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Dehydrogenation of o-lactate by a soluble e n z y m e  
f rom kidney mitochondria 

~Vashed-pkrticle prepara t ions  from rabbi t  k idney  and liver have  been shown to 
oxidize D-lactate wi th  format ion  of p y r u v a t e ;  a4ded  D P N  did not  s t imula te  the  
oxidat ion ~,~. Oxidat ion of the D-isomer has also been observed wi th  particles f rom 
liver ~nd k idney  of the  rat  a. H.XL'~;AAnr) a obta ined  oxida t ion  of l)- laetate by  cy to-  
chrome-containing particles from Escher lcMa aoli and als0 by  acetone powders of 
these particles;  wi th  the  powders methy lene  blue was required as hydrogen accepter .  

In view of the abi l i ty  of respi ra tory  part icles from widely d~fferent sources to 
oxidize D-lactate a s t u d y  of the enzymes  involved seems desirable. In  the present  
work a D-lactate dehydrogenase  has been ob ta ined  in soluble form from rabb i t -k idney  
mitochondria .  The mi tochondr ia  f rom k idney  cortex are isolated in 0.25 lh r sucrose, 
washed twice wi th  o.x25 3I  KC1 and  made  into  a thick suspension in 0.25 -ll r sucrose. 
This is added  slowly to I5  eel. of acetone a t  - - i o ° ;  the resul t ing powder  is washed  
twic6 wi th  acetone, and dr ied a n d  stored a t  4 ° over PzOa in  vaczw. Full  ac t iv i ty  is 
re ta ined  for several weeks a t  least. The powder  is ex t rac ted  a t  o ° wi th  o.or 31 tris- 
(hydroxymethy l ) aminomethane -ch lo r ide  buffer, pH  7.8 (x ml /2o-5o  rag), The super-  
n a t a n t  af ter  centrifuging at  40,000 >< g conta ins  the  enzyme,  and  is d ia iysed overn ight  
agains t  the  same buffer. 

The dehydxogenase reduces, in presence of w-lactate, a number  ot one- and two- 
electron accepters,  e.g. %6-dichlorophenolindophenol,  me thy lene  blue, phenazine  
metbosulphate ,  ferr icyanide,  and  cy tochrome c. There is no appreciable oxygen  up t ake  
in absence of carrier. Paper  c h r o m a t o g r a p h y  indicates format ion  of py ruva t e .  The 
rout ine assay  sys tem is shown in Fig. z. Under  these condi t ions  the  ra te  is independen t  
of indophenot  concent ra t ion  within the  range tes ted  (xo -5 to Io  -a llf), the un i t  of 
ac t iv i ty  is defined as the a m o u n t  of enzyme causing a change of absorbency  a t  600_ m/z 
e l  o .o i /min ,  and  the veloci ty is proport ional  to enzyme concent ra t ion  in the  range 
o .2-z  uni ts /ml .  The op t imum pH is about  8.1, while Km for D-lactate is 3 . 4 - i o  -a 3I .  
The ext rac t ,  when fully ac t iva ted  (see below), normal ly  c6nta ins  15--3o un i t s /ml  and  
has an absorbancy  (I cm) of 5-1o a t  280 mix. 2o-fold purif icat ion has  been ob ta ined  
using a d ie thylaminoethylce l lu lose  column. 
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Fig.  ~. R e d u c t i o n  of 2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  
h y  D- a n d  L - l ac t a t e  a n d  e f fec t s  o f  c h e l a t i n g  a g e n t s .  
A s s a y  s y s t e m :  o .oz2 21I p o t a s s i t t m  D- l ac t a t e ;  
o.oz~ ~ I  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  p H  
8 . I ;  3 . 8 - t o  -G ~ t  d y e ;  f inal  e e l  3 m L  D i a l y s e d  
e x t r a c t ,  z .4 rng p r o t e i n ,  T e m p .  2 o  ° ,  A ,  l e o  a d d i t i o n ;  
I3,  z o  --n :¢ I  c y a n i d e  ; C. xo ~ ,~i r o - p h e n a n t h r o l i t t e ,  
D,  5" t o - a  . i l  c y a n i d e  + 5" t ° r ~ / I f  0-1~henanthro-  
l ine ;  E ,  e n z y m e  p r e - i n e n b a t e d  w i t h  xo -a ~M" 0- 
p h e n a n t h r o l i n e  fo r  '3  h a t  o ° ;  F,  5"1o -4 ~ /  
c t h y l e n e d i a m i n e t c t r a ~ e e t a t v .  I n  G, n o  s u b s t m t e ;  

in  H ,  s u b s t r a t e  w a s  0.022 ~3e/L-lactate. 
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Fig .  z. E f f ec t  of s t o r a g e  a t  4 ° a f t e r  e x t r a c t i o n .  
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Fig.  3- E f f ec t  of c y a n i d e  in  a s s a y  s y s t e m  w i t h  f resh  
e n z y m e , c o m p a r e d  wi th  a c t i v a t i o n  b y  age ing  a t 4  °. 

The ac t i v i t y  of ex t rac t s  is ve ry  low immed ia t e ly  after  p repara t ion  b u t  increases 
wi th  t ime (Fig. z). Dialysis  against  t r is (hydr~oxymethyt)aminomethane buffer has  no 
effect on the ra te  oi ac t ivat ion,  b u t  di lute cyanide  raises the  ac t iv i ty  of fresh ex t rac t  
a lmost  to tb~ maximal  va lue  (Fig. 3)- An explana t ion  of these effects is being sought  ; 
poss ibly  removal  of an inh ib i tory  meta l  is concerned.  

Af te r  the  e n z y m e  has  been ac t iva t ed  b y  ageing, cyan ide  (xo -z -t¢) inhibi ts  b y  
0 to  35 ?~; var ious  chela t ing  agents  are  s t rong inhibi tors  wi th  all acceptors  tes ted .  
This, and  par t icu la r ly  the  progressive na tu re  of the inhibi t ion (Fig. x), suggest  the  
presence of a bound ,  essent ial  metal .  Cyanide  ( 5 - I o - ~ M )  grea t ly  po ten t i a tes  o- 
phenanthro l ine  inhibit ion.  L-Lacta te ,  glycollate,  aureomycin  (~-o t~g/ml), D P N  and 
adenosine  t r i phospha te  ne i ther  -;nhibit nor s t imulate° #-Chloromcrcuribenzoate, Cu z+ 
and  H g  2+ s t rong ly  inhibi t .  * 

The  physiological  significance of  this  enzyme  is not  clear; D-lactate, a l though 
p roduced  b y  var ious  bacter ia ,  has  no t  been de tec ted  in animals.  The  lac ta te  formed 
b y  g lyoxalase  is the  D-isomer 5, bu t  the  e x t e n t  of this  format ion i.n vivo is uncer ta in  
(see, however ,  ref. 6). ~Vitl~ the  except ion  of L-lactic, all a - h y d r o x y  f a t t y  acid5 in 
animals,  such as those  occurr ing in cerebrosides,  wool wax  and,  possibly,  b u t t e r  fat ,  
are  of D-configurationT, s. I t  is of in teres t  t ha t  a LactobaMllus aasei m u t a n t  requires 
D-a-hydroxy  acids  for g rowth  s. 

F u r t h e r  s t u d y  and  purif icat ion of the  enzyme  are proceeding,  wi th  a v iew to  
inves t igat ing the  me ta l  and  possible  fiavin componen t s ;  d is t r ibut ion  and  subs t ra t e  
~pe~,t~,~y ~,~ also be ing  examined .  
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