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A b s t r a c t

PHOSPHOLIPID SYNTHESIS IN ESCHERICHIA COLIi 

STUDIES OP THE METABOLISM OF PHOSFHONIC ACID ANALOGUES

OF sa-GLYCEROL 3-PHOSPHATE

toy

RICHARD JOSEPH TYHACH

A dvisor* P r o f e s s o r  B u rto n  E. Tropp

3*1*—D ihydroxy£3-*H ]buty  1 - 1 - phosphonate*  an an a lo g u e  o f  

g l y c e r o l  3 -pho sp ha te*  i s  in c o rp o r a te d  i n t o  a  v e ry  p o l a r  

l i p i d  m a t e r i a l  by c u l t u r e s  o f  E s c h e r i c h ia  c o l i  s t r a i n  8* and 

in  v i t r o  by C D P -d ig ly ce r id e  t e n - g ly c e r o l  3 -p h o sp h a te  phospha­

t i d y l  t r a n s f e r a s e .  These la b e le d  l i p i d s  have been f r a c t i o n ­

a te d  by column chrom atography on DEAF c e l l u l o s e *  r e v e a l in g  

t h a t  o n ly  one l a b e le d  compound i s  formed 4 a  v i t r o , w h ile  

fo u r  a r e  s y n th e s i s e d  4 a  The main component o f  th e

m a te r i a l  formed by i n t a c t  c e l l s  has  been shown to  be i d e n t ­

i c a l  t o  t h a t  p roduced  e n s y m a t ic a l ly .  T h is  s p e c ie s  h as  been 

I d e n t i f i e d  a s  th e  phosphonic  a c id  an a lo g u e  o f  p h o s p h a t id y l -  

g ly c e ro p h o sp h a te  f ( 1 . 2 - d l a c v l ) - s n - g l v c e r v l  £ - 4 ' - p h o s p h o ry l -  

o x y -3 * -h y d ro x y b u ty l-1 '-p h o s p h o n a te 3* H y d ro ly s is  o f  t h i s  

n o v e l  l i p i d  w ith  p h o sp h o l ip a se  C r e s u l t e d  i n  th e  p roduc­

t i o n  o f  d i g l y c e r i d e  and a  w a te r  s o lu b le  d e r i v a t i v e  o f  3 • ^ - d i -  

h y d ro x y b u ty l -1 -p h o s p h o ra te .  T rea tm en t o f  th e  l a t t e r  w ith
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a l k a l i n e  p h o sp h a ta se  produced 3 ,4 - d ih y d r o x y b u ty l - l - p h o s -  

phonate  and in o rg a n ic  phospha te  i n  a  m olar r a t i o  o f  1.03*

1. Enzym atic a n a l y s i s  o f  th e  phosphonate  l i b e r a t e d  i n  t h i s  

manner showed i t  t o  be th e  D e n a n tio m e r ,  th e re b y  c o n f irm in g  

th e  p roposed  s t r u c t u r e  o f  th e  l i p i d  a n a lo g u e .

The an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  d id  n o t  

t u r n  o v e r ,  and ap p ea red  to  have no p r e c u r s o r - p r o d u c t  r e l a ­

t i o n s h i p  t o  th e  o t h e r  l a b e le d  l i p i d s  d e r iv e d  from 3,4—d ih y ­

droxy [3 -* H ]b u ty l - l -p h o s p h o n a te  X&  v iv o - A n a ly s is  o f  th e  

o th e r  t h r e e  l a b e le d  p ro d u c ts  r e v e a le d  th e  t r i t i u m  to  be 

p r e s e n t  on g l y c e r o l ,  and n o t  i n t a c t  p ho sp hon a te , i n d i c a t i n g  

some ra n d o m iz a t io n  o f  l a b e l .  E xperim en ts  w ith  a  m utan t o f  

E. c o l i  l a c k in g  th e  a n a b o l ic  g l y c e r o l  3 -pH osphate dehydrog­

enase  r u le d  o u t  t h i s  enzyme a s  a  cau se  o f  th e  ra n d o m iz a t io n .

Two phosphonic  a c id  a n a lo g u e s  o f  C O P -d ig ly c e r id e ,  DL-

2 -h e x a d e e o x y -3 -o c ta d e c o x y p ro p y lp h o s p h o n y l-0 - (c y t id in e  y -  

p h o sp h a te )  (an a lo g u e  I ) ,  and DL-3.4—d 1o c ta d e c o x v b u tv lp h o s -  

p h o n y l - 0 - ( c y t id in e  y -p h o s p h a te ) (an a lo g u e  I I ) ,  have been 

s y n th e s iz e d  and examined a s  s u b s t r a t e s  f o r  th e  enzymes i n ­

vo lved  in  th e  s y n t h e s i s  o f  p h o sp h o g ly c e r id e s  in  E s c h e r i c h ia  

Both compounds were s u b s t r a t e s  f o r  C D P -d ig ly c e r id e ■ 

s n - g l v c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e .  The a n ­

a lo g u e s  had s i m i l a r  Km v a lu e s  (Km o f  0 .060  mM f o r  ana lo g u e

I I I  K o f  0 .0 8 0  mM f o r  an a lo g u e  I )  and a  VM _ i d e n t i c a l  t o  m max
t h a t  o f  C D P -d lp a lm itin  (K o f  0 .0 4 4  mM). In  c o n t r a s t ,  th e

III

a n a lo g u e s  were poor s u b s t r a t e s  f o r  C D P - d ig ly c e r id e i^ - s e r in e  

p h o s p h a t id y l  t r a n s f e r a s e .  The a n a lo g u e s  had low er Km v a lu e s



(K o f  0 .4 0  mM f o r  an a lo g u e  l i t  K o f  0 .8 0  mM f o r  ana lo g u e
m m

I )  th a n  C D P -d ip a lm itin  (Km o f  1 .4  mM). The a l th o u g h

I d e n t i c a l  f o r  b o th  a n a lo g u e s ,  was t e n - f o l d  low er th a n  t h a t  

ob served  w ith  th e  n a t u r a l  s u b s t r a t e .  An a n a l y s i s  o f  th e  

p ro d u c ts  o f  th e s e  enzym atic  r e a c t i o n s  s u g g e s ts  t h a t  phos- 

p h a t ld y lg ly c e ro p h o s p h a te  p h o sp h a ta se  and p h o s p h a t id y l s e r in e  

d e c a rb o x y la s e  may a l s o  p o s s e s s  a  c e r t a i n  d eg ree  o f  s u b s t r a t e  

s p e c i f i c i t y .

The r e s u l t s  w ith  th e  a n a lo g u e s  o f  C D P -d ig ly ce r id e  in  

v i t r o  i n d i c a t e  t h a t  i f  th e  a c y l a t i o n  o f  3#4 -d ih y d ro x y b u ty l -  

1 -ph ospho na te  w ere p o s s ib l e  An v i v o , p h o sp h o l ip id  m e tab o l­

ism in  E. c o l i  m igh t be m arkedly  a l t e r e d .
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CHAPTER 1

THE METABOLIC FATE OF 3 ,4-DIHYDROXYBUTYL-l-PHOSPHONATE IN 

ESCHERICHIA COLIi FORMATION OF A NOVEL LIPID, THE 

PHOSPHONIC ACID ANALOGUE OF PHOSPHATIDYLGLYCEROPHOSPHATE1

I n t r o d u c t io n

The g r e a t  i n t e r e s t  i n  e l u c i d a t i n g  th e  m o le c u la r  a r c h i ­

t e c t u r e  o f  b i o l o g i c a l  membranes, and t h e i r  f u n c t io n a l  mech­

an ism s , h as  led  to  an in t e n s iv e  ex a m in a tio n  o f  th e  r o l e  o f  

l i p i d s  in  th e s e  s t r u c t u r e s .  E s c h e r i c h ia  c o l i  h as  proven 

to  be p a r t i c u l a r l y  a t t r a c t i v e  a s  a model system  in  th e s e  

s t u d i e s .  T h is  o rganism  has  a  s im p le  p h o sp h o l ip id  compos­

i t i o n ,  c o n s i s t i n g  o f  t h r e e  s p e c ie s  ( 1 ) ,  and th e  s t e p s  i n ­

vo lved  in  t h e i r  b i o s y n t h e s i s ,  o u t l in e d  in  F ig u re  1, have 

been w e ll  c h a r a c t e r i z e d  (2 -1 3 ) .  In  a d d i t i o n ,  th e  p o t e n t i a l  

e x i s t s  f o r  a l t e r i n g  p h o sp h o l ip id  m etabo lism  by g e n e t i c  means. 

Work w ith  m u tan ts  o f  E. c o l i  d e f e c t i v e  in  p h o sp h o l ip id  syn­

t h e s i s  has  been e x t e n s iv e ly  rev iew ed ( 1 4 ,1 5 ) .  Such s t u d i e s  

have p e rm it te d  some u n d e r s ta n d in g  o f  th e  g e n e r a l  r o l e  o f  

l i p i d s  in  membranes. However, th e  f u n c t io n  o f  s p e c i f i c  

p h o s p h o l ip id s  in  th e  m e d ia t io n  o f  membrane p ro c e s s e s  i s  n o t  

c l e a r .  R e c e n t ly ,  m u tan ts  have been i s o l a t e d  i n  which th e  

s y n t h e s i s  o f  a  p a r t i c u l a r  c l a s s  o f  p h o s p h o l ip id s  i s  b locked  

(1 6 -2 0 ) .  The s tu d y  o f  such s t r a i n s  shou ld  h e lp  to  c l a r i f y

1. A p o r t i o n  o f  th e  work d e s c r ib e d  in  t h i s  c h a p te r  has  
been p u b l is h e d !  J .  B i o l . Chem. 250 . 1633-1639 (1975).



2

t h i s  s i t u a t i o n .

As an a l t e r n a t i v e  a p p ro a c h ,  phosphonic  a c id  an a lo g u e s  

o f  g l y c e r o l  3 -p h o sp h a te  have been examined in  th e  hope o f  

f in d in g  an i n h i b i t o r  o f  a  s p e c i f i c  s t e p  in  th e  s y n t h e s i s  

o f  p h o s p h o g ly c e r id e s .  One compound which a p p e a rs  p rom ising  

i s  3 ,^ - d ih y d r o x y b u ty l - l - p h o s p h o n a te .  T h is  ana logue  i n h i b i ­

te d  th e  growth o f  E. c o l i . and a l s o  had a marked e f f e c t  upon 

p h o sp h o lip id  m etabo lism  (2 1 ,2 2 ) .  T rea tm en t w ith  c o n c e n t r a ­

t i o n s  o f  3#**— d ih y d ro x y b u ty l - l -p h o s p h o n a te  which only  s l i g h t ­

ly  a f f e c t e d  growth r e s u l t e d  in  an im m ediate 50# d e c re a s e  

in  th e  r a t e  o f  p h o s p h a t id y lg ly c e r o l  s y n th e s i s  (2 3 ) .  In  

v i t r o  ex a m in a tio n  o f  th e  enzymes in v o lv e d  in  g ly c e r o l  3 - 

p h o sp h a te  m etabo lism  in  E. c o l i  su g g es ted  t h a t  th e  phosphon­

a t e  e x e r te d  an e f f e c t  ixi v iv o  a t  th e  l e v e l  o f  C D P -d ig ly cer­

id e  i s n - g l y c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e .  The 

compound was bo th  a  c o m p e t i t iv e  i n h i b i t o r  and a  s u b s t r a t e  

f o r  t h i s  enzyme (2*0.

3 ,**—D ih y d ro x y £ 3 -* H ]b u ty l- l-p h o sp h o n a te  was in c o rp o r a te d  

i n t o  a h ig h ly  p o l a r  l i p i d  m a t e r i a l  i a  v i t r o  by C D P -d ig lycer­

id e  i s n - g l y c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e ,  and 

by b a c t e r i a l  c u l t u r e s .  P re l im in a ry  ex p e r im e n ts  in d i c a t e d  

t h a t  b o th  m a t e r i a l s  were s i m i l a r ,  and t h a t  th e y  were p rob­

a b ly  phosphonic  a c id  a n a lo g u e s  o f  p h o s p h a t id y lg ly c e ro p h o s -  

p h a te .  S ince  th e  p re se n c e  o f  such  an  u n n a tu r a l  a c i d i c  l i p i d  

in  th e  membrane o f  E. c o l i  cou ld  have im p o r ta n t  e f f e c t s ,  

e x p e r im e n ts  were u n d e r ta k e n  to  f u l l y  c l a r i f y  i t s  s t r u c t u r e .  

T h is  c h a p te r  r e p o r t s  t h a t  th e  l i p i d  m a t e r i a l  formed v i t r o
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and th e  m ajor component s y n th e s iz e d  v ivo  from 3 , ^ -  

d ih y d ro x y b u ty l - l -p h o a p h o n a te  a r e  in d eed  i d e n t i c a l ,  and 

a r e  th e  phosphonate  a n a lo g u e s  o f  p h e s p h a t ld y lg ly c e ro p h o s -  

p h a te  [ ( 1 , 2 - d i a c y l ) - a a - g l y c e r y l  D -4 * -p h o sp h o ry lo x y -3 '-  

h y d ro x y b u ty l-1 * -p h o sp h o n a te  — F ig u re  2 ] .  In  a d d i t i o n ,  

some a s p e c t s  o f  th e  m etabo lism  o f  t h i s  l i p i d  a r e  d i s ­

cu ssed  .
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M a te r ia l s  and Methods

C h em ica ls i r a c - 3 . 4 -D lh y d ro x y b u ty 1 - 1 - phosphonate  was p re ­

pared  a s  d e s c r ib e d  p re v io u s ly  (2 5 ) .  r a c -1 .4-D ihvdroxyr1-*H "1- 

b u ty l -1 -p h o s p h o n a te  (31 mCi/mmole and 480 mCi/mmole) was 

p re p a red  u s in g  th e  method o f  G o ld s te in  e t  a i . .  (2 6 ) .  3 ,4 -D i-

h e x a d e c a n o y lb u ty l - l -p h o s p h o n ic  a c id  was a  g i f t  o f  Dr. J .C . 

Tang o f  Queens C o lle g e .

The fo l lo w in g  were o b ta in e d  from th e  Sigma Chemical 

C o , , S t ,  L o u is ,  Mo.i B a c i l l u s  c e re u s  p h o sp h o lip a se  C (Type 

I I I ) i  r a b b i t  m uscle g l y c e r o l  3 -p h o sp h a te  dehydrogenase  (^~ 

g ly c e r o l  3-phosphatetNAD o x id o re d u c ta s e ,  B.C. 1 . 1 . 1 . 8 ) i  

NAD (Grade I I I ) t  cabbage p h o sp h o lip a se  D (Type I ) i  t r i s -  

(hydroxym ethyl)am inom ethane ( T r i s ) * T r i t o n  X-100 ( o c t y l -  

p h e n o x y p o ly e th o x y e th a n o l) i  p a lm i t i c  a c id i  m onopalm itin i 

and d i p a l m i t i n .  C y t id in e  d ip h o s p h a te - d ip a lm i t in  (CDP- 

d i p a l m i t i n )  was p u rchased  from S erd a ry  R esea rch  L a b o ra to r ­

i e s ,  London, O n ta r io ,  Canada. B a c t e r i a l  p h o s p h a t id y le th a n -  

o lam in e , p h o s p h a t id y lg ly c e r o l ,  and c a r d i o i l p i n ,  used  a s  

ch ro m ato g rap h ic  s t a n d a r d s ,  were o b ta in e d  from S u p e lco , I n c . ,  

B e l l e f o n te  Pa. S il-N -H R , polygram  CEL 300 DEAJ5, and CEL 300 

PEI t h i n  l a y e r  p l a t e s  were p ro d u c ts  o f  Brinkmann In s t ru m e n ts  

I n c . ,  W estbury, N.Y. A n a s i l  G t h i n  l a y e r  p l a t e s  were ob­

t a in e d  from A nalabs I n c . ,  New Haven, Conn. C helex  100 was 

a  p ro d u c t  o f  B io-R ad. £ l - ^ C 3 A c e ta t e  (55 mCi/mmole) was

purchased  from New England N u c le a r ,  B oston , M ass . ,  and
12c a r r i e r  f r e e  H^ PO^ from Schwarts-M ann, O rangeburg , N.Y.
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DE-52 DEAE c e l l u l o s e  was a  p ro d u c t  o f  Whatman. A l l  o th e r  

ch em ica ls  were o f  r e a g e n t  g ra d e . S o lv e n ts  were r e d i s t i l l e d  

b e fo re  u se .

B a c t e r i a t E. c o l i  s t r a i n  8, o r i g i n a l l y  i s o l a t e d  by Hayashi 

e t  a l . (2 7 ) ,  was a g i f t  o f  Dr. J .  Cronan J r .  o f  Yale U n iv e r­

s i t y .  The geno type  o f  t h i s  s t r a i n ,  in  te rm s o f  th e  symbols 

o f  T a y lo r  and T r o t t e r  (2 8 ) ,  and th e  a l l e l e  numbers o f  th e  

C o li  G en e tic  S tock C e n te r  (Yale U n i v e r s i t y ) ,  is*  H fr C 

g lp  Rc2 ,  phoA8, tonA22, T2R, r e l - 1  (A), g lp  D3. S t r a i n  

BB20-14, a d e r i v a t i v e  o f  s t r a i n  8 which c o n ta in s  an  a d d i ­

t i o n a l  l e s i o n  (gps A) r e s u l t i n g  i n  an i n a c t i v e  b i o s y n t h e t i c  

s n - g l y c e r o l  3 -p h o sp h a te  dehydrogenase  (29)» was o b ta in e d  

from Dr. R. B e l l  o f  th e  Duke U n iv e r s i ty  M edical C e n te r .  

U n less  o th e rw ise  n o te d ,  s t r a i n  8 was c u l tu r e d  on th e  medium 

o f  Garen and L e v in th a l  (30) supp lem ented  w ith  0 ,6  mM phos­

p h a te  and 0.5/S po tass iu m  s u c c in a te .  S t r a i n  BB20-14 was c u l ­

tu r e d  on th e  same minimal media supplem ented  w ith  0 ,6  mM 

p h o sp h a te ,  0.5%  g lu c o s e ,  and 0.1%  g l y c e r o l .  C e l l s  were i n ­

c u b a te d ,  and grow th  m o n ito re d ,  a s  p r e v io u s ly  d e s c r ib e d  (2 3 ) .

I n c o r p o r a t io n  o f  3 .4 -D ih y d ro x y r3 -* H ~ lb u ty l- l-p h o sp h o n a te  

I n to  L ip id s  In  Yivoi E. c o l i  s t r a i n  8 was c u l t u r e d  i n  

e i t h e r  20 o r  4-0 ml o f  m edia . Upon r e a c h in g  a c e l l  d e n s i ty  

o f  1 .5  x 10® c e l l s  p e r  ml (26 K l e t t ) ,  0 .0 3  mM 3 |4 — d ih y d ro x -  

y [3 -* H ^ b u ty l- l -p h o s p h o n a te  was added . F o r lo n g  in c u b a t io n  

t im e s  (20 m in u te s  and 2 h o u r s ) ,  th e  s p e c i f i c  a c t i v i t y  o f
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th e  an a lo g u e  was 31 mCi/mmole. In  f iv e  m inute  p u ls e  ex ­

p e r im e n ts ,  i t  was in c r e a s e d  to  480 mCi/mmole. In  some s t u ­

d i e s ,  in v o lv in g  doub le  l a b e l i n g ,  th e  c u l t u r e s  a l s o  r e c e iv e d  

^ l - ^ C j a e e t a t e  (10 u C i/m l)  and po tass iu m  a c e t a t e  (100 jig /m l)  

a t  th e  same tim e a s  th e  p h osph ona te . In  o t h e r s ,  [-^P[]phos- 

p h a te  (2 u C i/m l)  was added one g e n e r a t io n  b e fo re  th e  phos­

phonate  to  in s u r e  e q u i l i b r a t i o n  o f  phospha te  p o o ls .  A f te r  

in c u b a t io n  w i th  th e  l a b e le d  compounds, th e  o e l l s  were e i t h e r  

c e n t r i f u g e d  a t  5000 x g f o r  10 m inu te s  a t  room te m p e ra tu r e ,  

and washed w i th  media la c k in g  s u c c in a t e ,  o r  c o l l e c t e d  and 

washed on a M iH i  pore f i l t e r  (HAWP 45 um). The c e l l s  were 

re su sp en d ed  i n  a  volume o f  d i s t i l l e d  w a te r  eq u a l  to  one 

t e n t h  th e  o r i g i n a l  c u l t u r e  volume, and th e  l i p i d s  e x t r a c t e d  

by th e  method o f  B l ig h  and Dyer (31) a s  m o d if ied  by Ames 

(3 2 ) .  D uring  th e  l i p i d  i s o l a t i o n ,  p r e c a u t io n s  were tak en  

n o t  to  d i s t u r b  th e  i n t e r f a c e  between th e  aqueous and c h l o r ­

oform l a y e r s .  The r e s u l t i n g  ch lo ro fo rm  e x t r a c t  was washed 

once w i th  1 ml o f  2 M KC1, tw ice  w ith  1 ml o f  1 mM 3 ,4 - d i ­

h y d ro x y b u ty l -1 -p h o sp h o n a te , and tw ic e  w ith  1 ml o f  d i s t i l l e d  

w a te r .  A f t e r  th e  l a s t  wash, enough m ethano l was added to  

form one p h a se ,  and th e  i n s o l u b le  d e b r i s  removed by f i l ­

t r a t i o n  th ro u g h  g l a s s  wool.

T urnover o f  L ip id s  D erived  From 3 .4 -D lh v d ro x y r3 -aH~lbutyl- 

1 -p h o s p h o n a te i 3 ,4 -D ih y d ro x y [[3 -* H ]b u ty l- l-p h o sp h o n a te  (31 

mCi/mmole) was added to  40 ml c u l t u r e s  o f  £ .  c o l i  s t r a i n  8 

a t  a  c o n c e n t r a t i o n  o f  0 .0 3  mM. At 30 m inu te  i n t e r v a l s ,  1



7

ml o f  c u l t u r e  was w ithdraw n, and th e  l i p i d s  e x t r a c t e d  by 

th e  Ames (32) p ro c ed u re  d e s c r ib e d  e a r l i e r .  A f t e r  2 hou rs  

o f  i n c u b a t io n ,  th e  c u l t u r e s  were f i l t e r e d  on M i l l i p o r e  f i l ­

t e r s ,  washed tw ice  w i th  10 ml o f  media la c k in g  s u c c in a te ,  

and re su sp en d ed  i n  f r e s h  m edia w i th o u t  ph o sp h o n a te . The 

c e l l s  were c u l tu r e d  f o r  an  a d d i t i o n a l  3 h o u r s ,  d u r in g  which 

tim e 1 ml sam ples were removed, and e x t r a c t e d  a s  above.

One ml p o r t i o n s  o f  l i p i d  e x t r a c t  were p la c e d  i n  s c i n t i l l a ­

t i o n  v i a l s ,  and coun ted  a s  p r e v io u s ly  d e s c r ib e d  (2 2 ) .

P r e p a r a t io n  o f  C D F -d ig lv c e r id e is n -G ly c e ro l  3 -p h o sp h a te  

P h o sp h a t id y l  T r a n s f e r a s e t  C e l l s  o f  £ .  c o l i  s t r a i n  8 i n  th e  

m id - lo g a r i th m ic  phase  o f  grow th were h a r v e s te d  by c e n t r i f u ­

g a t i o n ,  and washed once w ith  0 .1  M t r i s - H C i  b u f f e r ,  pH 8 .0 ,  

c o n ta in in g  10 mM 9 -m e rc a p to e th a n o l .  A pprox im ate ly  1 g (wet 

w e ig h t)  o f  c e l l s  was re su sp en d ed  i n  15 ml o f  th e  same b u f ­

f e r ,  and th e  c e l l  su s p e n s io n  s u b je c te d  t o  e i g h t  15-second  

b u r s t s  w ith  a  B ranson model W140D s o n i f i e r ,  a t  a  power 

s e t t i n g  o f  8. The c e l l  d e b r i s  was removed by c e n t r i f u g a ­

t i o n  a t  3000 x g f o r  10 m in u te s .  The r e s u l t i n g  s u p e r n a ta n t  

was c e n t r i f u g e d  f o r  60 m in u te s  a t  4 0 ,0 0 0  x g i n  a  S p inco  

model L u l t r a c e n t r i f u g e .  The p e l l e t  was re su sp en d ed  and 

c e n t r i f u g e d  a g a in  a t  4 0 ,000  x g f o r  60 m in u te s .  A f t e r  th e  

second h ig h  speed c e n t r i f u g a t i o n ,  th e  p e l l e t ,  c o n ta in in g  

th e  p a r t i c u l a t e  C D P -d lg lv ce r ld e  t a n - g l v c e r o l  3 -p h o sp h a te  

p h o s p h a t id y l  t r a n s f e r a s e  ( 4 ) ,  was re su sp en d ed  in  5 ml o f  

b u f f e r .



8

A ll  s t e p s  in  th e  p r e p a r a t io n  o f  th e  enzyme were p e r ­

formed a t  1-4°C . P r o t e in  c o n c e n t r a t i o n s  were d e te rm in ed  

by th e  method o f  Lowry a l .  (3 3 ) .

I n c o r p o r a t io n  o f  3 ,4 -D lh y d ro x y r3 -* H ~ lb u ty l- l-p ho3phonate 

I n to  L ip id  In  V i t ro  bv C D P -d ig ly c e r id e is n -G lv c e ro l  3 -phos­

p h a te  P h o s p h a t id y l  T ra n s fe ra s e *  The r e a c t i o n  m ix tu re  was 

s i m i l a r  to  t h a t  d e s c r ib e d  by Chang and Kennedy (4) f o r  th e  

a s s a y  o f  t h i s  enzyme. I t  c o n ta in e d  (0 .5  nil t o t a l  vo lum e), 

0 .25  M t r i s - H C l  b u f f e r ,  pH 8 - 5 1 0 .0 8  mM C D P -d ip a lm it in ;

10 mM MgCl2 t 5 mM p -m e rc a p to e th a n o l i  1 mg T r i to n  X-100| 

and 0 .038  mM 3 ,4 -d ih y d ro x y E 3 -3H ]b u ty l - l -p h o s p h o n a te  (480 

mCi/mmole). The r e a c t i o n  was i n i t i a t e d  by th e  a d d i t i o n  o f  

100-200 jug o f  p a r t i c u l a t e  enzyme. A f te r  30 m in u tes  a t  * 

37°C, th e  l i p i d s  were e x t r a c t e d  from th e  r e a c t i o n  m ix tu re  

by th e  method o f  B lig h  and Dyer (3 1 ) .  The ch lo ro fo rm  p h ase , 

c o n ta in in g  th e  l i p i d s ,  was washed a s  d e s c r ib e d  above f o r  

c e l l  e x t r a c t s .

DEAE C e l lu lo s e  Column C hrom atography» DEAE c e l l u l o s e  

(Whatman DE-52) was t r e a t e d  a s  d e s c r ib e d  by th e  m anufac­

t u r e r  to  remove th e  f i n e s ,  and th e  r e s i d u a l  m a t e r i a l  s u s ­

pended in  g l a c i a l  a c e t i c  a c id  t o  c o n v e r t  i t  to  th e  a c e t a t e  

form. The c e l l u l o s e  was washed f r e e  o f  a c id  w ith  c h lo r o -  

fo rm -m e th a n o l-w a te r  ( 2 O i l ) .  A f t e r  e q u i l i b r a t i o n  w ith  t h i s  

s o lv e n t  f o r  1 hour a t  4°C, a 1 x 30 cm column o f  DE-52 was 

p re p a re d .  S o lv e n t  was passed  th ro u g h  th e  column u n t i l  a
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c o n s ta n t  bed h e ig h t  was o b ta in e d .

An a l l  g l a s s  and t e f l o n  a p p a ra tu s  c a p a b le  o f  p ro ­

d uc ing  a  l i n e a r  e l u t i o n  g r a d i e n t ,  was c o n s t r u c te d  from 

two 250 ml eh r len m ey er  f l a s k s .  The f l a s k s  were con nec ted  

by means o f  a s to p c o c k ,  which a l s o  f ix e d  th e  f l a s k s  i n  th e  

same p la n e .  The m ix ing  f l a s k  was equ ipped  w i th  a  m agnetic  

s t i r r e r ,  and was co n n ec ted  to  th e  column by means o f  t e f l o n  

tu b in g  and an  a i r t i g h t  t e f l o n  s to p p e r .

Column chrom atography  was perform ed a t  4°C. L ip id s  

were p lace d  on th e  column i n  a  sm a ll  volume (1 ml o r  l e s s )  

o f  c h lo ro fo rm -m e th a n o l-w a te r  (2*3*1). The sample was 

washed i n t o  th e  column w ith  t h r e e  0 .5  ml p o r t io n s  o f  th e  

same s o lv e n t .  To in s u r e  p ro p e r  m ix ing  o f  th e  g r a d i e n t ,  

c h lo ro fo rm -m e th a n o l-w a te r  (2*3*1) was added u n t i l  th e  s o l ­

v e n t  re a c h e d  a h e ig h t  o f  2 -3  cm above th e  column bed. The 

g r a d i e n t  a p p a r a tu s  was th e n  co n n e c te d i  150 ml o f  c h lo ro fo rm - 

m e th a n o l-w a te r  (2 » 3 *1) were p la c e d  i n  th e  m ix ing  f l a s k ,  

and 150 ml o f  th e  same s o lv e n t  c o n ta in in g  0 .1  M ammonium 

a c e t a t e ,  pH 7 .2 ,  i n  th e  r e s e r v o i r .  A f t e r  l e v e l i n g  th e  

f l a s k s ,  th e  column was e lu t e d  a t  a  r a t e  o f  10-12 ml p e r  

h o u r ,  and f r a c t i o n s  o f  4 .0  ml were c o l l e c t e d .  The g r a d ie n t  

a p p a r a tu s  produced 300 ml o f  a  l i n e a r  g r a d ie n t  o f  ammonium 

a c e t a t e  (0  -  0 ,1  M, pH 7*2) i n  c h lo ro fo rm -m e th a n o l-w a te r  

(2*3*1). The s a l t  c o n c e n t r a t i o n  i n  th e  f r a c t i o n s  was d e t e r ­

mined w i th  a  Beckman model RC 16B2 c o n d u c t iv i t y  b r id g e  e q u ip ­

ped w ith  a  K - l  c e l l .

F o llo w in g  e l u t i o n ,  f r a c t i o n s  c o n ta in in g  th e  d e s i r e d
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l i p i d s  were p o o le d , reduced  v acuo , and th e  r e s id u e  was 

e x t r a c t e d  by th e  method o f  B lig h  and Dyer (3 1 ) .  The column 

was r e g e n e r a te d  by p a s s in g  40 ml o f  ch lo ro fo rm -m e th a n o l-  

w a t e r - a c e t l c  a c id  ( 2 i 3 t l t l )  th ro u g h  i t ,  fo llow ed  by washing 

and r e - e q u i l i b r a t i o n  w ith  c h lo ro fo rm -m e th a n o l-w a te r  ( 2 t 3 t l ) .

H y d ro ly s is  With P h o sp h o lip a se  C and. A lh a l in s  Phoaphatasflj. 

L ip id s  were h y d ro ly se d  w ith  B a c i l l u s  c e r e u s  p h o sp h o lip a se  

C in  a  two phase  system  s i m i l a r  to  t h a t  d e s c r ib e d  by DeHaas 

e t  a l . (3 3 ) .  Samples o f  l a b e le d  l i p i d  m a t e r i a l  i n  c h lo ro ­

form were p la c e d  i n  screw  cap  t e s t  t u b e s ,  and th e  s o lv e n t  

removed u n d er  a  s t re a m  o f  n i t r o g e n .  One ml o f  d i e t h y l  e t h e r ,  

0 .2  ml o f  B. c e r e u s  p h o sp h o l ip a se  s o l u t i o n  ( 10 U/ml i n  

0 .1  M t r i s - H C l  b u f f e r ,  pH 7 * 2 ) ,  and 0 ,0 2  ml o f  1 mM Z nC ^ 

were added . Crude E, c o l l  l i p i d s  (100 u g )  were a l s o  i n ­

c lu d ed  in  r e a c t i o n  m ix tu re s  c o n ta in in g  th e  ana lo g u e  o f  

p h o s p h a t id y lg ly c e ro p h o s p h a te  p u r i f i e d  by column chroma­

to g ra p h y . The tu b e s  were t i g h t l y  capped , and shaken on a  

v o r te x  m ixer o v e r n ig h t  a t  25°C to  p e rm it  com ple te  h y d r o ly s i s .  

At th e  end o f  th e  in c u b a t io n  p e r io d ,  th e  e t h e r  was removed 

under n i t r o g e n ,  and th e  w a te r  and c h lo ro fo rm  s o lu b l e  p ro ­

d u c t s  were s e p a r a te d  by th e  p ro ced u re  o f  B lig h  and Dyer (31)* 

The ch lo ro fo rm  phase  was washed a s  d e s c r ib e d  f o r  c e l l  ex­

t r a c t s ,  and a l i q u o t s  were ooun ted  a s  p r e v io u s ly  d e s c r ib e d  

(2 2 ) .  The e x t e n t  o f  h y d r o ly s i s  was c a l c u l a t e d  from th e  l o s s  

o f  ch lo ro fo rm  s o lu b le  l a b e l .  I n  some e x p e r im e n ts ,  th e  c h l o r ­

oform s o l u t i o n  was red uced  jjx v acu o , and th e  d i s s o lv e d
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h y d r o ly s i s  p ro d u c ts  a n a ly se d  by t h i n  l a y e r  ch rom atography .

T h is  p ro c ed u re  was m o d if ied  i n  ex p e r im e n ts  where th e  

w a te r  s o lu b le  h y d r o ly s i s  p ro d u c ts  were to  be c h a r a c t e r i s e d .  

D i f f e r e n t  p h o sp h o l ip a se  C p r e p a r a t i o n s  c o n ta in e d  v a ry in g  

amounts o f  p h o sp h a ta se  a c t i v i t y ,  a s  measured by th e  hy­

d r o l y s i s  o f  p - n i t r o p h e n y l  p h o sp h a te .  F o r t h i s  r e a s o n ,  

s h o r t e r  in c u b a t io n  p e r io d s  were used (6 0  m in u te s  f o r  l i p i d s  

formed v iv o , and 10 m in u te s  f o r  l i p i d  s y n th e s i s e d  i n  

v i t r o ) . T h i s ,  a lo n g  w ith  in c u b a t io n  a t  pH 6 .0 ,  m inim ised 

th e  p h o sp h a ta se  a c t i v i t y ,  b u t  s t i l l  a l lo w ed  o v e r  80^ hy­

d r o l y s i s .  When in c u b a t io n s  were perform ed a t  pH 6 .0 ,  0 .1  

M ammonium a c e t a t e  b u f f e r  was s u b s t i t u t e d  f o r  t r i s - H C l ,  and 

1 mM s in e  a c e t a t e  f o r  ZnCl^.

W ater s o lu b le  h y d r o ly s i s  p ro d u c ts  were i s o l a t e d  by 

th e  method o f  B lig h  and Dyer (31) a s  above . The ch lo ro fo rm  

l a y e r  was washed w i th  0 .5  ml o f  d i s t i l l e d  w a te r ,  and th e  

w ash ings combined w i th  th e  i n i t i a l  aqueous l a y e r .  The 

combined f r a c t i o n  was washed w i th  0 .2  ml o f  c h lo ro fo rm , and 

h e a te d  t o  100°C f o r  5 m in u te s  to  i n a c t i v a t e  th e  phospho­

l i p a s e  C. I t  was th e n  d iv id e d  i n  h a l f ,  and each  h a l f  d r i e d  

In  v ac u o . The r e s id u e  from one h a l f  was r e d i s s o lv e d  i n  a  

minimum amount o f  d i s t i l l e d  w a te r  f o r  ch ro m a to g rap h ic  a n a l ­

y s i s .  Samples which c o n ta in e d  ammonium a c e t a t e  were t r e a t ­

ed w i th  Dowex 50 (H+ ) b e fo re  chrom atography .

The o th e r  h a l f  was r e c o n s t i t u t e d  to  0 .2  ml w ith  a 

s o l u t i o n  o f  £ .  c o l i  a l k a l i n e  p h o sp h a ta se  ( 1 . 2 5  u /m l i n  

d i s t i l l e d  w a te r ) .  The sample was in c u b a te d  a t  25°C f o r  1
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h o u r ,  and th a n  h a a te d  a t  100°C f o r  5 m in u te s  t o  i n a c t i v a t e  

th e  enzyme, Tha m ix tu re  was redu ced  i n  vacuo and a n a ly se d  

a s  above . When ammonium a c e t a t e  b u f f e r  was used i n  th e  

p h o s p h o l ip a s e  C h y d r o l y s i s ,  w a te r  s o lu b le  p ro d u c ts  were 

t r e a t e d  w ith  a l k a l i n e  p h o sp h a ta se  a s  ab o v e , e x c e p t  t h a t  

th e  enzyme was d i s s o lv e d  i n  0 .0 5  * NaHCO^ b u f f e r ,  pH 8 .1 .  

M a te r ia l  o b ta in e d  i n  t h i s  manner was ch rom atographed  a f t e r  

t r e a tm e n t  w i th  Dowex 50 (H+ ). T h is  m o d i f i c a t io n  was a l s o  

used  to  t r e a t  w a te r  s o lu b le  p ro d u c ts  o b ta in e d  by o th e r  

d e g r a d a t iv e  m ethods w ith  a l k a l i n e  p h o sp h a ta se .

H v d ro lv s is  w ith  90& A c e t ic  A c id t Samples o f  l i p i d  m a te r i a l  

i n  c h lo ro fo rm  were p la c e d  i n  screw  cap t e s t  tu b e s .  The 

s o lv e n t  was removed u n d er  n i t r o g e n ,  and 0 .5  ml o f  90# a c e t i c  

a c id  were added . The sam ples  were h e a te d  on a  b o i l i n g  w a te r  

b a th  f o r  20 m in u te s .  At th e  end o f  t h i s  p e r io d ,  th e  a c e t i c  

a c id  was removed i n  vacuo , and 0 .2  ml o f  w a te r  were added. 

The c h lo ro fo rm  and w a te r  s o lu b le  p ro d u c ts  were i s o l a t e d  

by th e  method o f  B l ig h  and Dyer (31)* The l a t t e r  were 

e i t h e r  chrom atographed  d i r e c t l y ,  o r  t r e a t e d  w i th  a l k a l i n e  

p h o sp h a ta se  and th e n  a n a ly z e d .  T h is  p ro ced u re  u s u a l l y  

r e s u l t e d  i n  40-50#  h y d r o ly s i s  o f  l a b e le d  l i p i d s .

P h o sp h o lip a se  D H y d ro ly s i s t  L ip id s  were t r e a t e d  w i th  phos­

p h o l ip a s e  D a s  d e s c r ib e d  by Yang (35)*

M ild A lk a l in e  H v d ro lv s i s i  L ip id s  were d e a c y la te d  u s in g  th e
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p ro c ed u re  o f  D i t tm e r  and W ells  (3 6 ) .

Enzym atic D e te rm in a t io n  o f  D -3 .f r -D ih v d ro x y r3 -* H lb u ty l- l -  

p h o sp h o n a te i  The a s s a y ,  based  upon th e  r e s u l t s  o f  Cheng 

e t  a l . (37)* was t h a t  d e s c r ib e d  by M ichal and Lang (3 8 ) ,  

m o d if ied  to  p e rm it  th e  d e te r m in a t io n  o f  th e  e x t e n t  o f  o x i ­

d a t io n  o f  r a c -3 .4 -d ih v d ro x y f3 -* H ~ lta u ty l- l -p h o sp h o n a te  by 

ra d io c h e m ic a l  means. The r e a c t i o n  m ix tu re  (0 .5  ml t o t a l  

volume) c o n ta in e d !  g ly c in e - h y d r a z in e  b u f f e r  (0 .5  M g ly c in e ,  

0 .2  M h y d ra z in e ,  2 .5  mM EDTA) ,  pH 9* 5 1 2 .5  mM NAD* and 

1 -6  nm oles o f  r a c -3 .4 -d lh v d ro x v r3 -* H ~ lb u tv l- l -p h o sp h o n a te  

(31 raCi/mmole). The r e a c t i o n  was i n i t i a t e d  by th e  a d d i ­

t i o n  o f  0 .0 5  mg o f  r a b b i t  m uscle ^ - g l y c e r o l  3 -p h o sp h a te  

dehydrogenase  (1^5 u /m g ), and th e  m ix tu re  in c u b a te d  a t  

25°C. A f t e r  15 m in u te s ,  100 nmoles o f  u n la b e le d  3 ^ - d i -  

hydroxy b u t y l -  l -p h o s p h o n a t  e were added to  d i l u t e  th e  l a b e le d  

NADH produced by th e  r e a c t i o n .  A f t e r  30 and 60 m in u te s ,

0 .2  ml sam ples were removed, and p la c e d  i n  t e s t  tu b e s  con­

t a i n i n g  100 nm oles o f  u n la b e le d  3 » 4 -d ih y d ro x y b u ty l - l - p h o s -  

p h o n a te .  F o llo w in g  a d ju s tm e n t  o f  th e  pH t o  7 and th e  volume 

to  1 m l, 20 mg o f  a c t i v a t e d  c h a r c o a l  were added to  each  

t e s t  tu b e  to  remove th e  coensyme. The sam ples were f i l t e r ­

e d ,  and 0 .8  ml p o r t i o n s  o f  th e  f i l t r a t e s  were coun ted  in  

10 ml o f  P a t te r s o n -G re e n e  s c i n t i l l a t i o n  f l u i d  (3 9 ) .  The 

e x t e n t  o f  o x id a t io n  o f  r a c - l . ^ - d i h y d r o x y f 3 - * H l b u t v l - l -  

phosphonate  was m easured a s  th e  d e c re a s e  i n  w a te r  s o lu b le  

t r i t i u m .  W ater s o lu b le  m a t e r i a l  p roduced  by th e  s e q u e n t i a l
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t r e a tm e n t  o f  l a b e le d  l i p i d s  w ith  p h o sp h o lip a se  C and 

a l k a l i n e  p h o s p h a ta s e ,  was a s sa y e d  f o r  D -3 ,4 -d ih y d ro x y -  

[3 -* H ]b u ty l - l -p h o s p h o n a te  i n  an  i d e n t i c a l  m anner, a f t e r  

t r e a tm e n t  w ith  C helex  100 (Na+ ) t o  remove Zn** io n s .

Under th e  c o n d i t io n s  o f  th e  a s s a y ,  com plete  o x i ­

d a t i o n  o f  la b e le d  m a t e r i a l  was u s u a l l y  o b ta in e d  d u r in g  

th e  i n i t i a l  30 m in u te s  o f  in c u b a t io n .  N i n e ty - e ig h t  to  

n in e t y - n i n e  p e r  c e n t  o f  th e  coenzyme was sp e c tro p h o to m e t-  

r i c a l l y  found to  be bound to  th e  c h a r c o a l ,  w h ile  l e s s  th a n  

2% o f  th e  l a b e le d  phosphonate  was n o n s p e c i f i c a l l y  a d so rb e d .
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R e s u l t s

Based upon th e  known mode o f  a c t i o n  o f  C D P-dig lyc- 

e r l d e i s n - g l v c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  ( 4 ) ,  

i t  seemed l i k e l y  t h a t  th e  compound formed i n  v i t r o  from

3 ,4 -d ih y d ro x y b u ty l - l - p h o s p h o n a te  would be th e  phosphonic  

a c id  an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  (F ig u re  2 , 

r e a c t i o n  1 ) .  P re l im in a ry  s t u d i e s  i n d i c a t e d  t h a t  t h i s  

compound was a l s o  formed j j i  v iv o . A t h i n  l a y e r  chrom­

a to g r a p h ic  com parison  o f  l i p i d s  s y n th e s iz e d  i&  v i t r o  and 

In  v iv o  from 3 ,4 -d ih y d ro x y [3 -* > O b u ty l- l -p h o s p h o n a te  i s  

p re s e n te d  in  T ab le  1. These l i p i d s  app eared  to  be very  

s i m i l a r ,  and much more p o la r  th a n  th e  norm al p h o sp h o lip ­

i d s  o f  E. c o l i . The f a i l u r e  to  m ig ra te  i n  s o lv e n t  system s 

1 and 2 P which a r e  commonly used in  p h o sp h o l ip id  s e p a ra ­

t i o n s ,  would be ex p ec ted  o f  an  an a lo g u e  o f  p h o s p h a t id y l ­

g ly c e ro p h o s p h a te .  However, m a t e r i a l  i s o l a t e d  from th e  

c e l l s  ap p e a red  to  c o n ta in  more th a n  one la b e le d  compon­

e n t ,  w h ile  on ly  one was formed i l l  v i t r o . The m ajo r com­

ponen t o f  th e  l i p i d s  formed i a  v iv o  was c h ro m a to g ra p h ic -  

a l l y  i d e n t i c a l  to  th e  m a t e r i a l  s y n th e s iz e d  by th e  enzyme 

i n  v i t r o .

These o b s e r v a t io n s  were confirm ed  by th e  f r a c t i o n a ­

t i o n  o f  such  l i p i d s  on a  column o f  DEAE c e l l u l o s e  a s  d e s ­

c r ib e d  i n  F ig u re  3. The m ajo r t r i t i u m  la b e le d  f r a c t i o n  

was e l u t e d  a f t e r  th e  norm al p h o s p h o l ip id s  o f  E . c o l i . i n ­

d i c a t i n g  i t s  ve ry  a n io n ic  n a tu r e .  F u r th e rm o re ,  w h ile  o n ly
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one l a b e le d  component was observed  i n  v i t r o , f o u r  were 

found i n  v iv o . A t y p i c a l  d i s t r i b u t i o n  o f  l a b e le d  p ro d u c ts  

i s o l a t e d  from b a c t e r i a l  c u l t u r e s  i s  l i s t e d  i n  Tab le  2 (Ex­

p er im en t 1 ) .  I t  i s  a p p a re n t  t h a t  f r a c t i o n  IV, th e  m ajor 

component i s o l a t e d  from b a c t e r i a l  c e l l s ,  had an e l u t i o n  

volume i d e n t i c a l  to  th e  l i p i d  formed i n  v i t r o  (F ig u re  3A 

and D), Due to  t h i s  ch ro m ato g rap h ic  b e h a v io r ,  f r a c t i o n  IV 

was b e l ie v e d  to  be th e  ana logue  o f  p h o s p h a t id y lg ly c e ro p h o s -  

p h a te  s y n th e s iz e d  i n  v i v o . The c o n s ta n t  i s o to p e  r a t i o  in  

f r a c t i o n  IV, doub ly  la b e le d  w ith  -̂ H and e i t h e r  o r  -̂ 2P, 

on t h i s  column (F ig u re  3B and C) and in  o th e r  chrom ato­

g ra p h ic  sy s te m s ,  i n d i c a t e d  t h a t  t h e r e  was only  one com­

pound p r e s e n t .

The s i m i l a r i t y  between th e  l i p i d  formed i n  v i t r o  and 

f r a c t i o n  IV was f u r t h e r  examined by means o f  m ild  a l k a l i n e  

h y d r o ly s i s .  I f  th e s e  m a t e r i a l s  r e p r e s e n t  i d e n t i c a l  a n a l ­

ogues o f  p h o s p h a t id y lg ly c e ro p h o s p h a te ,  such t r e a tm e n t  shou ld  

r e v e a l  them to  have one and th e  same backbone (F ig u re  2 , 

r e a c t i o n  2 ) .  The d a ta  p r e s e n te d  i n  Tab le  3 i n d i c a t e  t h a t  

t h i s  was th e  c a s e .

I f  th e  l i p i d  p r e s e n t  in  f r a c t i o n  IV and t h a t  s y n th e ­

s iz e d  i n  v i t r o  have th e  p roposed  s t r u c t u r e ,  t r e a tm e n t  w ith  

p h o sp h o l ip a se  C shou ld  produce d i g ly c e r i d e  and 4 -phospho-

3 -h y d ro x y b u ty l - l -p h o s p h o n a te  (F ig u re  2 , r e a c t i o n  3 ) .  A lk a l ­

in e  p h o sp h a ta se  t r e a tm e n t  o f  th e  w a te r  s o lu b le  d e r i v a t i v e  

shou ld  y i e l d  in o rg a n ic  phosphate  and 3 * ^ -d ih y d ro x y b u ty l-1 - 

phosphonate  i n  a  l i l  m o la r  r a t i o  (F ig u re  2 ,  r e a c t i o n  4 ) .
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I n  a  p r e l im in a r y  e x p e r im e n t ,  c ru de  l i p i d e  o y n th e a i i e d  ^  

v iv o  and t h a t  formed i a  v i t r o  form 3 ,4-d ihydroxyQ 3-*H ] -  

b u ty l -1 -p h o e p h o n a te  were t r e a t e d  w ith  p h o sp h o l ip a se  C.

Such h y d r o ly s i s  p roduced  a  p o l a r ,  w a te r  s o lu b le  compound, 

which f a i l e d  t o  m ig ra te  when chrom atographed  a s  d e s c r ib e d  

i n  T ab le  4 .  T rea tm en t o f  t h i s  m a t e r i a l  w i th  a l k a l i n e  

p h o sp h a ta se  c o n v e r te d  i t  a lm o s t  q u a n t i t a t i v e l y  to  3 , ^ - d i -  

hydroxy b u t y l -  l -p h o s p h o n a te .  S im i l a r  r e s u l t s  were o b ta in e d  

by chrom atography on Whatman No. 1 p a p e r ,  u s in g  e t h y l  a c e ­

t a t e -  fo rm a m id e -p y r id in e  ( l t 2 i l )  a s  th e  s o lv e n t  system .

These r e s u l t s  were c o n s i s t e n t  w ith  th e  v i t r o  and i a  v iv o  

fo rm a tio n  o f  th e  an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te .

F u r th e r  ev id en c e  i n  s u p p o r t  o f  th e  s t r u c t u r e  shown 

i n  F ig u re  2 comes from d oub le  l a b e l i n g  s t u d i e s .  When 

f r a c t i o n  IV c o n ta in in g  ^2P i and 3 ,4 -d ih y d ro x y £ 3 -* H ]b u ty l-  

1 -phosph ona te  was t r e a t e d  w i th  p h o sp h o lip a se  C, a l l  th e  ^2P, 

and 98-991* o f  th e  was c o n v e r te d  t o  a  w a te r  s o lu b le  fo rm .

As shown i n  F ig u re  4 ,  t h i s  m a t e r i a l  had a  d i f f e r e n t  Rf  from 

e i t h e r  p h o sp h a te  o r  3 » 4 -d ih y d ro x y b u ty l - l -p h o s p h o n a te ,  and 

m ig ra te d  a s  one compound w ith  a  c o n s ta n t  i s o to p e  r a t i o  a c r o s s  

th e  peak . H y d ro ly s is  o f  t h i s  m a t e r i a l  w ith  a l k a l i n e  p h o s-  

p h a ta s e  c o m p le te ly  o leav e d  i t  i n t o  a  m ix tu re  o f  P i and

3 ,4 -d ih y d ro x y [3 -* H ]b u ty l - l -p h o s p h o n a te .  Based upon th e  

^Hi ^2P r a t i o ,  3 •4 -d ih y d ro x y b u ty l-1 -p h o e p h o n a te  and phosph a te  

wore produood i n  a  m o la r  r a t i o  o f  1 . 0 3 i l .  S i m i l a r  r e s u l t s  

wore o b ta in e d  by chrom atography on Whatman No. 1 p a p e r ,  

u s in g  1 M ammonium a c e t a t e  (pH 7 . 1 ) t e t h a n o l  ( l i l )  a s  th e
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s o lv e n t  system  (F ig u re  5 ) .  In  th e s e  ch rom ato g rap h ic  

sy s te m s , th e  w a te r  s o lu b le  p ro d u c t  o b ta in e d  by phospho­

l i p a s e  C t r e a tm e n t  o f  th e  l i p i d  s y n th e s i s e d  i n  v i t r o , was 

i d e n t i c a l  to  t h a t  o b ta in e d  from f r a c t i o n  IV.

The s t r u c t u r e  o f  th e s e  l i p i d s  was a l s o  probed  by 

h y d r o ly s i s  w ith  90# a c e t i c  a c id .  Such t r e a tm e n t  would 

be ex p e c te d  t o  y i e l d  a  w a te r  s o lu b le  p ro d u c t  i d e n t i c a l  to  

t h a t  produced by p h o sp h o lip a se  C (4 0 ) .  U sing th e  chrom ato­

g ra p h ic  methods d e s c r ib e d  in  F ig u re s  4 and 5* t h i s  was i n ­

deed found. M a te r ia l  o b ta in e d  in  t h i s  manner was q u a n t i t a ­

t i v e l y  c o n v e r te d  to  3 ,4 -d ih y d ro x y b u ty l - l - p h o s p h o n a te  by 

a l k a l i n e  p h o sp h a ta se .

I t  has a l r e a d y  been shown t h a t  3 ,4 - d ih y d r o x y b u ty l - l -  

phosphonate  i s  a  s u b s t r a t e  f o r  r a b b i t  m uscle L - g ly c e r o l  3 -  

ph o sp h a te  dehydrogenase  (3 7 ) .  D -3 ,4 - d ih y d r o x y b u ty l - l - p h o s -

p h o n a te ,  th e  e n a n tio m e r  c o r re s p o n d in g  to  s n - g l v c e r o l  3 -p h o s­

p h a te ,  i s  th e  one th o u g h t  to  have b i o l o g i c a l  a c t i v i t y  (24 , 

3 7 ) .  Based on th e  f a c t  t h a t  th e  dehydrogenase  removes th e  

t r i t i u m  from l a b e l e d  p h o sp h o n a te , and t r a n s f e r s  i t  t o  NAD, 

an a s s a y  h as  been d e v is e d  which p e rm its  a d e te r m in a t io n  o f  

D -3 ,4 -d ih y d ro x y [3 -* H ]b u ty l - l -p h o sp h o n a te .  When r a c - 3 . 4 - d l -

hydroxy£3-aH jb u ty l - l - p h o s p h o n a te  was examined by t h i s  m ethod,

45# o f  th e  compound was o x id i s e d ,  a s  shown i n  F ig u re  6 , c o r ­

re sp o n d in g  to  90# o f  th e  D form. When w a te r  s o lu b le  m a te r ­

i a l  r e l e a s e d  by p h o sp h o l ip a se  C from f r a c t i o n  IV was t r e a t ­

ed w i th  a l k a l i n e  p h o sp h a ta se  and a s s a y e d ,  86# was o x id i s e d .

A s i m i l a r  amount o f  m a t e r i a l  o b ta in e d  from th e  i a  v i t r o
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p r e p a r a t i o n  was r e c o g n is e d  by th e  ensyme. These r e s u l t s  

i n d i c a t e d  t h a t  D-3, **--<1 ihydroxy  b u ty l -1 -p h o s p h o n a te  was 

in c o rp o r a te d  a s  an  i n t a c t  m oie ty  i n t o  f r a c t i o n  IV and th e  

in  v i t r o  p ro d u c t .  T h is  i s  i n  ag reem en t w ith  th e  known 

s t e r e o s p e c i f i c i t y  o f  C D F -d lg lv ce r id e  t s n - g l v c e r o l  3 - phos­

p h a te  p h o s p h a t id y l  t r a n s f e r a s e  ( 4 ) .

F r a c t io n  IV, doub ly  l a b e le d  w ith  C ^ C ^ f a t t y  a c id s  

(from a c e t a t e )  and 3 ,4 -d ih y d ro x y [3 -* H ]b u ty l - l -p h o s p h o n a te ,  

was t r e a t e d  w ith  p h o sp h o l ip a se  C f o r  th e  pu rp ose  o f  c h a r ­

a c t e r i z i n g  th e  c h lo ro fo rm  s o lu b le  h y d r o ly s i s  p ro d u c ts .

T h is  p r e p a r a t i o n  was q u a n t i t a t i v e l y  c le a v e d ,  and th e  C 

l a b e l  c o n v e r te d  to  a  form which was c h ro m a to g ra p h ic a l ly  

i d e n t i f i e d  a s  d i g l y c e r i d e  (T ab le  5)*

The r e s u l t s  p r e s e n te d  above show u n e q u iv o c a l ly  t h a t  

th e  an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  [ ( 1 , 2 - d i a c y l ) -  

s n - g l y c e r y l  D -4 '-p h o s p h o ry lo x y -3 * -h y d ro x y b u ty l-1 * -p h o s ­

p h o r a te ]  i l l u s t r a t e d  i n  F ig u re  2 i s  formed Afl. v i t r o  and i n  

v iv o  from 3 , 4 -d ih y d ro x y b u ty l - l - p h o s p h o n a te .  However, th e  

p re se n c e  o f  t h r e e  o th e r  l a b e le d  l i p i d  p ro d u c ts  i n  b a c t e r i a l  

c u l t u r e s  prompted an ex a m in a tio n  o f  th e  p o s s ib le  m etabo lism  

o f  t h i s  l i p i d  a n a lo g u e .  S in ce  such a  h ig h ly  p o l a r  l i p i d  

m igh t prove h a rm fu l t o  th e  c e l l ,  i t  seemed re a s o n a b le  t o  

assume t h a t  i t  m ight be m o d if ie d . The th r e e  m inor com­

p o n en ts  co u ld  t h e r e f o r e  r e p r e s e n t  d e g r a d a t io n  p ro d u c ts  o f  

th e  p h o s p h a t id y lg ly e e ro p h o s p h a te  an a lo g u e . T h is  id e a  was 

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

among th e  f o u r  l a b e le d  l i p i d s .  As i l l u s t r a t e d  i n  T ab le  2
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(e x p e r im e n ts  1 - 3 ) ,  I n c u b a t io n  o f  c e l l s  f o r  s h o r t e r  p e r io d s  

w ith  l a b e l e d  phosphonate  r e s u l t e d  i n  s i m i l a r  d i s t r i b u t i o n s  

o f  l i p i d  p ro d u c ts .  A l l  f o u r  components were p r e s e n t ,  and 

w i th in  e x p e r im e n ta l  l i m i t s ,  a  p r e c u r s o r - p r o d u c t  r e l a t i o n ­

s h ip  betw een  f r a c t i o n  IV and th e  o th e r  f r a c t i o n s  was n o t  

found. A p o s s ib l e  c o n n e c t io n  betw een th e  l a b e le d  l i p i d s  

was a l s o  examined by i n c r e a s i n g  th e  c o n c e n t r a t io n  o f  3 » ^ - d i -  

h y d ro x y [3 -* H ]b u ty l- l -p h o sp h o n a te  i n  th e  medium 10 fo ld  

(T ab le  2 , ex p e rim en t 4-). Such a  change d id  n o t  s i g n i f i c a n t ­

ly  a l t e r  th e  p ro d u c t  d i s t r i b u t i o n .  The d e c re a s e d  i n c o r ­

p o r a t io n  o f  3 ,^ - d ih y d r o x y b u ty l - l - p h o s p h o n a te  observ ed  u nd er 

th e s e  c o n d i t i o n s  i s  c o n s i s t e n t  w i th  th e  in c r e a s e d  i n h i b i ­

to r y  e f f e c t s  o f  th e  phosphonate  a t  h ig h e r  c o n c e n t r a t i o n s  

(21 , 22 ).

The p o s s i b i l i t y  t h a t  th e  an a lo g u e  o f  p h o s p h a t id y l -  

g ly c e ro p h o s p h a te  was b e in g  deg raded  iQ  v ivo  was examined 

i n  a n o th e r  way. F ig u re  7 shows th e  r e s u l t s  o f  an  e x p e r i ­

ment i n  which th e  t u r n o v e r  o f  l i p i d s  l a b e le d  w i th  t r i t i u m  

was i n v e s t i g a t e d .  As can  be s e e n ,  c o n v e rs io n  o f  t h i s  m a te r ­

i a l  i n t o  n o n - l i p i d  p ro d u c ts  was n o t  a p p a r e n t .  F u r th e rm o re ,  

th e  d i s t r i b u t i o n  o f  l a b e le d  l i p i d  components i s o l a t e d  from 

c e l l s  a t  th e  end o f  th e  tu rn o v e r  p e r io d  was v ery  s i m i l a r  

t o  t h a t  o b ta in e d  a f t e r  two h o u rs  o f  in c u b a t io n  w i th  3 , ^ - d i -  

hydroxy Q 3 -* H ]b u ty l- l -p h o sp h o n a te  (T ab le  2 ,  ex p e r im e n ts  5A 

and B). From th e s e  r e s u l t s ,  i t  was con c luded  t h a t  th e  

an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  was n o t  b e in g  

c a t a b o l i s e d .
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The p ro c ed u re  used  f o r  th e  I s o l a t i o n  o f  l i p i d s  i n  th e  

e x p e r im e n t d e p ic te d  i n  F ig u re  7 d id  n o t  d i f f e r e n t i a t e  be­

tween th e  p h o sp h o g ly c e r id e s  o f  i n t a c t  c e l l s  and th o s e  i n  

th e  medium. S in ce  t h e r e  was th e  p o s s i b i l i t y  t h a t  such a 

p o t e n t i a l l y  h a rm fu l l i p i d  co u ld  be e l im in a te d  by e x c r e t i o n ,  

th e  medium was e x t r a c t e d  s e p a r a t e l y  a t  v a r io u s  t im e s  b e fo re  

and d u r in g  th e  tu r n o v e r  p e r io d .  T h is  r e v e a le d  th e  p re se n ce  

o f  l e s s  th a n  0 .5 #  o f  th e  t o t a l  l a b e le d  l i p i d s ,  i n d i c a t i n g  

t h a t  th e  an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  was n o t  

b e in g  d is c h a rg e d  i n t o  th e  medium.

A c lu e  t o  th e  i d e n t i t y  o f  th e  o th e r  l a b e le d  com­

p o n en ts  d e r iv e d  from 3 ,4 -d ih y d ro x y £ 3 -* H 3 b u ty 1 - 1 - phosphon­

a t e  was o b ta in e d  when i t  was r e a l i s e d  t h a t  th e y  were e l u t i n g  

from th e  DEAE c e l l u l o s e  column c o in c id e n t  w ith  th e  normal 

p h o s p h o l ip id s  o f  E. c o l i  (F ig u re  3)* T h is  r e l a t i o n s h i p  

was f u r t h e r  i n v e s t i g a t e d  by t h i n  l a y e r  ch rom atog raphy . I n  

two s o lv e n t  sy s te m s , th e  l a b e le d  m a t e r i a l  i n  f r a c t i o n s  I .

I I .  and I I I .  m ig ra te d ,  r e s p e c t i v e l y ,  a s  p h o s p h a t id y le th a n -  

o lam in e , p h o s p h a t id y lg ly c e r o l ,  and c a r d i o l i p i n  (T ab le  6 ) .  

T h is  i n d i c a t e d  th e  p o s s i b i l i t y  t h a t  3 ,4 -d ih y d ro x y [3 -* H 3 -  

b u ty l - l - p h o s p h o n a te  was b e in g  in c o r p o r a te d  i n t o  th e s e  

p h o s p h o l ip id s .  One way in  which t h i s  m ig h t happen i s  by 

th e  a c y l a t i o n  o f  th e  ph ssp tiena te  t o  form an  an a lo g u e  o f  

p h o s p h a t id ic  a c id .  However, i t  h a s  a l r e a d y  been shown t h a t  

t h i s  oompound i s  n o t  a  s u b s t r a t e  f o r  a c y l  C o A isn -g lv o e ro l  

3 -p h o sp h a te  a c y l  t r a n s f e r a s e  (2 4 ) .  T h is  a p p a re n t  c o n f l i c t  

was examined by ch em ica l  and en sy m atic  d e g r a d a t io n  o f  th e
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m a t e r i a l  i n  f r a c t i o n s  I , I I ,  and I I I ,  a s  I l l u s t r a t e d  in  

F ig u re s  8 -1 0 , to  i d e n t i f y  th e  l a b e l e d  m o ie ty .

T rea tm en t o f  th e  m a t e r i a l  i n  f r a c t i o n  I  w ith  phospho­

l i p a s e  D r e s u l t e d  in  no r e l e a s e  o f  w a te r  s o lu b le  t r i t i u m .  

Chrom atography o f  th e  ch lo ro fo rm  s o lu b le  p ro d u c t  r e v e a le d  

a  l a b e l e d  m a t e r i a l  which m ig ra te d  i n  a  manner i d e n t i c a l  to

3 ,4 - d ih e x a d e c a n o y lb u ty l - l - p h o s p h o n ic  a c id  (T ab le  7 ) .  T h is  

would be ex p e c te d  i f  3 ,4 -d ih y d ro x y b u ty l - l -p h o s p h o n a te  was 

p r e s e n t  a s  an  a c y la t e d  m oie ty  in  p h o sp h a t id y le th a n o la m in e .  

However, i t  h a s  been shown t h a t  i n  most commonly used  s o l ­

v e n t  sy s te m s , p h o s p h o n o l ip id s  and t h e i r  p h o sp h o l ip id  coun­

t e r p a r t s  have s i m i l a r  R̂ . v a lu e s  (4 1 ) .  To d e te rm in e  u n e q u i­

v o c a l ly  w h e th e r  th e  phosphonate  was b e in g  in c o rp o r a te d  i n  

t h i s  m anner, th e  p ro d u c t  o f  p h o sp h o l ip a se  D h y d r o ly s i s  was 

d e a c y la te d ,  and t r e a t e d  w ith  a l k a l i n e  p h o s p h a ta s e ,  a s  i l l ­

u s t r a t e d  i n  F ig u re  8. 3 , 4 -D ih y d ro x y b u ty l- l-p h o sp h o n a te  

would be e x p e c te d  to  be im p erv io u s  t o  t h i s  t r e a tm e n t ,  and 

shou ld  be re c o v e re d  i n t a c t .  T h is  sequence l i b e r a t e d  96# o f  

th e  t r i t i u m  i n  a w a te r  s o lu b le  form. However, ch ro m ato g ra ­

p h ic  a n a l y s i s  r e v e a le d  92# o f  th e  la b e le d  m a t e r i a l  o r i g i n ­

a l l y  p r e s e n t  t o  be g l y c e r o l ,  and n o t  3 ,4 -d ih y d ro x y b u ty l -  

1 - p h o sp h o n a te .

S im i l a r  r e s u l t s  were o b ta in e d  w i th  f r a c t i o n s  I I  and

I I I .  P h o sp h o lip a se  C h y d r o ly s i s  r e s u l t e d  i n  th e  co n v e r­

s io n  o f  59# and 43# , r e s p e c t i v e l y ,  o f  th e  t r i t i u m  i n  f r a c ­

t i o n s  I I  and I I I  t o  a  w a te r  s o lu b le  form. T h is  o b s e rv a t io n  

was i n c o n s i s t e n t  w ith  th e  in c o r p o r a t io n  o f  3 ,4 -d ih y d ro x y -
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b u ty l -1 -p h o s p h o n a te  i n t o  th e  a c y la te d  backbone o f  phos­

p h a t i d y l  g l y c e r o l  and c a r d i o l i p i n ,  s in c e  such m a t e r i a l  

shou ld  n o t  be s u s c e p t i b l e  to  p h o sp h o lip a se  C. S ubsequent 

t r e a tm e n t  and a n a l y s i s  o f  th e  p h o sp h o lip a se  C h y d r o ly s i s  

p r o d u c ts ,  a s  d e s c r ib e d  i n  F ig u re s  9 and 10, showed t h a t  

92% and 97% o f  th e  t o t a l  l a b e le d  m a t e r i a l  i n  f r a c t i o n s  I I  

and I I I ,  r e s p e c t i v e l y ,  was g l y c e r o l .

These r e s u l t s  i n d i c a t e d  t h a t  3 ,4 -  d ih y d ro x y b u ty l -1 -  

phosphonate  was n o t  b e in g  a c y l a t e d ,  b u t t h a t  th e  t r i t i u m  

l a b e l  was b e in g  removed i n  a  manner which p e rm i t te d  i t s  

ap p ea ran ce  in  th e  p h o s p h o l ip id s  o f  E. c o l i  a s  a  g ly c e r o l  

3 . p ho sp ha te  m o ie ty . I n  c o n s id e r in g  enzymes which co u ld  be 

r e s p o n s i b l e  f o r  t h i s  a c t i o n ,  th e  c a t a b o l i c  g ly c e r o l  3 -p h o s -  

p h a te  dehydrogenase  was r u l e d  o u t a s  a  p o s s i b i l i t y ,  s in c e  

E. c o l i  s t r a i n  8 has l o s t  t h i s  enzyme by m u ta t io n .  F u r th e r ­

more, 3 , 4 -d ih y d ro x y b u ty 1 - 1 - phosphonate  was found n o t  to  be 

a  s u b s t r a t e  f o r  t h i s  dehydrogenase  (2 4 ) ,  However, th e  an ­

a b o l i c  g l y c e r o l  3 -p h o sp h a te  dehydrogenase  d id  seem to  be a 

l i k e l y  c a n d id a te ,  s in c e  i t  does re c o g n iz e  th e  phosphonate  

i n  v i t r o  (2 4 ) .  In  o rd e r  t o  examine th e  r o l e  o f  th e  b io s y n ­

t h e t i c  enzyme i n  ran dom iz ing  th e  t r i t i u m  l a b e l ,  s t r a i n  

BB20-14, a d e r i v a t i v e  o f  s t r a i n  8 which has  a l s o  l o s t  th e  

a n a b o l ic  dehydrogenase  (2 9 ) ,  was c u l tu r e d  i n  th e  p re se n c e  

o f  3 , 4 -d ih y d ro x y [3 -* H ]b u ty l-1 -p h o sp h o n a te .  The l i p i d s  were 

a n a ly z e d  and compared to  th o s e  o f  s t r a i n  8 u n d e r  th e  same 

c u l t u r e  c o n d i t io n s  (T ab le  2 ,  ex p e r im e n ts  6 and 7 ) .  Four 

l a b e le d  components were p r e s e n t  in  th e  l i p i d s  o f  s t r a i n



24

BB20-14. M oreover, th e  d i s t r i b u t i o n  was a lm o s t  i d e n t i ­

c a l  to  t h a t  o f  th e  p a r e n t  s t r a i n .  T h is  i n d i c a t e d  t h a t  th e  

a n a b o l ic  g l y c e r o l  3 -p h o sp h a te  dehydrogenase  was n o t  th e  

cau se  o f  th e  ra n d o m !s a t io n .  F u r th e rm o re , th e  ex p e rim en t 

a l s o  showed t h a t  a  change in  th e  medium to  one c o n ta in in g  

g lu c o se  and g l y c e r o l  had no o b s e rv a b le  e f f e c t  on th e  d i s ­

t r i b u t i o n  o f  l a b e le d  l i p i d s  d e r iv e d  from th e  p hosph ona te . 

The d e c re a se d  in c o r p o r a t io n  o f  3 t if~ d ih y d ro x y [3 -* H 3 b u ty l-  

1 -ph ospho na te  u n d e r  th e s e  c u l t u r e  c o n d i t io n s  can  a p p a r e n t ly  

be a t t r i b u t e d  t o  th e  in c r e a s e d  a v a i l a b i l i t y  o f  s n - g l v c e r o l  

3 -p h o sp h a te .
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D is c u s s io n

P re v io u s  s t u d i e s  i n d i c a t e d  t h a t  3 ,4 -d ih y d ro x y b u ty l -  

l -p h o sp h o n a te  i n h i b i t s  two enzymes o f  E. c o l i i s n - g lv c e r -  

o l  3-phosphateiNAD o x id o re d u c ta s e  (The a n a b o l ic  g ly c e r o l  

3 -p h o sp h a te  d e h y d ro g e n a se ) ,  and C D P -d ig lv c e r id e i s n -g lv c e ro l  

3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  (2 4 ) .  These i n  v i t r o  

o b s e rv a t io n s  h e lp ed  to  e x p la in  th e  e f f e c t s  o f  th e  an a lo g u e  

on p h o sp h o g ly c e r id e  m etabo lism  (22 ,23 )*  The d e lay e d  i n h i ­

b i t i o n  o f  p h o sp h a t id y le th a n o la m in e  s y n t h e s i s  may be due t o  

a  s c a r c i t y  o f  g l y c e r o l  3 -p h o sp h a te  caused  by i n h i b i t i o n  o f  

th e  a n a b o l ic  deh yd ro genase . The e f f e c t  on t h i s  b io s y n th e ­

t i c  enzyme, how ever, c a n n o t  be th e  s o le  cau se  o f  grow th 

i n h i b i t i o n ,  becau se  c e l l s  c u l t u r e d  i n  th e  p re se n c e  o f  g ly ­

c e r o l  ( 2 4 ) ,  and a  m utan t c o n ta in in g  a  p ro d u c t  i n s e n s i t i v e

a n a b o l ic  dehydrogenase  (4 2 ) ,  a r e  s u s c e p t i b l e  to  th e  phos-
2p h o n a te .  F or t h i s  r e a s o n ,  i n t e r e s t  has  fo cu sed  upon v a r io u s  

a s p e c t s  o f  th e  C D P - d ig lv c e r ld e i s n - g lv c e r o l  3 -p h o sp h a te  

p h o s p h a t id y l  t r a n s f e r a s e  r e a c t i o n ,  a l th o u g h  th e  dehydrogen­

a s e  i s  a  s e n s i t i v e  t a r g e t  when w i ld - ty p e  c e l l s  a r e  c u l t u r e d  

on s u c c in a te .

The an a lo g u e  may i n h i b i t  by b lo c k in g  p h o s p h a t id y l -  

g ly c e r o l  fo rm a tio n ,  o r  by b e in g  in c o r p o r a te d  i n t o  a  n o v e l  

a n io n ic  l i p i d ,  o r  b o th .  I t  i s  p o s s ib l e  t h a t  th e  i n h i b i ­

t i o n  o f  p h o s p h a t id y le th a n o la m in e  s y n th e s i s  i s  a  consequence 

o f  g e n e r a l i z e d  membrane a l t e r a t i o n ,  and n o t  due to  a

2. U npublished  r e s u l t s  o f  Dr. 2. L e i f e r .
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g l y c e r o l  3-p h o s p h a te  l i m i t a t i o n .  In  t h i s  r e g a r d ,  i t  i s  

i n t e r e s t i n g  t o  n o te  t h a t  th e  grow th o f  c e l l s  t r e a t e d  w ith  

low l e v e l s  o f  an a lo g u e  c o n t in u e s  a t  th e  i n h i b i t e d  r a t e  even 

a f t e r  th e  compound i s  removed from th e  medium, and t h a t  

t h e r e  i s  a  lo n g e r  re c o v e ry  tim e f o r  t r e a t e d  th a n  u n t r e a te d  

c u l t u r e s  (F ig u re  7 ) .  D uring t h i s  p e r io d ,  th e  an a lo g u e  

o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  i s  n e i t h e r  deg raded  n o r  

e x c r e t e d .  F u r th e r  s t u d i e s  d e s ig n ed  t o  m easure th e  r a t e  o f  

re c o v e ry  o f  p h o s p h a t id y lg ly c e r o l  s y n th e s i s  sh o u ld  prove 

u s e f u l  i n  c l a r i f y i n g  th e  mode o f  a c t i o n  o f  3 , 4 - d ih y d ro x y -  

b u ty l -1 -p h o s p h o n a te .  Such work w i l l  be r e in f o r c e d  by th e  

c h a r a c t e r i z a t i o n  o f  m u tan ts  o f  E. c o l i  r e s i s t a n t  to  t h i s  

compound.

The a n a b o l ic  g l y c e r o l  3 -p h o sp h a te  dehydrogenase  does 

n o t  a p p e a r  t o  be th e  enzyme r e s p o n s ib l e  f o r  th e  random­

i z a t i o n  o f  t r i t i u m  from la b e le d  a n a lo g u e .  E. c o l i  a l s o  

p o s s e s s e s  an  a n a e ro b ic  g l y c e r o l  3 -p h o sp h a te  dehydrogenase  

(4 3 ,4 4 ) .  However, t h i s  enzyme sh o u ld  n o t  have been o f  

p h y s io lo g ic a l  s i g n i f i c a n c e  u n d e r  th e  a e ro b ic  c u l t u r e  con­

d i t i o n s  employed (4 4 ) .  F u r th e rm o re ,  i t s  a b i l i t y  t o  r e c o g ­

n i s e  3 *4 -d ih y d ro x y b u ty 1 - 1 - phosphonate  i s  unknown. An a c ­

t i v i t y  which co u ld  o x id iz e  th e  an a lo g u e  was d e te c te d  i n  

c ru d e  e x t r a c t s  o f  S . c o l i  K-12, c u l t u r e d  under c o n d i t i o n s  

d i f f e r e n t  from th e  p r e s e n t  ones (2 4 ) .  T h is  u n c h a r a c t e r ­

i s e d  ensyme may be r e s p o n s ib l e  f o r  th e  o b se rv ed  d i s t r i ­

b u t io n  o f  l a b e l e d  l i p i d s .  The p o s s i b i l i t y  o f  a  phosphon- 

a t a s e  must a l s o  be c o n s id e r e d .
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The f i n d i n g  t h a t  3 , ^ -d ih y d ro x y b u ty l -1 -p h o s p h o n a te  i s  

n o t  a  s u b s t r a t e  f o r  a e y l  C o A isn -g lv c e ro l  3-p h o sp h a te  a c y l  

t r a n s f e r a s e  (2 U )  i s  f u r t h e r  s u p p o r te d  by th e  c h a r a c t e r i s a ­

t i o n  o f  l i p i d s  s y n th e s i s e d  from t h i s  compound XU v i v o - 

T h i s ,  how ever, r a i s e s  th e  q u e s t io n  o f  what e f f e c t s  co u ld  

be e x p e c te d  i f  such  a  r e a c t i o n  were p o s s ib le  i n  E. c o l i .

T h is  m a t t e r  h a s  been p a r t i a l l y  r e s o lv e d  by s t u d i e s  i n v o l ­

v in g  phosphon ic  a c id  a n a lo g u e s  o f  C D P -d ig ly e e r id e ,  r e p o r t e d  

in  c h a p te r  2. The r e s u l t s  i n d i c a t e  t h a t  th e  a c y l a t i o n  o f

3 ,4 -d ih y d ro x y b u ty 1 - 1 - phosphonate  m ight m arkedly  a f f e c t  

p h o s p h o g ly c e r id e  m etabo lism .

The a v a i l a b i l i t y  o f  a  p h o sp h o l ip id  such  a s  th e  phos­

phon ic  a c id  an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  i n t r o ­

du ces  a new v a r i a b l e  i n t o  th e  s tu d y  o f  l i p i d s  i n  model 

sy s tem s . The p re se n c e  o f  a  s p e c ie s  b e a r in g  such a l a r g e  

n e g a t iv e  ch a rg e  sh o u ld  have i n t e r e s t i n g  e f f e c t s  on th e  phy­

s i c a l  p r o p e r t i e s  o f  l i p i d  b i l a y e r s ,  and th e  p e r m e a b i l i t y  o f  

l ip o so m e s . Such s t u d i e s  m igh t a l s o  r e v e a l  p o s s ib l e  e f f e c t s  

o f  t h i s  l i p i d  a n a lo g u e  on membrane s t r u c t u r e  v iv o . There 

have been  some a t t e m p ts  to  s tu d y  th e  e f f e c t  o f  p e r tu r b in g  

membrane p h o s p h o l ip id  s t r u c t u r e  on th e  a c t i v i t y  o f  membrane 

bound enzymes i n  E. c o l l  (1 5 ) .  3 , ^ -D ih y d ro x y b u ty l-1 - phos­

p h o n a te ,  th ro u g h  th e  fo rm a tio n  o f  th e  an a lo g u e  o f  phospha­

t id y lg ly c e r o p h o s p h a t e ,  may prove u s e f u l  i n  e x te n d in g  th e s e  

s t u d i e s .  By em ploying t h i s  new l i p i d  i n  r e c o n s t i t u t i o n  

e x p e r im e n ts ,  i t  sh o u ld  be p o s s ib l e  t o  f u r t h e r  p robe th e  

b e h a v io r  and l i p i d  s p e c i f i c i t y  o f  membrane bound enzymes



I n  v i t r o .
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F ig u re  I t  Pathways f o r  th e  b i o s y n t h e s i s  o f  p h o sp h o l ip id s  

in  E. c o l i  i m o d if ie d ,  from B e l l  a i.. (1 3 ) .  The enzymes 

c a t a ly z in g  th e  r e a c t i o n s  a r e  a s  f o l lo w s t  1 -  g ly c e r o l  3- 

p hosph a te  a c y l  t r a n s f e r a s e  * 2 -  a c y lg ly c e r o l  3 -p h o sp h a te

a c y l  t r a n s f e r a s e t  3 -  C T P ip h o sp h a tid ic  a c id  c y t i d y l  t r a n s ­

f e r a s e  | k- -  C D P -d ig lv ce r ld e  i s n - g l v c e r o l  3-p h o sp h a te  phos­

p h a t id y l  t r a n s f e r a s e *  5 -  p h o s p h a t id y lg ly c e ro p h o s p h a te  

ph ospha tase*  6 -  c a r d i o l i p i n  sy n th e ta s e *  7 -  C D P-digly- 

c e r i d e i L - s e r i n e  p h o s p h a t id y l  t r a n s f e r a s e *  8 -  p h o s p h a t id y l -  

s e r i n e  d e c a rb o x y la s e .
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W 1 +  .If Thin l a y e r  chrom atography o f  l a b e le d  l i p i d s .

L ip id  m a te r i a l  s y n th e s iz e d  v iv o  and i a  v i t r o  from

3 ,4 -d ih y d ro x y [3 -* H ]]b u ty l- l -p h o sp h o n a te  was an a ly z e d  by 

t h i n  l a y e r  chrom atography a s  i n d i c a t e d .  The chromatogram s 

were d iv id e d  i n t o  1 cm s e c t i o n s ,  and counted  a s  p r e v io u s ly  

d e s c r ib e d  (2 2 ) .  The s o lv e n t  system s used were as  fo l lo w s i  

1 -  c h lo ro fo rm -m e th a n o l-w a te r  (6 5 * 2 5 * 3 )I 2 -  c h lo ro fo rm -  

m e th a n o l - a c e t ic  a c id  ( 6 5 *2 5 *8)1  3 -  n - b u t a n o l - a c e t i c  a c id -

w a te r  ( 6 i 2 i 2 ) t  4 -  d i i s o b u t y l k e t o n e - a c e t i c  a c id - w a te r

(4 0 130*7 )1 5 -  ch loroform -m ethanol-O .3M  ammonium a c e t a t e ,

pH 6 .9  (2*3*1).



Table

Adsorbent 

A nasil G

DEAE
c e l lu lo s e

Solvent System

1

2

3

4

5

D is tr ib u t io n  o f  JH 
labe led  m a te r ia l  
syn thesized  in

D is t r ib u t io n  o f  
labe led  m a te r ia l  
syn thesized  in  
v i t r o

95* a t  or ju s t  
above o r ig in

95% a t  o r ju s t  
above o r ig in

76% R , 0.48 
24* Rj, 0.65

78* R , 0.30 
22* R* 0.53

100* a t  o r ju s t  
above o r ig in

100* a t  o r ju s t  
above o r ig in

100* Rf  0.48 

100* Rf  0,30

85* R*. 0.44 
15* R* 0.84

100* Rf  0.44
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F ig u re  2 i F orm ation  o f  th e  phosphonic  a c id  ana lo gue  o f  

o h o s p h a t id y lg ly c e ro p h o s p h a te  and d e g r a d a t iv e  methods used 

in  i t s  c h a r a c t e r i z a t i o n .  R e a c t io n  1* S y n th e s is  o f  th e  

phosphonic  a c id  an a lo g u e  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  

[ ( 1 , 2 - d i a e y U - s n - g l y c e r y l  D-V -phosphory loxy-3*  -h y d ro x y - 

b u ty l - 1 '- p h o s p h o n a te ^  by C D P -d ig ly c e r id e * s n -g ly c e ro l  3- 

ph o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  i a  v i t r o  and i n  v iv o . 

R e a c t io n  2* M ild a l k a l i n e  h y d r o ly s i s  o f  th e  l i p i d  an a lo g u e  

to  remove th e  f a t t y  a c i d s .  R e a c t io n  3* H y d ro ly s is  w ith  

B. c e re u s  p h o sp h o l ip a se  G to  produce d i g l y c e r i d e  and 

p h o s p h o -3 -h y d ro x y b u ty l- l -p h o s p h o n a te .  R e a c tio n  4 t T r e a t ­

ment o f  th e  w a te r  s o lu b le  p h o sp h o l ip a se  C h y d r o ly s i s  p ro ­

d u c t  w i th  a l k a l i n e  p h o sp h a ta se  to  produce phosphate  and

3 , 4 - d ih y d ro x y b u ty l - l -p h o s p h o n a te  in  a  1*1 m olar  r a t i o .
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F ig u re  3 A-Di F r a c t i o n a t i o n  o f  l i p i d a  d e r iv e d  from 3 , 4 - d i -  

h y d ro x y [3 -* H ]b u ty l - l -p h o s p h o n a te .  L abeled  l i p i d s  were chrom­

a to g ra p h e d  on a 1 x 30 cm oolumn o f  DEAE c e l l u l o s e  a s  d e s ­

c r ib e d  i n  th e  M a te r ia l s  and Methods s e c t i o n .  The i s o to p e  

c o n te n t  o f  each  f r a c t i o n  i n  (A ), (B ) ,  and (D) was d e te rm in ed  

by c o u n t in g  a  0 .1  ml a l i q u o t  a s  p r e v io u s ly  d e s c r ib e d  (2 2 ) ,  

Samples o f  f r a c t i o n s  i n  (C) were co un ted  in  1 ml o f  w a te r  

and 10 ml o f  P a t te r s o n -G re e n e  s c i n t i l l a t i o n  f l u i d  (39) 

a f t e r  e v a p o r a t io n  o f  th e  s o lv e n t .  In  each c a s e ,  97-99# o f  

a l l  th e  r a d i o a c t i v i t y  a p p l i e d  to  th e  column was r e c o v e re d .  

P h o s p h a t id y le th a n o la m in e ,  p h o s p h a t id y lg ly c e r o l ,  and c a r d i -  

l i p i n  were e l u t e d ,  r e s p e c t i v e l y ,  i n  f r a c t i o n s  I ,  I I ,  and I I I .

(A)i Chrom atography o f  l i p i d s  i s o l a t e d  from a 40 ml c u l ­

tu r e  o f  E. s t r a i n  8 , in c u b a te d  in  th e  p re se n c e  o f  0 .0 3

mM 3 » 4 -d ih y d ro x y C 3 -* H ]b u ty l- l-p h o sp h o n a te  (31 mCi/mmole)

f o r  2 h o u rs .  • ------ . (B )t Chrom atography o f  l i p i d s

o b ta in e d  from c e l l s  c u l t u r e d  i n  th e  p re se n c e  o f  l a b e le d  phos­

phonate  a s  i n  (A ), and Q l-^ C ^ a c  s t a t e ,  a s  d e s c r ib e d  in  th e
1 i |l

M a te r i a l s  and Methods s e c t i o n .  H #  j C — — O .

(C) i Chrom atography o f  l i p i d s  i s o l a t e d  from c e l l s  c u l ­

tu r e d  i n  th e  p re se n ce  o f  l a b e le d  phosphonate  a s  i n  (A ),

and P aphosphate  ( 2 j i C i / m l ) .  i # ------1 ^ P  ——O — —.

(D )i Chrom atography o f  l i p i d s  s y n th e s i s e d  in . v i t r o  by 

C D P - d lg lv c e r id e i s n - g lv c e r o l  3-p h o sp h a te  p h o s p h a t id y l  t r a n s ­

f e r a s e  ( 1 .8  x 10^ cpm ), from C D P -d ip a lm itin  and 3 * 4 -d i -  

h y d ro x y [3 -* H 3 b u ty l- l -p h o sp h o n a te  (480 mCi/mmole).

H #  — —. (NH^AC ■ ammonium a c e t a t e } .
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Table  2 i P o t e n t i a l  f a c t o r s  I n f lu e n c in g  th e  d i s t r i b u t i o n  o f  

la b e le d  l i p i d s  d e r iv e d  from 3 , 4 - d ih y d ro x y Q 3 -* H ]b u ty l- l -p h o s -  

p h o n a te . P h o sp h o l ip id s  were i s o l a t e d  from b a c t e r i a l  c u l t u r e s  

and chrom atographed  a s  d e s c r ib e d  i n  F ig u re  3* a f t e r  v a r io u s  

changes in  c u l t u r e  c o n d i t i o n s .  I n  e x p e r im e n ts  1-5* c o l l  

s t r a i n  8 was c u l t u r e d  on th e  medium o f  Garen and L e v in th a l  

(30) supplem ented  w ith  0 .6  mM ph o sp h a te  and 0 .5%  p o tass iu m  

s u c c in a te .  E xperim en t I t  A t y p i c a l  d i s t r i b u t i o n  o b ta in e d  

a f t e r  in c u b a t io n  w i th  0 .0 3  mM 3 * 4 -d ih y d ro x y [3 -aH ] b u t y l - l -  

phosphonate  (31 mCi/mmole) f o r  2 h o u rs .  E xperim en t 2 t D is­

t r i b u t i o n  a f t e r  in c u b a t io n  a s  i n  ex p e rim en t 1 f o r  20 min­

u t e s .  E xp erim en t 3* D i s t r i b u t i o n  a f t e r  p u ls e  l a b e l i n g  

c e l l s  f o r  5 m in u te s  w ith  0 .0 3  mM 3*4 -d ih yd ro x y E 3 -* H ]b u ty 1- 

1 -p h o sp h o n a te  (480 mCi/mmole). E xperim en t 4 i  D i s t r i b u t i o n  

in  a c u l t u r e  i n  which th e  c o n c e n t r a t i o n  o f  l a b e le d  an a lo g u e  

was in c r e a s e d  to  0 .3  mM (1 2 .4  mCi/mmole). L ip id s  were i s o ­

l a t e d  a f t e r  2 h o u rs  o f  in c u b a t io n .  E xperim en t 5* D i s t r i ­

b u t io n  im m ed ia te ly  a f t e r  w ashing c e l l s  (A) and 3 h o u rs  l a t e r

(B) i n  th e  t u r n o v e r  ex p e rim en t d e s c r ib e d  i n  F ig u re  5 . Ex­

p e r im en t 6 1 E. c o l i  s t r a i n  8 was c u l tu r e d  on th e  medium o f  

Garen and L e v in th a l  (30) supp lem ented  w ith  0 .6  mM p h o sp h a te ,  

0.5%  g lu c o s e ,  and 0 .1 #  g l y c e r o l .  L ip id s  were i s o l a t e d  a f t e r  

2 h o u rs  o f  i n c u b a t io n  in  th e  p re se n c e  o f  0 .0 3  mM 3 ,4 -d ih y d ro x -  

y C 3 -* H ]b u ty l- l -p h o sp h o n a te  (310 mCi/mmole). E xperim en t 7* 

D i s t r i b u t i o n  o f  l a b e le d  l i p i d s  i s o l a t e d  from s t r a i n  BB20-14, 

c u l t u r e d  i n  a  manner i d e n t i c a l  to  t h a t  o f  s t r a i n  8 in  ex ­

p e r im en t 6.



Table 2

D istrib u tion  o f  la b e l in  l ip id  fractions*  
I II III  IV

nmoles 
phosphonate 
incorporated  

per ml 
culture

Exjsgriment

1 8 2 4 86 2*9

2 5 7 8 80 0.19

3 6 9 3 82 0.03

k 3 1 8 88 0.65

5A 6 2 3 89 3.2

5B 10 2 3 85 3.2

6 6 2 3 89 0.77

7 5 3 3 89 0.62
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T ab le  3 i C hrom atograph ic  com parison  o f  d e a c y la te d  l i p i d s .  

Samples o f  f r a c t i o n  IV ( l  x 10^ cpm *̂ H) and m a t e r i a l  s y n th e ­

s iz e d  i n  v i t r o  (1 x 105 cpm ^H) were p lace d  i n  sc re w -ca p  t e s t  

t u b e s ,  and th e  s o lv e n t  removed under n i t r o g e n .  The l i p i d s  

were r e d i s s o lv e d  in  0 .5  ml o f  ch lo ro fo rm -m eth an o l (1 * 4 ) ,  and 

0 .05  ml o f  1 .2  N NaOH in  m e th a n o l-w a te r  (1*1) were added .

The sam ples were in c u b a te d  a t  37°C f o r  10 m in u te s .  At th e  

end o f  t h i s  p e r io d  th e  sam ples were n e u t r a l i z e d  by th e  a d d i ­

t i o n  o f  0 .075  ml o f  1 N a c e t i c  a c id .  T h is  was fo llo w ed  by 

1 ml o f  c h lo ro fo rm -m e th an o l (9*1)» 0 .5  ml o f  i s o b u ta n o l ,  and 

1 ml o f  w a te r .  The aqueous l a y e r  was c a r e f u l l y  removed, and 

reduced  i n  v acu o . The w a te r  s o lu b le  p ro d u c ts  were chrom ato­

graphed on Whatman No. 1 p ap e r  in  e i t h e r  methanol-9175 form ic 

a c id - w a t e r ,  80*14*6 ( s o lv e n t  system  1 ) ,  o r  n -p ropano l-am m onia -  

w a te r ,  6*3*1 ( s o lv e n t  system  2 ) .  A f te r  deve lopm en t, each 

lan e  was c u t  i n t o  1 cm s e c t i o n s ,  and each counted  i n  1 ml 

o f  w a te r  and 10 ml o f  P a t te r s o n -G re e n e  s c i n t i l l a t i o n  f l u i d  

(3 9 ) .  A u th e n t ic  3 ,4 -d ih y d ro x y Q 3 -* H ]b u ty l- l -p h o sp h o n a te  mi­

g ra te d  w ith  an  R̂ . o f  0 .62  in  s o lv e n t  system  1, and 0 .2 8  in  

s o lv e n t  system  2.



L ip id  M a te r ia l  

F r a c t io n  IV

k . 1

X a b j e J

D i s t r i b u t i o n  o f  l a b e l  i m  
S o lv e n t  System 1 S o lv e n t  System 2

100%
Rf  0 .31

100%
Rf  0 ,22

In v i t r o 100%
Rf  0 .3 1

100%
Rf  0 .2 2
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T able  4 i  C hrom atograph ic  c h a r a c t e r i s a t i o n  o f  w a te r  s o lu b le  

p h o sp h o lip a se  C h y d r o ly s i s  p ro d u c ts .  Crude l i p i d s  formed 

i n  v ivo  (1 x 10^ cpm ^H) and t h a t  s y n th e s i s e d  i n  v i t r o  (1 .2  

x 10^ cpm ^H) were t r e a t e d  w i th  B. c e re u s  p h o sp h o lip a se  C 

( i n  0 .1  M t r i s - H C l  b u f f e r ,  pH 7 .2 )  a s  d e s c r ib e d  in  th e  M ater­

i a l s  and Methods s e c t i o n .  The in c u b a t io n  t im es  were a s  f o l ­

lows* 10 m in u tes  f o r  l i p i d  s y n th e s iz e d  i n  v i t r o  and 60 min­

u t e s  f o r  l i p i d s  formed i n  v i v o . The w a te r  s o lu b le  p ro d u c ts  

were i s o l a t e d  by th e  method o f  B lig h  and Dyer (3 1 ) .  T h is  

m a t e r i a l  was chrom atographed  on Sil-N-HR b e fo re  and a f t e r  

t r e a tm e n t  w ith  a l k a l i n e  p h o s p h a ta s e ,  u s in g  m e th an o l-0 .0 1  N 

HC1 as  th e  s o lv e n t  system . The chromatogram s were c u t  i n to  

1 cm s e c t i o n s ,  and counted  a s  d e s c r ib e d  in  T ab le  3. Authen­

t i c  3 » 4 -d ih y d ro x y [3 -aH ]b u ty l - l -p h o s p h o n a te  (4CP) m ig ra ted  

w ith  an  Rf  o f  0 .6 4  i n  t h i s  system .



*3

In  V i t r o  sample 
t r e a t e d  w ith  
P h o sp h o lip a se  C

Crude Iri Vivo 
sample t r e a t e d  w ith  88 12
P h o sp h o lip a se  C

I n  V i t ro  sample
t r e a t e d  w i th  1 99
P h o sp h o lip a se  C and 
A lk a l in e  P h o sp h a tase

Crude I j l  Vivo
sample t r e a t e d  w i th  4 96
P h o sp h o lip a se  C and 
A lk a l in e  P h o sp h a ta se

3 % 3H l a b e l
% H l a b e l  m ig ra t in g  a s
a t  o r i g i n  W

90  10
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F ig u re  4 i  C hrom atograph ic  c h a r a c t e r i s a t i o n  o f  w a te r  s o lu b le  

p h o sp h o l ip a se  C h y d r o ly s i s  p ro d u c ts ,  A sample o f  f r a c t i o n  

IV i s o l a t e d  a s  i n  F ig u re  3C, c o n ta in in g  1 x 10^ cpm and 

1 .8  x 104 cpm ^ P ,  was In c u b a te d  f o r  60 m in u tes  w ith  B. 

c e re u s  p h o sp h o l ip a se  C ( i n  0 .1  M ammonium a c e t a t e  b u f f e r ,  pH 

6 .0 )  a s  d e s c r ib e d  in  th e  M a te r i a l s  and Methods s e c t i o n .  The 

w a te r  s o lu b le  p ro d u c ts  were i s o l a t e d  by th e  method o f  B lig h  

and Dyer (3 1 ) .  A p o r t i o n  o f  t h i s  m a t e r i a l  was chrom ato­

graphed on a  CEL 300 PEI t h i n  l a y e r  s h e e t  b e fo re  (A) and 

a f t e r  (B) t r e a tm e n t  w ith  a l k a l i n e  p h o sp h a ta se ,  u s in g  th e  

s o lv e n t  system  1 M L i c i t  1 M form ic  a c id  ( l i l ) .  A f te r  de­

ve lo pm en t, each  la n e  was c u t  i n t o  1 cm s e c t i o n s ,  and each 

coun ted  i n  1 ml o f  0 .1  N HC1 and 10 ml o f  P a t te r s o n -G re e n e  

s c i n t i l l a t i o n  f l u i d  (39) to  d e te rm in e  th e  d i s t r i b u t i o n  o f  

(open a r e a s )  and ^2P ( c r o s s - h a tc h e d  a r e a s ) .  Phosphate  

(P i )  and 3 ,4 -d ih y d ro x y b u ty l -1 -p h o s p h o n a te  (4CP) s ta n d a r d s  

had Rf  v a lu e s ,  r e s p e c t i v e l y ,  o f  0 .5 4  and 0 .8 0  in  t h i s  

system . These two compounds were v i s u a l i z e d  w ith  a  sp ra y  

r e a g e n t  f o r  pho sp ha te  (4-5).



*5

FIG 4

C E D <gt>

Centimeter
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F ig u re  Si C hrom atographic  c h a r a c t e r i s a t i o n  o f  w a te r  s o lu b le  

p h o sp h o l ip a se  C h y d r o ly s i s  p ro d u c ts .  The ex p e rim en t was 

i d e n t i c a l  to  t h a t  d e s c r ib e d  In  F ig u re  4 ,  e x c e p t  t h a t  th e  

chrom atography was perfo rm ed  on Whatman No. 1 p a p e r ,  u s in g  

1 M ammonium a c e t a t e  (pH 7 . l ) i e t h a n o l  ( l i l )  a s  th e  s o lv e n t  

system . P ho sp ha te  (P i )  and 3 ,4 -d ih y d ro x y b u ty l - l -p h o s p h o n a te  

(4CP) s ta n d a r d s  had Rf  v a lu e s ,  r e s p e c t i v e l y ,  o f  0 .4 6  and 0 .7 0  

i n  t h i s  system . The chromatogram  was coun ted  a s  d e s c r ib e d  

in  T ab le  3*



FIG 5

< £ >  < 5 2 >

i

m

4  8
Centimeter
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F ig u re  6 1 Enzym atic  d e te r m in a t io n  o f  £ - 3 ,4 - d ih y d r o x y -  

[ 3 - * H ]b u ty l - l - p h o s p h o n a te .  The a s s a y  m ix tu re  c o n ta in e d  

(0 ,5  ml t o t a l  volume)* g ly c in e - h y d r a s in e  b u f f e r  (0 ,5  M 

g l y c i n e ,  0 .2  M h y d ra z in e ,  2 ,5  mM EDTA) ,  pH 9 .5 i  2 .5 mM MAD* 

and th e  i n d i c a t e d  c o n c e n t r a t i o n  o f  s u b s t r a t e  ( r a c - 3 . 4 - d l -  

h y d ro x y t3 -* H ]b u ty l- l - p h o s p h o n a te ,  31 mCi/mmole). The r e a c ­

t i o n  was i n i t i a t e d  by th e  a d d i t i o n  o f  0 .0 5  mg o f  r a b b i t  

m uscle L - g ly c e r o l  3 -p h o sp h a te  dehydrogenase  (145 u/rag), 

and th e  e x t e n t  o f  o x id a t io n  o f  ja £ -3 ,4 - d ih y d r o x y [3 -* H ] -  

b u ty l - l - p h o s p h o n a te  d e te rm in ed  a s  d e s c r ib e d  in  th e  M a te r ia l s  

and Methods s e c t i o n .



nmoles substrate oxidized
— r o w
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T able  5 i C hrom atographic  a n a l y s i s  o f  c h lo ro fo rm  s o lu b le  

p h o sp h o l ip a se  C h y d r o ly s i s  p ro d u c ts .  A sample o f  f r a e t i o n  

IV i s o l a t e d  a s  i n  F ig u re  JB , c o n ta in in g  1 x 1CK cpm and
4

1 x 10 cpm C, was h yd ro ly zed  o v e rn ig h t  w ith  £ ,  e e re u s  

p h o sp h o lip a se  C ( i n  0 .1  M t r i s - H C l  b u f f e r ,  pH 7 .2 )  a s  d e s ­

c r ib e d  in  th e  M a te r i a l s  and Methods s e c t i o n .  The c h lo r o ­

form s o lu b le  p ro d u c ts  were i s o l a t e d  by th e  method o f  B lig h  

and Dyer (31) and a p p l ie d  to  an  A n a s i l  G t h i n  l a y e r  p l a t e .  

D ip a lm i t in ,  m onop a lm itin , and p a l m i t i c  a c id  were a l s o  

a p p l i e d  a s  ch ro m a to g rap h ic  s t a n d a r d s ,  and th e  chromatogram 

was deve loped  i n  e i t h e r  h e x a n e - d ie th y l  e t h e r - a c e t i c  a c i d ,  

3 0 i7 0 i l  ( s o lv e n t  system  1 ) o r  d i e t h y l  e th e r - b e n s e n e - e th a n o l -  

a c e t i c  a c i d ,  JfO *50*2 *0.2 ( s o lv e n t  system  2 ) .  A f t e r  d e v e l ­

opment, 1 cm s e c t i o n s  o f  each  la n e  were sc ra p e d  i n t o  s c i n ­

t i l l a t i o n  v i a l s ,  and cou n ted  a s  p re v io u s ly  d e s c r ib e d  (2 2 ) .  

D ip a lm i t in ,  m onop a lm itin , and p a lm i t i c  a c id  m ig ra te d  w ith  

Rf v a l u e s ,  r e s p e c t i v e l y ,  o f  0 . 5 0 , 0 . 1 3 , and 0 .6 6  i n  s o lv e n t  

system  1, and O .5 8 , 0 .2 0 ,  and O.5 0  i n  s o lv e n t  system  2.

These compounds were v i s u a l i z e d  w ith  Rhodamine B.
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S o lv e n t
System

1

2

Iakls-5

# li4,C l a b e l  m ig ra t in g  a s t  
d i g l y c e r i d e  m onog lyceride  AS

90

90

5

5

5

5
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F ig u re  7 1 T u rno ve r o f  l i p i d s  d e r iv e d  from 3 » 4 -d ih y d ro x y - 

[ 3 -* H ]b u ty 1 -1 -p h o sp h o n a te .  F o r ty  ml c u l t u r e s  o f  E. c o l i  

s t r a i n  8 were in c u b a te d  w ith  3 ,4—d ih y d ro x y H 3 -* * 0 b u ty l- l -  

phosphonate  (31 mCi/mmole), a t  a  c o n c e n t r a t i o n  o f  0 .0 3  mM, 

a s  d e s c r ib e d  i n  th e  M a te r i a l s  and Methods s e c t i o n .  At 

30 m inute  i n t e r v a l s  up to  2 h o u r s ,  1 ml sam ples o f  c u l t u r e  

were removed, and th e  l i p i d s  i s o l a t e d  by th e  Ames (32) p ro ­

c e d u re ,  At th e  tim e  i n d i c a t e d  by th e  a r ro w , th e  c u l t u r e s  

were washed on a  M i l l ip o r e  f i l t e r ,  and re su sp en d ed  i n  

f r e s h  media l a c k in g  ph ospho na te . For t h r e e  a d d i t i o n a l  

h o u r s ,  l i p i d s  were e x t r a c t e d  from 1 ml c u l t u r e  sam ples 

a s  above . L ip id  e x t r a c t s  were coun ted  a s  d e s c r ib e d  in  th e  

M a te r ia l s  and Methods s e c t i o n  to  d e te rm in e  th e  in c o r p o r a t io n

o f  l a b e l e d  phosphonate  — □ -----  . The growth o f  t r e a t e d

 O - and u n t r e a t e d — —• — c u l t u r e s  was a l s o  moni­

to r e d  d u r in g  th e  ex p e r im e n t.
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T abla  6* C hrom atographic  c h a r a c t e r i z a t i o n  o f  o th e r  la b e le d

l i p i d s .  Samples o f  f r a c t i o n s  I f I I ,  and I I I ,  l a b e le d  w ith
3
H, were chrom atographed  on A n a s i l  G, u s in g  th e  fo l lo w in g  

s o lv e n t  system s* 1 -  c h lo ro fo rm -m e th a n o l-w a te r  (6 5 * 2 5 * 3 )i 

2 -  c h lo ro fo rm -m e th a n o l - a c e t ic  a c id  (65*25*8). The chrom­

atogram s were coun ted  a s  d e s c r ib e d  in  Table 1, P h o s p h a t i -  

d y le th a n o la m in e  (P E ), p h o s p h a t id y lg ly c e r o l  (PG), and c a r -  

d i o l i p i n  (CL) s ta n d a r d s  m ig ra ted  w ith  R̂ , v a lu e s ,  r e s p e c ­

t i v e l y ,  o f  0 .35* 0 .2 1 ,  and 0 .6 0  i n  s o lv e n t  system  1, and 

0 .3 2 ,  0 .4 2 ,  and 0 .? 4  in  s o lv e n t  system  2. The chrom ato­

g ra p h ic  b e h a v io r  o f  p h o s p h a t id y lg ly c e r o l  a s  two components 

has  been d e s c r ib e d  by o th e r  w o rk e rs ,  and a p p e a rs  to  be an 

a r t i f a c t  caused by s a l t  e f f e c t s  (3 2 ) .



Table 6

D istrib u tion  o f Label
'JXvj\

Solvent System 1 Solvent System 2
% la b e l a t or ig in i % la b e l migrating % la b e l a t origin* % lab el migrating
__________________   a s j______  ___________________  ________ a&i----------

Lipid
F rac tio n

I 1 PE = 99 0 PE -  100

II 36

$iia 18 PG ii CO i\>

I I I 5 CL = 95 7 CL -  93
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T ab le  7* C hrom atographic  a n a l y s i s  o f  c h lo ro fo rm  s o lu b le  

p h o sp h o lip a se  D h y d r o ly s i s  p ro d u c ts .  A sample o f  f r a c t i o n  

I (8 x 10^ cpm -̂ H) was t r e a t e d  w ith  p h o sp h o lip a se  D i n  a 

b ip h a s ic  system  c o n ta in in g  (1 .0  m l, t o t a l  aqueous volume)*

0 .0 8  M sodium a c e t a t e  b u f f e r ,  pH 5.6* 0.04- M CaClgi 1 mg o f  

p h o sp h o lip a se  D (22 U/mg)i and 1 ml o f  d i e t h y l  e t h e r .  The 

sample was shaken  on a v o r t e x  m ixer o v e rn ig h t  a t  25°C. A f te r  

e v a p o ra t io n  o f  th e  e t h e r ,  th e  ch lo ro fo rm  s o lu b le  p ro d u c ts  

were i s o l a t e d  by th e  p ro ced u re  o f  B lig h  and Dyer (3 1 ) .  T h is  

m a t e r i a l  was a n a ly z e d ,  a lo n g  w ith  an u n t r e a te d  sam ple o f  

F r a c t io n  I ,  by chrom atography on Sil-N-HR in  th e  fo l lo w in g  

s o lv e n t  system s* 1 -  c h lo ro fo rm -e th a n o l -9 1 ^  form ic a c id -  

w a te r  ( 2 0 0 *2 0 *1 6 *1 ) i 2 -  c h lo ro fo rm -p y r id in e -9 1 #  form ic 

a c id  (50*30*7). The chrom atogram s were coun ted  a s  d e s c r ib e d  

in  Tab le  1. P h o sp h a t id y le th a n o la m in e  (PE) and 3 ,^ - d ih e x a -  

d e c a n o y lb u ty l - l -p h o s p h o n ic  a c id  (p h o s p h o t id ic  a c id )  m ig ra ted  

w ith  Rj. v a lu e s ,  r e s p e c t i v e l y ,  o f  0 .1 2  and 0 .5 3  in  s o lv e n t  

system  1 , and 0 .2 2  and 0 .7 6  in  s o lv e n t  system  2. These 

ch rom ato g rap h ic  s t a n d a r d s  were v i s u a l i z e d  a s  d e s c r ib e d  i n  

Table 5-



Table 7

L ip id  Sample

F rac tio n  I 
(U ntreated)

Solvent System 1

% la b e l  m igra ting  a s t  
PE pho3p h o tid le  ac id

100 0

F rac tio n  I 
t r e a te d  w ith  
Phospholipase D

2 91

\j\
-4

Solvent System 2

% la b e l  m igra ting  a s t  
PE ohosphotld ic  ac id

100 0

1 95
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F ig u re  8 i D e g ra d a t io n  scheme used to  i d e n t i f y  th e  la b e le d  

m oie ty  i n  f r a c t i o n  I  (p h o s p h a t id y le th a n o la m in e ) .  R e a c t io n
k *>

I t  H y d ro ly s is  o f  a  sample o f  f r a c t i o n  1 (8 x 10 cpm -'H) 

w ith  p h o sp h o l ip a se  D. R e a c t io n  2* T rea tm en t o f  th e  c h lo r o ­

form s o lu b le  p h o sp h o l ip a se  D h y d r o ly s i s  p ro d u c t  w ith  m ild  

base  t o  remove th e  f a t t y  a c i d s .  R e a c tio n  3* T rea tm en t o f  

th e  w a te r  s o lu b le  d e a c y l a t io n  p ro d u c t  w i th  a l k a l i n e  phos­

p h a ta s e .  The p e r  c e n t  o f  th e  t o t a l  l a b e l  in  th e  v a r io u s  

p ro d u c ts  i s  i n d i c a t e d .  The l a b e le d  p ro d u c t  o f  r e a c t i o n  3 

was i d e n t i f i e d  a  g l y c e r o l  by chrom atography on Whatman No.

1 p a p e r  u s in g  e i t h e r  n -p ro p an o l-am m o n ia -w a te r  ( 6 i3 * l )  o r  

e t h y l  a c e ta te - fo r m a m id e -p y r id in e  ( l i 2 i l )  a s  th e  s o lv e n t  

system . 3 ,4 -D ih y d ro x y b u ty l - l -p h o s p h o n a te  and g ly c e r o l  

had Rf v a lu e s ,  r e s p e c t i v e l y ,  o f  0 .28  and 0 .72  i n  th e  

fo rm er sy s tem , and 0 .4 1  and 0 .95  in  th e  l a t t e r .  Chrom­

atog ram s were co u n ted  a s  d e s c r ib e d  i n  F ig u re  5>
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F ig u re  Qt D eg ra d a t io n  scheme used  t o  i d e n t i f y  th e  la b e le d  

m oiety  in  f r a c t i o n  I I  ( p h o s p h a t i d y l g l y c e r o l ) . R e a c t io n  I t  

H y d ro ly s is  o f  a  sample o f  f r a c t i o n  I I  (1 x 10 cpm ^H) w ith  

p h o sp h o lip a se  C. R e a c tio n  2 i T rea tm en t o f  th e  ch lo ro fo rm  

s o lu b le  p h o sp h o l ip a se  C h y d r o ly s i s  p ro d u c t  w ith  m ild  base 

to  remove th e  f a t t y  a c i d s .  R e a c tio n  3 t T rea tm en t o f  th e  

w a te r  s o lu b le  p h o sp h o l ip a se  C h y d r o ly s i s  p ro d u c t  w ith  

a l k a l i n e  p h o s p h a ta s e .  The p e r  c e n t  o f  th e  t o t a l  t r i t i u m  in  

th e  p ro d u c ts  i s  i n d i c a t e d .  The l a b e le d  p ro d u c t  o f  r e a c t i o n s  

2 and 3 was i d e n t i f i e d  as  g l y c e r o l  a s  d e s c r ib e d  in  F ig u re  8 .
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F ig u re  1 0 t D e g ra d a t io n  aehene used  t o  i d e n t i f y  th e  la b e le d  

m oie ty  i n  f r a c t i o n  I I I  ( c a r d i o l i p i n ) . A sample o f  f r a c t i o n  

I I I  (1 x 10^ cpm ^H) was t r e a t e d  i n  a  manner i d e n t i c a l  to  t h a t  

d e s c r ib e d  f o r  f r a c t i o n  I I  in  F ig u re  9 . The p e r  c e n t  o f  th e  

t o t a l  l a b e l  i n  th e  v a r io u s  p ro d u c ts  i s  i n d i c a t e d .  The l a b e l ­

ed p ro d u c t  o f  r e a c t i o n s  2 and 3 was I d e n t i f i e d  ch rom atog raph- 

i c a l l y  a s  g l y c e r o l  a s  d e s c r ib e d  i n  F ig u re  8 ,
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CHAPTER 2

SUBSTRATE ACTIVITY OP PHOSPHONIC ACID ANALOGUES OF 

CDP-DIGLYCERIDE IN THE SYNTHESIS OF PHOSPHOGLYCERIDES

IN ESCHERICHIA COLI1

I n t r o d u c t i o n

The a v a i l a b i l i t y  o f  phosphonic  a c id  a n a lo g u e s  o f  phos- 

p h o g ly c e r id e s  (^ 6 -4 9 )  and g l y c e r o l  3 -p h o sp h a te  (2 5 *3 7 *^6 ,

5 0 ) has  h e lp ed  to  e l u c i d a t e  th e  s u b s t r a t e  s p e c i f i c i t i e s  

o f  s e v e r a l  enzymes in v o lv e d  i n  p h o s p h o l ip id  and g ly c e r o l  

3 -p h o sp h a te  m etabo lism  ( 2 4 ,4 7 -^ 9 ) .  T h is  c h a p te r  r e p o r t s  

th e  s y n t h e s i s  o f  two new phosphon ic  a c id  a n a lo g u e s  o f  

c y t i d i n e  d ip h o s p h a te - d ig ly c e r id e  (C D P -d ig ly c e r ld e ) f DL-  

2 -h e x a d e c o x y -3-o c ta d e c o x y p ro p y lp h o sp h o n y l-0 - ( c y t i d i n e  5 ' -  

p h o sp h a te )  and DL-3f4 -d io c ta d e c o x y b u ty lp h o s p h o n y l-0 -  

( c y t i d i n e  5*- p h o s p h a te ) ( I  and I I  r e s p e c t i v e l y  in  F ig u re  

1 ) .  These a n a lo g u e s  have been u sed  t o  examine a s p e c t s  o f  

th e  s p e c i f i c i t y  o f  C D P - d lg lv c e r id e i s n - g lv c e r o l  3-p h o sp h a te  

p h o s p h a t id y l  t r a n s f e r a s e  and C D P -d ig ly c e r id e tL - s e r in e  phos­

p h a t i d y l  t r a n s f e r a s e  o b ta in e d  from E s c h e r i c h i a  c o l l . The 

a n a lo g u e s  a r e  a b le  t o  se rv e  a s  s u b s t r a t e s  f o r  b o th  enzymes.

A t h i n  l a y e r  ch ro m a to g rap h ic  a n a l y s i s  o f  th e  p ro d u c ts  formed 

s u g g e s t s  some i n t e r e s t i n g  c h a r a c t e r i s t i c s  o f  p h o s p h a t id y l -  

g ly c e ro p h o sp h a te  p h o sp h a ta se  and p h o s p h a t id y l s e r in e  d e c a r -

1. The s t u d i e s  r e p o r t e d  i n  t h i s  c h a p te r  have been
p u b lish ed i B io ch in . B ioohvs. Acta 29-37 (1975)
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b o x y la se .

These i n  v i t r o  e x p e r im e n ts  were a l s o  perfo rm ed  to  

examine th e  p o s s ib l e  consequences  o f  th e  a c y l a t i o n  o f  

d ih y d ro x y b u ty l - l -p h o s p h o n a te  in  E. c o l i . a  q u e s t i o n  which 

was posed i n  c h a p te r  1. Such a  r e a c t i o n  m igh t a l lo w  th e  

s y n t h e s i s  o f  a  compound s i m i l a r  to  an a lo g u e  I I  i n  v i v o * 

The r e s u l t s  i n d i c a t e  t h a t  t h i s  c o u ld  cau se  a  f u r t h e r  i n ­

h i b i t i o n  o f  p h o s p h o l ip id  s y n t h e s i s .
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H attrlili and Bflhgflf

Chemi e a l i  i C y t id ln e  d ip h o s p h a te - g j i - d ip a lm i t in  (CDP-di- 

p a lm i t in )  was pu rch ased  from S e rd a ry  R esea rch  L a b o r a t o r i e s ,  

London, O n ta r io ,  Canada. B a c i l l u s  o e re u s  p h o sp h o l ip a se  

C, b ov ine  serum a lb u m in , th e  n o n - io n ic  d e t e r g e n t  T r i to n  

X-100 (o c ty lp h e n o x y p o ly e th o x y e th a n o l) , t r i s ( h y d r o x y -  

m ethyl)am inom ethane ( t r i s ) ,  r a c - g l v o e r o l  3-p h o sp h a te  

(d iso d iu m  s a l t ,  g rade  X ), D L -s e r in e . and c y t i d i n e  mono- 

p h o s p h a te -m o rp h o lld a te  (C M P -m orpho lida te), were o b ta in e d  

from Sigma Chem ical C o . , S t .  L o u is ,  Ho. The **chrom ato­

g rap h  i c a l l y  p u re"  b a c t e r i a l  p h o s p h o l ip id s ,  p h o s p h a t id y l -  

e th a n o la m in e , p h o s p h a t i d y l g ly c e r o l , and c a r d i o l l p i n ,  

were p ro d u c ts  o f  S u p e lco , I n c . ,  B e l l e f o n t e ,  Pa. Bovine 

p h o s p h a t id y l s e r in e  was o b ta in e d  from th e  same s o u rc e .  

F h o s p h a t id y lg ly c e ro p h o s p h a te  was p re p a re d  by t r e a t i n g  b ac ­

t e r i a l  e a r d i o l i p i n  w i th  £ .  c e re u s  p h o s p h o l ip a s e  C a s  d e s ­

c r ib e d  by DeHaas (3 4 ) .

Sil-N-HR t h i n  l a y e r  p l a t e s  were pu rch ased  from B rin k -  

mann In s t ru m e n ts  I n c . ,  W estbury , N.Y. A n a s i l  0 t h i n  l a y e r  

p l a t e s  were o b ta in e d  from A n a la b s ,  New Haven, Conn. sn -  

[ li|rC ]G ly c e ro l  3 - ph o sp h a te  was a  p ro d u c t  o f  New England 

N u c le a r  C o r p . , B o sto n , H ass . HIi- t 3 - 1^ C ]S e r in e  was p u r­

chased  from ICN C o r p . , I r v i n e  C a l i f .  A l l  o t h e r  o h e n ie a ls  

were o f  r e a g e n t  g ra d e .

B a o t e r i a i  E. - 1 2 , c u l t u r e d  on e n r ic h e d  m edia , and
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h a r v e s te d  i n  th e  s t a t i o n a r y  phase  o f  g ro w th , were ob­

t a i n e d  from th e  G ra in  P ro c e s s in g  C o rp . ,  M u sca tin e , Iowa.

S y n th e s i s  o f  D L -2-hexadeoorv-3 -oc tadcooxypropy lphQ S P hony l- 

O - t c v t i d i n e  5*-p h o s p h a te )  ( I )  and  DL-3 . 4 - d l o 0* a d s c o x y b u ty l -  

p h o s p h o n v l-O - fc y t id in c  5*- p h o s p h a te ) ( I I )  a s  t r i s  s a l t s 2 ! 

The s y n t h e s i s  o f  b o th  compounds was i d e n t i c a l ,  em ploying 

th e  r e s p e c t i v e  phosphon ic  a c i d s ,  whose p r e p a r a t i o n  h as  

been  p r e v io u s ly  d e s c r ib e d  ( 5 1 ,5 2 ) .  The method u sed  was a  

m o d i f i c a t io n  o f  th e  p ro o ed u re  u sed  by R ae ts  and Kennedy ( 8 ) 

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

and i s  d e s c r ib e d  i n  d e t a i l  f o r  an a lo g u e  I I .

A m ix tu re  o f  3 ,4 -d io c ta d e c o x y b u ty lp h o s p h o n ic  a c id  (103 

jum oles) and CM P-morpholidate (159>UBoles) i n  anhydrous py­

r i d i n e  ( 6 . 0  ml) c o n ta in in g  s e v e r a l  p e l l e t s  o f  m o le c u la r  

s i e v e  (L inde ty p e  3A) was h e ld  a t  37°0 f o r  72 h o u r s ,  and 

th e n  a t  room te m p e ra tu re  f o r  an  a d d i t i o n a l  48 h o u r s .  The 

s o lv e n t  was removed l a  vaou o . and th e  r e s id u e  p a r t i t i o n e d  

betw een  25  ml o f  c h lo ro fo rm -m e th a n o l-w a te r  ( 2 *3 *1 ) and 

40 ml o f  0 .0 5  N HC1. The c h lo ro fo rm  phase  was washed tw ic e  

w i th  40 ml o f  d i s t i l l e d  w a te r ,  and 15  ml o f  m ethano l were 

ad d e d , fo l lo w e d  by t r i s  b ase  (1 M) t o  b r in g  th e  pH to  

a p p ro x im a te ly  7 * The r e s u l t i n g  s o l u t i o n  was a p p l i e d  t o  a  

1 x 50 cm oolumn o f  DEAE c e l l u l o s e  (Whatman DB-52, a c e t a t e  

fo rm ). The oolumn was e l u t e d  w i th  a  l i n e a r  g r a d i e n t  o f

2 . The s y n t h e s i s  was perfo rm ed  by D r. A r th u r  R o s e n th a l  o f  
th e  D epartm ent o f  L a b o r a t o r i e s ,  The Long I s l a n d  Je w ish  
M edioal C e n te r ,  New Hyde P a rk ,  N.Y.
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ammonium a c e t a t e  (0 -  0 .2  M) in  c h lo ro fo rm -m e th a n o l-w a te r  

(2 * 3 * 1 ) , and f r a c t i o n s  o f  6 .0  ml were c o l l e c t e d .  F r a c t io n s  

22-39  c o n ta in e d  u n re a c te d  phosphonic  a c id .  The p ro d u c t  

emerged in  f r a c t i o n s  4 9 -5 7 . These were p o o le d , washed w ith  

HC1, d i s t i l l e d  w a te r ,  and n e u t r a l i z e d  a s  above . The 

s o lv e n t  was e v a p o ra te d  i n  v acu o . T h is  was fo llo w ed  by 

r e p e a te d  d e h y d ra t io n  in v o lv in g  r e - e v a p o r a t io n  a f t e r  th e  

a d d i t i o n  o f  i s o p ro p a n o l .  T h is  y ie ld e d  ?8  mg o f  p ro d u c t ,  

which was d i s p e r s e d  in  w a te r  and d ia ly z e d  a g a in s t  d i s t i l l e d  

w a te r  a t  3°C f o r  ?2 h o u rs .  The r e s i d u a l  m a t e r i a l ,  dehy­

d r a te d  a s  above , was d i s s o lv e d  in  ch lo ro fo rm -m eth an o l ( 1 *1 ) 

and c e n t r i f u g e d  t o  remove a sm a ll  amount o f  in s o lu b le  

m a t t e r .  A f t e r  th e  s u p e r n a ta n t  was e v a p o ra te d ,  th e  p ro d u c t  

r e t a i n e d  a sm a ll  amount o f  a re d  n o n -p o la r  im p u r i ty  which 

was removed by p r e c i p i t a t i o n  o f  th e  p ro d u c t  from ch lo ro fo rm  

f i r s t  w ith  a c e t o n i t r i l e ,  and th e n  w ith  a c e to n e .  The f i n a l  

y i e l d  o f  p ro d u c t  was 22 mg (64 jjm o les i 20 p e r  c e n t  based 

upon phosphonic  a c i d ) .

The s y n t h e t i c  a n a lo g u e s  o f  C D P -d ig ly ce r id e  were t e s t e d  

f o r  p u r i t y  by t h i n  l a y e r  chrom atography  on A n a s i l  G, u s in g  

th e  fo l lo w in g  s o lv e n t  system s* (A) -  c h lo ro fo rm -m e th a n o l-  

w a te r  (65*25*3)* (B) -  c h lo ro fo rm -m e th a n o l-c o n c e n tra te d

ammonia ( 6 0 *3 5 *5 ) i  and (C) -  c h lo ro fo rm -m e th a n o l-w a te r -  

a c e t i c  a c id  (25*15*4*2). In  a l l  t h r e e  s y s t e a s ,  b o th  a n ­

a lo g u e s  m ig ra te d  a s  s in g l e  s p o t s  h av in g  i d e n t i c a l  Rf  v a lu e s  

(Rj. i n  s o lv e n t  system  A ■ 0.36* B * 0 .18* C « 0 .5 8 ) ,  a s  

judged by u l t r a v i o l e t  a b s o r p t i o n ,  rhodamine B, and sp ra y
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r e a g e n ts  f o r  p ho sp ha te  ( 5 3 ) . C h a r r in g  w ith  s u l f u r i c  a c id  

re v e a le d  a b a r e ly  d e t e c t a b l e  im p u r i ty  i n  th e  an a lo g u e  p r e ­

p a r a t io n s  n o t  o bserved  by any o f  th e  o th e r  m ethods. S ince  

t h e r e  was some u n c e r t a i n t y  c o n e e m in g  th e  d eg ree  o f  hy­

d r a t i o n  o f  th e  a n a lo g u e s ,  and th e  e x a c t  q u a n t i t y  o f  c o u n te r ­

io n s ,  c o n c e n t r a t i o n s  were d e te rm in ed  s p e c t r o p h o to m e t r ic -  

a l l y . Samples were h y d ro ly se d  w ith  70 p e r  c e n t  p e r c h l o r i c  

a c id  f o r  t e n  m in u tes  i n  a  b o i l i n g  w a te r  b a th .  A f t e r  c o o l ­

in g ,  th e  sam ples were d i l u t e d  and b ro u g h t t o  pH 1 by th e  

a d d i t i o n  o f  a  c a l c u l a t e d  amount o f  KOH. A f te r  removing 

th e  p r e c i p i t a t e  by c e n t r i f u g a t i o n ,  th e  ab so rb an ce  o f  th e

r e s u l t i n g  s u p e r n a ta n t  was d e te rm in ed  a t  276 nm. The m olar
T —1 1e x t i n c t i o n  c o e f f i c i e n t  o f  c y to s in e  ( 1 0 .0  x 10J  M cm 

a t  2?6 nm and pH 1) was used  to  c a l c u l a t e  c o n c e n t r a t io n s  

o f  C D P -d ig ly ce r id e  and i t s  a n a lo g u e s .  The u l t r a v i o l e t  

spec trum  o f  th e  a n a lo g u e s  was a s  e x p e c ted  f o r  a  l i p o -  

n u c le o t id e  c o n ta in in g  c y to s in e .  S o lu t io n s  o f  C D P -d ipal- 

m i t in  and i t s  a n a lo g u e s ,  s t o r e d  a t  -15°C , ap p e a red  t o  be 

s t a b l e  f o r  s e v e r a l  m onths.

P r e p a r a t io n  o f  C D P -d ig lv c e r id e is n -Q lv c e ro l  3 -p h o sp h a te  

P h o s p h a t id y l  T ra n s f e r a s e  1 P ro sen  c e l l s  o f  E. c o l i  K-12 

(2 g) were washed and suspended  in  40 ml o f  0 .1  M t r i s -  

HC1 b u f f e r ,  pH 8 .0 ,  c o n ta in in g  10 mM p -m e rc a p to e th a n o l .

The c e l l  su sp e n s io n  was t r e a t e d  a s  d e s c r ib e d  in  c h a p te r  1. 

The 40 ,000  x g p e l l e t ,  c o n ta in in g  th e  p a r t i c u l a t e  enzyme, 

was re su sp en d ed  a t  a  c o n c e n t r a t io n  o f  0 . 9  mg p r o t e i n  p e r
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ml. A s im ila r  p rep a ra tio n , c o n ta in in g  3 .2  mg p ro te in  per 

ml, was used a s  th e  sou rce o f  p h o sp h a tid y lser in e  d ecar­

b o x y la se .

P r e p a r a t io n  o f  C D P -d ig lv c e r id e » L -S e r in e  P h o s p h a t id y l  

T r a n s f e r a s e i  F rozen  c e l l s  o f  E. c o l i  K-12 (5 g) were 

washed and suspended  in  20 ml o f  0 .01  M t r i s - H C l  b u f f e r ,  

pH 8 .0 ,  c o n t a in in g  1 mM MgCl^. The c e l l  su s p e n s io n  was 

t r e a t e d  a s  d e s c r ib e d  f o r  C D P -d lg lv o erld e  t s n - g l v c e r o l  3 -  

phosph&te p h o s p h a t id y l  t r a n s f e r a s e .  The 40 ,000  x g 

s u p e r n a ta n t  was c e n t r i f u g e d  a t  1 0 0 ,0 0 0  x g f o r  5 h o u rs  

to  sed im en t th e  ribosom e-bound  C D P - d ig ly c e r id e t^ - s e r in e  

p h o s p h a t id y l  t r a n s f e r a s e  d e s c r ib e d  by R ae tz  and Kennedy 

(1 0 ) .  The p e l l e t  was re su sp e n d ed  in  0 .0 1  M t r i s - H C l  

b u f f e r ,  pH 8 .0 ,  c o n ta in in g  1 mM MgCl^, a t  a  c o n c e n t r a t io n  

o f  2 . 0  mg p r o t e i n  p e r  ml.

A l l  m a n ip u la t io n s  perform ed d u r in g  th e  p r e p a r a t i o n  

o f  enzymes were a t  0-4°C . P r o t e i n  c o n c e n t r a t i o n s  were 

d e te rm in ed  by th e  method o f  Lowry ftJL* (3 3 ) ,  u s in g

bov ine  serum a lbum in  a s  th e  s ta n d a r d .

Assay f o r  C D P -d lg ly o e r id a - isn -G ly c e ro l  3 -phosph a te  Phos­

p h a t i d y l  T r a n s f e r a s e i The a s s a y  f o r  C D P -d ig lv c e r id e ia n -  

g l y c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e ,  based  upon 

th e  c o n v e rs io n  o f  j m - t ^ C ] g l y c e r o l  3 -p h o sp h a te  i n t o  c h l o r ­

oform s o lu b le  m a t e r i a l ,  was a  m o d i f i c a t io n  o f  t h a t  d e s ­

c r ib e d  by Chang and Kennedy ( 4 ) ,  The a s s a y  m ix tu re  con-
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t a i n e d t  0 .2 5  M t r i s - H C l  b u f f e r ,  pH 8.5* 10 mM MgCl^i 

5 mM 0-m e rc a p to e th a n o l*  2 mg p e r  ml T r i t o n  X-lOOi 0 .8  

mM a n - f  ̂ C l g l v o e r o l  3 -p h o ap h a te  ( 2 .6  juCi/uraole) i ^5  

o f  p a r t i c u l a t e  enzyme p ro te in *  and th e  i n d i c a t e d  concen­

t r a t i o n  o f  e i t h e r  C D P -d ipa lm itin  o r  one o f  i t s  ana logues*  

in  a  f i n a l  volume o f  0 .2 5  ml. A ssays were perform ed a t  

37°C, and i n i t i a t e d  by th e  a d d i t i o n  o f  enzyme. At 0 , 10, 

2 0 , and 30 m in u te s ,  a  50  ju l sample was removed from th e  i n ­

c u b a t io n  m ix tu r e ,  and p la c e d  in  a  sc rew -cap  t e s t  tube  con­

t a i n i n g  0 .3 5  ml o f  d i s t i l l e d  w a te r ,  and 1 .5  ml o f  c h lo r o -  

fo rm -m ethanol (1 * 2 ) .  A f t e r  m ixing on a  v o r te x  m ix e r ,  th e  

r e s u l t i n g  monophasic system  was re n d e re d  b ip h a s ic  a c c o rd in g  

to  th e  p ro c ed u re  o f  B lig h  and Dyer (3 1 ) .  The aqueous 

l a y e r  was c a r e f u l l y  removed, and th e  c h lo ro fo rm  l a y e r  

washed once w i th  1 ml o f  2 M KC1, and tw ic e  w ith  1 ml 

o f  d i s t i l l e d  w a te r .  A 0 .7  ml sample o f  th e  ch lo ro fo rm  

l a y e r  was p i p e t t e d  i n t o  a  s c i n t i l l a t i o n  v i a l ,  and th e  

ch lo ro fo rm  removed u n d er  a  s tream  o f  warm a i r .  The sample 

was coun ted  a s  p re v io u s ly  d e s c r ib e d  (2 2 ) .

C hrom atographic  C h a r a c t e r i z a t i o n  o f  R e a c t io n  P ro d u c ts  o f  

C D P -d ig ly ce rld f t tf ln -G ly ce ro l  3 -p h o sp h a te  P h o s p h a t id y l  T ra n s ­

f e r a s e  i I n c u b a t io n s  were perform ed a s  d e s c r ib e d  above in  

a  f i n a l  volume o f  0 .25m l. The l i p o n u c l e o t l d e  c o n c e n t r a t io n  

was f i x e d  a t  0 .0 7  mM. A f t e r  30 m in u te s ,  0 .15  ml o f  d i s ­

t i l l e d  w a te r ,  and 1 .5  ml o f  ch lo ro fo rm -m eth an o l ( l t 2 ) were 

added t o  th e  in c u b a t io n  m ix tu r e ,  and th e  c h lo ro fo rm  s o lu b le
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m a t e r i a l  i s o l a t e d  a s  above . The ch lo ro fo rm  e x t r a c t s  

were red uced  to  a  sm a ll  volume u n d e r  a s trea m  o f  n i t r o g e n ,  

and a p p l i e d  to  a  Sil-N-HR t h i n  l a y e r  s h e e t .  A u th e n t ic  

p h o s p h a t id y lg ly c e ro p h o s p h a te  and p h o s p h a t id y lg ly c e r o l  were 

a l s o  a p p l i e d ,  and th e  chromatogram was deve loped  in  c h l o r -  

o fo rm -m e th a n o l-w a te r  (65*25*3). A f t e r  a i r  d ry in g ,  each 

la n e  was c u t  i n t o  1 cm s e c t i o n s  which were p la c e d  in  

s c i n t i l l a t i o n  v i a l s  and counted  a s  p r e v io u s ly  d e s c r ib e d  (2 2 ) .

Only two p ro d u c ts  were formed when C D P -d ipa lm itin  

was used  a s  s u b s t r a t e .  One o f  the  p ro d u c ts  m ig ra ted  w ith  

an  o f  0 .1 6 ,  i d e n t i c a l  to  t h a t  o f  p h o s p h a t id y lg ly c e r o ­

p h o sp h a te ,  The o th e r  p ro d u c t  m ig ra te d  w ith  an R̂ . o f  0 .4 0 ,  

i d e n t i c a l  t o  t h a t  o f  a u t h e n t i c  p h o s p h a t id y lg ly c e r o l .  When 

th e  a n a lo g u e s  were used a s  s u b s t r a t e s ,  two p ro d u c ts  were 

a l s o  form ed, which had R̂ . v a lu e s  s i m i l a r  to  th o se  formed 

w ith  C D P -d ip a lm itin .

Assay o f  C D P -d ig lv c e r id e » L -S e r ln e  P h o s p h a t id y l  T ra n s ­

f e r a s e  i C D P -d ig ly c e r id e iL - s e r in e  p h o s p h a t id y l  t r a n s f e r a s e  

a c t i v i t y  was d e te rm in ed  by m easu ring  th e  c o n v e rs io n  o f  

DL-f3- ^ C l  s e r in e  i n t o  ch lo ro fo rm  s o lu b le  m a t e r i a l  i n  a  

manner s i m i l a r  to  t h a t  d e s c r ib e d  by K an fe r  and Kennedy ( 9 ) .  

The in c u b a t io n  m ix tu re  co n ta in ed *  0 .0 4  M t r i s - H C l  b u f f e r ,  

pH 8 . 0 i 0 .1  M sodium s u l f a t e *  2 mg p e r  ml T r i t o n  X-100|

2 mM DL-f l - ^ C ^ s e r l n e  (0 .5  >iCi/uraole) * 32 j i g  o f  r ib o so m a l 

enzyme p ro te in *  and th e  i n d i c a t e d  c o n c e n t r a t i o n  o f  CDP-di­

p a lm i t in  o r  one o f  i t s  ana logues*  in  a f i n a l  volume o f  0 .1 7
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ml. I n c u b a t io n s  were perform ed a t  37°C, and th e  a s s a y s  

were i n i t i a t e d  by th e  a d d i t i o n  o f  enzyme. At v a r io u s  t im e s  

up t o  20  m in u te s ,  50  j a l  sam ples were w ithdraw n from th e  

r e a c t i o n  m ix tu r e ,  and t r e a t e d  a s  d e s c r ib e d  f o r  C D P-digly­

c e r id e  15a - g l y c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e .

C hrom atograph ic  C h a r a c t e r i z a t i o n  o f  R e a c t io n  P ro d u c ts  o f  

C D P -d ig lv c e r id e iL -S e r in e  P h o s p h a t id y l  T ra n s f e r a s e  In cu ­

b a t io n s  were perform ed  in  sc rew -cap  t e s t  tu b e s  e s s e n t i a l l y  

a s  d e s c r ib e d  ab o v e , i n  a  f i n a l  volume o f  0 .17  ml. The l i p o -  

n u c l e o t i d e  c o n c e n t r a t i o n  was f ix e d  a t  0 .6  mM, and th e  

r e a c t i o n  m ix tu re  c o n ta in e d  96 jag o f  r ib o so m a l enzyme p r o t e i n .  

I n c u b a t io n s  were perform ed  w ith  and w i th o u t  an a d d i t i o n a l  

100 jag o f  a  p a r t i c u l a t e  p r e p a r a t i o n  e n r ic h e d  f o r  phospha- 

t i d y l s e r i n e  d e c a rb o x y la s e  a c t i v i t y .  A f t e r  20 m in u te s  o f  

i n c u b a t i o n ,  0 .2 3  ml o f  d i s t i l l e d  w a te r  and 1 .5  ml o f  c h l o r ­

oform -m et h an o l (1*2) were added t o  th e  r e a c t i o n  m ix tu re .

The c h lo ro fo rm  e x t r a c t a b l e  m a t e r i a l  was i s o l a t e d  and 

t r e a t e d  a s  d e s c r ib e d  f o r  C D P - d ig lv c e r id e i s n - g lv c e r o l  3 - 

p hosph a te  p h o s p h a t id y l  t r a n s f e r a s e  and a p p l i e d  to  an  A n a s l l  

G t h i n  l a y e r  p l a t e .  P h o s p h a t id y ls e r in e  and p h o s p h a t id y l -  

e th a n o la m in e  s ta n d a r d s  were a l s o  a p p l i e d ,  and th e  chrom­

atogram  deve lop ed  in  c h lo ro fo rm -m e th a n o l -c o n c e n t ra te d  

ammonia (60*35*5). The chromatogram  was a i r  d r i e d ,  and 1 

cm s e c t i o n s  o f  each  la n e  were s c ra p e d  i n t o  s c i n t i l l a t i o n  

v i a l s .  The sam ples were co u n ted  a s  p r e v io u s ly  d e s c r ib e d  

( 2 2 ) .
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Only two p ro d u c ts  were ob served  when C D P -d ip a lm itin  

was th e  s u b s t r a t e .  One p ro d u c t  had an  R̂ . o f  0 .05* w h ile  

th e  o th e r  had an  R̂ . o f  0 .5 3 .  These R̂ . v a lu e s  were i d e n t i ­

c a l  t o  th o s e  found f o r  p h o s p h a t id y l s e r in e  and p h o s p h a t id y l -  

e th a n o la m in e , r e s p e c t i v e l y .  When th e  a n a lo g u e s  were sub­

s t i t u t e d  f o r  C D P -d ip a lm itin  i n  th e  r e a c t i o n  m ix tu r e , two 

p ro d u c ts  were a l s o  form ed. The R̂ . v a lu e s  o f  th e s e  p ro ­

d u c ts  were very  s i m i l a r  t o  th o se  o f  th e  p ro d u c ts  formed 

w ith  C D P -d ip a lm itin .

In  th e  a s s a y s  d e s c r ib e d  above , no a c t i v i t y  was ob­

ta in e d  f o r  e i t h e r  enzyme u n le s s  C D P -d ip a lm itin  o r  i t s  an ­

a lo g u e s  were in c lu d e d  in  th e  in c u b a t io n  m ix tu re s .  R ea c tio n  

r a t e s  v a r ie d  l i n e a r l y  w ith  enzyme c o n c e n t r a t i o n  and tim e 

w i th in  th e  r e p o r te d  ra n g e s .  A lthough n o n s a tu r a t in g  con­

c e n t r a t i o n s  o f  s n - g l v c e r o l  3 -p h o sp h a te  and D L -se r in e  were 

u se d ,  a t  th e  end o f  th e  in c u b a t io n  p e r io d s ,  l e s s  th a n  t e n  

p e r  c e n t  o f  th e  i n i t i a l  c o n c e n t r a t i o n s  o f  th e s e  s u b s t r a t e s  

had been c o n v e r te d  In to  p ro d u c ts .  A l l  Km v a lu e s  a r e  

a p p a re n t  v a lu e s ,  and a r e  r e p o r t e d  a s  c o n c e n t r a t i o n s  o f  

racem ic  m ix tu r e s .
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P r e l im in a ry  e x p e r im e n ts  i n d i c a t e d  t h a t  b o th  a n a lo g u e s  

o f  C D P -d ig ly ce r id e  cou ld  s e rv e  a s  s u b s t r a t e s  f o r  CDP-digly­

c e r id e  iS Q -g ly c e ro l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  and 

C D P -d ig ly c e r id e iL - s e r in e  p h o s p h a t id y l  t r a n s f e r a s e .  P ig u re  

2 i s  a  L inew eaver-B urk  p l o t  (5*0 f o r  C D P -d ig lv c e r id e is n -  

g l y c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e .  The Km ob­

t a i n e d  f o r  C D P -d ip a lm itin  was 0 ,0 4 4  mM. T h is  v a lu e  i s  i n  

ag reem en t w ith  t h a t  r e p o r te d  by Chang and Kennedy ( 4 ) .  

S im i la r  K v a lu e s  were o b ta in e d  f o r  th e  a n a lo g u e s i  a n a l -Hi
ogue I I  had a  o f  0 .0 6 0  mM, and an a logue  I ,  a  Km o f  0 .0 8 0

mM. The V f o r  a l l  t h r e e  s u b s t r a t e s  was i d e n t i c a l ,  max
P h o s p h a t id y lg ly c e ro p h o s p h a te  p h o sp h a ta se  i s  found 

in  p a r t i c u l a t e  p r e p a r a t i o n s  o f  C D P -d ig ly c e r id e if iQ -g ly c e ro l  

3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  ( 5 ) .  I t  was t h e r e ­

fo re  n o t  s u r p r i s i n g  t o  f in d  la b e le d  m a t e r i a l s  which e x h i ­

b i t e d  ch ro m a to g rap h ic  b e h a v io r  i d e n t i c a l  to  t h a t  o f  phos­

p h a t id y lg ly c e ro p h o s p h a te  and p h o s p h a t id y lg ly c e r o l ,  when 

C D P -d ip a lm itin  was th e  s u b s t r a t e  (P ig u re  3 ) .  When th e  a n ­

a lo g u e s  r e p la c e d  C D P -d ip a lm itin ,  two p ro d u c ts  (presum ably  

th e  c o r re s p o n d in g  a n a lo g u e s  o f  p h o s p h a t id y lg ly c e ro p h o s p h a te  

and p h o s p h a t id y lg ly c e r o l )  were a l s o  found . However, th e  

r a t i o s  o f  th e  more p o l a r  t o  th e  l e s s  p o l a r  p ro d u c t  changed . 

The m ajo r p ro d u c t  formed w ith  th e  a n a lo g u e s  o f  C D P-digly­

c e r id e  m ig ra te d  a s  m ight be ex p ec ted  f o r  th e  a n a lo g u e s  o f  

p h o s p h a t id y lg ly c e ro p h o s p h a te .  F ig u re  3 s u g g e s t s  t h a t  th e
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phosphonic  a c id  an a lo g u e s  o f  p h o sp h a t id y lg ly c e ro p h o s ­

p h a te  a r e  l e s s  a c c e p ta b le  s u b s t r a t e s  o f  th e  p h o sp h a ta se  

th a n  i s  th e  n a t u r a l  s u b s t r a t e .

When th e  i n i t i a l  v e l o c i t y  o f  th e  r e a c t i o n  c a ta ly s e d  

by C D P -d ig ly c e r id e iL - s e r in e  p h o s p h a t id y l  t r a n s f e r a s e  was 

s tu d ie d  a s  a  f u n c t io n  o f  th e  C D P -d ip a lm itin  c o n c e n t r a t i o n * 

i n h i b i t i o n  o f  th e  enzyme was observed  a t  c o n c e n t r a t io n s  

above 1 .2  mM (F ig u re  *0 . These r e s u l t s  a r e  s i m i l a r  to  

th o s e  r e p o r t e d  by K an fe r  and Kennedy ( 9 ) .  A eq u a l to

1 .4  mM was e x t r a p o la t e d  from th e  L inew eaver-B urk  p l o t  (5 4 ) .  

F ig u re  4 a l s o  i l l u s t r a t e s  th e  r e s u l t s  o b ta in e d  when th e  

c o n c e n t r a t i o n s  o f  th e  a n a lo g u e s  were v a r ie d  in  a s i m i l a r  

m anner. The a n a lo g u e s  had low er K_ v a lu e s  th a n  CDP-di-
In

p a l m i t i m  a n a lo g u e  I I  had a Km o f  0 .4 0  mM( and an a lo g u e  I ,

a  K o f  0 .8 0  mM. The V  f o r  b o th  a n a lo g u e s  was i d e n t i c a l *m max
b u t  a p p ro x im a te ly  t e n - f o l d  low er th a n  t h a t  observed  f o r  th e  

n a t u r a l  s u b s t r a t e .  These r e s u l t s  i n d i c a t e  t h a t  th e  enzyme 

has  a  g r e a t e r  a f f i n i t y  f o r  th e  a n a lo g u e s  th a n  CDP-dipalm i­

t i n .

The p re se n c e  o f  two p ro d u c ts  in  th e  in c u b a t io n  mix­

t u r e s  c o n ta in in g  th e  r ib o so m a l C D P -d ig ly c e r id e iL -s e r in e  

p h o s p h a t id y l  t r a n s f e r a s e  was a l s o  expected*  s in c e  enzyme 

p re p a re d  i n  t h i s  manner may a l s o  c o n ta in  membrane fragm en ts  

(1 0 ) .  As shown in  Tab le  1 , s u f f i c i e n t  p h o s p h a t id y l s e r in e  

d e c a rb o x y la s e  was p r e s e n t  i n  th e  enzyme p r e p a r a t io n  to  

c o n v e r t  a  m a jo r i ty  o f  th e  p h o s p h a t id y l s e r in e  produced to  

p h o s p h a t id y le th a n o la m in e .  I n c r e a s in g  th e  amount o f  d e c a r ­



77

b o x y la se  made t h i s  c o n v e rs io n  a lm o s t  q u a n t i t a t i v e .  How­

e v e r ,  when th e  same q u a n t i t y  o f  d e c a rb o x y la se  was added to  

In c u b a t io n  m ix tu re s  c o n ta in in g  th e  a n a lo g u e s ,  th e  m ajor 

p ro d u c t  was th e  c o r re s p o n d in g  an a lo g u e  o f  p h o s p h a t id y l ­

s e r i n e .  The r e s u l t s  p r e s e n te d  in  Tab le  1 a r e  s i m i l a r  

to  th o s e  o b ta in e d  w ith  p h o s p h a t id y lg ly c e ro p h o s p h a te  phos­

p h a ta s e ,  and s u g g e s t  t h a t  th e  presumed a n a lo g u e s  o f  phos­

p h a t i d y l s e r i n e  a r e  poor s u b s t r a t e s  f o r  th e  d e c a rb o x y la s e .
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D is c u s s io n

When th e  s t r u c t u r e s  o f  th e  an a lo g u e s  o f  C D P-digly­

c e r id e  a r e  compared t o  t h a t  o f  th e  n a t u r a l  compound, th r e e  

im p o r ta n t  d i f f e r e n c e s  a r e  e v id e n t .  The m ajor d i f f e r e n c e  

i s  t h a t  th e  g l y c e r o l  3 -p h o sp h a te  backbone has  been re p la c e d  

by a phosphonic  a c id  m o ie ty . The c h a in  le n g th  o f  t h i s  

phosphonic  a c id  backbone has  a l s o  been v a r ie d  from th r e e  

to  fo u r  ca rb o n  a tom s. M oreover, th e  an a lo g u e s  a r e  e t h e r s  

r a t h e r  th a n  e s t e r s .  In  view  o f  th e s e  d i f f e r e n c e s  in  

s t r u c t u r e ,  th e  C D P -d ig ly ce r id e  an a lo g u e s  should  prove 

to  be i n t e r e s t i n g  t o o l s  f o r  p ro b in g  th e  s u b s t r a t e  s p e c i f i ­

c i t i e s  o f  th e  enzymes in v o lv ed  in  p h o sp h o g ly ce r id e  metab­

o lism  in  E. £ 9 i l -

I t  i s  rem arkab le  t h a t  b o th  an a lo g u e s  can f u n c t io n  a s  

w e l l  a s  C D P -d ip a lm itin  a s  s u b s t r a t e s  f o r  C D P -d ig ly c e r id e > 

s n - g l v c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e .  The sp e c ­

i f i c i t y  o f  t h i s  enzyme i s  such  t h a t  a l l  th r e e  changes in  

s t r u c t u r e  a r e  r e a d i l y  t o l e r a t e d .  In  c o n t r a s t  to  t h i s ,  CDP- 

d i g l y c e r i d e  iL - s e r in e  p h o s p h a t id y l  t r a n s f e r a s e  a p p e a rs  t o  

have a s t r i c t e r  s u b s t r a t e  s t r u c t u r e  r e q u ir e m e n t ,  a s  b o th  

a n a lo g u e s  had low er maximum v e l o c i t i e s  th a n  th e  n a t u r a l  

s u b s t r a t e .  The f a c t  t h a t  b o th  an a lo g u e s  had th e  same max
su g g e s ts  t h a t  e i t h e r  th e  phosphonic  a c id  g ro u p , o r  th e  

e t h e r s ,  i s  r e s p o n s ib l e  f o r  th e  low a c t i v i t y  o f  th e s e  com­

pounds. I t  i s  n o t  im m ed ia te ly  a p p a re n t  why th e  a n a lo g u e s  

should  have a  g r e a t e r  a f f i n i t y  f o r  th e  enzyme th a n  th e
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n a t u r a l  s u b s t r a t e ,  a l th o u g h  th e  In c re a s e d  h y d ro p h o b lo i ty  

o f  th e  an a lo g u e  may be an  Im p o r ta n t  f a c t o r .

A lthough th e s e  r e s u l t s  were o b ta in e d  w ith  c rude  enzyme 

p r e p a r a t i o n s ,  s i m i l a r  r e s u l t s  would be ex p e c te d  w ith  p u r i f ­

ie d  enzymes. R aetz  and Kennedy (11) have r e p o r te d  t h a t  th e  

c a t a l y t i c  c h a r a c t e r i s t i c s  o f  C D P -d ig ly c e r id e iL - s e r in e  

p h o s p h a t id y l  t r a n s f e r a s e  do n o t  change g r e a t l y  upon p u r­

i f i c a t i o n .  F u r th e rm o re ,  th e  Km o b ta in e d  f o r  C D P-dig ly­

c e r id e  * s n -g ly c e ro l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  

i s  in  ag reem en t w ith  t h a t  r e p o r te d  by Chang and Kennedy 

(4) u s in g  a p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n .

Thin l a y e r  ch ro m ato g rap h ic  a n a ly s e s  o f  th e  p ro d u c ts  

o f  th e  enzym atic  r e a c t i o n s  d e s c r ib e d  above s u g g e s t  t h a t  

p h o s p h a t id y lg ly c e ro p h o s p h a te  p h o sp h a ta se  and p h o s p h a t id y l ­

s e r in e  d e c a rb o x y la se  p o s s e s s  a  c e r t a i n  d eg ree  o f  s u b s t r a t e  

s p e c i f i c i t y .  T h is  p o s s i b i l i t y  c e r t a i n l y  w a r ra n ts  a c l o s e r  

s tu d y  w i th  p u r i f i e d  enzymes and s u b s t r a t e s ,  s in c e  th e  

s p e c i f i c i t y  o f  th e  l a s t  s t e p  i n  th e  s y n t h e s i s  o f  phos­

p h a t i d y l g ly c e r o l  and p h o s p h a t id y le th a n o la m in e  may p lay  

an im p o r ta n t  p h y s io lo g ic a l  r o l e  in  E. c o l i .

The s u b s t r a t e  s p e c i f i c i t i e s  o f  C D P -d ig lv ce r id e  t s n -  

g ly c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e  and CDP- 

d i g l y c e r i d e  iL - s e r in e  p h o s p h a t id y l  t r a n s f e r a s e  have a l s o  

been i n v e s t i g a t e d  by v a ry in g  o th e r  a s p e c t s  o f  s u b s t r a t e  

s t r u c t u r e .  Phosphonic a c id  a n a lo g u e s  o f  g l y c e r o l  3 -  

p h o sp h a te  have been examined a s  s u b s t r a t e s  f o r  C D P-dig ly­

c e r id e  i s n - g l v c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s f e r a s e .
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3*4-D ih y d ro x y b u ty l- l -p h o sp h o n a te  was found to  ba b o th  

a  s u b s t r a t e  and a c o m p e t i t iv e  i n h i b i t o r  w ith  r e s p e c t  to  

g ly c e r o l  3 -p h o sp h a te  (2 4 ) ,  2 ,3 -D ih y d ro x y p ro p y l - l -p h o s -  

phonate  was a  much p o o re r  i n h i b i t o r  th a n  th e  f o u r  ca rb on  

a n a lo g u e . R aetz  and Kennedy (8) have i n v e s t i g a t e d  th e  

e f f e c t  o f  v a ry in g  th e  n u c le o t id e  co m p o s it io n  o f  CDP- 

d i g l y c e r i d e .  L ip o n u c le o t id e s  t h a t  d id  n o t  c o n ta in  

c y to s in e  were found to  be poor s u b s t r a t e s  f o r  b o th  CDP- 

d i g l y c e r i d e  iS £ - g ly c e r o l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s ­

f e r a s e  and C D P -d ig ly c e r id e iL - s e r in e  p h o s p h a t id y l  t r a n s ­

f e r a s e .  When th e  s u b s t r a t e  a c t i v i t i e s  o f  d C D P -d ig ly csr id e  

and C D P -d ig ly ce r id e  were com pared, d C D P -d ig ly ce rid e  was 

found to  be a b e t t e r  s u b s t r a t e  f o r  b o th  enzymes a t  con­

c e n t r a t i o n s  below 0 .1  mM.

The i n a b i l i t y  o f  3 * ^ -d ih y d ro x y b u ty l - l -p h o s p h o n a te  

to  be a c y la te d  i n  v i t r o  (24) and i j i  v iv o  ( c h a p te r  1) p r e ­

c lu d e s  th e  fo rm a tio n  o f  a  compound s i m i l a r  to  I I  i n  E. c o l i . 

Even i f  such an  a c y l a t i o n  r e a c t i o n  were p o s s i b l e ,  i t  i s  

n o t  known w h ethe r  th e  p ro d u c ts  would se rv e  a s  s u b s t r a t e s  

in  th e  s y n t h e s i s  o f  C D P -d ig ly c e r id e .  However, th e  r e s u l t s  

p re s e n te d  h e re  i n d i c a t e  t h a t  an an a lo g u e  o f  C D P -d ig ly ce rid e  

d e r iv e d  from 3 * 4 -d ih y d ro x y b u ty l- l -p h o s p h o n a te  would p ro ­

b ab ly  I n h i b i t  p h o sp h o l ip id  s y n t h e s i s ,  w i th  a  marked e f f e c t  

on p h o s p h a t id y le th a n o la m in e .  T h e re fo re ,  th e  a c y l a t i o n ,  i f  

i t  were to  o c c u r ,  co u ld  p o s s ib ly  p e rm it  f u r t h e r  p e r t u r ­

b a t i o n s  o f  p h o sp h o g ly c e r id e  m etabo lism  by 3 * 4 -d ih y d ro x y - 

b u ty l - l - p h o s p h o n a te .  I t  may be p o s s ib l e  to  i s o l a t e  m u tan ts
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o f  2.* CQl i  in  which t h i s  compound i s  a s u b s t r a t e  f o r  

a c y l  C o A is n -e lv c e ro l  3 -p h o sp h a te  a c y l  t r a n s f e r a s e .  S tu d ie s  

in v o lv in g  th e  a l t e r a t i o n  o f  p h o sp h o l ip id  s y n th e s i s  in  th e s e  

s t r a i n s  by 3 , 4 - d ih y d ro x y b u ty l - l -p h o s p h o n a te  may le a d  to  

a  g r e a t e r  u n d e r s ta n d in g  o f  th e  r o l e  o f  s p e c i f i c  phospho­

l i p i d s  in  membrane f u n c t io n .
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F ig u re  l i  S t r u c t u r e s  o f  Djj-2-he xade coxy "-3-octsde coxy p ro  p y l -  

p h o a p h o n y l -0 - ( c y t id in e  5 ' - p h o s p h a te ) ( I ) ,  and D L -3 .^ -d io c ta -  

d ec o x y to u ty lp h o sp h o n y l-O -tc y t id in e  5 ' - p h o s p h a te ) ( I I ) .  The 

compounds were i s o l a t e d  a s  th e  t r i s  s a l t s .
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F ig u re  2 i Double r e c i p r o c a l  p l o t  f o r  th e  c o n v e rs io n  o f  ,80-  

QlifC3g l y c e r o l  3-p h o s p h a te  i n t o  c h lo ro fo rm  e x t r a c t a b l e  m a t e r i a l  

by C D P -d ig ly c e r id e i s n -g lv c e ro l  3 -p h o sp h a te  p h o s p h a t id y l  t r a n s ­

f e r a s e .  The a s s a y  m ix tu re  (0 .2 5  m l, f i n a l  volume) c o n ta in e d !

0 .25  M t r i s - H C l  b u f f e r ,  pH 8 .5 i  10 mM MgCl^i 5 mM ^ -m e rcap to -  

e th a n o l i  2 mg p e r  ml T r i t o n  X-100* 0 .8  mM 2 0 - £ ^ C ] g l y c e r o l  

3 -p h o sp h a te  ( 2 .6  / iC i/ i im o le ) * 45 ;ig o f  p a r t i c u l a t e  enzyme 

p ro te in *  and th e  i n d i c a t e d  c o n c e n t r a t io n s  o f  e i t h e r  CDP-

d i p a l m i t i n  -  ■■■■> f an a lo g u e  I I  — O — , o r  ana lo gue  I

A  . The r e a c t i o n  was i n i t i a t e d  by th e  a d d i t i o n  o f

enzyme. The i n i t i a l  v e l o c i t y  ( v ) ,  i n  >imoles p e r  m in u te ,

was c a l c u l a t e d  from th e  in c o r p o r a t io n  o f  l a b e le d  s j - g l y c -  

e r o l  3 -p h o s p h a te  d u r in g  a  30 m inu te  p e r io d  a s  d e s c r ib e d  

i n  th e  M a te r i a l s  and Methods s e c t i o n .
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FIG 2
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F ig u re  3 i C hrom atographic  c h a r a c t e r i z a t i o n  o f  th e  p ro d u c ts  

o f  C D P - d ig lv c e r id e i s n - g lv c e r o l  3-p h o sp h a te  p h o s p h a t id y l  

t r a n s f e r a s e .  I n c u b a t io n s  were perform ed a s  i n  F ig u re  2 ,  

w i th  th e  c o n c e n t r a t i o n s  o f  C D P -d ip a lm itin  (A.), an a lo g u e  I I  

(B ), and an a lo g u e  I  (C ) ,  f ix e d  a t  0 ,0 7  mM. A f t e r  an  i n ­

c u b a t io n  p e r io d  o f  30 m in u te s ,  th e  c h lo ro fo rm  s o lu b le  

m a t e r i a l  was i s o l a t e d  a s  d e s c r ib e d  in  th e  M a te r ia l s  and 

Methods s e c t i o n .  The ch lo ro fo rm  e x t r a c t s ,  p h o s p h a t id y l ­

g ly c e ro p h o sp h a te  (PGP), and p h o s p h a t id y lg ly c e r o l  (PG), 

were a p p l i e d  to  a  Sil-N-HR t h i n  l a y e r  s h e e t ,  and th e  

chromatogram  was dev e loped  i n  s o lv e n t  system  A. Each 

la n e  was c u t  i n t o  1 cm s e c t i o n s ,  and th e  r e l a t i v e  

am ounts o f  la b e le d  p ro d u c ts  d e te rm in ed  a s  d e s c r ib e d  in  

th e  M a te r ia l s  and Methods s e c t i o n .  The p h o s p h o l ip id s  

used  a s  s t a n d a r d s  were v i s u a l i s e d  by ex p o su re  t o  io d in e  

v a p o r s .  PGP and PG had R̂ . v a lu e s ,  r e s p e c t i v e l y ,  o f  0 .1 6  

and 0 .4 0  i n  t h i s  s o lv e n t  sys tem . The p h o s p h a t id y lg ly c e ro ­

phosphate  used  a s  a  ch rom ato g rap h ic  s ta n d a rd  was p re p a red  

by in c u b a t in g  1 mg o f  b a c t e r i a l  c a r d i o l i p i n  w i th  5 u n i t s  o f  

B. c e re u s  p h o sp h o lip a se  C f o r  2 h o u rs  in  a b ip h a s ic  system  

c o n s i s t i n g  o f  1 ml o f  d i e t h y l  e t h e r  and 0 .5  ml o f  0 .1  M 

t r i s - H C l  b u f f e r ,  pH 7 .2 .  A f t e r  e v a p o ra t io n  o f  th e  e t h e r ,  

th e  l i p i d  p ro d u c ts  were i s o l a t e d  by th e  method o f  B lig h  

and Dyer (3 1 ) .
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F ig u re  4 i Double r e c i p r o c a l  p l o t  f o r  th e  c o n v e rs io n  o f  DL- 

Q 3-^C ^]se r ine  i n t o  l i p i d  m a t e r i a l  by C D P - d i g l y c e r i d e s e r i n e  

p h o s p h a t id y l  t r a n s f e r a s e .  The a s s a y  m ix tu re  (0 .1 7  m l, f i n a l  

volume) c o n ta in e d t  0 .0 4  M t r i s - H C l  b u f f e r ,  pH 8 .0 |  0 .1  M 

sodium s u l f a t e *  2 mg par ml T r i t o n  X-lOOi 2 mM DL-f 

s e r i n e  (0 .5  > iC i/um ole)i 32 jug o f  enzyme p ro te in *  and th e

i n d i c a t e d  c o n c e n t r a t i o n s  o f  C D P -d ip a lm itin  ------ •  — ,

an a lo g u e  I I  O  f o r  an a lo g u e  I — A  —  . The

r e a c t i o n  was i n i t i a t e d  by th e  a d d i t i o n  o f  enzyme. The 

i n i t i a l  v e l o c i t y ,  e x p re s se d  i n  jumoles p e r  m in u te ,  was 

c a l c u l a t e d  from th e  i n c o r p o r a t io n  o f  l a b e l e d  D L -se r in e  

d u r in g  a  20 m inute  p e r io d  a s  d e s c r ib e d  i n  F ig u re  2 .
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Table  1 i C hrom atographic  c h a r a c t e r i z a t i o n  o f  th e  p ro d u c ts  

o f  C D P -d ig ly c e r id e iL - s e r in e  p h o s p h a t id y l  t r a n s f e r a s e .  I n ­

c u b a t io n s  c o n ta in e d  96 Mg o f  r ib o so m al enzyme p r o t e i n ,  and 

were perform ed a s  in  F ig u re  **, w ith  th e  c o n c e n t r a t io n s  o f  

C D P -d ip a lm itin  and i t s  an a lo g u e s  f ix e d  a t  0 .6  mM. Some 

in c u b a t io n  m ix tu re s  c o n ta in e d ,  i n  a d d i t i o n ,  100 jjl& o f  a 

p a r t i c u l a t e  p r e p a r a t io n  e n r ic h e d  f o r  p h o s p h a t id y l s e r in e  

d e c a rb o x y la s e  a c t i v i t y .  C hloroform  e x t r a c t a b l e  m a te r i a l  was 

i s o l a t e d  a s  in  F ig u re  3 a f t e r  a  20 m inute p e r io d ,  and a p p l ie d  

to  an A n a s i l  G t h i n  l a y e r  p l a t e ,  w ith  p h o s p h a t id y l s e r in e  and 

p h o sp h a t id y le th a n o la m in e  a s  s ta n d a r d s .  A f te r  d e v e lo p in g  in  

s o lv e n t  system  B, th e  r e l a t i v e  amounts o f  l a b e le d  p ro d u c ts  

were d e te rm in e d ,  and th e  p h o sp h o l ip id  s ta n d a rd s  v i s u a l i z e d ,  

a s  i n  F ig u re  3. A u th e n t ic  p h o s p h a t id y l s e r in e  (PS) and phos­

p h a t id y le th a n o la m in e  (PE) had Rf  v a lu e s  o f  0 .05  and 0,53» 

r e s p e c t i v e l y ,  in  t h i s  s o lv e n t  system .



Table 1

INCUBATION CONDITIONS

-  ad dition al decarboxylase + ad d ition al decarboxylase

% cpra migrating as or t  cpra migrating as or
sim ilar to* sim ilar to*

PS PE PS PE

SUBSTRATE

CDP-dipalmitin 23 77 7 93

Analogue II 85 15 7^ 26

Analogue I 89 11 85 15
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APPENDIX A

SCINTILLATION COUNTING IN DOUBLE LABEL BXPERIKBNTS

14In  e x p e r im e n ts  in v o lv in g  C and -'H, th e  s ta n d a rd

n o n - a d ju s t a b le  c h a n n e ls  p ro v id ed  w i th  th e  Beckman LS-200
14 14s c i n t i l l a t i o n  c o u n te r  f o r  c o u n t in g  C and C above

1 14were u sed . The C ch an n e l  co vered  th e  energy  spectrum
14o f  b o th  i s o t o p e s ,  w h ile  o n ly  C cpm were re c o rd e d  i n  th e

14 1C o v e r  H c h a n n e l .  L ip id  sam ples were coun ted  i n  to lu e n e  

based  s c i n t i l l a t i o n  f l u i d  (2 2 ) .  By c o u n t in g  such sam p les , 

l a b e le d  o n ly  w ith  ^ C ,  i t  was found t h a t  72 -75^  o f  th e

W C cpm were re c o rd e d  in  th e  ov er  ch an n e l  (T ab le  1 ) .
14T h is  was used  to  c a l c u l a t e  th e  t o t a l  C c o n te n t  o f  doubly

14la b e le d  sam p les . S ince  th e  C ch an n e l re c o rd e d  th e  com­

b in ed  t o t a l  o f  and ^ C  cpm, th e  cpm were d e te rm in ed
14a s  th e  d i f f e r e n c e  betw een th e  t o t a l  C cpm (a s  c a lc u la t e d

14 1 vfrom th e  C ov er  c h a n n e l)  and th e  number o f  cpm
14re c o rd e d  i n  th e  C c h a n n e l .

14 1The e f f i c i e n c y  o f  c o u n t in g  C and -'H u n d e r  th e s e  

c o n d i t i o n s  was 83£ and 54£, r e s p e c t i v e l y ,  based  on s t a n ­

d a rd s  s u p p l ie d  by Beckman In s t ru m e n ts .  The amount o f  

quench ing  i n  th e  s t a n d a r d s  was v e ry  s i m i l a r  to  t h a t  found 

i n  th e  sam ples  c o n ta in in g  l a b e le d  l i p i d s .

In  e x p e r im e n ts  i n  which doub le  l a b e l i n g  was perform ed 

w ith  and -^H, sam ples  were coun ted  i n  1 ml o f  w a te r  and 

10 ml o f  P a t te r s o n -G re e n e  s c i n t i l l a t i o n  f l u i d  (39)* T h is  

change i n  s c i n t i l l a t i o n  f l u i d  was made so t h a t  aqueous
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sam ples co u ld  be coun ted  and compared to  3 , 4 -d ih y d ro x y -

[3 -* H ]b u ty l - l -p h o s p h o n a te  and [-^2P ]p h o sp h a te  s ta n d a r d s
12u n d e r  th e  same quench ing  c o n d i t i o n s .  The s ta n d a r d  P

c h a n n e l , encom passing  th e  e n t i r e  ene rgy  sp ec trum , was
1 12employed to  d e te rm in e  th e  combined t o t a l  o f  and v P 

cpm. However, quench in g  caused  th e  ^ 2P energy  d i s t r i b u ­

t i o n  t o  s h i f t ,  so t h a t  th e  f ix e d  ch a n n e l s u p p l ie d  f o r  

c o u n t in g  ^2P o v e r  co u ld  n o t  be u se d . With th e  a id  

o f  a  s e r i e s  o f  sam ples c o n ta in in g  on ly  Q -^P^phosphate , 

th e  v a r i a b l e  d i s c r i m i n a t o r  on th e  c o u n te r  was a d ju s t e d  

i n  o r d e r  t o  d e f in e  a  new -̂ 2P o v e r  -̂ H c h a n n e l .  When th e  

low er l i m i t  was s e t  a t  90 d i s c r i m i n a t o r  u n i t s ,  and th e  

u p p e r  a t  i n f i n i t y ,  98-995* o f  th e  t o t a l  ^2P cpm were r e ­

co rded  (T ab le  2 ) ,  w h ile  a l l  cpm were r e j e c t e d .  S ince  

th e  f ix e d  *̂2P ch a n n e l  r e g i s t e r e d  th e  combined t o t a l  o f

^ZP and cpm, th e  cpm were c a l c u l a t e d  a s  th e  d i f f e r -
12ence between th e  cpm in  th e  P c h a n n e l ,  and th e  t o t a l  

-̂ 2 P cpra d e te rm in ed  from th e  new -̂ 2P o v e r  c h a n n e l .

Under th e s e  c o n d i t i o n s ,  was coun ted  w ith  an 

e f f i c i e n c y  o f  32£.
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T ab le  1

14cpm C in
14C ch an n e l  

174 

858 

1132  

4443

9904 

50903

cpm 1^C in  

14C o v e r  3H 

c h a n n e l  

125 

625 

825 

3230 

7421 

37973

14
% cpm C in  

14C over 3H 

— c h a r m e d _____

72

73 

73 

73 

75 

75

14L ip id  sam ples c o n ta in in g  o n ly  C were coun ted  a s  d e s ­

c r ib e d  i n  th e  t e x t  t o  d e te rm in e  th e  p e r  c e n t  o f  th e  

t o t a l  lifC cpm a p p e a r in g  i n  th e  lifC o v e r  -*H c h a n n e l .
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Table  2

cpm 32P in  % cpm 32P in
12 12 12 cpm  ̂ P in  new  ̂ P ov er  new J P o ver

32P .channel 3J_ghanngJi  3H ch ann e l

332 324 98

670 655 98

1350 1335 99

2790 2741 98

4384 4318 99

9643 9518 99

195^2 19246 99

48376 47677 99

Samples c o n ta in in g  [ 32P ]p h o sp h a te  were coun ted  a s  d e s ­

c r ib e d  i n  th e  t e x t  to  d e te rm in e  th e  p e r  c e n t  o f  th e  

t o t a l  32P cpm a p p e a r in g  i n  th e  newly d e f in e d  32P 

o v e r  H c h a n n e l .
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