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A new medium for the isolation of liver mitochondria 

The  m e d i u m  m o s t  widely used  for t h e  isolat ion of mi tochondr i a  is 0.25 M sucrose solut ion 1, some-  
t imes  wi th  t h e  addi t ion  of "Ver sene"  (e thy lened iamine te t raace t ic  acid). Mi tochondr ia  isolated 
in sucrose  solut ion have  recen t ly  been e x a m i n e d  unde r  t he  electron microscope in th is  l abora to ry  
and  elsewhere (e.g.J,s). Such mi tochondr i a  show degenera t ive  changes  as indica ted  by  swelling, 
loss of  o s m i u m - s t a i n i n g  contents ,  and  d a m a g e  to the  m e m b r a n e s  (Fig. I). 

These  changes  h a v e  been  par t ia l ly  obv ia ted  by  the  use  of o.44 M sucrose solut ion con ta in ing  
citr ic acid s, or, more  successful ly,  by  t he  use  of o . 2 5 M  sucrose solut ion con ta in ing  po lyv iny l -  
pyroll idoneJ,  4. F rac t i ons  isolated in the  la t t e r  m e d i u m  cannot ,  of course, be ana lysed  for t i s sue  
n i t rogen  unless  t he  po lyv iny lpyro l l idone  is removed.  

An  a l t e rna t ive  m e d i u m ,  v i r tua l ly  free of ni trogen,  has  now been found  to give m i t o c h o n d r i a  
l i t t le different  f rom those  seen in sect ions of ra t  liver. The  m e d i u m  is composed  of raffinose hydra t e ,  
Q.23M (13.6%);  dex t r an ,  6 %  (vide in#a): Versene, o.ooi M (neutral ized to p H  7.4 approx . ) ;  
an.d hepar in ,  o.o35 % ("whi te" ,  lO6 un i t s /mg) .  Adenos ine -5 ' -phospha te  is u sua l ly  added  (o.ooz M ;  
o.o35 %), b u t  i ts inclusion is no t  regarded as essential ,  nor  is it considered necessary  to a d j u s t  
t he  p H  of t he  m e d i u m  to neu t r a l i t y  (c[. 3). 

The  a im was to isolate mi tochondr i a  in q u a n t i t a t i v e  yield, r a the r  t h a n  to isolate a pu re  
f rac t ion of mi tochondr i a  as rap id ly  as possible. Accordingly,  the  t i ssue was t ho rough ly  h o m o -  
genized in t he  m e d i u m ,  by  a P o t t e r - E l v e h j e m  homogenizer  wi th  a "Tef lon"  pest le ro t a t ing  a t  
2,000 r .p .m.  Nuclei  and  debr is  were r emoved  by  cen t r i fuga t ion  for Io min  a t  I,OOO g, in an  ang le  
head  a t  2 °. The  cy top lasmic  mater ia l  was cent r i fuged  for 15 min  a t  IO,OOO g to achieve  c o m p l e t e  
s ed imen ta t i on  of t he  mi tochondr ia ,  which  were washed  once wi thou t  r emova l  of the  "fluffy layer" ,  
th is  being smal l  wi th  t he  m e d i u m  now described.  The  mi tochondr ia l  pellet  was  then  r e - s u s p e n d e d  
in t he  med ium.  

The  mi tochondr i a  were fixed, usua l ly  2 hours  af ter  excision of the  liver, by  t ak ing  o. t  mI  
of t he  suspens ion  (this a m o u n t  cor responding  to 50 m g  of original liver t issue) and  add ing  i t  
to 2 ml  of f ixat ive a t  o ° C. Th i s  suspens ion  was t hen  respun  to a pellet  and  allowed to fix for  
2 hours .  The  f ixat ion was per formed wi th  t he  s t a n d a r d  PALADE ~ fixative,  viz. 1% o s m i u m  t e t r o x i d e  
buffered to p H  7-4. The  addi t ion  of d e x t r a n  or o the r  c o m p o n e n t s  did no t  improve  the  f ixat ion.  
The  pellet  was  t h e n  washed ,  d e h y d r a t e d  and  embedded  in m e t h a c r y l a t e  us ing  the  s t a n d a r d  
t echn ique  for t he  e x a m i n a t i o n  of t i ssue sect ions unde r  the  electron microscope.  Because  the  pel le t  
showed s t ra t i f ica t ion of componen t s ,  it  was found essent ia l  to cu t  the  pellet  in such  a d i rec t ion  
t h a t  t he  layers  could be observed,  so t h a t  a t rue  p ic ture  could be offered of the  whole mi tochond r i a l  
fract ion.  The  sect ions were e x a m i n e d  wi th  a Siemens  electron microscope (Elmiskop I). 

Fig. 2 shows a r ep resen ta t ive  sect ion of the  mi tochondr ia l  pellet. Wi th  a few except ions ,  
t he  mi tochondr i a  are  unswollen,  and  double  m e m b r a n e s  can be discerned bo th  per iphera l ly  a n d  
in terna l ly  (see Fig. 2, inset) as in t he  mi tochondr i a  seen in cell sections.  As would be expec ted ,  

Fig. z. Mi tochondr ia  isolated in 0.25 31 sucrose m e d i u m .  
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Fig. 2. Mitochondria isolated in new medium (of. Table I). 

there appears  to be some contaminat ion with "ret icular"  (microsomal) elements, bu t  this con- 
tamina t ion  is usually less than  with isotonic sucrose medium. 

In  certain fractions which were rich in acid phosphatase,  dense particles (of diameter approx.  
0.2 p) have been seen which resemble those recently observed by  NOVlKOFF a. 

The considerations and experiments  on which the choice of const i tuents  is based will be 
fully described elsewhere 6. Of the several dext rans  examined, the most  satisfactory has been a 
product  ( " In t r adex" ,  a sample of which was kindly provided by  Mr. J. T. MARSH) of average 
molecular weight 145,ooo, supplied by Glaxo Ltd. as a 6 0  "salt-free" solution. The concentrat ion 
of heparin is critical; in its presence the mitochondria  do not  readily agglutinate, even in elec- 
t rolyte media (c/.7), but  with a concentrat ion of o.i % or greater the homogenate  may  become 
extremely viscous. 

Enzymic  assays on mitochondrial  fractions isolated in this medium have shown tha t  the 
proport ion of magnesium-act ivated ATP-ase which is " l a ten t"  is little different from tha t  of 
mitochondrial  fractions isolated in sucrose media. This finding suppor ts  the conclusion of WXa'TER 
et al .  ~ tha t  the latency of ATP-ase is a poor guide to the morphological integrity of mitochondria.  

• The medium, if present  in high concentrat ion in the assay system, has some inhibitory effect 
on maguesium-act ivated ATP-ase bu t  not  on glucose-6-phosphatase. Fractions prepared in this 
medium have been assayed not  only for ATP-ase and glucose-6-phosphatase, bu t  also (by Miss 
B. M. STEVENS) for succinic dehydrogenase and ribonuclease (pH 5), and (by Dr. I. LEWlN) for 
xanthinc  oxidase. In these assays, in which the diluent was water  ra ther  than  the medium, there 
was no evidence for any inactivation or inhibition of the enzymes studied. 

NOVXKOFI :~ has stated tha t  it is possible to obtain preparat ions of mitochondria which are 
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vi r tua l ly  free of r ibonucleic acid (RNA).  W i t h  the  m e d i u m  now described,  washed  mi tochondr i a l  
f rac t ions  ob ta ined  by  low-speed cen t r i fuga t ion ' ( so  as to min imize  c o n t a m i n a t i o n  wi th  mic rosomal  
mater ia l )  do con ta in  RNA,  in an  a m o u n t  cor responding  to a t  least  3 % of t he  p ro te in  present .  

The  expe r imen t s  were pe r fo rmed  du r ing  the  t enu re  of a Br i t i sh  E m p i r e  Cancer  C a m p a i g n  
Fel lowship (E.R.) ,  and  were suppor t ed  b y  g r an t s  to th is  I n s t i t u t e  f rom the  Br i t i sh  E m p i r e  
Cancer  Campa ign ,  the  J ane  Coffin Childs Memoria l  F u n d  for Medical Research ,  the  A n n a  Ful ler  
F u n d  and  the  Nat iona l  Cancer  I n s t i t u t e  of the  Nat iona l  I n s t i t u t e s  of Heal th ,  U.S. Publ ic  Hea l t h  
Service. 
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Purification and characterization of the lipemia-clearin9 factor 
of postheparin plasma 

HAHN 1 first observed t h a t  i n t r avenous  admi n i s t r a t i on  of hepar in  cleared a l imen t a ry  l ipemia.  The  
act ive  principle of pos thepa r in  p l a s m a  which  possessed clearing abi l i ty  was n a m e d  " l ipemia-  
c lear ing fac tor"  by  ANFINSEN and  co-workers  2. A l though  m a n y  of t he  proper t ies  of t he  c lear ing 
fac tor  have  been elucidated2,S,4,5,e,L s on ly  very  l imi ted  pur i f icat ion of th is  pos tu l a t ed  e n z y m e  
has  been reported.  BROWN, BOYLE AND ANFINSEN ° h a v e  achieved a 5-fold purif icat ion us ing  
e thano l  f rac t ionat ion .  NIKKIL~, 1° h a s  repor ted  a 25- to 3D-fold pur i f icat ion by  repea ted  precipi- 
t a t ion  a t  low ionic s t r eng th ,  p H  5.4 to 5.8. Recent ly ,  we have  developed a m e t h o d  of purifich'tion 
which  yielded a 148o-fold increase in specific ac t iv i ty  in the  m o s t  act ive  fract ion,  which  con ta ined  
i6  % of the  original c lear ing ac t iv i ty .  

Method o] purification: P os t hepa r i n  p l a s m a  was ob ta ined  f rom dogs which  had  received 
i m g  of sod ium hepar in*  per  kg  of body  weight .  The  first s tep  in our  p rocedure  was  s imi la r  to 
t h a t  of NIKKIL~-10--8O ml  of pos thepa r in  p l a s m a  was  d i lu ted  I :15  wi th  cold dist i l led wa te r ;  
t he  p H  was  ad ju s t ed  to 5.7 by  the  addi t ion  of o . i  N HC1. This  m i x t u r e  was allowed to s t a n d  
a t  4 ° C for 2 hours  and  t h e n  centr i fuged.  The  prec ip i ta te  (Frac t ion  I) was  m a d e  up  in 2o ml  of 
M/15 p h o s p h a t e  buffer, p H  7.8, and  i m m e d i a t e l y  frozen. This  f ract ion is s table  and  can  be kep t  
in the  frozen s t a t e  for severa l  weeks  w i t h o u t  a n y  loss in clearing ac t iv i ty .  

Our  nex t  and  succeeding s teps  were carried ou t  us ing  a m m o n i u m  su lpha te  s a t u r a t e d  a t  
o ° C and  p H  5.7 o. T h e  ent i re  procedure  was .pe r fo rmed  at  o ° C. The  f rac t iona t ion  was  as follows: 
Frac t ion  I was  b r o u g h t  to 25 % sa t u r a t i on  wi th  a m m o n i u m  su lpha te  added  dropwise.  The  m i x t u r e  
was  cen t r i fuged  and  t he  prec ip i ta te  (Fract ion I I) was s tored in the  deepfreeze a t  - - z o  ° C. F rac t ion-  
a t ion  was con t inued  by  b r ing ing  the  s u p e r n a t a n t s  to 3 3 % ,  4 o % ,  5 0 %  and  6 4 %  s a t u r a t i o n  
wi th  a m m o n i u m  su lpha te .  T he  prec ip i ta tes  a t  each s tep  were s tored as above.  The  final s u p e r n a t a n t  
was  dia lyzed in t he  cold aga ins t  MIx 5 p h o s p h a t e  buffer  for 5 hours .  I t  was then  assayed  for pro te in  
c o n t e n t  and  clear ing ability• The  var ious  prec ip i ta tes  were t hawed  and  dissolved in 2.0 ml of 
M/15  p h o s p h a t e  buffer  excep t  F rac t ion  II,  which  requi red  io ml  of buffer. These  were dialyzed 
as above.  Each  f ract ion was as sayed  for pro te in  con t en t  and  clearing ac t iv i ty .  

I t  m a y  be po in ted  ou t  t h a t  reprecipi ta t ion  of F rac t ions  I I  to V wi th  the  cor responding  
concen t ra t ions  of a m m o n i u m  su lpha te  as descr ibed above  resul ted  in a q u a n t i t a t i v e  recovery  
of the i r  c lear ing ac t iv i ty  in t h e  precipi ta tes  obta ined.  This  sugges ted  to us  t h a t  t he  clearin~ 
factor  m a y  be f i rmly b o u n d  to t he  p ro te in  of each par t i cu la r  fract ion.  

Clearing ac t iv i ty  was de t e rmi ned  by  the  m e t h o d  described in an  earlier publ ica t ion  4. The  

* H e p a r i n  sod ium,  xo m g / m l  and  ioo  uni ts / rag ,  was  fu rn i shed  th rough  the  cour t e sy  of Dr.  
L. L. COLEMAN, The  U p j o h n  C o m p a n y ,  Kalamazoo ,  Michigan.  


