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S[?MMAI~y 

1)T d i apho ra~e ,  wh ich  w a s  first  pur i f i ed  f r o m  t h e  so luble  c y t o p l a s m i c  f r ac t i on  o f  
r: t l iver ,  has  t>eeo ~ p a r a t e d  a n d  pur i f i ed  f r o m  i so l a t ed  mit{~chondria .  "Vhe m i t o -  
cl~ondrial  e n z y m e  d i s p l a y s  the  . ,~me s e n s i t i v i t y  to  d i c o u m a r o l ,  r e a c t i v i t y  w i t h  b o t h  
D P N l l  a n d  " I ' I 'NH,  ~nd s imi la r  r a t e s  o f  r e d u c t i o n  o f  v a r i o u s  e l ec t ron  a c c e p t o r s  ~s 
t h e  solvb|e...cytolfla.~mic e n z y m e .  T h e  r e s idua l  m i t o c h o n d r i a l  f r a g m e n t s ,  f ree  o f  D ' I  
diaphoram~, e x h i b i t  :t D P N H  o x i d a s e  a c t i v i t y  w h i c h  r e s e m b l e s  t h a t  o f  t h e  r e s p i r a t o r y  
cha in  o f  i n t a c t  mi t~whondr i a  in i ts  . ,en~i t iv i ty  to  a m y t a l  a n d  a n t i m y c i n  A b u t  w h i c h  
I~cks p h o ~ p h o r y | a t i n g  c a p a c i t y .  V i t a rn in  K s ( 2 - m e t h y l - x , 4 - n a p h t h o q u i n o n e )  w h e n  
t e s t e d  on the  D T  d i a p h o r a s e - f r e ~  s u b m i t o c h o n d r m i  pa r t i c l e s  i n d u c e s  ",o b y - p a s s  of  
the  a m y t a l - s e n s i t i v e  si te o f  the  I ) P N H  ox idase ,  in c o n t r a s t  to  the  ca.~- w i t h  i n t a c t  
nUt tx:hondr ia .  T h e  a d d i t i o n  or- D T  d i a p h n r a s e  to  t h e  pa r t i c l e s  is r e q u i r e d  for  v i t a m i n  
K.~ in o rder  to  a c c o m p l i s h  such  a b y - p a s s .  The.~. a n d  r e l a t e d  f ind ings  a r e  d i scussed  
in v iew ~,t" t he  vax ious  p r o p o s e d  f u n c t i o n s  o f  the  d i f f e ren t  d i a p h o r a s e s  in t h e  p a t h w a y s  
o f  m i t o c h o n d r i a l  o x i d a t i o n s .  

INTRODUCTION 

l ) ' f  diaph~ ase ,  a f l a r e  e n z y m t ,  c a t a l y z i n g  the  o x i d a t i o n  o f  b o t h  D P N H  a n d  T P N H  
b y  ar t i f ic ia l  e l ec t ron  acce;_'.ors, w h i c h  w a s  f irst  d e t e c t e d  in a n d  i so l a t ed  f r o m  the  
sol 'fl)le f r ac t ion  of  r a t - l i v e r  h o m o g e n a t e s  ~-a. is a lso  p r e s e h t  in mi t~ : l~ondr i a .  T h i s  h a s  
ra ised  t h e  ques t i on  o f  i ts  re ;a t i , )n  to  mi t t~ :hondr i a l  r e s p i r a t i o n  a n d  o x i d a t i v e  p h o s -  
phara;latieJn. As h a s  b e r n  previn~l.~ly sugg~sted~,  4 the  s im i l a r  propertie.~ o f  t h e  v i t a m i n  
K r e d u c t a s e  r e p o r t e d  h y  M~RKI A,~l~ MARI'IU.'-; 6 i nd i ca t e  t h a t  t h e  t w o  e n z y m e s  are  
p r o b a b l y  the  s ame .  )~AR'rlU.~ et al .  6 -s  h a v e  p r o p o s e d  t h a t  th i s  enz~wae func t ion~  .in 
mihwh~ ,nd r i a  as p a r t  o f  t he  p h o s p h o r y l a t i n g  r e s p i r a t o r y  c h a i n  b e t w e e n  pyr id i r , e  
nuc l eo t i de  a n d  t h e  c v t o c h r o m e s .  T h e  h i g h  d i c o u m a r o l  s e n s i t i v i t y  o f  t h e  e n z y m e  
offered  a bas i s  for e x p l a i n i n g  the  u n c o u p l i n g  ac t i on  o f  d i c o u m a r o l  on o x i d a t i v e  
phospho ry t a t i on~  

A bt~reviatiot,- 13C I~[ P. 2 ~J-(lichlorophenolindophenol. 
" f 'resent acl(lress: Public Elcal~h [tes~.arch Institute of tht, City of New York, New York. 
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Stu<lie_~ r e p o r t e d  in a p r e c e d i n g  p a p e r  ° h a v e  .-hoxv-n t h a t  a d i c o u m a r o l - s e n s i t i v e  
enzy-me can  be d e m o n s t r a t e d  to  fuI~ction in r~'~piration o n l y  p r o v i d e d  t h a t  v i t a m i n  
Kn ( 2 - m e t h y l - I , 4 - t l a p h t h o q u i n o n e )  is a d d e d  to a ccep t  a n d  m e d i a t e  e lec t ron~ to  the  
r e s p i r a t o r y  cha in  a n d  t h a t  am)~tal  is p r e s en t  to  blr~ck tile z tormal  r¢-.~piration. T h e  
m a x i m a l  P /O r a t i o  for  the  d i coumaro l - s en~ i t i v~  -y-~tem w a s  o n l y  two ,  ilx c o n t r a s t  
t o  va lue s  a p p r o a c h i n g  th ree ,  u s u a l l y  o b s e r v e d  wi th  the  a m y t a l . ~ n s i t i v e  o x i d a t i o n  of  
D P N - l i n k e d  substrat~--~. I t  ha~ aL,¢o been  ~howl~ t° t h a t  l iver  t t . i t ochondr i a  f rom 
pigeon,  an  a n i m a l  d e v o i d  of  D T  diaph:~r.a~e, e x h i b i t  a n o r m a l  e x t e n t  o f  p h o s p h o r y l a -  
t ion  w h i c h  is u n c o u p l e d  b y  d i c o u m a r o l .  T h e ~ .  o b s e r v a t i o n s  h a v e  led to  the  cotl- 
c lus ion t h a t  D T  d i a p h o r a s e  h a ,  no func t ion  in the  p h o s p h o r y l a t i u g  r e s p i r a t o r y  paiD- 
w a y  o f  m i t ~ c h o n d r i a .  

In  t h i s  p a p e r  a re  r e p o r t e d  t h e  phys ica l  s e p a r a t i o n ,  r e c o v e r y ,  a n d  pur i f ica t ion  
of  the  m i t o c h o n d r i a l  D T  d i a p h o r a s e  fr(}m the  a tnyta l - .~ensi t ive  D I ' N t l  oxida.~e 
s y s t e m  o f  the  m i t o c h o n d r i a ,  t o g e t h e r  wi th  ~tudies  of  the  p r o p e r t i e s  a n d  i n t e r a c t i o n s  
o f  t h e  t w o  e n z y m i c  en t i t i es .  

Ce r t a in  p a r t s  o f  thi.~ w o r k  li,~ve. ; t lre;tdv been  rept~rted bricflx~, It. 

EXPEI¢IMEN rAI. PROeEDU Rv. 

M a t e r i a l s  

V i t a m i n s  K 1, K~, a n d  K 3 were  o b t a i n e d  t h r o u g h  the  court t . ' sy o f  H o f f m a n  a n d  
L a  R o c h e .  Inc . ,  Basel ,  Swi t ze r l and .  C o e n z y m e  Q0 w a :  the  generoms g i l t  o f  P ro fesso r  
D. F-. GREEN, M'axlison, a n d  c o e n z y m e  Qt0 of  I)r. J .  LINKS, A m s t e r d a m .  T h e  r e m a i m  
d e r  o f  the  q u i n o n e s  were  k ind ly  s upp l i ed  h v  Dr  I.+ REIO, .%t4~ckhoim. All o t h e r  
r eagen t~  were  c o m m e r c i a l  p r o d u c t s .  

Methods  

M i t r m h o n d r i a  were  p r e p a r e d  frorr, r a t  l iver  b y  a m o d i f i c a t i o n  o f  tile p r o c e d u r e  
o f  .~'~"~"~"~"~"~'~CHR'EIIIEI¢ AND HO4~-F-BO~M de_c~zribed previou~sly v'. O x y g e n  c o n s u m p t i o n  when  
d e t e r m i n e d  m a n o m e t r i c a l l y  w a s  m e a s u r e d  in smal l  ( " 5  m l ) v o l u m e  m a n o m e t e r  
y e s . i s .  T h e  final v o l u m e  w a s  x.o ml.  Po la ro f f raph ic  m e a s u r e m e n t s  o f  t h e  o x y g e n  
c o n s u m p t i o n  were  m a d e  w i t h  an o p e n  r o t a t i n g  c u p  a n d  s t a t i o n a r y  p l a t i n i u m  elec- 
t r o d e  a c c o r d i n g  to  the  p r o c e d u r e  o f  CXA.~C~. AND x.VlLLIAM.~I3. T h e  v o h n T l e  ,,~.';IS 
,again I.O ml.  S p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n s  were  ca r r i ed  o u t  ~-ith a r eco rd ing  
I ) K - z  B e c k m a n  . q p e c t r o p h o t 0 m e t e r  us ing  c u v e t t t ~  o f  r - e ra  l ight  p a t h  as  w a s  des- 
c r i b e d  prev ious ly* .  T h e  r e a c t i o n s  w e r e  fo l lowed b y  r eco rd ing  e i the r  the  r e d u c t i o n  
o f  t he  a c c e p t o r  a t  s u i t a b l e  w a v e l e n g t h s ,  such  ~Ls w i th  D C P I P ,  c y t o c h r o m e  c, a n d  
f e r r i eyan ide ,  o r  t h e  o x i d a t i o n  o f  the  r e d u c e d  p y r i d i n e  n u e l e o t i d e s  a t  34 ° m / , .  T h e  
fol lowhag e x t i n c t i o n  coeff ic ients  ( l i t e r /mole /e ra )  were  used:  6 . 2 z - i o  ~ a t  34 ° m/~ for  
D P N H  a n d  T P N H  (ref. I4) .  2x • xo 3 a t  b ~  rn/~ for  D C P I P  {ref. r5), x8.5- ro  ~ a t  55 ° m/~ 
fo r  r e d u c e d  minm,~ ox i d i zed  c y t o c h r o n t e  ctS; a n d  I . o o  Io  s a t  418 mbt for  f e r r i c y a n i d e  Iv- 
P r o t e i n  d e t e r m i n a t i o n s  were  m a d e  wi th  t he  b iu re t  m e t h o d .  P h o s p h a t e  wa.s m e a s u r e d  
a c c o r d i n g  to  t h e  m od i f i ed  MARl'IN AND DOTY p r o c e d u r e  desc r ibed  b y  LINDBERG 
AND ERNSTE:R lt~. 

B~t,chim. B/o-phy#, Acla, 67 ( t ~ 3 )  ~.~.'.-.~e7 
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RESULTS 

E~traction of D T  diaphorase from isolated mitochondria 
Af te r  unsuccess fu l  a t t e m p t s  to  use  v a r i o u s  c o m m o n  m e t h o d s  o f  c h e m i c a l  a n d  

physk~at  d i s r u p t i o n  o f  m i t o c h o n d r i a ,  a v i r t u a l l y  c o m p l e t e  e x t r a c t i o n  a n d  r e c o v e r y  
of  the  m i t o c h o n d r i a l  D T  d i a p h o r a s e  w a s  o b t a i n e d  w i t h  an  a d a p t i o n  o f  t h e  p r o c e d u r e  
used  b y  K1EL1.EY ANn K[ELLEY ts for  t h e  p r e p a r a t i o n  o f  m i t o c h o n d r i a l  a d e n o s i n e  
t r i p h o s p h a t a s e .  F r e s h l y  p r e p a r e d  r a t  l iver  m i t o c h o n d r i a ,  w a s h e d  f ree  o f  c y t o p l a s m i c  
c o n t a m i n a t i o n  b y  r e p e a t e d  w a g h i n g  w i t h  o.25 M sucrose ,  w e r e  s u s p e n d e d  in cold  
o+oo3 M p h o s p h a t e  bu f fe r  ( p H  7-5) a n d  t h e  s u s p e n s i o n  w a s  homogeni~ '+d in t h e  cold  
wi th  a S u p e r - T h u r r a x  b l e n d o r  for  2 rain.  T h e  t r e a t e d  s u s p e n s i o n  w a s  c e n t r i f u g e d  
a t  zo ooo × g fc>r Io  min .  T h e  s u p e r n a t a n t  w a s  s~ved  a n d  t h e  s e d i m e n t  w a s  re2gus- 
p e n d e d  in 0.o03 M p h o s p h a t e  b u f f e r  a n d  hornc~genized once  a g a i n  w i t h  t h e  b l endor .  

TABI+F.  I 

It! APHURA'IF: A~:TI%'ITIFZS O1-" ~|ITOCHONDRIAL 5U~I-'RACTIONS 

F , [L  F e a t / i - * *  .~; L~.s I r ~ H  

Mitochomldria t ) P N H  3.93 3-93 
TPNll o+7~ +t+61 

Fing l  sulx~rna, t a n t  D P N H  0.57 1.:[8 
T P N H  (>.7 (} 1 .z 5 

] , igh t  Imllt ' t  D P N H  0.8¢+ 0 .73  
TPNH 0.03 

H e a v y  pe l l e t  D P N H  ! .34 t .or 
T P N I I  0.04 

Re<overx. (final s u p e r n a t a n t  D P N H  2.77 
l i gh t  a.ltc] h e a v y  particle,q) "I 'PNH o.77 

F ina l  s u p e r n a t a n t  D P N I !  0 .30  0.54 
T P N H  0.34 0.64 

L~ght  pe l le t  D F N I I  0+43 o .43  
T PN H o o 

Fina l  SUlx+rnatant  I)PNH 0.28 0+70 
T P N H  o.3o o.71 

L i g h t  pe l le t  D P N H  o.5o o.5o 
"rV:qH o.o] o o 4 

Fina l  +qul~2rnatant D P N H  0.27 0.64 
T P N H  o .a8  o .66  

I igl',t p~,lh:t I ) P N H  0.45 0.50 
" I 'PNH o+o 3 o.oG 

F ina l  s u p c r n a t a n t  I D P N H  0.33 
T P N H  o,+a7 

l+ight t~l[,~t I DPNH 0.39 
T P N I I  o .o l  

F ina l  s u p c r n a t a n t  [ I  D P N H  o+t5 
T P N H  o . x t  

l . i g h t  pe l le t  I t  D P N H  o.13 
TPNH o 

l )mp4u~as¢ a.r~itnty 
( t t ~  ,f.MZPII" redkc¢~mL'tlR l |rer)  

. . . . . . . . . . . . . . . . . . . . . . .  

# n l g  
No  8 m~ ro-~ +'f f  T w e ~ - J o  

addition TU Or•,2o dicousttarod + ZO "+ M 
dtc.emmarol 

3-57 z . ~  
o.36 0 .07  
O . 2 0  0 . 2 I  

O .  I 1  O . I I  

o.86 0+73 

| , 34  l.om. 

O 

O 

o.43 

o o5 
o.o4 
0 .46  
O . O t  

" I n  thi~ expeq-imen=, t h e  txro l ow-speed  supc, r n a t a n t a ,  o b t a i n e d  a f t e r  +-he t w o  c o n s e c u t i v e  
Thu~ra-x- t rea tmen~s,  were  " lot ~xaoled b u t  cen t r i f uged  :~cparatelv.  

t I i o c A i m .  L t i o p h y s . . ) l e t , * ,  07 ( t , )63)  2 5 4 - 2 6 7  
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T h e  c e n t r i f , ~ g a t i o n  a t  zo  o 0 o  × ~; wa~ r e p e a t ~ l  a n d  t h e  ~ e d i m e n t  n o w  o b t a i n e d  w a s  
d e s i g n a t e d  t h e  " h e a v y  p e l l e t " .  T h e  t w o  . ~ u p e r n a t a n t  f r a c t i o n 5  w e r e  c o m b i n e d  a n d  
c e n t r i f u g e d  a t  xo5 0 o o  >.: g for  30 r a i n  tc~ g i v e  a 15hal ~ u p e r n a t a n t  f r a c t i o n  a n d  a 
" ' l i g h t  p e l l e t " .  F o r  s u b s e q c e n t  ~ tud i e~  t h e  t~ ,~ .~cd i rn t : , t ed  p e l l e t s  w e r e  r e s u s p e n ~ . e d  
in  0 . 0 0 3  M p h o s p h a t e  b u f f e r .  

I n  T a b l e  I i~ s h o w n  t h e  d i a p h o r a . ~  a c t i v i t y  w i t h  D P N H  a n d  T P N H  m t h e  
v a r i o u s  f r a c t i o n s  f r o m  .~e.v~ral e x p e r i m e n t s ,  i t  .:a:~ be  ~cen th-,~ o n l y  t h e  f ina l  supper- 
n a t a n t  f r a c t i o n  c o n t a i n e d  a p p r e c i a b l e  T P N H  d i a p h o r a , c  a c t i v i t y  ~ t .d  t h i s  wa~  ac, rcwp..- 
p a n i e d  b y  a n e a r l y  e q u a l  D P N i  I d i a p h o r ~ - . e  a c t i v i t y .  I3, , th  ac t iv i t i e .~  ~ ' e r e  . ~ t i m u l a t e d  

up 

- 

- log M dicoum4rol 

• ":ig. I. ( 'ompari~on of  the  sens i t iv i ty  to d icoumarol  of the linal supernat , ' tnt  fraction and light 
pel let  fract ion from mitoc.hondria. "Preparation of the .~ttbnlit~x-h~m|r~al fr~.ct i tms ~'~s a~ d*"~- 

c~.bed in text .  Assay  condi t ions were the  ~xme as in Table [÷ 

b y  T w e e n  a n d  i n h i b i t e d  b y  xo • M d i c o u m a r o l  in a m a h n e r  t y p i c a l  o f  I ) T  diaphora .~e 'z .  ~. 
[ n  c o n t r a s t ,  t h e  D P N F [  d i a p h o r a . ~ e  ac t iv i t i~-~ o f  b o t h  t h e  " h e a v y "  a n d  " l i g h t ' "  
p a r t i c u l a t e  f r a c t i o n s  w e r e  u n a f f e c t e d  b y  t h e s e  a g e n t ~ .  T h e  s h a r p  d i f f e r e n c e  in  d i -  
c o u m a r o l  s e n s i t i v i t y  be tw~.~n  t h e  D P N H  d i a p h o r a ~  a c t i v i t y  o f  t h e  ~ u p e r n a t a n t  
f r a c t i o n  a n d  t h e  l i g h t  p e l l e t  i s  s h o w n  in  F ig .  I w h e r e  ~t m a y  b e  ~ e n  t h a t  t h e  a c t i v i t y  
o f  t h e  p e l l e t  w a s  n o t  i n h i b i t e d  b y  e v e n  x o - *  M d i c o u m a r o ] .  

O n  t h e  b a s i s  o f  s p e c i f i c i t y  toward .~  t h e  p y r i d i n e  n u c l e o t i d e ~  it w o u l d  a p p e a r  
t h a t  t h e  r e c o v e r y  o f  t h e  D T  d i a p h o r a ~ e  in  t h e  f i na l  ~ u p e r n a t a n t  f r a c t i o n  a s  m ~ a 3 u r e d  
b y  t h e  a c t i v i t y  w i t h  T P N H  w , ~  t r io" / ,  a n d  t h a t  o f  t h e  r e s i d u a l  D P N H - ~ p e c i f i c  d i a -  
phora_se in  t h e  p a r t i c u l a t e  f r a c t i o n s  abm,:;. 7 : ° /o .  

T h i s  e x t r a c t i o n  p r o c e d u r e  a p p e a r s  t o  b e  m o r e  ~ d e c t i v e  t h a n  t h e  s o n i c a t i o n  
p r o c e d u r e  t t s e d  b y  STEIX + A,~D KAPL,~xz°' . ' . 'h '~dt .~tJiubilize d - b o t h  d i a p h o r a ~ e s ,  a c c o r d -  
i n g  t o  t h e  c h r o m a t o g r a p h i c  p a t t e r n s  o b t a i n e d  b y  the~e  a u t h o r ~ .  T h e  v a r i o u g  o t h e r  
m e t h o d s  o f  e x t r a c t i o n  w h i c h  w e r e  t r i e d  in t h i s  l a b o r a t o r y ,  s u c h  a s  a c e t o n e  t r e a t m e n t ,  
f r e e z i n g  a n d  t h a w i n g ,  h y p o t o n i c  e x t r a c t i o n ,  a n d  t r e a t m e n t  w i t h  d e t e r g e n t s ,  g a v e  
e i t h e r  s i m i l a r l y  n o n - . ~ . l e c t i v e  e x t r a c t i o n  o f  bo*h  diaphora_~e-z o r  i n c o m p l e t e  e x t r a c -  
t i o n  o f  t h e  D T  d i a p h o r a s e * .  

• Af ter  p rec ip i t a t ion  of m i t o ~ h o n d m  with acetone,  and %tth.ql:qucIIt extrac.tion of  the p=e- 
c ip i t a te  with ~ t e r .  ~bout  50$h Of the  I )T diaphor~t.~c, but  no D P N H  t-Iiaphorase, came in to  solu- 
t ion.  Af ter  f r ~ z l n g  and tha~qng and s u b ~ q u e n t  *.xtraction. 7 ° -73°,~ of the DT diaphorase  [nut 
no D P N H  diaphora .~ ,  c~me into  solution. The  DT diaphora--u: th..~ ob ta ined ,  however,  wzxs not  
s t imulator[  to the  usual  ex ten t  upon add i t ion  of  Tween. Aft~'r t r ea tmen t  with water  for z h at  
3o °. a b o u t  5 o %  o f  t h e  D T  d iaphorase  w a s  e x t r a c t e d  from The nt i tocbondr ia  toge ther  w i t h  a b o u t  
4 0 %  of the D P N H  d':aphor-~n¢. 

Bi.ochim. n/ophy~..~c4~. 67 (Jq63) z.54-267 
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t'uriflcattm* a,ut properties of  mil~chondvial D T  diaphotas¢ 

D T  d i apho ra se  was  purif ied f rom the  final st tpert~atant frae:i~m o f  the  h o m o -  
gonized ra t - l iver  m i t o c h o n d r i a  b y  the  m e t h o d  descr ibed  for the  pur i f i ca t ion  o f  the  
e n z y m e  f rom the  soluble c y t o p l a s m  of  ra t  l iver  s. W h e n  the  m i t o c h o n d  iaI s u p e r n a t a n t  
f rac t ion was  sub j ec t ed  to  c h r o m a t o g x a p h y  on a D E A E - c e l l u l o s e  c , ' l umn ,  a single 
lx~ak of  . l iaphorase  ac t i v i t y  was  o b t a i n e d  which  c o n t a i n e d  b o t h  " I 'PNH a n d  D P N H  
d iaphorase  a c t i v i t y ,  as is shown  in Fig.  2. This  pur i f ied  e n z y m e  exh ib i t ed  the  same  
proper t i e s  as the so lub l e - cy top l a smic  e n z y m e ,  t h a t  is, i nh ib i t ion  by  d i coumaro l ,  
a c t i v a t i o n  by  a l b u m i n  and  Tween ,  and  the  - a m e  r e a c t i v i t y  w i th  va r ious  e lec t ron  

i 
2 

t 
X 
" o  

g 

E 

0 4 ~ 12 16 20 ~ ;~  32 36 t,O 

t u b e  n a  

Fig 2. Separation of the mitochondrial I)T diaphorasu on DEAE-ct~llult~s~, ¢t~lurnn. A~,~ay con- 
ditions were thv same as in Table t. Each fraction was tested with I~Jth DPNI-I and TI~N[I and 

the activities were equal within the range of 5 '"g 

acceptor5 .  V¢ith regard  to  all the  p r o p e r t k ~  tes ted  the  two  e n z y m e s  a p p e a r  to  be  
idemica l .  Howeve r ,  f rom a rex:ent r epo r t  o f  M/6I~Kt AND MARTIUS at it appea r s  t h a t  
t he  two e n z y m e s  m a y  differ in ce r t a in  p h y s i c o - c h e m i c a l  propert ie~.  

Reconstit~dtioJt of the vitamin K3-mediated pattrway of electron tra~sport in submito- 
chondrial particles 

tXrhen the  s u b m i t o c h o n d r i a l  par t ic les  (the l ight  pellet f rac t ion)  were i n c u b a t e d  
ae rob ica l ly  wi th  D I ' N I [  as s u b s t r a t e  a re~pi ra t i , , ,  wa.-, o b t a i n e d  which  was  sens i t ive  
to  a m y t a l  (and a!.~) to  , m t i m y c i n  A). A d d e d  v i t a m i n  K s. as shown  "n the o x y g e n  
e lec t rode  r eco rd  in Fig. 3, cou ld  no t  o v e r c o m e  the  a m y t a i  inh ib i t ion ,  in c o n t r a s t  to  
the  case p rev ious ly  desc r ibed  wi th  i so la ted  i n t a c t  mi tochondr ia* .  H o w e v e r ,  f u r t he r  
add2t ion o f  pur i f ied D T  d i apho ra se  ful ly  r e s to red  t h e  re_~pirati,.,n, a n d  the  o x y g e n  
u p t a k e  was  now c o m p l e t e l y  sens i t ive  to d i coumaro l .  

Bao~Aim. ~iophys. Acta, 67 |t965) z5,~-207 
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Fig.  3. l ( e s t o r a t i 0 n  o f  I ) P S H  t * x i d a t i o n  b y  s t t t~Tt t i tochondr la[  p a r t i c l e s  in  t h e  prc,:;uncu o f  ; t n tv l a l  
b~" v i t a m i n  K s a n d  iyl" d i ~ p h o r a ~ t r  T h r  m t , d i t l m  , ' o n t a i n - : d  I o m M  l , q ~ N | l .  0 .07"% s u t u r e  ~dbt|l~dl~. 
a n d  o o 5  M o r t h o p l a o s p % a t t r  ( p H  7 51 ~,~brnitcw. honc l r t a i  p a r t a c l c s  [ l igh t  pe l l e t !  f r o m  20o m g  
l i : ' c r  w e r e  u .~ t I .  " t h e  a m o u n t . - ,  o f  t h e  :tOtlitiott_~ w e r e  a~ f o l l o w s :  J.O/¢mole~- a m y t a l . . 5  " t o-~ l, r no l c s  
v i t a m i n  Ka, D r  dlapholX.L.-~t~ ~~tp~tl)l,- ,~f re¢luci t tg  ~ / t m ( , l e s  l r~_.I- ' l l ' /min,  a n G  t o - ~ t ,  m o l e  d t c o u t n a r o l .  
F i n a l  v o l u m e ,  ~+z till,÷ ( ) X . V g e l l  c o n s t . m p t i o n  w a s  [ o ] h , w u d  p o l a r o g r a p h t c a l i y .  T e f n l ~ : r a t u r t . .  2.5' 

Specific ~equirement for  vi tamin K~ i ,  the rea~tit~ns of D2" diaphorase z,,ith the res- 
piratory chai'~, of s ubmitochoudrial parli¢le~ 

T h e  s u b m i t o c h o n d r i a l  pa r t i c l e s  o f f r rvd  an  o p p o r t u n i t y  to  tes t  the  %l~wificitv 
for  t h e  q u i n o n e  r e q u i r e d  in c o u p l i n g  t he  D'I- d i a p b o r a s e  to  t h e  r e s p i r a t o r y  c h a i n  
free f r om the  c0nMderat ion.~ o f  m e n l b n t n e  T~*rmeabilitx-'~, ~ .  In "['able 11 is ~hown 
an  e x p e r i m e n t  u~in K T | J N H  a_,~ %ub~trato. z d d e d  IYI" diaphora.~e., a n d  var iou~  qt~inone~ 
to  m e d i a t e  e l e c t r o n  t r a n s p o r t  to  t h e  l ight pel le t  f r ac t i on  fl 'om l iver  m i t o c h o n d r i a .  
I t  m a y  be ~een t h a t  t h e  ~am,'. ~peci f ic i ty  t o w a r d s  v i t a m i n  I-~ is s h o w n  in th i s  s y s t e m  
as  was  ob~.~rved in t he  i n t a c t  m i t o c h o n d v i a  ~. 

Re.activity a~rd amytal sensitivity O/the re.sp:rat~.'r_v c;.ain d iaphor~e  t.,ilh vari,Jt:.s elsc~roJ~ 
acceptors 

N o w  t h a t  i t  ~ : e m e d  t o  be e s t a b l i s h e d  t h a t  r e d u c e d  ~ ' i tamin K ,  can  readfi~ 
r eac t  ~-ith t h e  s u b m i t 0 c h o n d r i a l  pa r t i c l e s  t h e  q u e s t i o n  an m e  w l w  v i t a m i n  K 3 a ione ,  
w i t h o u t  f u r t h e r  a d d i t i o n  o f  purifit<l I ) T  d i a p h o r a s e ,  d id  n o t  ove rc , Jme  t h e  am~etaq 
i n h i b i t i , m  in t h e  e x p e r i m e n t  .~hown in Fig.  3 l)oe~ no t  t h e  D P N  t l -sper i f ic  d i a p h o r a s e  
c o m p o n e n t  o f  t h e  p a r t i c l e s  r e ac t  w i t h  v i t a m i n  K a, or,  i f  it do~..~, is th is  r e a c t i o n  
s e n s i t i v e  to  a m y t a l ?  T h e  t w o  considerat i t ,n .~ are  rele"an-" in v i r w  of  r eceu t  r e p o r t s  
b y  RI~'~Lr:.R et al. 'm a b o u t  t h e  r e l a t i ve  ',:nab,qit;" o f  pufifi ' . ' ,  "¢. ! ) ! )X H d e l w d r o g e n a s e  
f r o m  b e e f - h e a r t  m i t o c h o n d r i a  t o  r eac t  w i t h  v i t a m i n  K~, a n d  b y  SI.A'I'F~;I~ et at. 2~ wlto 
h a v e  s h o w n  t h a t  t he  D P N H - v i t a m i n  I( 3 r ed u c t a~e  o f  KEILIN A N D  I'[AI(FREE h e a r t -  
txtu~:le p r e p a r a t i o n s  is p a r t i a l l y  a m y t a l  sens i t ive .  

In  T a b l e  I I I  is s h o w n  the  abi/ . : tv o f  a v a r i e t y  o f  q u i n o n e s  a n d  t ) ther  e l e c t r o n  
a c c e p t o r s  wh ic h  h a v e  been  used  itx the  s t u d y  o f  tne  IYF d i a p h o r a s e  a to  a c c e p t  elec-  
t n ) n s  f r o m  t h e  d i a p h o r a s e  o f  t he  r e s idua l  cespir~.t,'~ry_ chain .  As w as  seen p r e v i o u s l y  
( T a b l e  _t) ! -WDIP  r e a c t e d  well  w i th  b o t h  diaphora_ses s t u d i e d ;  h o w e v e r ,  f e r r i c y a n i d e ,  
w h i c h  r e a c t e d  o n l y  s lowly  wit  t, D T  d i a p h o r a s e ,  g a v e  v e u :  h igh  r e a c t i o n  r a t e s  w i t h  

t3~e>rkim. Bio~hvs..-~a. 8 7  { 1 9 6 3 l  ~ - 5 - 1 - 2 6 7  
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T A B L E  I1 

T H E  E F F E C T  O F  V A R I O I . ' S  ~L'I-~ION w-~ O.~," T I I Z  O X I D A T I O N  O F  T P N H  
B Y  S * O B M I T O C I * O N D R I A L  PARTICL. IES  IM " L n E  pRBSE~I~CE O F  D ' F  D I A P H O R A S E  

T h e  bas ic  s y s t e m  c o n t a i n e d  t5o  p m o l e s  o r t h o p h o s p h a t c  ( p H  7.5), 0-3 ~ m o l ~  T P N H .  2 m g  s e r u m  
; t l bumin ,  a n d  s u b m i t o c h o n d r i a l  pa r t i c l e~  f r o m  t o o  m g  r a t  l iver .  T h e  a m o u n t s  o f  t h e  a d d i t / , ) n s  
wert~ 0 .6  m 8 c y t o c h r o l n e  ¢, e x c t ~  pu r i f i ed  D T  d i a p h o r a * 8 ,  a n d  2. 5 - to  - t  p m o l e s  of  q u t n o n e  a d d e d  
in 25 t~1 e t h a n o l .  To t a l  v o l u m e  w a s  3.0 ml .  T e m p e r a t u r e ,  20 °. Reo, ct~oll fo l Iowed  a t  34 ° m~,, 

pw~tes TP.%'H 
A dd~tim~ t o • #lgtrdlml, 

× , t o  • 

N o n e  O 
C v t o e h r o m e  ~ 13 
I )T  <liaphora.se 6 

V i t a m i n  K~ I I 
D T  d i a p h o t ~ "  + v i t a m i n  K s ~78 
D T  d i t tphora~e  + t , z - n a p h t h o q u i n o n e  34 
I )T  d i aphora . s e  + ~ , 4 - n a p h t h o q u i n o n e  26 
D T  d i a p h o r a s e  + 2 - h y d r o x y - r , 4 - n ~ p h t h o q u i n o n e  8 
D T  diaphora-qe + 2 - m t : t h y l - 3 - h y d r o x y - t ; 4 o n a p h t h o q u i n o n e  3 
I3T d i~ .phora .~  + p - h e n z o q u i n o n e  5 
D T  d iaphora . sc  + 2 - m e t h y l b e n z o q u i n o n e  5 
D T  d i a p h o r a o e  + 2 , b - d i m e t h y l b e n z 0 q u i n o n e  3 
D T  d i a p h o r a s e  + c o e n z y m e  ~ .  
I-IT d i : tpho~ase  + v i t a m i n  K~ 3 
D T  d i a p h o r a s e  4 v i t a m i n  K t 3 
I )T  d i a p h o r a s c  - -  c o e n ~ y m e  Qto 3 

T A B I . E  ! I [  

¢ 'APACIT%" O F  V A R I O U S  g ~ l ~ O N . ~ . , S  A . ~ D  ~L~YM~R C O M I ~ O U N D S  T O  A C T  AS T~RMI.~4"AL I~LC'CTROI¢ A C C ~ P T O R S  

IN S U B M I T O C H O N D R I A L  D P N H  O X I D A S E ,  ^ N D  T H E  S' M Y T A J  S E U S I T I V I T Y  O F  TI[E-C.E R E A C I [ ' I O b ' S  

T h e  t e s t  s y s t e m  c o n t a i n e d  s u l ) m i t o c h o n d r i a i  p r e p a ~ a t i o n g  ( " l i g h t  p c l t e t " l  f r o m  z oo  m g  l iver ,  
o.x m M D P N H .  o.o2 M p h o s F h a t e  b u f f e r  (pH 7.51. T h e  a c c e p t o r s  were  a d d e d  in  f ina l  c o n c e n t r a -  
t iong  o f  o .04  raM, e x c e p t  f e r r i c y a n i d e  w h i c h  w a s  a d d e d  in  f ina l  c o n c e n t r a t i o n  o f  t raM.  O x y g e n  
u p t a k e  w t s  b l o c k e d  w i th  0. 3 m M  cyani, le~ F i n a l  v o l u m e  3 mt .  T h e  o x i d a t i n n  o f  r ) P b r H  wsm 

fol!owe~! a t  34o m v in ~ r e c o r d i n g  B e c k m a n  D K - 2  s l ~ e c t r o p h o t o m e t e r .  

;z.'*:.0¢¢* DP.N'H ot td~tcdlmmyf f  ltt, e¢ 

b leet¢on ar~eptor W~a a m M  Pc*" 
W gOto~ a.m3.~4g a m ~  m;*sb.~.*o,* 

O x y~c-,~ o. x3 o.o3 R I 

Vitamin K s o.tb o.o8 5z 
2 - Moth yl-b~ n Z<Kl m none 0.35 o. x 2 b 4 

C<~enzymu Q,  o.3b 0.22 40 
,4- N a p h t h o q u i n o n e  0.40 o.3C~ z 

~ -  B e o z o q u i n o n e  1,22 l .  t6  5 
t .  z - ' r ~ a p h t h o q u i n o n e  z. z8 1,06 18 
I > C P I P  0.45 0 .37  I8  
Fer r icyax t ide  z. xo o ,9o  x 8 

B ~ A i m .  B ~ p A ) , s .  A : ~ .  67 0 9 6 3 )  254---.67 



the  D P N H  diaphora~e  ~f the  r egp i ra to ry  t h a i , .  "l'h:q is in a g r e e m e n t  wi th  the obser .  
r a t i o n s  o f  Si.~(;r:l~ "d a! ~a,a~ on their  purifie,1 | ) P N  [f dehydtogena_se. 

The  reactix-i ty o f  the  va r ious  qu inones  wa~ ,4~'~te variable.  Vi tant in  Ka showed  
li t t le r e a c t i v i t y  w i t h  the  r e sp i r a to ry  chalet as ~:ornpared wi th  e i ther  D C P I P  or  z,4- 
n a p h t h o q u i n o n e .  I t  is o f  in te res t  to  observe ,  ;n fact .  t h a t  the  z -methyl -~tabs t i tu t rB 
q u i n o n e s  t e s t ed  had  m a r k e d l y  Iuwer  ra tes  of  reac t ion  than  the  analog~u~ ttn.~ub- 
s t i t u t e d  c o m p o u n d s .  A d i s t inc t ion  o f  tht~ z-mcth.vl-sub: t i t u t ed  quinone5  can sign 
bc seen f r o m  the  sens i t iv i ty  of  the  reac t ion  to amv ta l .  The reduc t ion  o f  z - m e t h y l -  
s u b s t i t u t e d  q u i n o n e s  a p p e a r s  to be mr)re seugit ive t,~ a m y t a l  in t e rms  o f  per  cen t  in- 
h ib i t ion  t h a n  tha t  o f  the  unsub~ t i t u t ed  qui~:~me~. Th i s  is rr,~re c lear ly  qhown ;n 
Fig. 4 wi th  v i t a m i n  I(a a n d  x .4-naphthot lu in~n~ where  the inhibitit~n n¢ ,.-itan~in l< a 

u 

t 

~"-~ . . . . . . .  .% 

. . . . . . . .  ~a 

1 2 

mM Amytal 

Fig .  4. C o m p a r i s o n  o f  t h e  amyta t l  r, e n s t t i v i t ) ,  of v i t a m i n  1~ a n d  ~ . 4 - n a p h t h o q u i n o n ~  ~-~ t t : r m i , a l  
, l e* : t ron  a c c e p t o r s  fo r  t h e  . ~ u b m i t o c h o n d n a l  D P N H  oxida-,~e. C r m d i t i o n s  -eeere *.he- sa in t ,  a s  in 
T a b t e  ! ! [ .  I n  t h e  r e a c t i o n  w i t h  t h e  q u t n o n e s  0.04 m M  v i t a m i n  K s o r  ] . 4 - n a p h t h c a j - i h , ~ n c  in t h e  

p r e ~ n c e  o f  o,33 m M  K C N  w a s  a d d e d .  

reducl.i,*n r eached  a level o f  - -  o- 3~ ..'o a~ c o m p a r e d  wi th  on ly  2o°z~ wi th  the  x ,4 -naph tho-  
q u i n o n e .  T h e  resp i ra to r  S" cha in  it.~e.lf was  inh ib i ted  9 o ~  as m e a s u r e d  wi th  o x y g e n  
u n d e r  these  cortdi t ions.  

I t  t h u s  appe~-rs t h a t  the  lack o f  effect o f  v i t a m i n  K n a lone  in over¢omha E tile 
a m y t a l  inh ib i t ion  o f  the  D P N H  *Jxida-~'- o f  the  subR~itochondrial  par t ic les  m a y  be 
the r e su l t an t  o f  a re la t ive ly  lX~,)r r e a c t i v i t y  o f  the  I ) P N H  specific d i aphorase  wi th  
v i t a m i n  K s a n d  a pa r t i a l  ~ensi t iv i ty  of  this  reac t ion  t o w a r d s  a m y t a l ,  h ,  add i t ion ,  
the  s t r u c t u r a l  s t a t e  of  the  p r e p a r a t i o n  p r o v e d  to be o f  i m p o r t a n c e  for Ix)th its ab i l i ty  
to reac t  w i t h  v i t a m i n  K z a~ t e rmina l  e l t~ t ron  a c c e p t o r  and. i ts sensit ivit t" to  amx-tal. 
In  the  e x o e r i m e n t  shown  in Tab le  IV, for example ,  the ox ida t ion  ra te  wi th  v i t amin  
K s was  o n l y  z53/o of  t h a t  w i t h  o x y g e n ;  however ,  the  f~rmer  could  be increased  
r o u g h l y  to  the  level o f  the  la t te r  b y  freezing mad thawing .  The  s a m e  t r e a t m e n t  al~o 
la rge ly  abo l i shed  the  .~ensitivity o f  the  D P .  ~" H oxida_~e to  a_mvtal. 

Sonw furtha" properties of the submitochondrial D P N H  oxida~se 

The  l ight pellet f rom the  m i t o c h o n d r i a l  f r ac t iona t ion  rest~spended in 0.003 )I  
p h o s p h a t e  buffer,  exhibi ts ,  as has  a l r e a d y  been men t ioned ,  a D P N H  oxidase  ac t iv i ty .  

13*och~m. Bitrphys..Jets, 67 ([c)O3) z 5 4 - Z 6 7  
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TABI.E i v  

I-:Ft:i-'(:T OF FREI~ZING Al~l) THAWING o~  THE. ACTIVITY 
OF THE SUiiM|TOCiIO."iDI~IIA[~ I)P-"~] ['t O X | D A S I ~  

C~nd t t Lons  wc, 'e tht:  s ~ m e  &s i n  T a b l e  l I | ~  T h e  an~(~urlts o f  t h e  a d < l i t i o n ~  w e r e  a.~ f o l | o w s :  1.o m M  
a m y t a ] .  0.33 m M  K C N  a n d  0 . 0 4 r a m  v i t a m i n  I<,. 

i*mol¢~ I )PPI l f  ¢t~ddiudl*;ttn#~ #i:'.,#, 
,~ ( i ~ l ' l  t l<l) l  "i 

l~,,/o,e Air,,," 
#'e~.~¢ f e e : ,  n,e 

Nor~e o . I 4 3  o . i  i~ 
A m v i a [  o o 33 t)rOgt) 
|~C.~ 0 .033 O.O4 o 
ViSa.rain [~'z ~ I~("N" O.O47 o~<:~l.'~ 

T a b l e  V .~hnw~ t h e  I ) P N H  ox idase  a n d  succinic  ox idase  ac t iv i t i e s  ~lf th i s  f rac t ion ,  
and ,  in a dd i t i on ,  the  l ) P N H - c y t o c h r o m e  c redtu:ta.~e and  s u c c i n i c - c y t n c h r n m e  c 
r educ t a . ~  ac t iv i t ies .  T h e  succinic  ox ida se  a c t i v i t y  wa_~ low. 0n ly  a b o u t  30o./o o f  the  
1 ) P N H  oxida~,e ac t i v i t y .  T h e  .~uccinic-c_ytochr~me c r e d u c t a s e  a c t i v i t y  was  even  
w e a k e r  whe n  CrOtnlmL'ed LO the  v e r y  high D P N H - c y t o c l u - o m e  c r e d u c t a . ~  a c t i v i t y .  

T h e  D P N H  ox idase  a c t i v i t y  was sens i t ive ,  bes ides  a m y t a ] ,  also to  a n t i m y c i n  A 

TAt31 .E V 

C O M P A K I S t ) N  ( , r  r ) P . ~ H  A N D  5 1 ; C C I S A T E  AS S U B S T R A T I L %  F O R  "THE L I ~ E ~  S U B I R I T O C H O . ' ~ I ) I ( I A L  
F R A G M E . ~ T [  r ~ i ~ P A R b ,  t l  . i*CCORDINC, T O  K I E L L £ Y  A S D  I~[I~=I.LEY W I T H  OXYG1LN A N D  

%%'1T1[ CYTOCHI<OM~ C AS ELECTRON ACCEPTOP,~ 

"l.he m e d i u m  for  <)xyg<m mv&~lremtvnL c o n t a i n e d  i . 0  m M  [ '}PNiJ  o r  t o .o  m M  s u c c i n a t e ,  o .o  3 M 
o r t h o p h o s p h a t e  ( p l l  7.5). ar id  sn tmdt~JL:hnndr ia l  p r e p a r a t i o n  ( l i gh t  pe l le t )  f t o m  zoo  m g  l iver ,  
l:itxat v o l . ' m e ,  z.o ml .  O x y g e n  cc,nSui~q~tion wa~ f o l l o w e d  p o l a r o g r ~ p h i t m l | y .  T h e  m e d i u m  f o r  
t :vtc]uhronac 6 r e d a c t a s e  m e a s u r e m e n t  ( : ( m t a h i e d  o . t  m M  D P N H  o r  IO.O m M  s t t c c i n a t e ,  o '~5 m M  
c~'ttmltr~,lmx~. (, 0 .05 NI o r t h o p h o s p h a t e  ( p [ l  7~5). an t ]  . u b m i t o c h o n d r i a l  p r e p a r a t i o n  ( l i gh t  pe l le t )  
# r e i n  2o0  lllg t l v l , r  F i n a l  v o l u m e .  3.0 ml .  C y t o c h r o m e  c rt:t}llctinn w a s  f o l l o w e d  s p e c t r o p h < , t o -  

metrically at 550 mtt in the presence of cyanide. Temperature. 25 ~. 

. 4d lC t t y ,  .¢ l"",#~lllrlll f i ' l a  

l ) I " N  l L o i f~ t 0.300  
~ucc~nat~Y O.{~54 0 .0  t () 

(Tab le  VI). The  a<ldilio,: o f  c y t o c h r o m e  c to  th i s  s y s t e m  s t i m u l a t e d  the  resp i ra t inn  
t h r ee  ~)r t - u r  f(dd, and  the  s t imu la t i on  o f  the  re:~pirati,m was l a rge |y  u n a f f ec t ed  b y  
a m y t a l  and  ~. ~t imycin A. Th i s  sugges ts  t he  p r j s e n c e  o f  an " ' e× te rna i "  t y p e  o f  D P N  H -  
r v t 0 c h r o m e  c r educ t a se ,  ear l ier  desc r ibed  in m i t o c h o n d r i a  ie-~'. 

The  p r e p a r a t k m  e x h i b i t e d  no p h o s p h o r y i a t i o n  u n d e r  ~,ny (~f *he a b o v e  condi -  
r t o n ~  add i t i on  o f  I )T  diaphora.~e, w i th  or  withot.~t v. l tamin Ks,  d id  n o t  a l t e r  this  
~t a te  o f  a flairs. I t did  exh ib i t  a h igh adenos ine  t r i p h o s p h a t a s e  a c t i v i t y  tu ( s ceTab l e  VI I ) .  

J~iOCk~lli. # i l o p J t y s . . . i L i a ,  fJ7 ( l~1~3)  2 5 4 - 2 6 7  
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PRI2.PARE[) ACCORDING TO [ ( IE I . I . ~Y  %Nt) K I E L L E Y  119531 

C o n d i t i o n s  we,ft-, th t ,  ~ a m e  a s  in  T a b l e  I t  I The ,  a m o u n t s  o f  t h e  atht i t io~].~ wt-rt-  a.,~ t'~>lh~w,~: t m.Xi 
a m y l a l ,  o 8  / t g / m l  a n t i m y t ' i n ,  A.  <~33 m_M K c N .  c . o t  m? , l  <'.~'tc~chrorttt, ~: 

ltm,2t< ?PP.Vtt ,.v,d~ ¢'d,'m:nag t,t'ev 

. 4d~ t : tO*n  - - I 1  ; ; h~ : , t  II'r:h 
." .?,~rltP.~:~:t ~ :~'°cche0'ttt C 

.N olrlt, o. I ,~ ,  O. 4C~O 

.%~rtVtnl ~ o3A ~> z 3 3  
A n t i m y t ' i n  ..X o 0 3 3  o 2z 3 
I < C N  o .o  t,~ ~ o_,o 

Effect of dcsaminotlL~'oxine 
I ) e .~amino thy rox ine .  wh ich  is an  intnihitor ~f t he  I'>T diaphora_~e ~. was  a l ~  f imnd 

to  .~trongly inh ib i t  t h e  subna i tochondr i a l  I . )PNH oxidasu.  A~ ib .M~own in Fig. 5, +big 
inh ib i tor ,  in c o n t r a s t  to  a m y t a l ,  i n h i b i t e d  the  diaphora.~ ,  a c t i v i t y  ~ f  the  parti~-Ie.~ aq 
m e a s u r e d  w i t h  D C P I P  iLg a c c e p t e r  to  the  ~amv. e x t e n t  as  the  oxi<lago ~ c t i v i t y .  
I n t e r e s t i n g l y ,  h o w e v e r ,  the  D P N  II ~ y t o e h r o m e  c reduc tase  a c t i v i t y  w a s  <rely s l i gh t ly  
i n h i b i t e d  by  desamin<>tlnvr~xine in these  c o n c e n t r a t i o n s .  F u r t h e r m o r e .  when  m e a s u r e d  

loo 

>, 
"~L ~ 

d ~ [ i  ~'lBil~ O | h~CfO't i/B O'* [tIM 

l."ig. 3- IZ:~e~r. c,f , | c ._~at id , t~ ,khytoxia t , :  e l i  t h e  o x i t ] a t i o n  o f  i ) i ~ N  H |Ix' . ~ u t m l i t ~ ) c i H m d t ' i a i  t r a g t n e l a t . ~  
w i ~ h  o x y g e n ,  c . v t . o c h r ~ m x c  ¢. a n d  I K ' E ' I P  a s  e l e c t r ~ . n  a c c e p t e r s .  C o n d i t i o n s  wt : r¢  th t -  s a m e  a s  , n  
T a b l e  I L l .  I n  t l , c  t:a.~,: , f f  ¢~xyg~,~ a s  e l e c t r o n  - a c c e p t e r .  ~ - i thc f  n o  f u r t l n e r  a < h i i t i o n ,  w c r c  m i ~ d e  

( l i n e  t ~ t r k t : t l  t ) : l  i)a o . (x l  5 m,%t c v t o c h r o m c  c ,~a_~ a , , I d ~ l  { l ine  Irla-tkt:¢l ( ) ,  f * ~ v t  c ! !  

in t h e  p r e s e n c e  o f  c a t a l y t i c  amount .~  o f  pumfied c v t o c h r o m e  c, t h e  D P N H  oxicla-~e 
a c t i v i t y  o f  t h e  par t i c l e s  w a s  l i k e w i s e  o n l y  s l i g h t l y  inh ib i ted .  T h a t  th i s  ef fect  o f  cy tu-  
c h r o m e  ¢ w a s  n o t  d u e  to a biJading or inact  iva t i tm cff tire i n h i b i t o r  is s h o w n  in T a b l e  VII  
w h e r e  the  e f fec t  o f  d e s a m i n o t h y r ~ x i n e  on the  a : tenos ine  tr iphosphata .~e  a c t i v i t y  o f  
t h e  par t i c l e s  ( w h i c h  has  been  S h o w n  to  be s e n s i t i v e  t o  d e ~ a . ~ i n o t h y r o - x i n e  az) w a s  
m e a s u r e d  in b o t h  the  presence  and  a b s e n c e  o f  D P N H  anti  c y t o c h r o m e  c. It  m a y  be  
scx:n t i lat  the  p r e s e n c e  o f  D P N H  anti cvtc~chrome c in the  m e d i u m  did not  a l t er  t h e  
s e n s i t i v i t y  o f  the  a d e n o s i n e  t r i p h o . ~ p h a t a ~  a c t i v i t y  to  d e s a m i n o t h y r o x i n e  (nor  d id  

Bsoct~im Bi~phys ..Iota, 07 { tgb3)  z 5 4 - z 6 7  
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T A B L E  VII  

(~:,il" ~.~ i~ON 4)F Ir .FFI~CT$ O F  IJ l - ;~%ANI1NOIIIYROXINI~ Olq DP.'qP! D I a P H O R A S Z ,  D P N ¥ [ - C V T O C I 4 R O M K  c 

~"~rFJt|I["TASE A N D  .~TIIA~E A C T I V I T I E S  O F  M I T O C H O N D R | ~ ] -  F I q A O . ~ I E H T ~  P N E P A R l g D  

A C C O R D I N G  T O  K | F . L L E Y  A N D  I ~ I R L L E ' Y  |~  

.',TI'.:.,: acC'.'~.ty x,'a~ d e t e r m i n e d  ~s describax|  in r r f .  3~÷ O t h e r  e x p e r i m e n t ~ t  c o n d i t i o n s  as  in 
Fig. 5 

i l~  II II~I I | I G~I 

I ) I 'N I-1 dt~tl)i~c,rase (in p re sence  o f  A T P  x n d  Mg =÷) 8t  
I ) [ 'NI  t - c y t o c h r o m e  c rtv3ucta~e (in al~sence o f  A T P  and  Mg ~-) t8  
l )VNl ' l - - cy t~ch ro rae  c r eOuc tase  (in p r e s e n c e  o f  A ' I I '  anti  big ~') -'4 
A'l ' I 'a~e (in altar:nee of  I ) I ' N t l  a n d  t - y t ~ r h r o m e  ¢) 84 
.Vl'l~ase (in prcst~nt:c of  DI~N l I a n d  c}-tochr¢,me c) 76 

the pre.~ence of ATP and ;~Ig a- 0)ter the in.~ensitivity of the D P N H - c y t o c h r o m e  c 
redu~:ta~ act ivi ty) ,  tt  m a y  be added  tha t  all the  quinones ment ioned  in Table I I I ,  
and ai.';:~ ferricyaJfidc, oxidized D P N H  with this preparat ion in desaminothyroxine-  
sensitive way, similar to DCPIP.  These findings indicate  t ha t  cy tochrome c on one 
hand.  and the quinones, ferricyanide arm DCPIP  on the  other, react with two 
separate enzymes in the preparation.  

DISCUSSION 

In the c . u r ~  of invest igat ing the properties and function of  DT diaphora.~e, or 
xfitamin K redm:tase with which it appears  to be ideut icaP ,a, the possibility suggested 
by M.~gT~t's e t a / .  b-~ of a function for this  enzyme, in the normal phosphoryla t ing  
re~pir:dory chain of mitochond.,-ia was considered. Expetiment.~ reported in the 
preceding l)a;w.r ~ on the sensi t ivi ty  tff DPN-l inked mitochondrial  respiration to 
dicoumarnl in the presence and absence of v i tamin  K s offered strong evidence 
against the possibility of such a funct ion of this enzyme.  As ~ s  reported in the pre- 
~ n t  paper, it has now been possible to separate the  r ~ p i r a t o r y  chain as a D P N H  
oxida~e from the soluble DT diaphora~+ The properties of  amyta l  and an t imye in  A 
sensitivity,  n~ually a.~.~ciated with  the main p h ~ p l m r y l a t l n g  chain of mitochon- 
driaZ~.~r,~.:;. ;~, remained with the D P N H  exidlt.~e. Fur thermore ,  wi th  the D P N H  
o x i d a ~  in the absence of soluble DT diaphora.-~ it was no longer pos~ibl~ to overcome 
the amyta i  inhibitim~ of D P N H  oxidat icn  by  the  addit ion of v i tamin Ks. 

S tudy  of the two diaphora-~es involved in these pa thways  suggested tha t  while 
tl~e mitochondrial  DT diaphnrase had properties which were identical  with the 
cytoplasmic enzyme2. ~. tha t  is, no specificity towards pyridine nucleotides, h igh 
ser~silivitv to dicoumarol,  etc., the diaphora~e of the r ~ p i r a t o r y  chain showed 
prol~ertie-3 which were in agreement  wi th  those observed by  SIxc.Eu ~ a l . ~ ,  as for the 
purified D P N H  dehydrogenase,  namely,  specificity for D P N H ,  insensi t ivi ty towards 
dicoumarol,  high reacti_vity with ferrieyanide, and low react iv i ty  with v i tamin  K s. 
This is completely consistent with the funct ion of the D P N H  dehydrogenase,  ra ther  
than  the  DT diaphora_~e, as the dJaphorase of the  p r imary  respiratory chain of mito- 
chondria.  

Broch~ ,  ni~phys. Acta. 67 ( ~ 3 )  2~4-a67  
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T h e  p re sence  o f  a t h i rd  p a t h w a y  o f  e l ec t ron  t r a n s p o r t  f r o m  D P N H  w a s  al.-~o 
o b s e r v e d ,  t h a t  o f  the  D P N H - - , z y t o c h r o m e  c r e d u c i b l e  first o b g e r v e d  b y  L,EaNI.XGE:: z6. 
T h i s  p a t h w a y  wa.~ c h a r g c t e r i z e d  b y  i n s e n s i t i v i t y  to  the  r e s p i r a t o r y  inh ib i to r s ,  a m y t a l  
a n d  a n t i m y c i n  A 2n-a°. T h e  enzyme.~ i n v o l v e d  in th is  p a t h w a y  cou ld  n o w  be f u r t h e r  
d i f f e r e n t i a t e d  b y  u n r e : t c t i v i t y  wi th  ciuinones a n d  by  r e l a t i , ~  i n s e n s i t i v i t y  t o w a r d s  
d i c o t t m a r o l  a n d  d e s a m i n o t h y r o x i n e .  A l t h o u g h  th,_- [ ) P N H - - c y t c x . h r o m e  c r e d u c t a s e  
a c t i v i t y  w a s  fouxtd in t he  p~llet  c .~ntaining the  a, :~vtal  a n d  a n t i m y c i n  A-sens i t ive  
D P N H  oxida~e  a c t i v i t y ,  th i s  does  no t  tntle ou t  the  p o , s i b i l i t y  of  c o n t a m i n a r i n n  wi~i~ 
t h e  m i c r o s o m a !  e n z y m e  z6 w h i c h  m i g h t  fol low the  fract ionat io~t  ~)f tb~" l ~ ' l ! e t . . k t t e m p t s  
to  r e m o v e  a n d  r e c o v e r  the  D P N H - . c y t o c h r o m e  c rectucta.¢~c- a c t i v i t y  f r o m  b o t h  mi to -  
c h o n d r i a  a n d  the  D P N H  oxida_se part i t : le  by  the  m e t h o d  o f  JAcoBs  AND %ANAI)I al 
we re  unsucces.~ful.  

I t  m a y  also  be  w o r t h w h i l e  to  no t e  t h a t  the  en t i r e  T P N H  d i a p h o r a s e  a c t i v i t y  of  
the  m i t o c h o n d r i a  can  be a t t r i b u t e d  to  the  ~ l u b l e  D T  diaphora~ne. In  the  re.~idu~tl 
l igh t  pe l le t  f r a c t i on  v e r y  l i t t le  a c t i v i t y  wi th  T P N H  cou ld  be  d e t e r m i n e d  us ing  
D C P I P ,  c y t o c h r o m e  c, or  o x y g e n  as  thv  final eh ,c t ron  a c c e p t e r .  "Ibis  sug~¢e~t~ tlJ,,~ 
t h e  p r e v i o u s l y  r e p o r t e d  m i t o c h o n d r i a l  T I 'N  H oxida~;e 37-It a n d  T P N  H ~ - y t o c h r o m . ~  c 
r e d u c t a ~ e  4~-44 a c t i v i t i e s  mi ty  r e su l t  f r o m  the  c o m b i n e d  i n t e r a c t i o n  o f  t r a n s h y d r o -  
genmse a n d  the  I ) P N  H d i a p h o r a ~  o f  the  re .~piratory chaJn~ ,  *r'. or  f r o m  fiwtuitou.~ 
r e a c t i o n  uf  the  D T  ~.liaphorase w i t h  the  r e s p i r a t o r y  cha in  4~, tx~s.~ibly t h r o u g h  the  
m e a n s  o f  a n a t u t  a l ly  o c c u r r i n g  qu inone .  

A n o t h e r  a s p e c t  o f  t h e  w o r k  r e p o r t e d  he re  ra ises  s o m e  ques t i on  as to  the  n a t u r e  
o f  t h e  i n h i b i t i o n  o f  t h e  respira tory"  cha in  I)v am.vial .  S p e c t r o p h o t o m e t r i c  s tud ies  on  
i n t a c t  m i t o c h o n d r i a  h a v e  .~uggested t h a t  a m y t a l  ac t s  u p o n  t h e  r e s p i r a t o r y  cha in  
b e t w e e n  D P N H  ant i  f law)l,  ro te in  *:.an. On the  o t h e r  hand ,  h o w e v e r ,  s tud ies  on sub-  
mi tochond t - i a l  s v s t e m ~  *~ h a v e  i n d i c a t e d  t h a t ,  in th is  case  a t  least ,  a m y t a l  d id  no t  
b lock  t h e  r e d u c t i o n  o f  f lavin .  F u r t h e r m o r e ,  a m y t a l  inh ib i t s  t he  m i t o c h o n d r i a l  ox ida -  
t i o n  o f  cho l ine  ~ .  a s y s t e m  which  does  not  i n vo lve  I ) I ' N  s°. R e c e n t I y  SINGER a al.. 2a'-'~ 
h a v e  re lx ) r t ed  t h a t  t he  pur i f ied  I ) F N H  d e h y d r o g e n a s e  was  c o m p l e t e l y  in sens i t i ve  to 
a m y t a l .  

T h e  w o r k  r e p o r t e d  he re  c o n f i r m s  this  l a t t e r  o b ~ r v a t i o n  on the  D P . N H  dia-  
p h o r a s e  o f  a n  i n t a c t  a m y t a l - s e n s i t i v e  D P N H  o x i d a ~  u_sing D C P I P .  ferr icyanicie,  
a n d  v a r i o u s  quinone.~ as  e lectror ,  a c c e p t e r s .  Vehen, h o w e v e r ,  q v i n o n e s  s u b s t i t u t e d  
w i th  a m e t h y l  g r o u p  in t h e  a -pos i t ion  of  the  r ing were  used  as  e l ec t ion  a c c e p t e r ,  in- 
h i b i t i o n  b y  a m y t a l  w a s  o b s e r v e d ,  re  the  e x t e n t ,  a t  least ,  .ff 4 ° 6o°~,  bu t  in a d d i t i o n  
t h e  m a x i m a l  r a t e  o f  o x i d a t i o n  was  low wit i t  these  qt l inones.  T h e s e  d a t a ,  there fore ,  
b e c o m e  o p e n  to  ~wo i n t e r p r e t a t i o n s .  T h e  a - m e t h y l - ~ u b ~ t i t u t e d  q u i n o n e s  m a y  share  
t h e  p r o p e r t y  o f  r e a c t i n g  w i t h  t h e  fin-, vprotc3~i i,, a m a n n e r  wh ich  is s ens i t i ve  to  in- 
h i b i t i o n  b y  a m y t a l .  A l t e r n a t i v e l y ,  it is lX)ssible t h a t  the  a - m e t h y l - s u b s t i t u t e d  qui- 
n o n e s  l ack  t h e  a b i l i t y  to  r e a c t  w i t h  t h e  f l a v o p r o t e i n  in a n  a m y t a l - i n s e n s i t i v e  m a n n e r ;  
t h a t  is to  .say, t h e e  quino:~c~, in c o n t r a s t  to  the  u n s u b s t i t u t e d  q u i n o n ~ ,  can  reac t  
o n l y  v i a  an  amyta l - .~ens i t ive  p a t h w a y  r a t h e r  th , ,n  d i r ec t l y  w i t h  the  f lavin.  T h e  l a t t e r  
pos s ib i l i t y  L~ s u p p o r t e d  b y  t h e  v e  D, low r eac t i on  r a t e s  of  v i t a m i n  K~ ob~e rved  w i t h  
t h e  pur i f ied  DP,N H d e h y d r o g e n a . s e ~ ,  m. I t is imtx~ssible, h o w e v e r ,  to  c l ea r ly  d i s t ingu i sh  
b e t w e e n  t h e  t w o  a l t e r n a t i v e s  a t  th i s  t ime .  N e v e r t h e l e s s ,  in e i t h e r  case  t h e r e  m a y  be  
i n f e r r e d  a poss ib l e  s ign i f icance  to  t h e  2 - m e t h y l - s u b s t i t u t e d  q u i n o n ~  in t h e  n o r m a l  
f unc t i on  o f  t h e  D P N H  d i a p h o r a s e .  

Bioddm Biophy~. Act~. 6 7 {I~3 ) z5~-~6 7 
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I t  m u s t  be c o n c l u d e d  t h a t  w h i l e  no e v i d e n c e  h a s  bee t ,  o b s e r v e d  for  t h e  t i m e , i o n  
of  t h e  v i t a m i n  K r e d u c t a ~ ' ,  o f  MAR'nUS e t a / .  ~-s i n  t h e  p h o s p h o r y l a t i n g  e l e c t r o n  
t r a n s p o r t  c h a i n ,  t h e  pos s ib l e  f u n c t i o n  o f  v i t a m i n  K i t s e l f  h a s  n o t  b e e n  e l i m i n a t e d .  
A ro le  of  v i t a m i n  K in  e l e c t r o n  t r a n s p o r t - c o u p l e d  p h o s p h o r y l a t i o n  h a s  b e e n  .~ug- 
gea red  n o t  o n l y  b y  MARIIUS a al.  ~,a,si, b u t  a l so  b y  w o r k  w i t h  i r r ad ia r i t>n  o f  b o t h  
b a c t e r i a l  sx ' s t ems  ta.ns a n d  l i v e r  m i t o c h o n d r i a m ,  ~s. T h i s  w o r k  s u g g e s t s  a po...~ible s i t e  
of  v i t a n , i n  K f u n c t i o n  b e t w e e n  t h e  r e s p i r a t o ~ . - c h a i n  d i a p h o r a s e  a i t d  c y t o c h r o m e  b. 
A l t h o u g h  v i t a m i n  K h a s  b e e n  r e i n ) r t e d  a b s e n t  f r o m  h e a r t  s a r c o s o m e s  ss, i t  h a s  b e e n  
r e p o r t e d  p r e ~ ' n t  i n  v a r i o u s  m i t n c h o n d r i a l  p r e p a r a t i o n s s T ,  ~s. T h e  w o r k  r e l x ) r t e d  he re ,  
whi le  o p e n  lx)ss: .bly t o  6 t h e r  i n t e r p r t - t a t i o n s  as  wel l ,  i~ n o t  i n  d i m l g r e e m e n t  w i t h  
thc~e c o n c e p t s .  B o t h  the  s p e c i f i c i t y  i n  t h e  o x i d a t i o n  of  t h e  r e d v c e d  q u i n o n e  a n d  
t h e  a p p a r e n t  r e q u i r e m e n t  o f  2 - m c t h : ' l - s u b s t i t u t i o n  in  t h e  q u i n o n o i d  r i n g  for  a m y t a l  
.~e.nsitivity i n  t h e  r e d u c t i o n  o f  t h e  q u i n o n e  b y  t h e  d i a p h o r a s e  o f  t h e  r e s p i r a t o r y  

c h a i n  w o u h l  t ~  in  a g r e e m e n t  w i t h  t h e  l o c a t i o n  o f  s u c h  a q u i n o n e  a t  t h i s  s i te .  T h e  
q u e s t i o n ,  h o w e v e r ,  m u s t  o b v i o u s l y  r e m a i n  o p e n  t o  f u r t h e r  c o n s i d c c a t i o n .  

AC K.~O%VL]i I.)C,E M ENTS 

T h i s  x~'ork ha~ b e e n  s u p p o r t e d  b y  a g r a n t  f r o m  t h e  S w e d i s h  C a n c e r  S o c i e t y .  O n e  o f  

u.~ [ l ' .  E.  CA is a F e l l o w  of  t h r  N a t i o n a l  S c i e n c e  f o u n d a t i o n .  
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