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The uncoupling of oxidative phosphorylation by thyroxine and 
triiodothyronine in ultrasonic extracts of liver mitochondria* 

Recent  reportsl,2, s have described methods  for prepar ing f ragmented mi tochondr ia  in which 
phosphory la t ion  is coupled to electron t ranspor t .  The prepara t ions  obta ined by  t r e a t m e n t  wi th  
digitonin x or sonic oscillation S differed f rom intact  mi tochondr ia  in t h a t  oxidat ive phosphory la t ion  
was  no t  uncoupled by  thyroxine.  In  this  communica t ion  we wish to repor t  t ha t  mitochondrial  
f ragments  prepared  in the sonic oscillator by  a slight modification of the  procedure of KIELLEY AND 
BEONK 3 are uncoupled by  thyrox ine  and t r i iodothyronine.  The effects of the  hormones  on the  
f ragments  are compared  to the  results  obtained wi th  intact  mitochondria.  

The mi tochondr ia  f rom about  35 g of ra t  liver were isolated in sucrose according to the  
me thod  of SCHNEIDER 4 and were then  washed once wi th  a o.oi2 M K F  - o.o5 o M K phospha te  
(pH 7.o) solution and resuspended in io  to 15 ml of the  same media. The mitoehondr ia  were 
t rea ted  in a io-kc Ray theon  oscillator for 45 sec and the suspension was  centrifuged at  25,ooo × g 
for 20 rain. The supe rna t an t  was  spun  again a t  25,ooo × g for 20 rain and the  supe rna t an t  f rom the 
second centrifugation was used for the  determinat ion of oxidat ive phosphoryla t ion .  The O 3 uptake  
was  measured  by  the  conventional  W a r b u r g  technic, and the phospha te  esterification was  est imated 
by  the  disappearance of inorganic phospha te  using glucose and hexokinase as the  aceeptor  system. 
The sor ic  ext rac t  had  approximate ly  the same Qoz as the intact  mitochondria .  I n  agreement  wi th  
KIELLEY AND BRONK 3, P : O rat ios greater  t h a n  i .o have no t  been obta ined wi th  either succinate or 
f l -hydroxybutyra te  (Table I). The phosphory la t ion  associated wi th  the  oxidat ion of succinate was 
a lmost  completely uncoupled by  3.3" lO-5 M dinitrophenol.  

T A B L E  I 

THE UNCOUPLING OF OXIDATIVE PHOSPHORYLATION IN MITOCHONDRIAL FRAGMENTS 

The tes t  sys t em contained 5 ° /~moles K phospha te  (pH 7.o), 12 / ,moles KF,  15 /*moles MgClz, 
~,o / ,moles succina~e, 3 #moles adenosine diphosphate ,  15o /*moles glucose, and purified yeast  
hexokinase.  When  f l -hydroxybutyra te  (60/~moles) was substra te ,  2 /*moles diphosphopyridine 
nucleotide were added. Final  volume, 3.o inl. Tempera tu re  28 °. The incubat ions  were continued 

unti l  the  Oe consumpt ion  reached about  8 .5/*atoms,  which required f rom 12 to I8 rain. 

Phosphate 
Substrate Uncoupling Concentration 02 uptake estvrification P: 0 

reagent (M) (gatoms/z5 mln) (l~moles]z5 rain) 

:~, ccinate None 8.84 8.81 I.O 
Dini t rophenol  3.3" IO-5 lO.O2 o.86 o.o9 

None i i .3o  9.i 5 o.81 
Thyroxine  i .  lO -4 Io.4o 6.53 o.63 

2" IO - t  9.85 2.29 0.23 
Suecinate Tri iodothyronine I .  lO -4 zo.78 6.21 0.58 

2" zo -4  9.28 1.6 7 o.18 
Tri iodothyro-  I .  IO -4 5.76 1.75 o.3o 

acetic acid 2. lO -4 4.32 o.43 o. I I 

None 7-22 6.55 o.91 
f l -Hydroxy-  2. lO -4 8.70 5.57 0.64 

bu ty r a t e  Thyroxine  3" l ° -4  7-43 3.51 0.47 
4" 1°-4 8.28 2.36 0.28 

In  cont ras t  to the earlier preparat ionsi ,  ~, phosphory la t ion  in these f ragments  was  sensitive 
to thyroxine** and t r i iodothyronine.  Using succinate as subs t ra te ,  bo th  hormones  lowered the  
P : O  ratio f rom 0.8 to values of approx imate ly  o.2, the  ex ten t  of lowering depending on the  
concentra t ion of the  hormone  employed.  The 4-15 % decrease in O 3 up take  was  small compared 
to the  reduct ion in the  phospha te  esterification. Tri iodothyroacet ic  acid not  only blocked the 
phosphory la t ion  b u t  also decreased O 3 consumpt ion  by  50 % or more.  The oxidat ion of fl-hydroxy- 
b u t y r a t e  required the  addit ion of d iphosphopyridine  nucleotide and twice as much  ext rac t  in order 
to ob ta in  sufficiently rapid ra tes  for manomet r ic  measurement .  Since the  degree of uncoupling is 
related to the  concentrat ion of extract ,  twice as much  thyroxine,  4" I ° - a  M, was  needed to produce 

* This work  was  suppor ted  in pa r t  b y  gran ts  f rom the Nat ional  Science Founda t ion  and the  
Tuscular D y s t r o p h y  Association of America. 

k, The samples of thyroxine,  t r i iodothyronine,  and tr i iodothyroacet ic  acid were gifts f rom Smith,  
Kline & French Laboratories.  
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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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