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A new partition agent for use in the rapid separation of fatty acid 
esters by gas-liquid chromatography* 

The  s t a n d a r d  m e t h o d s  for the  separa t ion  of long-cha in  f a t t y  acids  by  reve r sed-phase  pa r t i t ion  
c h r o m a t o g r a p h y  or pape r  c h r o m a t o g r a p h y  h a v e  been s u p p l e m e n t e d  or replaced by  t he  procedure  
of gas - l iqu id  c h r o m a t o g r a p h y  recen t ly  developed by  JAM~S AND MARTIN 1. B y  ut i l izing a paraffinic 
h y d r o c a r b o n  (Apiezon "'M") as a pa r t i t i on  l iquid,  t hese  inves t iga to r s  were able  to sepa ra te  t he  
m e t h y l  es ters  of  s a t u r a t e d  a n d  cer ta in  u n s a t u r a t e d  acids  of cha in  lezlgths up  to 2o C a t o m s  in 
3-4  h. The  sepa ra t i on  of t he  Czs u n s a t u r a t e d  acids  was  difficult. F requen t ly ,  t he  sepa ra t ion  of 
l inoleate f rom oleate  was  incomple te  and,  fur ther ,  it  was  no t  possible to d i s t inguish  l inolenate  
f rom linoleate unde r  the i r  e x p e r i m e n t a l  condi t ions .  

Wi th  t he  i n t en t ion  of ob ta in ing  quicker ,  sharper ,  and  more  comple te  resolut ion,  par t i cu la r ly  
of t he  a fo remen t ioned  p o l y u n s a t u r a t e d  acids, a series of different  t ypes  of pa r t i t i on  a g e n t s  was 
inves t iga ted  in th i s  l abora to ry .  The  ad ipa t e  po lyes te r  of d ie thy lene  glycol** p roved  to be an  
e x t r e m e l y  efficient phase  for t he  ana lys i s  of f a t t y  acids. Due  to the  more  polar  n a t u r e  of th is  
ma te r i a l  in compa r i son  to t h e  h y d r o c a r b o n s  p rev ious ly  used  1, two signif icant  changes  were noted.  
Firs t ,  the re  was  t h e  comple te  e lu t ion  of a s t a n d a r d  m i x t u r e  of m e t h y l  es ters  of f a t t y  acids  up  
to  C2~ f rom a c o l u m n  opera t ing  a t  a t e m p e r a t u r e  of 186 ° wi th in  85 rain (Fig. 1). Second,  a sufficient 
increase  in r e t en t ion  t imes  occurred (Fig. 2) as t he  degree of u n s a t u r a t i o n  increased,  g iv ing for 
t he  first t ime t h e  comple te  resolut ion of each m e m b e r  of t he  Cls series f rom its  preceding,  less 
f u n s a t u r a t e d  member .  ORR AND CALLEN ~ working  wi th  ano the r  re la t ively  polar  phase  also noted  
avorab le  s epa ra t i ons  of th i s  class of c o m p o u n d s .  

The  p r e sen t  inves t iga t ion  was  carr ied ou t  wi th  a t h e r m a l  conduc t iv i t y  device employ ing  
a sp l i t  s t r e a m  of he l ium t h r o u g h  t he  reference and  de tec t ion  sides of the  sens ing  e lement  which  
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Fig. i .  Separa t ion  of a s t a n d a r d  m i x t u r e  of m e t h y l  es ters  4 
f rom f a t t y  acids. Load  2. 5 rag. 1, air ;  2, m e t h y l  l aura te ;  3, s '  
m e t h y l  m y r i s t a t e ;  4, m e t h y l  pa l mi t a t e ;  5, m e t h y l  pa lmi t -  
oleate;  6, m e t h y l  s t ea ra t e ;  7, m e t h y l  oleate;  8, m e t h y l  
l inoleate;  9, m e t h y l  l inolenate ;  io,  m e t h y l  a rach ida te ;  i i ,  

m e t h y l  behena te .  
,2 ,'4 ;6 ,'8 2b f2 

Fig. 2. Semi- logar i thmic  plot  of r e ten t ion  t i me  aga ins t  
n u m b e r  of C a t o m s  for a s t a n d a r d  m i x t u r e  of m e t h y l  es ters  N 0 .  O F C A R B ON AT 0M $ 
of f a t t y  acids. • - s a t u r a t e d  esters ,  X - u n s a t u r a t e d  esters.  (a) m e t h y l  pa lmi to lea te ,  (b) m e t h y l  

oleate, (c) m e t h y l  l inoleate,  (d) m e t h y l  l inolenate.  

* This  work  was  suppo r t ed  b y  g r an t s  f rom t he  Na t iona l  H e a r t  In s t i t u t e ,  U.S. Publ ic  Hea l t h  
Service, t he  Na t iona l  Da i ry  Council  a n d  t h e  U.S. A tomic  E n e r g y  Commiss ion .  

** No. LAC-I -R296 ,  ob ta inab le  in the  i lb. con ta ine r s  f rom Cambr idge  Indus t r i e s  C o m p a n y ,  
Inc. ,  i o i  P o t t e r  Street ,  Cambr idge  42, Mass. ,  U.S.A. 
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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. 


