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A s y s t e m  is descr ibed in th is  no te  which  m a k e s  possible the  sepa ra t ion  of all t he  amino  ac ids  
occur r ing  in p ro te in  hyd ro l y sa t e s  on a single smal l  c h r o m a t o g r a m .  

Sehleicher  & Sehuell  No.  507 was  found to be  t he  preferable  filter paper .  The  c h r o m a t o g r a m s  
ob ta ined  wi th  th is  pape r  were free of " b e a r d s " ,  and  t he  spo t s  were more  even  in out l ine.  Squares  
133/4 cm × 1 4 ½  cm were used.  (This represen ts  1/1 e of t he  large shee ts  55 cm × 58 cm prov ided  b y  
the  manu fac tu r e r . )  The  spo t  con ta in ing  t he  a m i n o  acid m i x t u r e  was  placed 2 cm f rom each marg in  
of t h e  paper ,  p re fe rab ly  in a circle less t h a n  0. 5 cm in d i ame te r  ( i / z l  or  less), and  neu t ra l i zed  over  
an  a t m o s p h e r e  of a m m o n i a  vapour .  Squares  twice th is  size in each d imens ion  can  be used if a larger  
app l i ca t ion  spo t  is used,  or if one prefers  a wider  sca t t e r ing  of the  amino  acid spots .  

An  a p p a r a t u s  such  as t h a t  descr ibed b y  DATTA et al. 1 would  appea r  to be ideal for deve loping  
these  c h r o m a t o g r a m s ,  a l t h o u g h  we used  beakers  and  m u s e u m  jars  for ascending  c h r o m a t o g r a p h y .  

Solvents  : The  so lvents  used  were no t  redist i l led 
or o therwise  purified. P ropor t ions  given below are 
vo lume  for volume.  

In  t he  first d imens ion ,  a m i x t u r e  of m e t h a n o l -  
wa te r -pyr id ine  (8o/2o[4) was  used.  T h e  t ime  of 
d e v e l o p m e n t  for t he  14 cm squa res  in smal l  ascend-  
ing c h a m b e r s  was  2 -  3 hours .  For  t h e  larger  28 cm 
squares  in larger chamber s ,  8 -9  hou r s  was  required.  
T h e  c h r o m a t o g r a m s  were t h e n  r emoved  and  al lowed 
to d ry  a t  r o o m  t e m p e r a t u r e  for a b o u t  15 minu te s .  

In  t he  second d imens ion ,  a modif ica t ion  of one 
of the  so lvents  descr ibed by  BOISSONNAS ~ was used :  
t er t . -bu tanol -methy l  e thy l  ke tone -wa te r -d i e thy l  
amine  (4o[4o[2o[4). Time  of d e v e l o p m e n t  was  21/2- 5 
hou r s  for t he  smal le r  squares ,  or i 2 - i 6  hour s  for 
t he  larger  squares .  

An  exac t  t rac ing  of a smal l  c h r o m a t o g r a m  
developed wi th  th i s  so lven t  s y s t e m  is g iven in Fig. i. 
A n u m b e r  of o ther  a m i n o  acids  found  in biologic 
fluids b u t  n o t  in acid p ro te in  h y d r o l y s a t e s  were 
inc luded in t he  m i x t u r e  appl ied and  are no ted  in 
do t t ed  out l ine.  

An  a l t e rna t ive  s y s t e m  which  provided  a wider 
s ca t t e r ing  of the  a m i n o  acids  occupy ing  t he  uppe r  
l e f t -hand  corner ,  b u t  wh ich  p rov ided  no separa t ion  
for leucine-isoleucine or t h r e o n i n e - t r y p t o p h a n  was  
as follows : 

For  t he  first d imension ,  a m i x t u r e  of me t hano l -  
wa te r -pyr id ine  (6o[2o[2o) was  used.  Ascend ing  t ime  
for t h e  28 cm squa res  was  8-14 hours .  

The  second d imens i on  was  r u n  us ing  a m i x t u r e  
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Fig. i .  Smal l  c h r o m a t o g r a m  reduced  to ½ 
ac tua l  size. The  syn the t i c  m i x t u r e  c o n t a i n e d  
o . o i / , M  of each  a m i n o  acid. Solvent  I :  
me thano l -wa t e r -py r id ine  (8o/2o]4). Solvent  2 : 
tert.- b u t a n o l -  m e t h y l  e thy l  k e t o n e - w a t e r -  
d ie thy l  amine  (4o/4o/2o/4). R u n  a t  r oom 
t e m p e r a t u r e  of 22 to  25 ° C. Abbrev ia t ions  as 

used  by  B R A N D  A N D  E D S A L L  4. 

of n -p ropano l -wa t e r -d i e t hy l ami ne  (85[I5[2 to 4)" The  d e v e l o p m e n t  t ime  was  12-18 hours .  
On these  c h r o m a t o g r a m s  cys te ine  was comple te ly  sepa ra ted  f rom arg in ine  or  lysine.  Orn i th ine ,  

when  present ,  occupied a posi t ion be tween  arg in ine  and  lysine a n d  nearer  lysine.  
Before t he  c h r o m a t o g r a m s  were t r ea t ed  wi th  n inhydr in ,  i t  was  impe ra t i ve  t h a t  t h e y  h a n g  free 

in an  a t m o s p h e r e  of s t e a m  ( furn ished  in t he  p r e sen t  case b y  an  au toc lave  w i th  t he  e x h a u s t  open) 
for five to e ight  m i n u t e s  to  insure  r e m o v a l  of t h e  adsorbed  d ie thyl  amine .  W i t h o u t  such  s t e a m i n g  
t he  pape r s  were too bas ic  for good colour  deve lopment .  A nea r  op t ima l  sp r ay ing  a n d  hea t i ng  t echn ique  
h a s  been descr ibed earlier s. 

The  samples  m u s t  be  essent ia l ly  free f rom sa l t  in order  to  ob ta in  well defined p a t t e r n s  as shown 
in Fig. I. I n  the  p r e s e n t  exper imen t s ,  desa l t ing  was carr ied ou t  on a s h o r t  co lumn  of a s t rong  su l fona te  
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res in  (such as Nalc i te  HCR)  in t he  acid cycle followed by  wash ing  wi th  wa t e r  to r emove  anions ,  
and  d i sp l acemen t  of t he  a m i n o  acids  wi th  i N a m m o n i u m  hydroxide .  

Sens i t iv i ty  was  increased  b y  v i r tue  of t he  smal ler  spo t s  ob ta ined  wi th  smal le r  c h r o m a t o g r a m s .  
Quan t i t i e s  of o.oo 5 / ~ M  gave  good da rk  spots .  

R E F E R E N C E S  

1 S. P. DATTA, C. E. DENT AND H.  HARRIS, Science, 112 (195 o) 621. 
R.  A. BOISSONNAS, Helv. Chim. Acta, 33 (195 o) 1966. 

3 R.  R.  REDFIELD AND E. S. G. BARRON, Arch. Biochem. and Biophys., 35 (1952) 443. 
4 E. BRAND AND J. T. EDSALL, Ann. Rev. Biochem., 16 (I947) 224. 

Rece ived  J a n u a r y  7th, 1953 

THE BIOSYNTHESIS  OF RADIOACTIVE CHOLESTEROL BY 

P A R T I C L E - F R E E  EXTRACTS OF RAT LIVER* 

by  

J O S E P H  L. R A B I N O W I T Z  AND S A M U E L  G U R I N  

Department of Physiological Chemistry, School of Medicine, University of Pennsylvania, 
Philadelphia (U.S.A.) 

The  b io syn the s i s  of choles terol  ha s  h i the r to  been  accompl i shed  in vitro by  the  use  of t i ssue  
slices1, s,8 or  h o m o g e n a t e s  4, s. 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  on t he  successful  
f r ac t iona t ion  of r a t  l iver h o m o g e n a t e ,  and  t he  p repa ra t i on  f rom it of a water -soluble  e n z y m e  s y s t e m  
capable  of i nco rpo ra t ing  14C-labelled ace t a t e  in to  cholesterol.  

R a t  l ivers  (2 g) were r ap id ly  homogen ized  for 15-2o sec a t  o ° C in a loose-f i t t ing P o t t e r - E l v e h j e m  
glass homogen ize r  wi th  two v o l u m e s  of buffer  ( K 2 H P O  4 o.o19 M,  K H 2 P O  4 0.oo 5 M,  MgC12 o.oo 7 M,  
n i co t i namide  o.o 3 M,  sucrose  o.18 M p H  7.6). T he  h o m o g e n a t e  was  cen t r i fuged  a t  3ooo r .p .m,  for 
lo  m i n u t e s  (6oo × g) to  r emove  cell debris,  cells, and  nuclei.  A mi tochond r i a l  fract ion,  which  was  
ob ta ined  f rom the  s u p e r n a t a n t  h o m o g e n a t e  by  cen t r i fuga t ion  a t  20,000 r .p .m,  for 4 ° m i n u t e s  
(33,000 × g), was  washed  wi th  cold buffer  so lu t ion  a n d  resed imented .  The  s u p e r n a t a n t  f rac t ion  was  
cen t r i fuged  a t  37,ooo r .p .m,  for 3 ° m i n u t e s  ( ioo,ooo × g) to r emove  a n y  r ema in ing  part ic les .  The  
packed  m i t o c h o n d r i a  were lysed  by  t he  add i t ion  of an  equa l  v o l u m e  of cold water ,  followed b y  
occasional  a n d  gen t le  s t i r r ing  for one hou r  a t  o ° C. T he  comple te  water -so luble  e n z y m e  s y s t e m  was  
p repa red  b y  t h e  add i t ion  of clear  s u p e r n a t a n t  fluid (4-5 volumes)  to  the  lysed suspens ion  followed 
by  cen t r i fuga t ion  a t  37,ooo r .p .m,  for 3 ° m i nu t e s .  

Af te r  i ncuba t ion ,  t he  choles terol  in each  sample  was  recovered as t he  digi tonide 3 a n d  pla ted .  
I n  some  ins t ances  t h e  choles terol -d ig i tonide  ob ta ined  f rom the  water -so luble  e n z y m e  s y s t e m  was 
conver t ed  in to  choles terol  d ib romide  and  a s sayed  aga in  for rad ioac t iv i ty ,  w i th  essen t ia l ly  no  change .  

W a s h e d  m i t o c h o n d r i a  p lus  s u p e r n a t a n t  fluid also p rov ides  a s y s t e m  which  appea r s  to  in- 
corpora te  a ce t a t e  in to  choles terol  as efficiently as  does t he  water -so luble  e n z y m e  s y s t e m .  F u r t h e r  
deta i ls  will be r epor t ed  in a la te r  c o m m u n i c a t i o n .  


