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Purification of liver monophosphoinositide 
GRAY 1 ha s  recent ly  sugges ted  t h a t  m a n y  of the  so lven t  s y s t e m s  used in the  coun te r - cu r r en t  
d i s t r ibu t ion  of phosphol ip id  m i x t u r e s  (see ~ for review) could be used on cellulose ace ta te  pa r t i t ion  
co lumns  to improve  these  separa t ions .  W e  have  used  th is  sugges t ion  in an  a t t e m p t  to s impl i fy  
t he  m e t h o d  of McKIBBIN 3 for the  purif icat ion of l iver monophospho inos i t i de  f rom c o n t a m i n a t i n g  
n i t rogenous  lipids. Hydro lys i s  with 6 N HCI followed by  paper  c h r o m a t o g r a p h y  4 has  shown these  
impur i t i e s  to be m a i n l y  phospha t idy l  serine and  p h o s p h a t i d y l  e thano lamine .  

The  inositol-rich lipid f rac t ion was  sepa ra ted  from m o s t  of the  c o n t a m i n a t i n g  n i t rogenous  
phosphol ip ids  by  precipi ta t ion from alcohol-chloroform mix tu r e s ,  in which the  la t te r  are more  
soluble. 300 g c rude  pig  liver lipid (Viobin Labora tor ies ,  Monticello, Illinois), which seemed to 
be essent ia l ly  s imilar  to the  horse  liver lipid used  by McKIBBIN a, were d issolved in i .4 1 chloroform 
and  prec ip i ta ted  wi th  5 l e thanol .  The  res idue  was  t aken  up in i 1 chloroform, filtered t h rough  
Kiese lguhr ,  and  the  filtrate t rea ted  wi th  2 1 e thanol .  The  prec ip i ta te  so formed was  fu r the r  purified 
by  prec ip i ta t ion  f rom 500 ml chloroform with 1.3 l acetone.  F ive  fu r the r  purif icat ions by t he  
addi t ion  in each case of 1.2 1 e thano l  to 3oo ml  ch loroform were carried out.  The  non-l ipid con- 
t a m i n a n t s  were r emoved  by pas s ing  the  p roduc t  down a cellulose co lumn  5 in chloroform s a t u r a t e d  
with water .  W h e n  all t he  phosphol ip id  had  been washed  th rough ,  the  to ta l  vo lume  of e l uan t  
was 600 ml. The  inosi t ide was  prec ip i ta ted  wi th  94 ° ml  e thanol ,  al lowed to s t and  for 3 h a t  2 ° C. 
and  finally sepa ra ted  by cent r i fugat ion .  The  p roduc t  had  a N : P  mola r  rat io  of  o.33 compared  
with i .oo (ref. 3) and  0.54 (ref. *) for prev ious ly  isolated f ract ions .  

The  par t i t ion  co lumn  was  prepared  by gr inding  7 ° g cellulose ace ta te  (52.5-53.5 % acety l  
value,  grade  C R I F S ,  50 mesh  from Bri t i sh  Celanese Ltd. ,  H a n o v e r  Square,  L o n d o n  W.r . )  wi th  

75-185 ml  of t he  polar  phase  of the  so lven t  s y s t e m  280 ml  benzene  and  x2o ml  4o° -60 :  pe t ro leum 
e the r  v e r s u s  24 ° ml  m e t h a n o l  and  8o ml  water .  This  s y s t e m  was based on t h a t  used by M c K i a m N  3 
for coun te r - cu r r en t  d is t r ibut ion ,  b u t  ace tone  was omi t t ed  from the  polar  phase .  The  mois t  powder  
was slurried wi th  t he  non-pola r  (moving) phase ,  and  made  into a co lumn  36 m m  diameter .  The  
non-pola r  phase  was  passed  t h rough  unt i l  excess  s t a t i ona ry  phase  had  been removed.  The  equi-  
l ibr ium was  no t  readi ly d i s tu rbed  by minor  changes  in t empera tu re .  The  lipid, prepared as above,  
was  applied in the  m i n i m u m  vo lume of m o v i n g  phase  and  was  found to be rapidly par t i t ioned,  
t he  purified inosit ide being e luted with abou t  25 ° ml m o v i n g  phase .  

Table  I shows  t h a t  abou t  7 ° % of the  phosphol ip id  could be recovered,  and  t h a t  a l t hough  
t he  N : P  mola r  ra t ios  of  the  p roduc t s  were no t  cons tan t ,  be tween  a th i rd  and  th ree -quar t e r s  of 
t he  c o n t a m i n a t i n g  lipid n i t rogen  was removed.  These  differences do no t  seem to be accoun ted  
for by  var ia t ions  in co lumn " load ing" .  The  resul ts  show t h a t  when the  c h r o m a t o g r a p h y  of t he  
inosit ide was  repeated,  the  N : P mola r  rat io was still fu r the r  reduced,  whi ls t  g iv ing good overall  
phosphol ip id  recovery.  W e  have  been unable  to pur i fy  bra in  d iphosphoinos i t ide  p repara t ions  
us ing  th is  cellulose ace ta te  par t i t ion  co lumn  technique .  

T A B L E  I 

INOSITIDE PURIFICATION ON CELLULOSE ACETATE 

Starting material Purified product 

N:  P mg P N:  P % 
Source molar ratio* applied 1o column molar ratio* recovery o / P  

I. Alcohol  ppt .  0.33 Io.2o o.21 72 
2. Alcohol ppt .  0.33 7.14 o.18 66 
3. P roduc t  f rom 2 o.z8 z.72 0.09 66 
4. Alcohol ppt .  0.33 1o.2o 0.22 67 
5- P roduc t  f rom 4 0.22 5.37 o.15 78 
6. Alcohol ppt .  0.33 5.xo o.17 67 
7- Alcohol ppt .  0.33 5.xo o.l 4 72 
8. Silica f ract ion o.18 1o.63 o.o 4 68 

(See Table  If) 

The  lipid r emain ing  in the  s t a t i ona ry  phase  could be e luted with methano l .  I t  gave  N:  P ra t ios  
of o .45  and  o.80 respect ively  in I and  8 above.  The  cellulose ace ta te  is s l ight ly  soluble in m e t h a n o l  
m a k i n g  recovery of the  s t a t i ona ry  phase  lipid impract icable .  

* Ni t rogen was  de te rmined  by  the  micro-Kje ldah l  me thod ,  and  phospho rus  by the  m e t h o d  
of KING v. 

Using  a s imilar  so lven t  sy s t em for coun te r - cu r r en t  d is t r ibut ion  of the  lipid mix ture ,  the  
inosit ide was  found to be concen t ra ted  in the  polar  phase  s. We  expec ted  therefore  t h a t  t he  
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s t a t i c m a r v  p¢,lar phase ,  t h o u g h  s u p p o r t e d  I)v celluh~s¢ ac t ' t a t e ,  wouh l  s t i l l  t m ' f c r e n t i a l l y  r tqa in  
t h e  inos i t i de .  T h e  r ea son  for t he  <)ccllrreuce <~f tale o p p o s i t e  l~eha' , ' i<nlr is laot u m l e r s t o ~ d .  The  
p u r i f i c a t i o n  is no t  d u e  t~ s i m p l e  ads , ) r p t i on  gilt t h e  cc lh lh , se  ace t ; i to ,  s inco w h e n  c( ih la l lns  \ v c r c  
p r e p a r e d  w i t h t m t  s t a t i o n a r y  phase ,  n ,me  ~f the  a p p l i e d  l ip id  couh l  be e h l l c d  w i t h  the  m o v i n g  phasc .  

"11"o c<mlpare  t h e  1)ehavionr  on s i l ic ie  ac id  of ~l l r  int~sitide pre l )ara t i~m iN : l* n l~ la r  r a t i~  o.33) 
w i t h  t h o s e  of .McK[~mN a, we f , l l o w e d  h i s  m e t h o d  of eluti<m us ing  i uc r ca s ing  c - n c c n t r a t i ,  ms ,~f 
m e t h a n ( ) l  ill e h l o r o f o r u l .  T h e  f i ' a c t i ona t iou  p r o d u c e d  w a s  f o u t l d  to) v a r y  g r e a t l y  wi th  t he  a d s , , r p t i v e  
c a p a c i t y  of the  s i l ie ic  ac id  used.  U n t r e a t e d  M a l l i n c k r o d t  " a c i d  s i l i c i c "  (to<) mesh ,  " S u i t a b l e  f,w 
c h r o m a t ( ~ g r a p h i c  a n a l y s i s  t)y t he  m e t h o d  ()f la .amsey ant i  P a t t e r s o n " )  a d s o r b e d  t he  a p p l i e d  l ip id  
so s t r ( m g l y  t h a t  an  i n o s i t i d e - r i c h  f r ac t i on  couM onh-  1)e e l u t e d  w i t h  p u r e  m e t h a n . 1 ,  g i v i n g  t ) . o r  
f r a c t i o n a t i o n .  \Vhen  t h i s  s i l ic ic  ac id  w a s  w a s h o d  w i t h  d i s t i l l ed  w a t e r  to z'emf,ve fine pa r t i c l e s ,  
d r i ed  w i t h  a c e t o n e ,  a n d  h e a t e d  o v e r n i g h t  a t  r i o : C ,  the  rest, I ts  (Tab l e  I i )  s h o w e d  an  i m p r o v e d  
s e p a r a t i o n ,  e s p e c i a l l y  it] t he  fractiCm e l u t e d  l>v 17.o ¢'[~ m e t h a n o l  ira chhw¢~form. F i n a l l y  " P r e c i p i -  
t a t e d  S i l i c a "  ( B r i t i s h  l ) r u g  H o u s e s  IAd.,  l 'oole ,  15ngland) w a s  used.  "l'his was  s i m i l a r l y  w a s h e d  
w i t h  w a t e r ,  t h e n  w i t h  .V l 1('1, a n d  a g a i n  w i t h  w a t e r  u n t i l  t h e  p H of t im s u p e r n a t a n t  was  al) ,ut t  5.5. 
d r i ed  w i t h  aeet<me, a n d  h e a t e d  o v e r n i g h t  a t  ~ to"  C. T h i s  enabh~d a g r e a t l y  pu r i t i ed  i n o s i t i d e  to  
be o b t a i n e d  f rom the  to. 5 °i, a n d  t 7.0 o~, m e t h a n o l  in  chh , ro forna  f r a c t i o n s ,  t h o u g h  t h e  p h o s p h o l i p i d  
r e c o v e r y  was  ()nix: 1().2 o . 

T A B L I -  l I  

I.N'OSITII)I': PI . 'RIFICATION ON S1LICIC ACID COI.U,MNN 

Silica used Starting material Eluant: og recovery Purified product 
.V:P molar ratv, % 3IeOH in CHCI~ o / P  applied N:  P molar rati,~ 

M a l l i n c k r o d t  w a s h e d  o.33 6.o t .88 
' o.5 5.03 • - 
1 7 . o ( l s t  4 o o m l )  lo.{} 7 o . t 8 "  
J 7.0 (2nd 400 ml)  6.75 o.2I  "* 
3 0 . 0  I 2. 3 I {}. 1 o 

l o o . o  - 1.3(7 o .  14 

I',.1).H. washe<l o.33 l~.o -'5.9 0.5 * *" 
t o  5 p lus  t7 .o  tt~.2 o .1 i  

IOO.O 23.1 O . 7 " * *  

~ ' ICKIBBIN a I .oo  2.0 o Not  s t a t e d  
(~.o N o t  s t a t e d  N o t  s t a t e d  
%o Not  s t a t e d  No t  s t a t e d  

t 7 .0  <~2.7 o.7~) 

M c l Z I u m x  a o. l o (a) 13.o a p p r o x ,  l .o o.o~) l a) 
O.l 5 (l)) 13.O a p p m x  ~.o o.oS (I,! 

Used  as  s t a r t i n g  m a t e r i a l  on c e l h d o s e  a c e t a t e  (Tab l e  l). 
• * P r e c i p i t a t e  c a m e  o u t  on s t a n d i n g ,  a n d  h a d  a N : I '  m o l a r  r a t i o  of o.o 7. Ac id  h y d r o l y s i s  s h o w e d  

inos i t o l  an t i  g l y c e r o l  p r e s e n t .  
• ** A p p r o x i m a t e  v a l u e s  by  c h r o m a t o g r a p h y  of h y d r ~ l y s a t e s .  

T h e  r e s u l t s  s u g g e s t  t h a t  s i l i c i c  ac id ,  l ike  a l u m i n a ,  v a r i e s  g r e a t l y  in  a d s o r p t i v e  power ,  and  
t h a t  in  t h i s  s e p a r a t i o n  a w e a k l y  a d s o r b i n g  s i l i c a  is r e q u i r e d .  Al l  t h e s e  s i l i c i c  a c i d  c o l u m n s ,  h o w e v e r ,  
g a v e  low r e c o v e r i e s  of pu r i f i ed  i n o s i t i d e ,  a n d  w e r e  o f t e n  found  to  h a v e  a s l o w  r a t e  of s o l v e n t  
t low e v e n  w h e n  m i x e d  w i t h  ce l i t e .  T h e  c e l l u l o s e  a c e t a t e  c o l u m n s  seem p r e f e r a b l e  for t h e s e  s t a g e s  
of p u r i f i c a t i o n ,  s i nce  t h e y  h a v e  f a s t e r  r a t e s  of s o l v e n t  flow a n d  g i v e  h i g h e r  y ie lds .  T h e y  a re  r e a d i l y  
a d a p t e d  to  g i v e  s u c c e s s i v e  p u r i t i c a t i o n s  u s i n g  t w o  or  m o r e  c o l u m n s .  

W e  a r e  i n d e b t e d  to  t h e  M e d i c a l  R e s e a r c h  C o u n c i l  for a g r a n t  to  one  of us  (R. R. I).). 
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