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c h l o r i d e  c o m p l e x  was a c y l a t e d  r a p i d l y  ( 3  h r )  w i t h  d e u t e r a t e d  a c y l  
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c h o l i n e s  i n  290% y i e l d s .  The p r o d u c t s  w e r e  f r e e  o f  E-1 and  c - 2  
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a c y l  a n h y d r i d e s ,  u s e d  i n  n e a r l y  s t o i c h i o m e t r i c  amoun ts ,  i n  

c h l o r o f o r m  a f f o r d i n g  m i x e d - c h a i n  p h o s p h a t i d y l c h o l i n e s  i n  7 85% 

y i e l d .  P u r e  p h o s p h a t i d y l e t h a n o l a m i n e s  a r e  p r e p a r e d  r o u t i n e l y  i n  

7 7 0 %  y i e l d  b y  an i m p r o v e d  p r o c e d u r e  f r o m  t h e  c o r r e s p o n d i n g  

p h o s p a t i d y l c h o l i n e s  u s i n g  p h o s p h o l i p a s e - D .  

Keywords :  P h o s p h a t i d y l c h o l  i n e s ,  P h o s p h a t  i d y l e t h a n o l a m i n e s ,  

P h o s p h o l  i p  i d  s y n t h e s i s ,  D e u t e r i  um-1 a b e l  e d  f a t t y  a c i d  

0362-4803/84/01ooO1-13$01.30 
@ 1984 by John Wiley & Sons, Ltd. 

Received June 9, 1983 
Revised September 26, 1983 



2 B. Perly, E. J .  Dufourc and H. C. Jarrell 

INTRODUCTION 

P h o s p h o l i p i d s  w i t h  f a t t y  a c y l  c h a i n s  t h a t  h a v e  b e e n  

l a b e l e d  w i t h  s p e c t r o s c o p i c  p r o b e s ,  s u c h  a s  Z H ,  * 3 C ,  19F a n d  s p  

l a b e l ,  a r e  v a l u a b l e  i n  p h y s i c a l  s t u d i e s  o f  b i o  o g i c a l  a n d  mode 

membrane  s y s t e m s  ( 1 - 3 ) .  T h e  h i g h  c o s t  a n d  f r e q u e n t l y  l o w  

a v a i l a b i l i t y  o f  l a b e l e d  f a t t y  a c i d s  n e c e s s i t a t e  t h a t  s y n t h e t i c  

r o u t e s  t o  p h o s p h o l i p i d s  b e  c o n s i s t e n t l y  h i g h  y i e l d i n g  a n d  

n 

e c o n o m i c a l  i n  t h e  a m o u n t  o f  f a t t y  a c i d  r e q u i r e d .  The  m o s t  w i d e l y  

u s e d  p r o c e d u r e  f o r  p r e p a r i n g  p h o s p h a t i d y l c h o l  i i n e s  ( P C )  h a v i n g  t h e  

same a c y l  c h a i n  a t  b o t h  s - 1  a n d  z - 2  p o s i t i o n s  h a s  b e e n  t h e  

a c y l a t i o n  o f  ~ - g l y c e r o - 3 - p h o s p h o c h o l i n e  ( G P C )  ( 4 - 6 ) ,  o r  i t s  

c a d m i u m  c h l o r i d e  c o m p l e x  ( 7 - 1 0 ) .  A c y l  i m i d a z o l i d e s  ( 4 ,  5 ,  1 0 )  

a n d  a n h y d r i d e s  ( 6 - 9 )  a r e  t h e  m o s t  w i d e l y  u s e d  a c y l a t i n g  a g e n t s .  

T h e  m e t h o d s  h a v e  a t t e m p t e d  t o  r e d u c e  t h e  a m o u n t  o f  a c y l a t i n g  

a g e n t  r e q u i r e d  as  w e l l  as d e c r e a s e  r e a c t i o n  t i m e s ,  w h i l e  

c o n d u c t i n g  t h e  r e a c t i o n s  u n d e r  i n i l d  c o n d i t i o n s  i n  o r d e r  t o  

s u p p r e s s  s i d e  r e a c t i o n s  ( 5 ) .  A l t h o u g h  t h e  r e p o r t e d  m e t h o d s  c a n  

g i v e  g o o d  y i e l d s  ( 6 0 - 8 0 % )  a n d  p u r e  p r o d u c t s ,  t h e y  f r e q u e n t l y  g i v e  

v a r i a b l e  r e s u l t s .  P r o c e d u r e s  w h i c h  g i v e  c o n s i s t e n t l y  h i g h e r  

y i e l d s  w o u l d  b e  m o r e  a t t r a c t i v e  i n  t h e  p r e p a r a t i o n  o f  l a b e l e d  

l i p i d s .  We h a v e  f o u n d  t h a t  t h e  c a d m i u m  c h l o r i d e  c o m p l e x  o f  G P C  

c a n  b e  a c y l a t e d  w i t h  n e a r l y  s t o i c h i m e t r i c  a m o u n t s  o f  f a t t y  a c i d  

a n h y d r i d e  i n  d i m e t h y l f o r m a m i d e  a n d  i n  t h e  p r e s e n c e  o f  N,N- 
d i m e t h y l - 4 - a m i n o p y r i d i n e  ( D M A P )  w i t h i n  3 h t o  g i v e  7 9 0 %  y i e l d s .  

P h o s p h a t i d y l c h o l i n e s  w i t h  m i x e d  a c y l  c h a i n s  h a v e  b e e n  

p r e p a r e d  m o s t  o f t e n  b y  a c y l  a t i n g  2 - l y s o p h o s p h a t i d y l c h o l  i n e s .  

R e c e n t l y  l y s o l e c i t h i n s  h a v e  b e e n  a c y l a t e d  i n  y i e l d s  o f  a p p r o x .  

80% a t  roo in  t e m p e r a t u r e  o v e r  a p e r i o d  o f  2 4  t o  48 h ( 9 ,  10) .  

We h a v e  f o u n d  t h a t  a m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  g i v e s  m o r e  
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r a p i d  a c y l a t i o n  o f  l y s o l e c i t h i n s  ( 2  h )  a n d  y i e l d s  o f  p u r e  PC 's  

c o n s i s t e n t l y  i n  e x c e s s  o f  85%. I n  a d d i t i o n  u n u s e d  l a b e l e d  f a t t y  

a c i d  c o u l d  be r e c o v e r e d  . n e a r l y  q u a n t i t a t i v e l y .  

P h o s p h a t i d y l e t h a n o l a m i n e s  ( P E )  a r e  o f  c o n s i d e r a b l e  

i n t e r e s t  b e c a u s e  o f  t h e i r  u b i q u i t o u s  p r e s e n c e  i n  b i o l o g i c a l  

membranes and  t h e i r  i n t e r e s t i n g  p h y s i c a l  p r o p e r t i e s  ( 1 2 ) .  

S e v e r a l  p a r t i a l  s y n t h e t i c  r o u t e s  t o  t h e i r  p r e p a r a t i o n  h a v e  b e e n  

r e p o r t e d  (13-15). The m o s t  v e r s a t i l e  i n v o l v e s  i n t r o d u c i n g  t h e  

r e q u i r e d  a c y l  g r o u p s  i n t o  P C ' s  f o l l o w e d  by h e a d - g r o u p  e x c h a n g e  

u s i n g  p h o s p h o l i p a s e  D ( 1 4 , 1 5 ) .  Y i e l d s  t t h e  

t r a n s p h o s p h a t i d y l a t i o n  s t e p  a r e  t y p i c a l  y 50-60% a f t e r  

p u r i f i c a t i o n .  We r e p o r t  a m o d i f i c a t i o n  o f  t h e s e  p r o c e d u r e s  w h i c h  

g i v e s  c o n s i s t e n t l y  h i g h e r  y i e l d s  ( 7 0 % )  o f  p u r e  PE. 

RESULTS A N D  D I S C U S S I O N  

A c y l a t i o n  o f  G P C  and  i t s  cadmium c h l o r i d e  comp 

d i p o l a r  a p r o t i c  s o l v e n t s  h a s  b e e n  r e p o r t e d  p r e v i o u s l y  ( 4  

I n  d i m e t h y l s u l f o x i d e  ( U M S O )  a t  l e a s t  2 m o l e  e q u i v a l e n t s  

g r o u p  o f  a c y l a t i n g  a g e n t  w e r e  r e q u i r e d  t o  a c h i e v e  y i e l d s  

e x  i n  

7 , l O ) .  

e r  O H  

O f  63- 

88% (4,7,10) .  OMSO h a s  b e e n  n o t e d  t o  be v e r y  h y d r o p h i l i c  and  

d i f f i c u l t  t o  o b t a i n  a n h y d r o u s  ( 1 6 ) .  D i m e t h y l f o r m a m i d e  i s  e a s i l y  

d r i e d  ( 1 6 )  a n d  r e a d i l y  d i s s o l v e s  t h e  cadmium c o m p l e x  o f  GPC. 

A c y l a t i o n  o f  GPC i n  DMF o c c u r s  w i t h i n  3 h i n  t h e  p r e s e n c e  o f  1 . 2  

m o l e  e q u i v a l e n t s  p e r  h y d r o x y l  g r o u p  o f  f a t t y  a c i d  a n h y d r i d e  a n d  

D M A P  t o  g i v e  c o n s i s t e n t l y  p u r e  PC 's  i n  y i e l d s  i n  e x c e s s  o f  90%. 

T L C  r e v e a l e d  t h e  a b s e n c e  o f  1,3-diacyl-glycero-2-phosphocholine. 

P h o s p h o l i p a s e  A, c l e a v a g e  o f  t h e  PC was c o m p l e t e  a f t e r  2 h t o  

g i v e  o n l y  f a t t y  a c i d  a n d  l y s o - P C .  The l a t t e r  r e s u l t  c o n f i r m e d  

t h e  a b s e n c e  o f  p r o d u c t s  i n v o l v i n g  h e a d - g r o u p  m i g r a t i o n  ( 5 ) .  The 

t r a n s i t i o n  t e m p e r a t u r e  as d e t e r m i n e d  b y  USC was i n  a g r e e m e n t  w i t h  

r e p o r t e d  v a l u e s  (1 7 ) .  R e p r o d u c i b l e  y i e l d s  w e r e  o b t a i n e d  on 

s e v e r a l  p r e p a r a t i o n s .  
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A c y l a t i o n  o f  1 - a c y l  - = - g l y c e r o p h o s p h a t i d y l c h o l  i n e  w i t h  

f a t t y  a c i d  a n h y d r i d e  and D M A P  i n  c h l o r o f o r m - p y r i d i n e ,  4 : l  ( v / v )  

has been r e p o r t e d  t o  g i v e  P C ' s  i n  80% y i e l d s  ( 8 . 9 ) .  The r e a c t i o n  

t i m e s  however  were  one t o  t w o  days .  When t h e  a c y l a t i o n  i s  

c o n d u c t e d  w i t h  n e a r  s t o i c h i o m e t r i c  amoun ts  o f  a c y l  a n h y d r i d e ,  i n  

a r e  c h l o r o f o r m  as d e s c r i b e d  i n  t h e  E x p e r i m e n t a l  S e c t i o n ,  PC's 

(Scheme 1 ) .  The f o r m e d  r a p i d l y  i n  2 h and i n  h i g h  y i e l d s  

f o r  a number o f  PC's p r o d u c e d  by t h i s  me 

I .  O f  p a r t i c u l a r  i m p o r t a n c e  i s  t h e  cons  

shown i n  T a b l e  I .  I n  a d d i t i o n ,  t h e  wash 

e f f e c t i v e l y  removes a l l  o f  t h e  D M A P  f r o m  

r e s u l t s  

hod  a r e  g i v e n  i n  T a b l e  

s t e n t 1 . y  h i g h  y i e  ds  

ng w i t h  1 N  H C l  

t h e  r e a c t i o n  m i x t u r e  and  

a l l o w s  n e a r l y  q u a n t i t a t i v e  r e c o v e r y  o f  u n u s e d  f a t t y  a c i d .  No 

e v i d e n c e  o f  h e a d - g r o u p  m i g r a t i o n  ( 5 )  d u r i n g  t h e  a c y l a t i o n  was 

d e t e c t e d  by TLC. The p r o d u c t s  were  c o m p l e t e l y  h y d r o l y z e d  by 

p h o s p h o l i p a s e  A, t o  g i v e  f a t t y  a c i d  and 2 - l y s o  P C ,  f u r t h e r  

0 0 
II II 

H2C -0 - CR Y C  - 0 - CR 

DMAP : : I  + (R'CO),O - R'C-0-CH 
CHCL, 

I 
I 0- + -2h  I 0- + 

HO-CH 

HzCOPOCH~CH~N (CH313 H&OPOCH,CH,N (CH3), 
0 0 

I , E  

HOCH2CH2NH2 
phospholipase -D 

4 8 
ti& -0 - CR 

: I  
R'C -0 - CH 

I 
I 0- + 

HzCOPOCH~CN~NH, 
0 

Scheme I. 
RCO=16:0; 1.m R'CO.18:l; II,E R'CO=19:cp* 
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TABLE I 

Y i e l d s  and  A n a l y t i c a l  D a t a  f o r  P h o s p h a t i d y l c h o l  i n e s  

PCa 

Obs. L i t . c  M i g r a t  i o n d  
( " C )  

1 4  :O/[4-2H2 1 1 4 :  0 9 0  23.5 23  3 +  1 

16 :O / [3 -2H2 ]16 :0  9 1  41.4 4 1  4 *  1 

1 6  : 0 / [  14 -2  H, ] 1 6  : 0 8 8  41.3 4 1  N D  

1 6 : 0 / 1 8 :  1 9 2  

94  1 6  : O/ [5 -2H2 ]18  : 1 

N D  

5 + -  2 

16  : O / [  9, 1 0 - 2 H 2 ] 1 8 :  1 93 NO 

1 6  : O/ [ 1 6-2H2 118: 1 89  

1 6 : 0 / 1 9 : c p  95  

1 6  :O/[5-2H,]19: C P  93  

1 6 :  0 / [  9, lo - ,  H,]19: C P  

16  : O/ [ 11 -, H, ] 1 9  : C P  

1 6 :  O / [  16 -2H2 ]19 :  C P  93 

93 

9 1  

N D  

5 +  1 

N D  

NO 

NO 

NO 

16 :O/[ 19- 'H2]19:  C P  87  7 *  3 

a M y r i s t i c  a c i d ,  14:O; p a l m i t i c  a c i d ,  16:O; o l e i c  a c i d ,  1 8 : l ;  d i h y d r o -  

b B a s e d  on  l y s o - P C ;  C U a t a  f r o m  r e f .  1 7 ;  dND - n o t  d e t e r m i n e d .  

s t e r c u l i c  a c i d ,  19 :cp .  

c o n f i r m i n g  t h a t  no h e a d - g r o u p  m i g r a t i o n  had o c c u r r e d  d u r i n g  t h e  

r e a c t i o n .  A n a l y s i s  o f  t h e  h y d r o l y s i s  p r o d u c t s  e s t a b l i s h e d  t h a t  

t h e  amount o f  51-1 t o  E-2 a c y l  c h a i n  m i g r a t i o n  was t 5 %  ( T a b l e  

1 ) .  The t r a n s i t i o n  t e m p e r a t u r e s  as d e t e r m i n e d  by DSC g i v e n  i n  

T a b l e  I ,  a r e  i n  c l o s e  a g r e e m e n t  w i t h  r e p o r t e d  v a l u e s .  

The s y n t h e s i s  o f  PE's  f r o m  PC's (Scheme 1 )  was i m p r o v e d  

i n  t e r m s  o f  y i e l d s  and  p u r i t y .  Our e x p e r i m e n t a l  p r o c e d u r e  a l l o w s  
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TABLE I 1  

Y i e l d  o f  P h o s p h a t  i d y l  e t h a n o l  a m i n e s  
~ ~ ~~ 

PE % Y i e l d a  

1 6 : U / 1 8 :  1 7 3b  

1 6  : U / L 9 ,  1 0 - 2 H 2 ] 1 8 :  1 77  

1 6 : U / [ 1 6 - 2 H 2 ] 1 8 : 1  7 4  

1 6 : O / [ 5 - 2 H 2 ] 1 8 : 1  7 6  

1 6 : 0 / 1 9 : c p  7 2  

1 G : 0 / [ 5 - 2 H 2 ] 1 9 : C p  

16 :0/[9 , 1 0 - 2 H 2 ] 1 9 : C p  

74  

7 3  

1 6 : O / [ 1 6 - 2 H 2 ] 1 9 : C p  7 3  

~~ ~ ~ ~~ ~ ~ ~ ~ 

a Y i e l d s  b a s e d  on c o n v e r s i o n  o f  p h o s p h a t i d y l c h o l  i n e .  

b T r a n s i t i o n  t e m p e r a t u r e  d e t e r m i n e d ,  T c ,  b y  O S C  t o  be  26°C. 

a f a s t  r e a c t i o n  w i t h  l o w  a m o u n t s  o f  enzyme.  The b u f f e r  s y s t e m  

m u s t  be  made f r e s h  s i n c e  i n h i b i t o r s  seem t o  d e v e l o p  q u i c k l y .  No 

e x c h a n g e  c o u l d  be  o b t a i n e d  i n  an  a t t e m p t  t o  u s e  a b u f f e r  s o l u t i o n  

w h i c h  h a d  b e e n  s t o r e d  a t  4°C f o r  24 h o u r s  a n d  no  i m p r o v e m e n t  

c o u l d  b e  a c h i e v e d  by  a d d i n g  m o r e  enzyme.  L o s s e s  o f  l i p i d  d u r i n g  

t h e  c h l o r o f o r m  e x t r a c t i o n  a r e  k e p t  t o  a m i n i m u m  b y  u s i n g  

c e n t r i f u g a t i o n  t o  s e p a r a t e  t h e  p h a s e s  f r o m  t h e  f a i r l y  s t a b l e  

e m u l s i o n .  F i n a l l y  r e m o v a l  o f  t h e  s m a l l  a m o u n t  o f  e t h a n o l a m i n e  

i m p u r i t y  i s  e s s e n t i a l  t o  e n s u r e  c o n s i s t e n t  p u r i t y  a n d  y i e l d .  I t  

i s  n o t e w o r t h y  t h a t  t h i s  i m p u r i t y  i s  n o t  r e m o v e d  b y  t h e  f i n a l  

c h r o m a t o g r a p h i c  p u r i f i c a t i o n  s i n c e  i t  i s  e l u t e d  f r o m  t h e  c o l u m n  

t o g e t h e r  w i t h  t h e  P E ' s .  A t  a c o n c e n t r a t i o n  as l o w  as 5% r e l a t i v e  

t o  t h e  p u r e  l i p i d  ( w / w )  e t h a n o l a m i n e  d e p r e s s e s  t h e  b i l a y e r  t o  
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h e x a g o n a l  t r a n s i t i o n  t e m p e r a t u r e  by a b o u t  20°C f o r  P O P E  and  P U S P E  

(B. P e r l y ,  I . C . P .  S m i t h ,  H.C. J a r r e l l  , u n p u b l i s h e d  r e s u l t s ) .  

M o r e o v e r ,  c h e m i c a l  d e g r a d a t i o n  o f  t h e  l i p i d  i s  r e a d i l y  o b s e r v e d  

i f  i m p u r e  l i p i d  d i s p e r s i o n s  i n  w a t e r  a r e  h e a t e d  f o r  s h o r t  p e r i o d s  

o f  t i m e .  T h i s  i m p u r i t y  i s  r e a d i l y  removed  by t h e  w a s h i n g  

p r o c e d u r e  d e s c r i b e d  h e r e ,  t h e  c e n t r i f u g a t i o n  s t e p  b e i n g  e s s e n t i a l  

t o  e n s u r e  e f f i c i e n t  r e m o v a l  o f  e t h a n o l a m i n e  and  q u a n t i t a t i v e  

r e c o v e r y  o f  t h e  l i p i d s .  

EXPERIMENTAL 

- N Y f i - D i m e t h y l - 4 - a m i n o p y r i d i n e  was o b t a i n e d  f r o m  A l d r i c h  

Chem. Co. 1 - M y r i s t o y l -  and  1 - p a l m i t o y l  - = - g l y c e r o - 3 -  

p h o s p h o c h o l  i n e  were  p u r c h a s e d  f r o m  Ca l  b i o c h e m  (San D i e g o ,  Ca.); 

t h e s e  w e r e  f o u n d  t o  be c o n t a m i n a t e d  w i t h  t r a c e s  o f  t h e  

c o r r e s p o n d i n g  PC's and  1 , 3 - d i a c y l  - g l y c e r o - 2 - p h o s p h o c h o l  i n e s  

( ~ 5 % ) .  c - G l y c e r o -  

c o m p l e x  (GPC- CdC1 ) 

p h o s p h a t i d y l c h o l i n e  

L y o p h i l  i z e d  p h o s p h o  

- p h o s p h o c h o l i n e  as i t s  cadmium c h l o r i d e  

was p r e p a r e d  by d e a c y l a t i o n  o f  egg  

( 1 8 )  o r  p u r c h a s e d  f r o m  Sigma Chem. C o .  

i p a s e  A, ( C r o t a l u s  a d a m a n t e u s )  was o b t a i n e d  

f r o m  S-igma Chem. Co. as a p o w d e r .  D e u t e r i u m  l a b e l e d  m y r i s t i c  

( 1 4 : 0 ) ,  o l e i c  ( 1 8 : 1 ) ,  p a l m i t i c  ( 1 6 : O )  and d i h y d r o s t e r c u l i c  

( 1 9 : c p )  a c i d s  were  p r e p a r e d  as d e s c r i b e d  p r e v i o u s l y  ( 1 9 - 2 1 ) .  

P h o s p h o l i p a s e  D was i s o l a t e d  f r o m  cabbage  a c c o r d i n g  t o  

e s t a b l i s h e d  p r o c e d u r e s  and  s t o r e d  u n d e r  a n i t r o g e n  a t m o s p h e r e  a t  

-20°C ( 2 2 ) .  

T h i n  l a y e r  c h r o m a t o g r a p h y  (TLC)  was p e r f o r m e d  on s i l i c a  g e l  60 

p l a t e s  ( E .  M e r c k ,  D a r m s t a d t ,  Germany)  w i t h  c h l o r o f o r m /  

m e t h a n o l / w a t e r ,  6 5 : 2 5 : 4  ( v / v / v )  as t h e  e l u a n t .  Components were  

d e t e c t e d  w i t h  i o d i n e  v a p o u r ,  p h o s p h a t e  r e a g e n t  and  f o r  
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p h o s p h a t i d y l e t h a n o l a m i n e s ,  n i n h y d r i n  ( 2 3 ) .  Column c h r o m a t o g r a p h y  

was p e r f o r m e d  on B i o - s i l  A ( 1 0 0 - 2 0 0  mesh)  ( B i o - R a d  L a b o r a t o r i e s ) .  

C h l o r o f o r m  was d i s t i l l e d  f r o m  p h o s p h o r u s  p e n t o x i d e  u n d e r  

an a r g o n  a t m o s p h e r e  d i r e c t l y  i n t o  t h e  r e a c t i o n  f l a s k .  

D i m e t h y l f o r m a m i d e  ( U M F )  was d i s t i l l e d  f r o i n  c a l c i u m  h y d r i d e  u n d e r  

an a r g o n  a t m o s p h e r e  i n t o  t h e  r e a c t i o n  f l a s k .  

Q u a n t i t a t i v e  a n a l y s i s  o f  p h o s p h o l  i p a s e  A, h y d r o l y s i s  

p r o d u c t s  c o n s i s t e d  o f  l o c a t i n g  t h e  c o m p o n e n t s  on  t h e  d e v e l o p e d  

TLC p l a t e s  w i t h  i o d i n e ,  s c r a p i n g  t h e  s p o t s  f r o m  t h e  p l a t e s  and  

d i r e c t l y  e s t e r i f y i n g  w i t h  m e t h a n o l i c  H C l  ( 1 N ) .  The d e r i v e d  

m e t h y l  e s t e r s  were  a n a l y z e d  by gas c h r o m a t o g r a p h y - m a s s  

s p e c t r o m e t r y  as d e s c r i b e d  p r e v i o u s l y  ( 1 9 ) .  

F a t t y  a c i d  a n h y d r i d e s  were  o b t a i n e d  by e s t a b l  i s h e d  

p r o c e d u r e s  ( 2 4 )  b u t  a f t e r  r e m o v a l  o f  d i c y c l o h e x y l u r e a ,  t h e  

s o l v e n t  was removed  and  t h e  a n h y d r i d e  was u s e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .  C o n v e r s i o n  o f  f a t t y  a c i d  t o  t h e  a n h y d r i d e  was 

e s t i m a t e d  by i n f r a r e d  s p e c t r o s c o p y .  

C a l o r i m e t r y  was p e r f o r m e d  on a M i c r o c a l  M C - 1  

d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t e r  ( U S C )  w i t h  a t e m p e r a t u r e  

s c a n n i n g  r a t e  o f  1.0 d e g r e e  C e l s i u s / m i n .  The g e l  t o  l i q u i d  

c r y s t a l  t r a n s i t i o n  o f  f u l l y  h y d r a t e d  d i p a l m i t o y l p h o s p h a t i d y l -  

c h o l i n e  was u s e d  t o  c a l i b r a t e  t h e  t e m p e r a t u r e  s c a l e .  Samples 

w e i g h e d  a p p r o x .  2 mg and  w e r e  d i s p e r s e d  i n  1.5, m l  w a t e r .  

P r e p a r a t i o n  o f  1 , 2 - d i m y r i s t o y l - ~ - g l y c e r o - 3 - p h o s p h o c h o l i n e  
~- ~ 

GPC-cadmium c h l o r i d e  (10  mmo le )  was d i s p e r s e d  i n  w a t e r  

( 5 0  m l )  and  l y o p h i l i z e d  o v e r n i g h t  t o  g i v e  a w h i t e  powder  w h i c h  

was d r i e d  f u r t h e r  u n d e r  vacuum (0.5 T o r r )  a t  56°C f o r  3 h. 

M y r i s t i c  a n h y d r i d e  ( 2 5  mmo le )  and  D M A P  ( 2 1  mmole)  w e r e  added  t o  

a s o l u t i o n  o f  d r y  GPC-cadmium c h l o r i d e  i n  d r y  DMF ( 7 0  m l )  a t  

45°C. The m i x t u r e  was s t i r r e d  a t  30OC u n d e r  an a r g o n  a t m o s p h e r e  



Syntheses of Phosphatidylcholines and Phosphatidylethanolamines 9 

f o r  3 h and  p r o t e c t e d  f r o m  l i g h t .  TLC i n d i c a t e d  c o m p l e t e  

r e a c t i o n  a f t e r  3 h and  t h e  a b s e n c e  o f  i s o m e r i c  s i d e  p r o d u c t s .  

Removal o f  DMF u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  a r e s i d u e  w h i c h  

was d i s s o l v e d  i n  m e t h a n o l - c h l o r o f o r m - w a t e r ,  5:4:1 ( v / v / v )  ( 2 0 0  

m l ) .  The m i x t u r e  was p a s s e d  t h r o u g h  Rexyn 102(H+) (30 g )  and  t h e  

c o l u m n  e l u t e d  w i t h  t h e  same s o l v e n t  ( 4 0 0  m l ) .  The e l u a t e  was 

c o n c e n t r a t e d  and  t h e  r e s i d u e  

e l u t i n g  s e q u e n t i a l l y  w i t h  c h  

m e t h a n o l ,  1:l ( v / v )  ( 2 0 0  m l )  

The e l u a t e  was m o n i t o r e d  by 

c h r o m a t o g r a p h e d  on s i l i c a  g e l ,  

o r o f o r m  (100 m l  ) , c h l o r o f o r m -  

and  c h l o r o f o r m - m e t h a n o l ,  1:3 ( v / v ) .  

LC. F r a c t i o n s  c o n t a i n i n g  t h e  

p r o d u c t  were  c o m b i n e d ,  f i l t e r e d  and  c o n c e n t r a t e d  t o  g i v e  9.1 m 

m o l e  o f  PC (91% y i e l d  b a s e d  upon  G P C ) .  The l i p i d  was homogeneous 

t o  TLC and h a d  a g e l  t o  l i q u i d  c r y s t a l l i n e  p h a s e  t r a n s i t i o n ,  as 

d e t e r m i n e d  by D S C ,  o f  23.5OC and  a p r e t r a n s i t i o n  o f  1 4 O C .  T h i s  

i s  i n  e x c e l l e n t  a g r e e m e n t  w i t h  t h e  c o r r e s p o n d i n g  v a l u e s  o f  23- 

23.9 and  14-15°C r e p o r t e d  f o r  d i m y r i s t o y l p h o s p h a t i d y l c h o l  i n e  

( 1 7 ) .  S e v e r a l  p r e p a r a t i o n s  gave  s i m i l a r  r e s u l t s .  

A c y l a t i o n  o f  2-l y s o p h o s p h a t i d y l c h o l i n e  

A d i s p e r s i o n  o f  2 - l y s o p h o s p h a t i d y l c h o l i n e  (0.2 mmole )  

i n  w a t e r  (5 m l )  was l y o p h i l i z e d  o v e r n i g h t  t o  g i v e  a powder  w h i c h  

was d r i e d  a t  0.5 T o r r  and  56°C f o r  3 h. F a t t y  d c i d  a n h y d r i d e  

(0.24 mmole )  and  D M A P  (0.25 mmole )  were  added t o  t h e  l y s o - P C  

and  c h l o r o f o r m  (5 m l )  was d i s t i l l e d  f r o m  p h o s p h o r u s  p e n t o x i d e  

i n t o  t h e  r e a c t i o n  f l a s k  u n d e r  an a r g o n  a t m o s p h e r e .  The r e a c t i o n  

m i x t u r e  was p r o t e c t e d  f r o m  l i g h t  and  s t i r r e d  f o r  2 h .  TLC r e v e a l  

t h a t  i n  m o s t  c a s e s  > 9 0 %  r e a c t i o n  had  o c c u r r e d  a f t e r  1.5 h. No 

i s o m e r i c  p r o d u c t s  were  d e t e c t e d  ( s e e  M a t e r i a l s  and M e t h o d s ) .  The 

r e d u c t i o n  o f  r e a c t i o n  t i m e  i s  i m p o r t a n t  s i n c e  i t  has been shown 

(25) t h a t  o v e r  l o n g e r  p e r i o d s  o f  t i m e  s i g n i f i c a n t  a c y l  c h a i n  

m i g r a t i o n  may o c c u r  i n  c o m p a r a b l e  s y s t e m s .  The r e a c t i o n  m i x t u r e  
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was d i l u t e d  w i t h  c h l o r o f o r m - m e t h a n o l  1 : l  ( v / v )  ( 1 0  m l )  a n d  t h e  

m i x t u r e  w a s h e d  w i t h  c o l d  0.9% K C 1  i n  1 N  HC1 ( 1 0  m l )  ( 1 8 ) .  The  

l o w e r  p h a s e  was w a s h e d  w i t h  H,O-MeOH, 1 : l  . ( v / v )  ( 3 x 5  i n l ) ,  a n d  

c h r o m a t o g r a p h e d  on  s i l i c a  g e l  ( 3 0  9 ) .  The  unus led  f a t t y  a c i d  was 

q u a n t i t a t i v e l y  e l u t e d  w i t h  c h l o r o f o r m  ( 2 0 0  m l ) .  E l u t i o n  w i t h  

CHC1,-MeOH, 1 : l  ( v / v )  ( 2 0 0  m i )  f o l l o w e d  b y  CHC13-MeOH, 1 : 2  ( v / v )  

a f f o r d e d  t h e  p r o d u c t .  The  f i l t e r e d  e l u a t e  was c o n c e n t r a t e d  u n d e r  

r e d u c e d  p r e s s u r e .  The  r e s i d u e  was d i s p e r s e d  i n  w a t e r  ( 1 0  m l )  a n d  

f r e e z e - d r i e d  o v e r n i g h t  t o  g i v e  t h e  P C  a s  a w h i t ( ?  h y d r o s c o p i c  

p o w d e r .  Y i e l d s  b a s e d  u p o n  l y s o l e c i t h i n  a r e  g i v i e n  i n  T a b l e  i .  

A c y l  c h a i n  m i g r a t i o n  f r o m  t h e  E-1 t o  t h e  E-2 p o s i t i o n  was 

m o n i t o r e d  by t r e a t i n g  t h e  p r o d u c t  ( 5  mg)  w i t h  p h o s p h o l i p a s e  A, 

a c c o r d i n g  t o  e s t a b l i s h e d  p r o c e d u r e s  ( 2 3 ) .  The  h y d r o l y s i s  

p r o d u c t s  w e r e  s e p a r a t e d  b y  TLC a n d  a n a l y z e d  b y  y . c . -mass  

s p e c t r o m e t r y  o f  t h e  d e r i v e d  m e t h y l  e s t e r s  ( 1 9 ) .  R e s u l t s  a r e  

g i v e n  i n  T a b l e  I .  

Sy n t h e  s i s o f  1 , 2 - d i a c y  1 -=- g 1 y c e r o - 3 -p  h o s p h o e  t h an o 1 am i n e 

A t r a n s p h o s p h a t i d y l a t i o n  b u f f e r  was f r e s h l y  p r e p a r e d  b y  

d i s s o l v i n g  CaC1,.2H20 ( 3 0 0  mg)  a n d  e t h a n o l a m i n e  ( 5  m l )  i n  20  m l  

o f  w a t e r ,  a d j u s t i n g  t o  pH 5.6 w i t h  g l a c i a l  a c e t i c  a c i d  a n d  

d i l u t i n g  t o  50  ml w i t h  w a t e r .  C r u d e  p h o s p h o l i p a s e  D ( 2 0 - 3 0  mg)  

i n  20  m l  o f  t h e  b u f f e r  was m i x e d  w i t h  a s o l u t i o i n  o f  1 . 2 - d i a c y l -  

- s n - g l y c e r o - 3 - p h o s p h o c h o l i n e  ( 0 . 2  m m o l e )  i n  20  m l  o f  w a t e r  w a s h e d  

d i e t h y l  e t h e r .  T h e  m i x t u r e  was s t i r r e d  u n d e r  r i e f l u x  i n  a w a t e r  

b a t h  a t  36 -38°C.  TLC s h o w e d  t h a t  a f t e r  t w o  h o u r s ,  o n l y  PE was 

p r e s e n t  t o g e t h e r  w i t h  a p p r o x i m a t e l y  5% p h o s p h a t i d i c  a c i d  ( P A )  as  

b y - p r o d u c t .  M o s t  o f  t h e  e t h e r  was r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  

l e a v i n g  t h e  l i p i d  as  a s u s p e n s i o n  i n  t h e  a q u e o u s  b u f f e r .  Any 

e n z y m a t i c  a c t i v i t y  was d e s t r o y e d  b y  a c i d i f i c a t i ' o n  t o  pH 1.8 w i t h  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The  t o t a l  l i p i ' d  was e x t r a c t e d  a t  
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0°C w i t n  30 m l  o f  c o l d  c h l o r o f o r m  w i t h  v i g o r o u s  s h a k i n g .  

S e p a r a t i o n  o f  t h e  p h a s e s  f r o m  t h e  r e s u l t i n g  e m u l s i o n  was a c h i e v e d  

b y  c e n t r i f u g a t i o n  ( 5 0 0 0  rpm, 1 5  m i n . )  a t  O O C .  T h i s  p r o c e d u r e  was 

r e p e a t e d  a n d  t h e  p o o l e d  c h l o r o f o r m  e x t r a c t s  w e r e  c o n c e n t r a t e d  

u n d e r  r e d u c e d  p r e s s u r e  t o  a b o u t  20 m l .  A t  t h i s  s t a g e  

e t h a n o l a m i n e  h y d r o c h l o r i d e  i s  s t i l l  p r e s e n t  a t  a b o u t  5 %  ( w / w )  o f  

t h e  amoun t  o f  l i p i d .  T h i s  i s  r e m o v e d  b y  d i l u t i n g  t h e  e x t r a c t  

w i t h  m e t h a n o l  ( 1 0  m l )  a n d  w a s h i n g  w i t h  m e t h a n o l - w a t e r ,  1 : l  ( v / v )  

( 3 x 1 0  m l  ) ,  s o l v e n t  p h a s e s  w e r e  a l w a y s  s e p a r a t e d  b y  c e n t r i f u g a t i o n  

( 1 5  mm, 7 5 0 0  r p m )  a t  0°C. TLC r e v e a l e d  t h a t  95% o f  t h e  i m p u r i t y  

h a d  a l r e a d y  b e e n  r e m o v e d  b y  t h e  f i r s t  w a s h i n g  s t e p .  The  

c h l o r o f o r m  p h a s e  was t h e n  c h r o m a t o g r a p h e d  

A f t e r  w a s h i n g  t h e  c o l u m n  w i t h  c h l o r o f o r m  

a c i d  was e l u t e d  b y  c h l o r o f o r m - m e t h a n o l  , 
F i n a l l y  e l u t i o n  w i t h  c h l o r o f o r m - m e t h a n o l ,  

PE w h i c h  was h o m o g e n e o u s  t o  TLC u s i n g  i o d  

on s i l i c a  g e l  ( 1 0  9 ) .  

1 0 0  m l ) ,  p h o s p h a t i d i c  

9 : l  ( v / v )  ( 1 5 0  m l ) .  

4 : l  ( v / v )  a f f o r d e d  p u r e  

n e ,  p h o s p h a t e  a n d  

n i n h y d r i n  d e t e c t i o n .  A l l  f r a c t i o n s  c o n t a i n i n g  PE w e r e  c o m b i n e d ,  

f i l t e r e d  a n d  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was d i s p e r s e d  a t  

30°C i n  w a t e r  ( 5  m l )  a n d  f r e e z e  d r i e d  o v e r n i g h t  l e a v i n g  a w h i t e  

p o w d e r .  P u r e  P E ' s  w e r e  s t o r e d  u n d e r  d r y  n i t r o g e n  a t  -20°C. 

Y i e l d s  a r e  r e p o r t e d  i n  T a b l e  11. 
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