng cells have 2.(>flfld ac t iv i ty  over  
the old ('ells. It is clear tha t  the enzymes of the two other  pa t ien ts  arc complete ly  
diffcr('nt from the normal  enzyme.  "l'he mu tan t  enzyme has l(~st its allostcric l)r()twr - 
ties and ch~ctr()plu)resis reveals  a different pa t te rn .  

This mu tan t  enzyme is also less s table  than  the n(wmal cnzv|nc.  It is tcml)t ing 
to speculate  tha t  the loss of al losteric proper t ies  and the decreased s tab i l i ty  in vi t ro 
are re la ted and tha t  the defect is responsible for the decreased ac t iv i ty  of the cnz.wnc 
l'll "dl'7'O. 

\ \ ' e  wish to acknowledge l)r.  W. C. l t i i l s lnann and l)r.  M. C. Vcrlool) for 
supp~)rt and advice,  and the physic ians  who inade this invest igat ion t)ossiblc. 
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