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Ferrous  Ion Effect on P i g e o n  Liver Pyruvate  Kinase  

Pigeon liver p y r u v a t e  kinase is a regula tory  enzyme 1. 
I t  shows coopera t ive  in te rac t ion  wi th  phosphoenol -  
py ruva te ,  allosteric inh ib i t ion  by  A T P  and allosteric 
ac t iva t ion  by  f ruc tose - l , 6 -b iphospha te .  The enzyme,  
which  has an obl iga tory  r equ i r emen t  of d iva len t  cations,  
is ac t iva ted  by  Mg z+ and  Mn ~+ z. The p resen t  expe r imen t s  
ind ica te  t h a t  ferrous ions s t imula te  the  Mg 2+ ac t iva t ed  
pigeon l iver p y r u v a t e  kinase and t h a t  th is  effect  is 
d e p e n d e n t  upon  the  p h o s p h o e n o l p y r u v a t e  concent ra t ion .  

Materials and methods. All reagents  were of analy t ica l  
grade.  Fed  male  pigeons were used as l iver donors.  The 
livers were homogenized  wi th  2 pa r t s  of 0.25 M sucrose 
and  cent r i fuged for 10 min  at  10,000 • The s u p e r n a t a n t  
was cent r i fuged again for 1 h a t  105,000 • Before being 
used for enzyme assay, t he  s u p e r n a t a n t  a t  105,000•  
was incuba ted  for 2 h a t  25~ ~. 

P y r u v a t e  kinase (EC 2.7.1.40) was assayed by  the  
m e t h o d  of BUCHER and PFLEIDERER 3. The volume of the  
reac t ion  mix tu re  was 1.0 ml  and the  reagents  were:  
Tris-HC1 p H  7.0 50 r aM;  KC1 0.1 M ;  N A D H  0.15 raM;  
A D P  1.0 m M ;  lac ta te  dehydrogenase  (Biochemia s.r.l., 
Milano, Italia) 0.5 U. The enzyme ac t iv i ty  was expressed 
as ~xMoles of N A D H  oxidized •  -~ •  of t issue and  
calculated f rom ini t ial  velocity.  The phosphoeno lpyruva te ,  
t he  FeC1 z and the  MgCI~ concen t ra t ions  were as indica ted  
in the  legend of the  Figure.  
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Effect of Fe 2+ on pigeon liver pyruvate kinase. The assay system 
was as described in the test, with 1.0 mM MgCle in a), 5.0 mM MgC12 
in b) and 10.0 mM MgCI~ in e). �9 (broken line), no FeCI~;O, 0.025 mM 
FeC12; A, 0.05 mM FeC12; A, 0.1 mM FeC12. 

Results and discussion. Ferrous  ions act  on the  pigeon 
l iver p y r u v a t e  kinase, reducing the  s igmoidic i ty  of 
p h o s p h o e n o l p y r u v a t e  (PEP)  sa tu ra t ion  curve. The Fe 2+ 
ac t ion  on the  enzyme results  in a s t rong ac t iva t ing  effect 
a t  low P E P  concent ra t ions ,  an effect  t h a t  is progress ively  
reduced by  increments  of P E P  concentra t ions .  The 
Fe z+ effect  is p resen t  in the  3 Mg 2+ concen t ra t ions  t e s t ed  
(Figure a, b, and  c). As consequence  of t he  Mg z+ influence 
on the  P E P  coopera t ive  effect,  the  Fe z+ ac t iva t ing  effect  
on the  p y r u v a t e  kinase is q u an t i t a t i v e l y  d e p e n d e n t  
upon the  magnes ium ion concent ra t ions .  The max i ma l  
ac t iva t ing  effect is observed when  the  enzyme is assayed 
in presence of 5 m M  Mg ~+ wi th  a s t imula t ion  of the  
p y r u v a t e  kinase ac t iv i ty  equal  to  400% of the  contro l  
value (at 0.2 m M  P E P ) .  

The allosteric na ture  of the  l iver p y r u v a t e  kinase 
suggests  t h a t  the  ferrous ion can be posi t ive  effeetors of 
the  enzyme  when  it assumes conformat ions  charac te r ized  
by  low cata ly t ic  ac t iv i ty ;  when  the  enzyme is shif ted 
towards  more  act ive conformat ions ,  the  Fe 2+ ac t iva to ry  
effect  is reduced or even lost. 

Ca z+ has an ac t iva to ry  effect  on the  pigeon l iver 
p y r u v a t e  kinase ~ similar  to  the  Fe z+ one. These d iva lent  
cat ions  are able to s t imula te  p y r u v a t e  kinase enzymes  
t h a t  have  s igmoidal  P E P  sa tu ra t ion  curve. The muscle 
p y r u v a t e  kinase which  has an hyperbol ic  curve of 
ac t iv i ty  in funct ion  of P E P  concent ra t ion ,  is inhib i ted  by  
Fe 2+4 and  Ca 2+2, 5. 

Ferrous  ion m a y  p lay  a role in the  c a r b o h y d r a t e  
metabol i sm.  I t  has  been proposed  as a physiological  
ac t iva to r  of the  ra t  l iver p h o s p h o e n o l p y r u v a t e  carboxy-  
k inase6  a metal lo  enzyme tha t ,  like t he  p y r u v a t e  kinase, 
can be ac t iva ted  by  Mg z+ and Mn ~+ ~. Fer rous  ions can be 
considered as effectors for the  regula t ion of t he  pigeon 
l iver p y r u v a t e  kinase. Changes of Fe ~+ concen t ra t ions  
in the  hepa tocy te  will de te rmine  changes  in the  ac t iv i ty  
of the  enzyme,  and  a p roper  cons t an t  concen t ra t ion  of 
Fe z+ can main ta in  a h igh enzyme ac t iv i ty  in metabol ic  
condi t ions  in which  a low s t eady  concent ra t ion  of P E P  is 
p resen t  s. 

Riassunto. L'az ione  dello ione ferroso ~ s t a ta  s tud ia ta  
sulla p i ruva to  cinasi del legato a t t i v a t a  da Mg z+ �9 Fe z+ 
s t imola  la attivit& catal i t ica  de l l ' enz ima dosa to  in 
presenza  di  basse concent raz ioni  di fosfoenolpiruvato,  a 
concent raz ioni  s a tu ran t i  di  questo  subs t ra to  l ' e f fe t to  di 
a t t ivaz ione  ~ mini lno o assente.  
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