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Reversible inhibition of aldolase by ferricyanide 

T h e  i n h i b i t o r y  actions of R ' r r i c y a n i d e  o~ t he  acr.obic a n d  a n a e r o b i c  gi3 eel.,, S:~ of : 'omc 

t y p e s  of t u m o u r  cells ~- s !~a.s n o w  b e e n  f o u n d  to  be  due  to  an  ] n a c t h , a t i o n  of a]d,'.ga:<*. 

H o m o g e n a t e s  of t h e  W a l k e r  256 ~ai: c a r c i n o m a ,  Crocker :~ous,:.-as( 'ke~ s a r e o m a  

I$O,  E h r l i c h  m o u s e - a s c i t e s  c a r c i n o m a ,  ]Tai-brain c o r t e x  a n d  rat-]Nrh~ev ~:.-mdNia w',~,-e 

p r e p a r e d  in o . I25  M KC1, w i t h  I he  use  of a P o t t e r - E h ,  ehjer)~ hornoge~qb.ey, a':~d 

cent r i fuge( ]  a t  .30o0 r e \ . / m i n  for 5 mJn.  T h e  supeN~.;stant (S~) ",";~s ~.sed a:. suc]-~ or 

a f t e r  c e n t r J f u g a t i o n  at  o - 4  ° a t  : :oo,ooo : g for  60 rain  (8z). T im 5.,]ycoiytJc a c t i v i t y  

of t h e s e  s u p e r n a t a n t s  w as  m e a s u r e d  a t  25 o u n d e r  ah7 iT3 a ]~odJfied m e d ] r , m  of I .EPi(>l t  ~ 

c o n t a i n i n g ,  in a f ina] , ,  o l u m e  of z.5 m], 25 m M  pota.sshmq phosp ]  a t e  x~ffer ( p H  7.4), 
I .  4 m M  A T P ,  0. 4 m Sg  D P N ,  4o re,I,{ n J c o t i n a m i d e ,  4 m J ' / M g E J ~  ~>sd 5 n~]ig f ruc !osc  

6 - p h o s p h a t e  or f r u c t o s e  r , 6 - d i p h o s p h a t e ,  lT]uorJde a;]d  p y r u x a t e  .,yore o m i t t e d .  Yil~al 

o smola r i tv ,  was  ad jus i . ed  to o.25 vdd~ KC]. t .actk" ~,c]d " ~o~,~,:,~,.; , ,  .... ,~,.;~' n<-,:--as%-4 

co lor ]m et r ica l ly% 

Aldo]ase ,  gl3 c e r a l d c h y d e  3 - p h o s p h a t e  dehychog 'ep.ase  a ~ d  s mb:i:urc of ;~:]ycero-- 

p h o s p h a t e  d e h y d r o g e ~ a s e  and  t r i o s e p h o s p h a t e  i s o m e r a s e  wer~ obt~.Qned f.vo~:~ 

B o e h r i n g e r .  A ldo l a se  a n d  g l y c e r a l d e b y d e  3 - p h o s p h a t e  dehydroge, .~ase we re  assayed 
s p e c t r o p h o t o n a e t r J c a l ] y  by  t h e  m e t h o d s  u s e d  b y  \ V u  ..~x]) RA(:KE>% in t]~e case  o~ 

a ldo l a se  w i t h  excess  g i y c e r o p h o s p h a t e  d e h y d r o g e n a s e  ar id  t r ]osephospha t< :  isor;~e:ase. 

F r u c t o s e  ~ , 6 - d i p h o s p t : a t e  was  e s t i m a t e d  spec t~-oplso tomet r ica l ly- .  

T w o  t u m o u r s  (\ .Vs]ker a n d  Crocker )  w i t h  ~ f e r r i % , a n i d c - s e n s i t F , e  glycol}:sis ;ver<: 

used.  G lyco lys i s  in  b o t h  ~-he ]ow- a~d  h i g h - s p e e d  s u p e N ~ a t a n t s  (S~ ~nd S~) £,:om these  

t u r n o u t s  w a s  i n h i b i t e d  c o m p ] e t e l y  ].)y s-- 5 m : V  K~Fe(CN)6.  Thi~ w;qs {he cause wit}~ 

e i t h e r  f r u c t o s e  6 - p h o s p h a t e  or f r u c t o s e  z , 6 - d ] p h o s p h a t e  as s u b s t r a , e ,  ,,% sma*i e:.('es>~ 
0.~O: 

_ , 3 , < 9  

/ 

o,o I 

; i • i 

/aFdorase, y-g 

Fig. 1. Effect of ferric} a;sictc oss muscle aldol~sc activity, measured sp:'ctro>holome'_r calb'~L Th,- 
a c t i v i t i e s  were  ca]cu]ate~l  [ro3~3 t h e  l inear decrease of N]e a,]ssorbancv at  [51o rV~ ny. asP, r<d n a 
medium containing 0.05 .ii Tris ])uf~ey (pM 7.4), ~ mil l  fructose J 6-dJphosl)!~aV. o.3 n~:U ]}]C'.}]{[ 
with excess glyceTopbosphale debydrogenase and J:Ti<)se phosphate isomerase, ~ id  !ira i~dica.t(d 
amounts  of aldol~tsc. Cus:vc I, centre] ; cm-,,e :% ",~it]] 0. 5 n]! l  HaFe(CN} 6. 

Abbrexiations:  AT[" adenosine trJphosphate:  ])PN, ])PN-H, oxJ4ized a~>d r,.d~ced di- 
phosphopyridJne nucleoti(h ; Tris, flris(hydroxymeNxyl)amh~omethane. 

• In connection with tl~e st imulation of the ])exose n]o~ophosphate oxidai:%> b} !:errJ< }-;~ni,.]t 
prexious]y ]-eported a, atte~]i]on is ca.]led to ti~e f a d  tl~aJ a ceN:ection should l)v ~>a{le t~ t~:e v~.lues 
give]] for //-atoms gl]mosc carbon oxidized. All values sl]otld be divided b',: ~ r~ctor e.75. This 
correction does neff affecit]]e relaAive rates o] oxidatJo;s of ( - t  a.Nd C 6. 
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of cysteine, which reduced the K3Fe(CN)G, partially reversed this inhibition (cf. the 
disappearance of the ferricyanide effect in intact cells after washing. Fructose 1,6- 
diphosphatase activity was negligible in the preparations used and the phosphory- 
lation of fructose 6-phosphate to fructose 1,6-diphosphate with ATP, studied in the 
presence of I mM iodoacetate, was not affected by 5 mM KaFe(CN)6. 

Concentrations of ferricyanide as low as o.5 mM suppressed the activity of 
commercial crystalline muscle aldolase almost completely (Fig. i). The inhibition was 
completely reversed by 5 mM cysteine. 

Commercial purified glyceraldehyde 3-phosphate dehydrogenase was practically 
unaffected by I mM KaFe(CN)6. 

Addition of aldolase to a cell-free tumour preparation, in which glycolysis was 
abolished by ferricyanide, restored the glycolytic activity (Fig. 2). This is not due to 
removal of ferricyanide, since the ferricyanide concentration at the end of the in- 
cubation was still sufficient to  inhibit glycolysis in the absence of added aldolase. 
Glyceraldehyde 3-phosphate dehydrogenase added to the inhibited system did not 
relieve the inhibition. ~2 
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Fig. 2. Effect of ferricyanide on tile product ion of lactic acid f rom fructose 1,6-diphosphate by  a 
cell-free p repara t ion  ($1) of the Crocker sarcoma 18o. See tex t  for reaction conditions. Broken 
lines represent  exper iments  wi th  5 m~¢ K~Fe(CN)6. o.8 nag aldolase ([]),  0.8 mg glyceraldehyde 
3-phosphate  dehydrogenase (O), or 15 FL mol'es cysteine (V), respectively, added at zero t ime in the 
control  exper iments  and after  IO rain in those wi th  ferricyanide. Q,  no additions. The values in 

brackets  are the amoun t s  of Ierricyanide (#moles) found at the t imes indicated. 

Although intact normal tissue characterized by high glycolysis ~ and Ehrlich 
ascites cells 3 are not sensitive to K3Fe(CN)~, the aldolase activity of cell-free prepara- 
tions from Ehrlieh turnout, rat-brain cortex and rat-kidney medulla was sensitive to 
ferricyanide. The difference between ferricyanide-suseeptible and non-susceptible cells 
must probably be ascribed to different permeabilities of the cell wall to ferricyanide. 
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