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PN IOO3Z 
A t ime-dependent  effect of K + on L - th reon ine  dehydrogenase 

FoLloxsing the  demons t ra t ion  b y  ~ ' L L I O T T  1-$  o f  the  conversion o f  th reonine  to amino-  
acetone by  washed cell suspension," of  S~/~hyloco~cus aure~¢s, NEUBERGER AND 

TA~T~, ~ described an enzyme  present  in cell-free ex t r ac t s  of Rhodo/~seudomona.s 
s/Jhcroides which cata lyses  the  react ion:  

~ , - t h r e o n i n e  ~ N A D  + -~ a m d n o a c e t o n e  ,-k N A D H  k FI ÷ t- C O t  

A similar enzyme  was shown to be present  in cell-free ex t r ac t s  o; S.  aareus e. 
The  pre~ent communica t ion  d e ~ r i b e s  an unusual  t ype  c,:" act iv: t t ion o f  this  

enzyme by K*. (The t e rm ' ac t iva t ion ' .  t.turoughout this commu,xicatiL~:~, should be 
taken  to mean  "apparent  ac t iva t ion ' .  I t  m a y  be, in fact ,  t rue  act ivat ion,  or stabilisa- 
t i o n ,  u r  both,  as theme different  effects cannot  be distinguL'~bed at  pcesent.) 

The enzyme extrac~ was p repared  by  sonic d is rupt ion  of  S. aureus cel~s suspended 
in o.x M potassium phospha te  (pH 7.o), containi~.~ o.z M KC1. The  sonicate  was cen- 
tr ifuged at  xo5 co0 × g for x h and  the  supe rna t anL  which contlt ined the enzyme,  
was s tored in the  frozen s ta te  unti l  required.  

"llte assay mix tu re  contained,  in a to ta l  volume of  3.0 m|,  xoo ~moles  of  Tris-- 
HCI buffer (p l i  8.5), 3o~/umoles of  L-threonine,  x ~mole  o f  NAD% an NAD+qegener -  
a t ing sys tem consisting of  z / t g  o f  crystal l ine lac ta te  ¢2ehydrogenase (EC x.x.x.z7) 
and 30/~moles of  potass ium py ruva t e ,  and o.75 ml o f  bacter ia l  e x t r a c t  (about  
L7  mg of  protein).  In addi t ion,  sufficient KCI was added  so t]:at  t he  final concen- 
t ra t ion  of  K ,  wa~ o. 3 M. The  composi t ion of  the react ion mix tu re  W~L~ thus  indepen-  
dent  of  the  KCI con ten t  of  the  enzyme  solution. Incuba t ion  we~ ~ carr ied out  in z5-m] 
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Fig-  I .  T i m e  c u r v e  f o r  t h e  T e a c t l v a t i o n  o f  cl,,~.lyaed e n z y m e  b y  K C |  (11--411, 1 .oo  M;  O - - - Q .  o . 3 o  M :  
A - - ~ l k ,  o -05  M).  T h e  e n z y m e  s o l u t i o n s  wet ,"  i n c u L ~ t e d  a t  o °. a n d  t h e  a c t i v i t i e g  w e r e  a . ~ t y ~ d ,  a f t e r  

v a r i o u s  tL~...:s. ~ des~r/b<~l i n  t h e  t e x t  
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e r l e n m e y e r  f lasks,  wh ich  were  s h a k e n  ae rob ica l ly  a t  37 "~. Af t e r  r 5 ra in  the  r e a c t i o n  
w a s  s t e p p e d  b y  the  a d d i t i o n  o f o . 6  m l  of  25 % HCIO 4. Af t e r  r e m o v a l  o f * h e  p r e c i p i t a t e d  
p ro t e in  a~_d KCIO~ b y  c e n t r i f u g a t i o n ,  a s a m p l e  o f  t he  s u p e r n a t a n t ,  n e u t r a l i ~ d  b y  
N a O H .  w a s  t a k e n  for  the  d e t e r m i n a t i o n  of  a m i n o a c e t o n e  b y  t h e  "mr thod  o f  
MAUZEILALL AND ~ A N I C K  7. 

W h e n  the  e n z y m e  wa~ d i a l y s e d  a g a i n s t  zoo w~i. ~f  w a t e r  a t  4 ° for  z2 h, i t  w a s  
f o u n d  t o  lose m o s t  o f  i t s  in i t ia!  a c t i v i t y .  H o w e v e r ,  if, s u b s e q u e n t  t o  d ia lys is ,  the  
e n z y m e  w a s  i n c u b a t e d  w i t h  KCI  a t  o ° a n d  t h e n  a~sayed ,  ~c)me of  t h e  or ig ina l  a c t i v i t y  
w a s  r e c o v e r e d  ; th~s p r e l i m i n a r y  i n c u b a t i o n  was  n ~ d e ~ |  e~,en t h o u g h  KC1 w,xs r o u t i n e l y  
p r e s e n t  in the  a s s a y  m i x t u r e .  

As  m i g h t  be  e x p e c t e d  f r o m  these  u b ~ r v a t i o n s ,  the  r eac t i va t i o : l  o f  the  d id iysed  
e n z y m e  b y  KCI  is v e r y  s low (Fig. x);  a t  o °', up  t .  24 h i n c u b a t i o n  is r equ i r ed  to  
o b t a i n  m a x i m a l  r e s t o r a t i o n  o f  a c t i v i t y .  B e t h  the  rlttc a n d  degree  o f  r e a c t i v a t i o n  
i nc r ea se  as  the  c o n c e n t r a t i o n  of  KCI ,  w i t h  w h i c h  the  dialysecl  e n z y m e  is i n c u b a t e d ,  
is ra i sed .  Fig.  2 s h o w s  the  e x t e n t  o f  r e a c t i v a t i o n  a t  d i f ferent  c o n c e n t r a t i o n s  o f  
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F~g. 2. E f fec t  o f  c o n c e n t r ~ o n  on t he  e x t e n t  o f  r e a c t i v a t i o n  o f  the clialy~a~| enzyme,  a f te r  i ncuba-  
t i o n  fo r  3.7 h ( d k - - A )  a n d  z8.8 h ( 0 -  -Q). T h e  cond i t i ons  were a~ dc~c r i l ~d  fo r  Fig.  t .  

KCI,  a f t e r  i n c u b a t i o n  for b o t h  3-7 h a n d  28.8 h. I n c u b a t i o n  w i t h  0. 5 M KCI  for  a t  
l e a s t  z4  h w a s  suff ic ient  for  m a x i m ~  r e s t o r a t i o n  o f  e n z y m i c  a c t i v i t y .  

I n  o r d e r  to  eairninate  t h e  poss ib i l i t y  t h a t  d i v M e n t - m e t a l - i o n  c o n t a m i n a n t s  in 
t h e  K C I  w e r e  r e spons ib l e  for  t h e  r e a c t i v a t i o n ,  i n c u b a t i o n  w i th  KCI wa~ ca r r i ed  
o u t  in t h e  p r e s e n c e  o f  z/giVl-zo m M  E D T A  (FH 2.o). [ h i s  c a u s e d  no  ~ l t e r a t i on  in 
e i t h e r  t h e  r a t e  or  e x t e n t  o f  r e a c t i v a t i o n .  

Spec i f i c i ty  s t ud i e s  show t h a t  i t  is t he  ca t ion ,  r a t h e r  t h a n  t h e  an ion ,  w h i c h  is 
e f f ~ t i v e  in c a u s i n g  r e a c t i v a t i o n  o f  t h e  d i a d ~  enzy~__e. K ~ c a n  be  r e p l a c e d  b y  N H4 +, 
R b ÷  ~nd C~*; Li*  a n d  N a *  axe a l m o s t  i nac t ive .  
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Di,~lysed enzyme,  which has not  been incuba ted  with KC1. still shows appreciable  
ac t iv i ty  (about  30%  of the  m a x i m u m  at ta inable)  which m a y  be due  to  the residual 
amoun t  of  potass ium in the enzyme  solution, par t icu lar ly  as de te rmina t ion ,  b y  
flame pho tomet ry ,  showed a concen t ra t ion  corresponding to 3 mM K- ,  Therefore ,  
it is impo.~ible, ~t present ,  to  decide whe ther  the  pota:;sium-free e n z y m e  has any  
residual act ivi ty .  

A s t ra ight  line is ob ta ined  for the  LINEWE^V=_R-BO tK 8 p]ot of  enzymic  ac t iv i ty  
af ter  equi l ibrat ion with different  concen t ra t ions  of  KCI (Fig. 3), if it is assumed 
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Fig. 3- LINt~"O"F'-~VER--Ht;RKa plot of the enzymic activity at different concentr&tions of KCt. The 
r~sult.s were those u~ed for *.lie upi>cr curve of Fig. 2, except that they were corrected for the 

rL-sidu~l potassium content of the dialyzed enzyme. Values up to o.5 M KC[ are plotted. 

t ha t  the 3 mM K- .  present  in the dialysed enzynle,  is ent i re ly  responsible for its 
residual act ivi ty .  This suggests t ha t  each ac t ive  centre  combines wi th  only one 
K +. A value of  o.o55 M was obta ined for the  Km of  K".  I t  seems possible, there-  
fore, tha t  the act ive  form of the  enzyme  is a potass ium--apoenzyme complex  formed 
by  very_ slow combina t ion  of  K + with inact ive  apoenzyme.  The  re,stilts wouhl  also 
be explained by  the general schemes put  forward  by  MALMSTR/AM AND WESTLI;.~D 2 
a n d  RABIN x°, in which the react ion of an enzyme wi th  a meta l  ion is ins tan taneous ,  
the  slow react ion being the in terconvers ion  of  two forms of  the enzyme,  i t  is al~) 
possible t ha t  the  slow combina t ion  of  K ÷ is concerned wi th  stabil isat ion o f  t he  en- 
z~qne ra ther  t han  act ivat ion,  as was found b y  ROSENBERG it for aminoacyi -  
L-hi.~tidine hych-olase (EC 3.4-2-3). in  any  ca_~e, the  high concen t ra t ions  of  KCI re- 
quired p re sumab ly  reflect t he  low s tabi l i ty  cons tan t  o f  the potass ium-apoenz .vme 
complex.  
A T P :  t~-fructose (>-phosphotran sferase (EC 2. 7. 1.4) is, L-threonine hydro- lyase  (deamin- 
ating) (EC 4.2.z.x6) t4 and  t r y p t o p h a n  hydrolase is, have  been shown to be ac t i va t ed  
by  K +. However ,  in all these cases the  ac t iva t ion  is apparen t ly  ins tantaneous .  T h e  
only o ther  cases of  slow ac t iva t ion  o f  enzymes  by  meta l  ions wkieh have been repor ted  
are the ac t iva t ion  o f  cer ta in  pept idases  tt  and L-arginine uzeohydxo~tase (EC 3.5.3.I) t~ 
by  Mn t*. In the cas~ of  leucine arninopept idase {EC 3.4.x.z) the  t ime required  for 
ac t iva t ion  decreases with purif icat ion of  the  enzyme  ta. 
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PN ZOO~I 
Free radical in Michaelis complex of O-amino acid oxidase 

I n  t h e  coua-se o f  our  s t u d y  on  t h e  m e c h a n i s m  o f  enz)wne ~ct ion,  we  ~uccec¢ied in 
crysta|li~,.ing the  Michael i s  c o m p l e x  of  D-amino  ac id  ox ida se  ( r , -amino  ac id :  O~ 
o:ddorcductac~c {dcaminat ing)0  EC 1.4.3. 3} u n d e r  a n a e r o b i c  cond i t i onL  B o t h  the  
f a i n t  purple-c ,  o iou red  c r y s t a l  a n d  the  p u r p l e - c o l o u r e d  m o t h e r  l iquid  showed  the  
s a m e  a b s o r p t i o n  b a n d  a t  5oc~x~o  m/~. On a e r a t i o n ,  t he  c r y s t a l  was  c o n v e r t e d  in to  
an  e q n i m o l a x  a m o u n t  o f  the  h o l o e n z y m e  a n d  p y r u v a t e  a c c o m p a n y i n g  b y  tile for-  
m a t i o n  o f  F/sO s- T h e s e  f ind ings  led us to  s u p r ~ s e  t h a t  t h e  c o m p l e x  cons i s t ed  of  t he  
s e m i q u i n o i d  f o r m  o f  t h e  h o l o e n z y m e  a n d  the  a c t i v a t e d  suhs t r a t e .  T o  t e s t  for the  
poss ib le  p r e s e n c e  o f  f ree  r ad i ca l s  in t he  c o m p l e x ,  a n  e l ec t ron - sp in - r e sonance  (ESR)  
s t u d y  h a s  been  c a r r i e d  o u t  on b o t h  t h e  c r y s t a l  a n d  t h e  m o t h e r  l iquid.  

T h e  E S R  s p e c t r a  were  r r .easured us ing  a X - b a n d  E P R  s p e c t r o m e t e r  V a r i a n  
t y p e  V 45oo  w i t h  IOO-kcycles  field modt t l a t ion .  T h e  m e a s u r e m e n t s  were  m a d e  in 
t he  sa_rne w a y  a s  K u ~ o  a a/. t. F o r  t h e  m e a s u r e m e n t s ,  a c a p i l l a r y  t y p e  cell (Fig, x) 
w a s  d e v i s e d  a n d  m a d e  f r o m  q u a r t z  glass.  
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