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was  v e n t e d  to  t h e  a tmosphe re .  An  8 ft. glass  "U" shaped  co lumn  wi th  an  in te rna l  d i ame te r  of 
6 m m  con ta in ing  one pa r t  of t h e  a lkyd  resin to four  pa r t s  of suppor t i ng  ma te r i a l  (acid-washed 
Celite 545, 12° -14o  mesh)  was  m a i n t a i n e d  a t  186 °. T he  flow ra te  of he l i um was  4 ° m l / m i n  a t  
38 lb/in. * pressure .  

By  ut i l iz ing va r ious  m e m b e r s  of t he  a lkyd  res ins  as pa r t i t i on  agents ,  it  now appears  possible 
to  ob ta in  good reso lu t ion  of t h e  ind iv idua l  c o m p o n e n t s  of m i x t u r e s  of f a t t y  acid esters  of cha in  
l eng th  up  to  a t  leas t  C,8 w i t h i n  a reasonable  per iod of t ime.  Th i s  would  involve  a l ter ing t he  
p a r a m e t e r s  of c o l u m n  length ,  gas  flow, t e m p e r a t u r e  a n d  m e s h  size. A more  detai led repor t  con- 
ce rn ing  these  e x p e r i m e n t s  will be fo r thcoming  shor t ly .  
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Some effects of thyroxin on oxidative phosphorylation in 
submitochondrial particles and intact mitochondria 

A l t h o u g h  t h y r o x i n  ha s  been  found  by  manyZ, 2,3 to cause  uncoup l ing  of ox ida t ive  phospho ry l a t i on  
in l iver mi tochondr ia ,  t he s e  effects h a v e  usua l ly  requi red  some  fo rm of d a m a g e  to  t he  mi tochondr ia l  
s t ruc tu re ,  and  TAPLEY, COOPER AND L E H N I N G E R  3 were unab le  to  observe  uncoup l ing  us ing  sub-  
mi tochondr ia l  par t ic les  ob ta ined  b y  d ig i ton in  t r e a t m e n t  of mi tochondr ia .  I t  is t he  purpose  of th i s  
c o m m u n i c a t i o n  to  repor t  t h a t  t h y r o x i n  will cause  a n  increase in t he  P : O  ra t ios  ob ta ined  wi th  
e i ther  i n t ac t  m i tochond r i a  or  submi t ochond r i a l  par t ic les  and  t h a t  unde r  condi t ions  where  t h e  
ra te  of ox ida t ion  is no t  l imi ted  by  t he  ra te  of p h o s p h o r y l a t i o n  th i s  increase in P : O  ra t io  occurs  
t oge the r  w i th  a m a r k e d  increase  in t h e  ra te  of O 2 up take .  Secondly,  va r ious  fo rms  of p r e t r e a t m e n t  
of e i ther  i n t ac t  mi tochondr i a  or  submi tochondr i a l  par t ic les  lead to  ma rked  inhibi t ion  of phos-  
pho ry l a t i on  by  t hy rox in ,  and  u n d e r  these  c i r cums tances  the re  is no increase in ra te  of oxidat ion.  

Mi tochondr ia  were p repa red  f rom ra t  liver4, s and  submi tochond r i a l  par t ic les  were p repared  
by  sonic t r e a t m e n t  e. O~ u p t a k e  was  m e a s u r e d  wi th  t he  Clark O,  electrode and  P u p t a k e  wi th  t he  
s~P-incorporat ion procedureS,L 

Table  I shows  t h a t ,  u s ing  i n t ac t  m i t ochond r i a  wi th  succ ina te  as a subs t ra te ,  t he  P : O  rat io  
was  increased  by  t h y r o x i n  in e x p e r i m e n t s  s t a r t ed  by  add ing  t he  mi tochondr i a  to  a comple te  
reac t ion  m e d i u m .  The  increase  in P : O  ra t io  was  accompan ied  by  a decline in t he  ra te  of 02 
up take .  W h e n  t h e  m i t o c h o n d r i a  were  p r e i ncuba t ed  in t he  reac t ion  m e d i u m  for 4 m i n  pr ior  to  
add i t ion  of t h y r o x i n  and  subs t r a t e ,  a m a r k e d  inhib i t ion  of phospho ry l a t i on  was  evident ,  b u t  th i s  
" u n c o u p l i n g "  was  a c c o m p a n i e d  by  a drop in t h e  ra te  of O~ up take .  

The  second p a r t  of t he  Table  shows  resu l t s  ob ta ined  wi th  t h y r o x i n  us ing  submi tochondr i a l  
part icles .  For  bo th  subs t r a t e s ,  t h y r o x i n  caused  an  increase  in P :  O rat io,  and  th i s  was  accompan ied  
by  a rise in t h e  ra te  of oxida t ion .  P r e i ncuba t i on  of t he  par t ic les  in t he  reac t ion  m e d i u m  for 4 m i n  
followed by  t h e  add i t ion  of t h y r o x i n  and  t h e n  e i ther  succ ina te  or  D P N H *  resul ted  in a ma rked  
inh ib i t ion  of p h o s p h o r y l a t i o n  compared  wi th  t he  p re incuba t ed  control.  

I n  add i t ion  to  t hy rox i n ,  t r i iodo thyron ine** ,  d i iodo thyron ine**  and  t e t r ach lo ro thyron ine**  
were t e s ted  wi th  b o t h  mi t ochond r i a  a n d  submi t ochond r i a l  part icles .  Of t he  th ree  t h y r o x i n  analo-  
gues  only  t r i i odo thyron ine  was  found  to h a v e  appreciable  ac t iv i ty  and  it  was  less effective t h a n  
thy rox in .  The  effects observed  therefore  appea r  to  be specific for t hy rox in .  

The  e x p e r i m e n t s  w i t h  t h y r o x i n  descr ibed above  seem to  be bes t  expla ined  in t e r m s  of th ree  
effects. One  is t he  increase  in t he  efficiency of t he  p h o s p h o r y l a t i o n  process  t h a t  was  ev iden t  wi th  
bo th  i n t ac t  m i t o c h o n d r i a  and  s u b m i t o c h o n d r i a l  f r agmen t s .  I n  o ther  e x p e r i m e n t s  it  was  found  
t h a t  t h i s  increase  in efficiency was  no t  due  to  a n  inhib i t ion  of ATPase  ac t iv i ty .  A second effect 
of t h y r o x i n  was  to  increase t he  overall  ra te  of oxidat ion.  This  did  no t  occur wi th  in tac t  mi tochondr i a  
b u t  was  ev iden t  wi th  a va r i e t y  of s u b s t r a t e s  us ing  t he  more  loosely coupled submi tochondr i a l  
par t ic les  a n d  ha s  also been a p p a r e n t  in m u c h  ear ly  work  wi th  whole  t i s sues  and  in t ac t  an ima l s  s. 

* The  following abbrev ia t ions  are  used  : A T P  for adenos ine  t r i p h o s p h a t e  ; A D P  for adenos ine  
d i p h o s p h a t e ;  A M P  for adenos ine  m o n o p h o s p h a t e ;  D P N H  for reduced  d iphosphopyr id ine  nu -  
cleotide;  P for inorganic  o r t hophospha t e .  

** Generous ly  suppl ied  by  Dr. JAN WOLFF. 
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T A B L E  I 

THE INFLUENCE OF THYROXIN ON OXIDATIVE PHOSPHORYLATION 

In  t he  e x p e r i m e n t s  wi th  mi tochondr ia ,  the  reac t ion  m i x t u r e  con ta ined  2 / ,moles  ADP,  15 /*moles 
AMP,  5 / ,mo les  succinate ,  2o/*moles phospha t e ,  p H  7.0 (lO s coun t s /min) ,  200/*moles sucrose,  0.7 m g  
pro te in  :N, and  where  used,  2. lO -5 M t h y r o x i n  ( sod ium salt).  W i t h  submi tochond r i a l  part icles,  
t he  m i x t u r e  con ta ined  i o / * m o l e s  ADP ,  i o / * m o l e s  AMP,  lO/*moles  MgCl~, 20/*moles  phospha t e ,  
p H  7.o (IO 6 coun t s /min) ,  o.19 m g  p ro te in  N, and  where  used,  5 /*moles succinate ,  2.5 /*moles 
D P N H  and  5" lO-5 M t h y r o x i n  ( sod ium salt).  I n  all cases, t he  final vo lume  was  1.9 ml  and  t he  
t e m p e r a t u r e  28 °. Thyrox in ,  w h e n  used in p r e i n c u b a t e d  samples ,  was added  15 sec pr ior  to t h e  

subs t r a t e .  I n c u b a t i o n  t ime,  3o-18o sec g iv ing  0.2-o.  4 / * a t o m  of Oe up take .  

Components Substrate Preincubation Oxygen uptake P uptake P: 0 
(rain) (#atora/min) (l~mole]min) 

Mitochondr ia  
Mi tochondr ia  + t h y r o x i n  
Mi tochondr ia  
Mi tochondr ia  + t h y r o x i n  
Submi tochondr i a l  par t ic les  
Submi tochondr i a l  par t ic les  + t h y r o x i n  
Submi tochondr i a l  par t ic les  
Submi tochondr i a l  par t ic les  + t h y r o x i n  
Submi tochondr i a l  par t ic les  
Submi tochondr i a l  par t ic les  + t h y r o x i n  
Submi tochondr i a l  par t ic les  
Submi tochondr i a l  par t ic les  + t h y r o x i n  

Succ ina te  o o.47o o.623 i .33 
Succ ina te  o o.428 o.643 i .5o 
Succina te  4 0.308 0.403 i .31 
Succina te  4 o.218 o.o81 0.37 
Succ ina te  o o.2ol  o . i i i  0.55 
Succina te  o 0.257 o.192 0.75 
Succ ina te  4 0.086 0.044 o.51 
Succ ina te  4 0.073 0.029 0.40 

D P N H  o o.415 0.243 0.59 
D P N H  o o.633 0.443 0.70 
D P N H  4 0.479 0.255 o.53 
D P N H  4 0.492 o.18o 0.37 

The  fai lure to observe  th i s  effect w i th  mi t ochond r i a  can  be expla ined  by  t he  fact  t h a t  for f resh 
mi tochondr ia ,  which  are  t e s ted  in t he  presence  of excess  phospha t e ,  acceptor  and  subs t r a t e ,  t h e  
ra te  of  ox ida t ion  s eems  to be de t e rmi ned  by  the  ra te  of p h o s p h o r y l a t i o n  as long as t he  efficiency 
r ema ins  cons tan t .  T h u s  in t he  absence  of added  t h y r o x i n  t he  ra te  of ox ida t ion  is a l ready  m a x i m a l  
a n d  w h e n  t h y r o x i n  is added  an  increase  in ox ida t ive  ra te  could no t  occur. Suppo r t  for th i s  in ter -  
p r e t a t i on  can  be ob ta ined  f rom e x p e r i m e n t s  wi th  i n t ac t  m i tochond r i a  washed  in a h y p o t o n i c  
p h o s p h a t e  buffer.  Unde r  these  c i r c u m s t a n c e s  t he  P:  O ra t ios  were lower t h a n  for u n t r e a t e d  cont ro ls  
a n d  add i t ion  of t h y r o x i n  gave  increases  bo th  in t he  P : O ra t io  a n d  in t he  ra te  of oxida t ion .  

The  th i rd  effect of t h y r o x i n  ev iden t  in t he  above  e x p e r i m e n t s  as in p rev ious  work  wi th  
mi tochondr i a  is an  inhib i t ion  of phosphory la t ion .  This  appear s  to  be a less di rect  effect, s ince  
some  form of p r e t r e a t m e n t  is necessa ry  to  observe  th i s  response .  A l though  a t  th i s  t ime  no exp lana -  
t ion  can  be offered for t he  change  f rom s t i m u l a t i o n  to inh ib i t ion  of p h o s p h o r y l a t i o n  which  t ake s  
place as a resul t  of p re incuba t ion ,  the  following evidence m a y  be pe r t inen t .  If  t h y r o x i n  is allowed 
to p re incuba t e  in t he  reac t ion  m e d i u m  wi th  a smal l  a m o u n t  of soluble p ro te in  pr ior  to t he  add i t ion  
of m i tochond r i a  or  submi tochondr i a l  par t ic les ,  inh ib i t ion  r a the r  t h a n  s t i m u l a t i o n  of phospho ry l a -  
t ion  is found  to  occur. The  inh ib i to ry  effect of t h y r o x i n  a f te r  p re incuba t ion  m a y  t h u s  be due  to 
t he  combina t i on  of t he  t h y r o x i n  wi th  soluble p ro te in  released f rom the  mi tochond r i a  or sub-  
mi tochondr ia l  par t ic les  du r i ng  p re incuba t ion .  

A more  deta i led  repor t  of  th i s  work  is being prepared .  
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