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a n  effect c o m p a r a b l e  to  t h a t  w i t h  succ ina te  as subs t r a t e .  The  r a t e  of  ox ida t ion  of ~ - h y d r o x y -  
b u t y r a t e  was  una f f ec t ed  or  s l igh t ly  increased  b y  t he se  levels  of  t h e  ho rmone .  

I t  is a p p a r e n t  t h a t  t h e  effects of t he se  u n c o u p l i n g  r e a g e n t s  on ox ida t ive  p h o s p h o r y l a t i o n  in 
t h e  f r a g m e n t s  are  v e r y  s imi la r  to  the i r  ac t ions  in  i n t ac t  mi tochondr i a .  The  effective concen t r a t ions  
a n d  t h e  order  of  a c t i v i t y  a m o n g  t h e  c o m p o u n d s  is a b o u t  t h e  same ,  w i t h  d in i t ropheno l  be ing  t h e  
m o s t  ac t ive  agent .  T he  decrease  in t h e  r a t e  of  succ ina t e  o x i d a t i o n  in t h e  presence  of t h y r o x i n e  
a n d  an  accep to r  s y s t e m  h a s  been  obse rved  in i n t ac t  m i t o c h o n d r i a l  p r epa ra t i ons  5 as  well as  t h e  
f r a g m e n t s .  The  ra te  of ~ - h y d r o x y b u t y r a t e  ox ida t ion  was  n o t  d imin i shed  in e i t he r  s y s t e m .  
P r e l i m i n a r y  e x p e r i m e n t s ,  u s i ng  t h e  f lee radical  t e t r a m e t h y l - p - p h e n y l e n e d i a m i n e ,  h a v e  s h o w n  t h a t  
th i s  r e agen t  uncoup le s  ox ida t ive  p h o s p h o r y l a t i o n  in t he  sonic  e x t r a c t s  as  h a d  been  no t ed  p r ev ious ly  
w i th  i n t a c t  m i t o c h o n d r i a  ~. A poss ible  difference in t h e  s y s t e m s  is t h e  g rea te r  inh ib i t ion  of O 3 
c o n s u m p t i o n  in  t h e  par t ic les  by  t r i i odo thy roace t i c  acid.  

Since TAPLEY, COOPER, AND LEHNINGER 8 could  n o t  find a n y  effect of t h y r o x i n e  on t h e  e n z y m e  
complex  p r epa red  w i t h  d ig i tonin ,  b u t  did  obse rve  effects of t h e  h o r m o n e  a t  v e r y  low concen t r a t i ons  
on t h e  osmot ic  swel l ing  of whole  mi t ochond r i a ,  t h e y  h a v e  sugges t ed  t h a t  u n c o u p l i n g  m a y  be 
s e c o n d a r y  to  s t r u c t u r a l  c h a n g e s  in t h e  m i t o c h o n d r i a  a n d  no t  due  to  a di rect  ac t ion  on  t h e  e n z y m e  
s y s t e m  respons ib le  for p h o s p h o r y l a t i o n .  I n  v iew of t h e  p r e s e n t  resu l t s  a n d  t h e  poss ib i l i ty  t h a t  
d ig i ton in  i tself  m a y  in te r fere  w i t h  t h e  t h y r o x i n e  effect, a d i rect  ac t ion  of t h e  h o r m o n e  m u s t  still 
be  cons idered  as  a defini te  poss ib i l i ty .  
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Vitamin K1, a component of the mitochondrial oxidative 
phosphorylation system ** 

Since t he  or iginal  imp l i ca t ion  of a role for v i t a m i n  K 1 in t h e  m i t o c h o n d r i a l  ox ida t ive  p h o s p h o r y l a -  
t i on  s y s t e m  b y  MAETIUS AND NZTz-LITZOW 2 a n d  MARTIUS 2, severa l  s tud ies  h a v e  appea red  wh ich  
h a v e  a t t e m p t e d ,  b y  di rect  and  i n d i r e c t  m e a n s ,  to  e x t e n d  t h e  p r i m a r y  obse rva t ions .  MARTXUS 2 
p roposed  a s i te  for v i t a m i n  K 1 a c t i v i t y  b e t w e e n  D P N  a n d  c y t o c h r o m e  b a n d  hypo the s i zed  t h a t  
d i c o u m a r o l  unc oup l e s  ox ida t ive  p h o s p h o r y l a t i o n  in t h e  e l ec t ron - t r anspor t  cha in  b y  compe t i t i ve  
inh ib i t ion  of v i t a m i n  K 1. CHANCE AND WILLIAMS 8 h a v e  cri t icised th i s  i n t e rp re t a t i on  on t h e  g rounds  
t h a t  a v i t a m i n  K 1 effect on  p h o s p h o r y l a t i v e  efficiency does n o t  necess i t a te  an  e l ec t ron - t r anspor t  
func t ion .  COOPER AND LEH~INGER 4 h a v e  p roposed  t h a t  d i coumaro l  ac t s  a t  t he  p h o s p h o r y l a t i o n  
level  a n d  n o t  d i rec t ly  on  a n  e l e c t r o n - t r a n s p o r t  c o m p o n e n t  be tween  D P N  a n d  c y t o c h r o m e  c. 
BRODIE et al. 5 h a v e  r ecen t ly  p r e s e n t e d  ev idence  for func t iona l  roles of  v i t a m i n  K 1 in b o t h  e lect ron 
t r a n s p o r t  a n d  coupled  ox ida t ive  p h o s p h o r y l a t i o n  in bac ter ia l  s y s t e m s .  DALLAM AND ANDERSON e 
h a v e  also r ecen t ly  r epo r t ed  r e s to ra t i on  of u n c o u p l e d  ox ida t ive  p h o s p h o r y l a t i o n  b y  v i t a m i n  K 1 
a f t e r  u l t r av io l e t  (2537 /~) t r e a t m e n t  of  m i t o c h o n d r i a  a n d  t h u s  s u p p o r t  t h e  original  f inding of 
MARTIUS AND I~ITZ-LITZOW 1. COLPA-BooNSTRA AND SLATER 7,8 h a v e  r epor t ed  p h o s p h o r y l a t i o n  of 
A D P  a c c o m p a n y i n g  t h e  o x i d a t i o n  of r educed  v i t a m i n  K s (menadione)  b y  h e a r t - m u s c l e  m i t o c h o n -  
dr ia  a n d  p r e s e n t  ev idence  t h a t  e lec t rons  f rom reduced  m e n a d i o n e  en te r  t he  e l ec t ron - t r anspor t  
cha in  in t h e  region of f l avopro te in .  These  a u t h o r s  do no t  exc lude  t h e  poss ib i l i ty  t h a t  t h e  reac t ions  
s t u d i e d  m a y  be  art if icial  due  to  non-specif ic i ty .  A t  p resen t ,  b o t h  t h e  role a n d  t he  locat ion of 
v i t a m i n  K 1 in ox ida t ive  p h o s p h o r y l a t i o n  are  open  ques t ions .  

Twice -washed  ra t - l ive r  m i t o c h o n d r i a  were  p r epa red  b y  different ial  cen t r i fuga t ion  in o.25 M 
sucrose  a n d  i r r ad ia t ed  w i t h  u l t r av io le t  l igh t  (260o A or 36oo /~) in a r o t a r y  i r rad ia to r  ~. Qua r t z  
t u b e s  were emp l oyed  for e x p e r i m e n t a l  s amp l e s  and  cont ro l  m i t o c h o n d r i a  were i r rad ia ted  in e i ther  
p y r e x  t u b e s  (26oo A) or in p y r e x  t u b e s  covered wi th  a l u m i n u m  foil. O x y g e n  c o n s u m p t i o n  was 
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measured  by  the  convent ional  Warbu rg  technique and phosphory la t ion  according to MARTIN AND 
DOTY 10 aS modified for t racer  de te rmina t ion  by  LINDBERG AND ERNSTER 11. Vi tamin  K 1 was  
emulsified in 0.25 M sucrose in the presence of crystall ine se rum a lbumin  (ultraviolet irradiated).  
Following irradiat ion the  mi tochondr ia  were reisolated and half  of each group  incubated with the 
vi tamin Kl -a lbumin  emulsion for 5 min. All operat ions  pr ior  to the final W a r b u r g  incubat ion  were 
carried out  in the cold. 

i r rad ia t ion  with 36oo A light severely affects the oxidat ion of bo th  succinate and g lu tamate  
and the accompanying  phosphory la t ions  (Table I). Values for identical exper iments  af ter  exposure  

T A B L E  I 

THE EFFECT OF VITAMIN K 1 ON 360o ~k EXPOSED MITOCHONDRIA 

Each Warburg  vessel contained:  Mitochondria,  o.05 rat-l iver equivalent ;  KCI, 15o /*moles; 
o r thophospha te ,  5 ° /*moles ;  adenylic acid, 4.3 /*moles; glucose, 60/2moles;  sucrose, I25 /zmoles; 
succinate or glutamate ,  3 ° /*moles ;  Mg ++, 7.5/*moles; hexokinase,  in excess. React ion vol. 2 ml. 
When present,  v i tamin K 1, lO -8 M;  crystalline serum albumin,  4 mg; cytochrome c, 4" lO-S M. 

Oxygen 
System Substrate Additions consumption P esterifw.ati~m P/O 

(#atom# (l~m',les) 

Control succinate i6.9 32.2 i .90 
Control succinate K 1 + cyt. c 16.1 29.6 1.84 
irrad,  succinate 7-9 5.3 o.67 
Ir rad.  succinate a lbumin  7.9 5.8 0.74 
Ir rad.  succinate K1 6.4 3-9 o.59 
Irrad.  succinate cyt.  c 14. 7 23. 4 1.59 
Irrad.  succinate K 1 + cyt. c 15.1 22. 7 1.5o 
Control g lu tamate  17.5 45.6 2.61 
Control g lu tamate  K 1 + cyt. c 16. 4 41.3 2.52 
Irrad.  g lu tamate  4.7 3.7 o. 79 
Irrad.  g lu tamate  a lbumin  3.9 2.8 o.71 
Irrad.  g lu tamate  K 1 9.4 14-6 i .55 
Irrad.  g lu tamate  cyt. c 4.2 2.8 0.67 
lrrad,  g lu tamate  K 1 + cyt. c 14. 9 34.4 2.31 

to 2600 .3t light are not presented since all efforts to restore oxidat ion and phosphory la t ion  have  
been wi thou t  success. Following 3600 /k exposure,  cy tochrome c is capable of restoring oxidat ion 
and phosphory la t ion  in the succinate,  bu t  not  in the d iphosphopyr id ine  nucleotide (DPN)- 
dependent  g lu tamate  system.  Vitamin K 1 alone par t ia l ly  restores the g lu tamate  sys tem and 
vi tamin K 1 plus cy tochrome c restores this sys tem to near  control  values. These pre l iminary  da ta  
tend to suppor t  tile thesis of ~BRODIE et al. s tha t  "v i t amin  K 1 is involved as a coenzyme in both  
electron t r anspor t  and coupled oxidative phosphory la t ion" ,  and place the site of action of v i tamin  
K 1 between DPN-dependen t  dehydrogenase  and the common link between the  D P N H  and succinic 
oxidase systems.  Under the condit ions of these exper iments  nei ther  menadione nor a-tocopherol  
will replace vi tamin K 1. 

Thanks  are due to Miss DOLORES DODDS for skilled technical assistance. 
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