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A b strac t

THE PERTURBATION OF PHOSPHOLIPID METABOLISM 

IN ESCHERICHIA COLI 

by

WILLIAM DAVID NUNN 

Adviser: A sso c ia te  P ro fe s so r  Burton E. Tropp

The in c o rp o ra t io n  o f  la b e le d  p r e c u r s o r s  in to  th e  DNA, RNA, p r o t e i n ,  

and phosp h o lip id s  o f  E s c h e r ic h ia  c o l i  c u l tu r e d  in  th e  p resence  o f  

phenethy l a lcoho l (PEA) was determ ined . PEA i n h i b i t s  th e  uptake o f  

la b e le d  u r a c i l  t o  th e  same e x te n t  in  c e l l s  e x h ib i t in g  re la x e d  and 

s t r in g e n t  c o n t ro l  o f  RNA s y n th e s i s .  This  in d i c a te s  th a t  PEA does n o t  

p r im a r i ly  a f f e c t  amino a c id  s y n th e s is  o r  a c t iv a t i o n .  Uptake o f  la b e le d  

a c e ta t e  i n t o  the  p h o sp h o lip id  f r a c t io n  i s  more s e n s i t i v e  t o  i n h i b i t i o n  

by low c o n c e n tra t io n s  o f  PEA than  i s  th e  uptake o f  la b e le d  p re c u rso rs  

in to  the  macromolecules. Thymine s t a r v a t io n  o r  the  a d d i t io n  o f  n a l i d i x i c  

a c id  has no e f f e c t  on a c e t a t e  in c o rp o ra t io n .  Chloramphenicol i s  a much 

l e s s  e f f e c t i v e  i n h i b i t o r  o f  a c e ta t e  in c o rp o ra t io n  than  i s  PEA. The 

d i s t r i b u t i o n  o f  la b e le d  a c e t a t e  in c o rp o ra te d  in to  phospho lip id s  i s  

markedly a f f e c t e d  by th e  p resence  o f  PEA. The uptake o f  a c e ta t e  in to  

phospha tidy le thano lam ine  and p h o s p h a t id y lg ly c e ro l  i s  in h i b i t e d  w hile  

the  uptake o f  a c e ta te  in to  the  c a r d i o l ip i n  f r a c t i o n  i s  u n a f fe c te d .

The phosphonic ac id  analogue o f  g ly c e r o l -3 -phosphate ,



3 ,4 -d ih y d ro x y b u ty l- l -p h o sp h o n a te ,  was shown t o  be a c o m p e ti t iv e  i n h i b i t o r  

o f  L -g ly c e ro l -3 -phosphate:CMP p h o s p h a t id y l t r a n s f e r a s e .  The th ree -ca rb o n  

phosphonic ac id  analogue, 2 ,3 -d ih y d ro x y p ro p y l- l-p h o sp h o n a te ,  does no t  

a c t  as e f f e c t i v e l y  as  a com petit ive  i n h i b i t o r  o f  t h i s  enzyme. Phenethyl 

a lcohol had no e f f e c t  on t h i s  enzyme's a c t i v i t y .  N e i th e r  t h e  phosphonic 

a c id  analogues n o r  PEA had any e f f e c t  on th e  enzymatic a c t i v i t y  o f  

L-serine:CMP p h o s p h a t id y l t r a n s f e r a s e .



Table o f  Contents

Chapter

1 INTRODUCTION............................................................................................................

2 EFFECT OF PHENETHYL ALCOHOL ON PHOSPHOLIPID SYNTHESIS . . . .

I n t r o d u c t io n ............................................................................................................

M a te r ia ls  and Methods ......................................................................................

Chem icals........................................................................................................

B a c te r ia l  s t r a i n s  and media...............................................................

Medium changes ..........................................................................................

Assays fo r  macromolecular s y n t h e s i s .............................................

Assay f o r  l i p i d  s y n th e s i s ....................................................................

E x t r a c t io n  o f  p h o sp h o l ip id s ...............................................................

F r a c t io n a t io n  o f  p h o sp h o lip id s  ......................................................

R esu l ts  .....................................................................................................................

E f fe c t  o f  PEA on re la x e d  and s t r i n g e n t  c e l l s  .......................

E f fe c t  o f  PEA on p h o sp h o lip id  s y n th e s i s ....................................

D iscuss ion .................................................................................................................

Table .........................................................................................................................

F igures .....................................................................................................................

3 IN VITRO STUDIES...................................................................................................

I n t ro d u c t io n ............................................................................................................

M a te r ia ls  and Methods .....................................................................................

Chemicals.......................................................................................................

B a c te r ia l  s t r a i n  .....................................................................................



Growth o f  b a c t e r i a  and p r e p a r a t io n  o f  enzymes.........................  39

Assay f o r  L-glycerol-3-phosphate:CM P 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 . ...............................................................  40

D eterm ination  o f  th e  e f f e c t  o f  phosphonic ac id  i s o s t e r e s  
and PEA on L-glycerol-3-phosphate :CM P p h o sp 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 .................................................................... 41

D eterm ination  o f  th e  K,,, f o r  C D P -d ip a lm it in ..............................  41

D eterm ination  o f  th e  f o r  L -g ly ce ro l-3 -p h o sp h a te
and fo r  th e  pKusphonic a c id  i s o s t e r e s  o f  
g lyceT o l-3 -phospha te ....................................................................  42

Assay f o r  L-serine:CMP 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 ...............................................................................................  43

D eterm ination  o f  th e  e f f e c t  o f  phosphonic ac id
i s o s t e r e s  and PEA on L-serine:CMP 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 ....................................................................  44

D eterm ination  o f  th e  1^ fo r  L - s e r i n e ......................................  44

R esu lts ...................................................................................................................... 46

D i s c u s s i o n ............................................................................................................  49

T a b l e s .....................................................................................................................  50

F ig u res .....................................................................................................................  52

4 SUMMARY, 57



CHAPTER 1 

INTRODUCTION

B io lo g ic a l  membranes a re  composed m ainly o f  l i p i d  and p r o te i n .  In 

E sc h e r ic h ia  c o l i  (E. c o l i ) , about 30 percen t o f  th e  dry mass o f  membrane 

i s  l i p i d  (1 ) .  The l i p i d s  c o n s i s t  mainly o f  p h o sp h o lip id s  (2 ) ,  which are  

b e l ie v e d  to  p la y  im portan t r o le s  i n  v a r io u s  p ro c e sse s  c a r r i e d  out by the  

membrane (3 -8 ) .  Although s y n th e t i c  pathways o f  b a c t e r i a l  p h o sp h o lip id s  

a re  known (9 -1 1 ) ,  t h e  fu n c t io n s  o f  th e  d i f f e r e n t  p h o sp h o lip id  c l a s s e s  in  

r e g u la to ry  metabolism  o f  c e l l u l a r  p ro cesse s  a re  l a rg e ly  unknown.

S tud ie s  in v o lv in g  p e r tu r b a t io n  o f  p h o sp h o lip id  m etabolism  have 

c o n t r ib u te d  somewhat to  ou r knowledge o f  th e  r e l a t i o n s h i p  o f  var io u s  

l i p i d s  t o  such membrane fu n c t io n s  as a c t iv e  t r a n s p o r t ,  c e l l u l a r  

s t r u c t u r e ,  macromolecular b io s y n th e s i s ,  energy m etabolism , and c e l l

1. W. J .  Lennarz, Adv. L ip id  Res. £ ,  175 (1967).

2. J .  H. Law, B a c te r io lo g ic a l  P ro ceed in g s , 129 (1961).

3. C. F. Fox, Proc. Nat. Acad. S c i .  U.S.A. 6 3 , 850 (1969).

4 .  L. R o th f ie ld  and A. F in k e l s t e in ,  Ann. Rev. Biochem. 37, 463 (1968).

5. L. S. M ilne r  and H. R. Kaback, P roc. N at. Acad. S c i .  U.S.A. 65, 683
(1970) .

6 .  P. S. S a s t iy  and L. E. Hokin, J .  B io l .  Chem. 241 , 3354 (1966).

7. J .  S ta rk a  and J .  Morova, J .  Gen. M ic ro b io l . 60 , 251 (1970).

8. D. C. White and A. N. Tucker, J .  B a c t e r io l . 9 7 , 199 (1969).

9. Y-Y. Chang and E. P. Kennedy, J .  B io l .  Chem. 242, 516 (1967).

10. E. T u n a i t i s  and J .  E. Cronan, J r . ,  Biochim. Biophys. A c ta , in  p r e s s .

11. C. B. H irschberg  and E. P. Kennedy, Proc. Nat. Acad. S c i .  U.S.A.
69, 648 (1972).
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d iv i s i o n .  Some o f  th e  approaches undertaken  to  d e l in e a t e  th e  ro le  

o f  membrane phosp h o lip id s  in  c e l l u l a r  p ro cesse s  have been s tu d ie s  

in v o lv in g  l i p i d  m u tan ts ,  m etabo lic  i n h i b i t o r s ,  amino a c id  s t a r v a t i o n ,  

and changes in  c u l t u r a l  c o n d i t io n s .

The i s o l a t i o n  o f  E. c o l i  auxotrophs d e f e c t iv e  in  th e  b io s y n th e s i s  

o f  u n s a tu ra te d  f a t t y  ac id s  was f i r s t  accom plished by S i l b e r t  and 

Vagelos (12) and subsequen tly  by o th e r  l a b o r a to r i e s  (13, 14). These 

mutants a re  capab le  o f  s y n th e s iz in g  s a tu r a t e d  f a t t y  ac id s  but have 

l o s t  t h e i r  c a p a c i ty  t o  make u n s a tu r a te d  f a t t y  ac id s  (12).  Cronan, 

B irg e ,  and Vagelos (15) have dem onstra ted  th e  e x i s te n c e  o f  two genes 

( c i s t r o n s )  invo lved  in  u n s a tu ra te d  f a t t y  a c id  b io s y n th e s i s .  One 

o f  th e s e ,  d e s ig n a te d  fab  A, has been c h a r a c te r i z e d  (12) as d e f i c i e n t  in  

3-hydroxydecanoyl t h i o e s t e r  dehydrase which i s  th e  enzyme re s p o n s ib le  

f o r  th e  fo rm ation  o f  c is-A  -decanoyl acyl c a r r i e r  p ro te in  (ACP), th e  

f i r s t  in te rm e d ia te  in  th e  b io s y n th e s i s  o f  u n s a tu ra te d  f a t t y  ac id s  o f  

§.• co* i (16).  The o th e r  c i s t r o n  has an enzym atic d e f e c t  which has 

no t  been i d e n t i f i e d  y e t  (15).  In a d d i t io n ,  t o  n a t u r a l  c o n s t i t u e n t s ,  

th e se  m utants can be supplemented w ith  a broad  spectrum  o f  c i s -  and 

t r a n s - u n s a tu r a te d  f a t t y  a c id s  n o t  norm ally  p r e s e n t  in  Ê . c o l i .  S tu d ie s

12. D. F. S i l b e r t  and P. R. V agelos, Proc. N at.  Acad. S c i .  U.S.A.
58, 1579 (1967).

13. U. Henning, G. D ennert, K. Rehn, and G. Deppe, J .  B a c te r io l .
98, 784 (1969).

14. P. O verath , E-M. R aufuss, W. S t o f f e l ,  and W. Ecker, Biochem.
Biophys. Res. Commun. 2 9 , 28 (1967).

15. J .  E. Cronan, J r . ,  C. H. B irg e ,  and P. R. Vagelos, J .  B a c te r io l .
100, 601 (1969).

16. K. Bloch, P. Baronowsky, H. G o ld f ine ,  W. J .  Lennarz, R. L ig h t ,
A. T. N o r r i s ,  and G. S c h au e rb ran d t , Fed. Proc. 20 , 921 (1961).
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o f  s t r u c t u r a l  and fu n c t io n a l  changes in  b io l o g ic a l  membranes have 

been made p o s s ib le  by v ary ing  th e  u n s a tu ra te d  f a t t y  a cy l  m o ie tie s  o f  

th e  phosp h o lip id s  o f  th e se  m utan ts .  S i l b e r t  e t  a l .  observed  t h a t  th e  

supp lem enta tion  o f  u n s a tu ra te d  f a t t y  a c id  auxotrophs w ith  exogenous 

f a t t y  ac id s  o f  unusual geometry causes  a l t e r e d  growth (12). I f  th e se  

auxotrophs a re  supplemented w ith  f a t t y  ac id s  which support growth 

p o o r ly ,  t h e i r  growth r a t e  i s  a l t e r e d  and th e  c e l l s  te n d  e i t h e r  t o  

ly s e  o r  grow as n o n se p ta te d  f i la m e n ts  (12 ) .  When th e se  mutants a re  

s ta rv e d  o f  an a p p ro p r ia te  u n s a tu ra te d  f a t t y  a c id ,  th e  c e l l  con tinues  

to  grow and d iv id e  f o r  a g e n e ra t io n  b e fo re  l y s i s  and c e l l  death  occur 

(12).  Henning, D ennert,  Rehn, and Deppe observed t h a t  th e  removal o f  

f a t t y  a c id s  from u n s a tu ra te d  f a t t y  a c id  auxotrophs r e s u l t e d  in  th e  

in h i b i t i o n  o f  DNA, RNA, and to  a s l i g h t  e x te n t  p ro te in  s y n th e s is  (13).

In a d d i t io n ,  they  observed  t h a t  th e  d e p r iv a l  o f  u n s a tu ra te d  f a t t y  

ac id s  from th e se  mutants r e s u l t e d  in  a s h i f t  in  th e  p ro p o r t io n  o f  

p h o sp h o lip id s  in  th e  membrane such t h a t  t h e r e  was a dec rease  in 

p h o sp h a t id y lg ly c e ro l  and an in c re a s e  in  c a r d i o l i p i n  (13). Fox u t i l i z e d  

th e  u n s a tu ra te d  f a t t y  a c id  auxotrophs t o  examine th e  fu n c t io n  o f  

p hosp h o lip id s  in  th e  s y n th e s is  o f  th e  3 -g a la c to s id e  t r a n s p o r t  system 

(3 ) .  His experim ents  dem onstra ted  t h a t  u n s a tu ra te d  f a t t y  ac id s  a re  

r e q u ire d  fo r  th e  in d u c t io n  o f  t h e  B -g a la c to s id e  t r a n s p o r t  system (3 ) .

On th e  o th e r  hand, r e s u l t s  o f  experim ents  by O vera th ,  H i l l ,  and Lamnek 

(17) a re  in  d i r e c t  c o n f l i c t  w ith  those  o f  Fox. These workers found t h a t  

a fu n c t io n a l  @ -galactoside  t r a n s p o r t  system cou ld  be induced a f t e r

17. P. O vera th , F. F. H i l l ,  and I .  Lamnek, Nature New Biology, in  
p r e s s .
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removal o f  th e  re q u i re d  u n s a tu ra te d  f a t t y  ac id s  from an u n s a tu ra te d  

f a t t y  ac id  auxotroph (17). In view o f  th e  c o n f l i c t i n g  d a ta ,  a d d i t io n a l  

s tu d ie s  should  be performed to  re so lv e  th e  d i f f e r e n c e s .  E s fah an i ,

Ioneda, and Wakil have re p o r te d  th a t  EL c o l i  have a c o n t ro l  mechanism 

which minimizes d i f f e r e n c e s  in  th e  p h y s ic a l  p r o p e r t i e s  o f  t h e i r  

p h o sp h o lip id s  (18 ) .  They showed t h a t  an u n s a tu ra te d  f a t t y  ac id  

auxotroph in c o rp o ra te d  exogenous f a t t y  ac id s  o f  v a r io u s  chain  leng ths  

in  such a way th a t  the  r a t i o  o f  u n s a tu r a te d  to  s a tu r a t e d  f a t t y  ac ids  

in c o rp o ra te d  in to  p h o sp h o lip id s  in c re a s e s  w ith  in c re a s in g  chain  len g th  

o r  d e c re a s in g  number o f  double bonds (18).

A second type  o f  l i p i d  mutant which i s  unable  t o  sy n th e s iz e  o r  

c a t a b o l i z e  j l y c e r o l  was i s o l a t e d  by Mindich (19). These m utants o f  

B a c i l lu s  s u b t i l i s  r e q u i r e  g ly c e ro l  f o r  n e t  s y n th e s is  o f  ph o sp h o lip id ,  

and almost a l l  o f  th e  la b e le d  g ly c e ro l  added to  c u l tu r e s  o f  th e s e  mutants 

can be recovered  in  th e  l i p i d  e x t r a c t  (19). During g ly c e ro l  s t a r v a t io n ,  

th e  r a t e  o f  f a t t y  a c id  s y n th e s i s  slows to  25 p e rce n t  o f  t h a t  observed 

du ring  ex p o n en t ia l  growth w ith  g ly c e ro l .  Although th e re  was no n e t  

s y n th e s is  o f  p h o sp h o lip id ,  th e  l i p i d  com position o f  th e  membrane was 

a l t e r e d  d r a m a t ic a l ly  du r in g  g ly c e ro l  s t a r v a t io n  (20). This a l t e r a t i o n  

in phosp h o lip id  com position was m an ifes ted  by a decrease  in  phospha­

t i d y l  g ly c e ro l  and an accum ulation o f  c a r d i o l i p i n  (20). When th e  

g ly c e ro l  s ta rv e d  mutants were supplemented w ith  g ly c e r o l ,  th e  r e l a t i v e  

p ro p o r t io n  o f  p h o s p h a t id y lg ly c e ro l  and c a r d i o l i p i n  were r e s to r e d  to

18. M. E s fa h a n i ,  T. Ioneda , and S. Wakil, J .  B io l .  Qiem. 246, 50 (1971).

19. L. Mindich, J .  Mol. B io l . A9_, 415 (1970).

20. T. T. L i l l i c h  and D. C. White, J .  B a c te r io l .  107, 790 (1971).
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th e  p re d e p r iv a t io n  membrane com position (20).  When th e se  m utants are  

dep rived  o f  g ly c e r o l ,  th e y  undergo a slow in c re a s e  in  c e l l  d e n s i ty  and 

remain v ia b le  f o r  a t  l e a s t  4 hours (19). In o th e r  exp er im en ts ,  Mindich 

showed t h a t ,  d u r in g  th e  p e r io d  o f  slow in c re a s e  in  c e l l  mass in  th e  

absence o f  n e t  l i p i d  s y n th e s i s ,  th e  mutant m a in ta ined  a slow s y n th e s is  

o f  DNA u n t i l  a doubling  o f  th e  t o t a l  DNA o c cu rred .  These c e l l s  were 

ab le  t o  i n i t i a t e  a new round o f  DNA s y n th e s is  (19 ) .  In th e  absence o f  

g ly c e r o l ,  th e se  mutants support b ac te r io p h ag e  growth and induced enzyme 

form ation . Ribosomal RNA s y n th e s is  i s  d r a s t i c a l l y  i n h i b i t e d  when th e se  

mutants a re  deprived  o f  g ly c e ro l  (19). Uptake o f  la b e le d  le u c in e  in to  

th e  c e l l  membrane co n tin u es  a t  th e  same r a t e  as t o t a l  p r o te i n  s y n th e s is  

in  th e  dep rived  c u l t u r e s ,  r e s u l t i n g  in  membranes w ith  in c re a s e d  d en s i ty  

(1 9 ) .  These r e s u l t s  complement th o se  o f  Hsu and Fox (21 ) ,  who observed 

t h a t  DNA and p r o te in  s y n th e s is  con tinue  f o r  a s h o r t  p e r io d  o f  time even 

though p h o sp h o lip id  s y n th e s is  had ceased im m ediately  a f t e r  removal o f  

g ly c e ro l  from IE..c o l i  g ly c e ro l  auxo trophs . In a d d i t io n ,  th e se  au th o rs  

observed  t h a t  th e  b lo c k in g  o f  l i p i d  s y n th e s i s  by g ly c e ro l  d e p r iv a t io n  

r e s u l t e d  in  a d ecrease  in  th e  i n d u c i b i l i t y  o f  t h e  g -g a la c to s id e  t r a n s ­

p o r t  system (21). In c o n t r a s t  t o  th e se  r e s u l t s ,  W illecke and Mindich, 

u s ing  g ly c e ro l  auxo trophs o f  B. s u b t i l  i s , r e p o r te d  t h a t  t h e  c i t r a t e  

t r a n s p o r t  system could be induced in  t h e  absence o f  g ly c e ro l  (22). In 

support o f  th e  d a ta  o f  W illecke e t  a l . ,  Mindich found t h a t  n e t  l i p i d  

s y n th e s is  i s  no t r e q u ire d  f o r  th e  in d u c t io n  o f  l a c to s e  permease in

21. C. Hsu and C. F. Fox, J .  B a c t e r i o l . 103, 410 (1970).

22. K. W illecke and L. Mindich, J .  B a c t e r io l .  106, 514 (1971).
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Staphylococcus aureus (23).  T h e re fo re ,  i t  seems t h a t  th e  dependence 

on p h o sp h o lip id  s y n th e s is  f o r  th e  fo rm ation  o f  an a c t iv e  t r a n s p o r t  

system i s  no t  a genera l phenomena.

P e r tu rb a t io n s  o f  th e  asymmetric f a t t y  ac id  a c y la t io n  o f  sn- 

g ly c e ro l-3 -p h o sp h a te  which norm ally  r e s u l t s  in  th e  fo rm ation  o f  phos- 

p h a t id i c  a c id  can produce d ram a tic  d is tu rb a n c e s  in  c e l l u l a r  p ro c e sse s .  

T h e re fo re ,  enzyme mechanisms which c o n fe r  p o s i t i o n a l  s p e c i f i c i t y  o f  

f a t t y  a c i d s ,  such t h a t  u n s a tu ra te d  f a t t y  a c id s  a re  p r e f e r e n t i a l l y  

e s t e r i f i e d  a t  p o s i t i o n  2 and s a tu r a t e d  f a t t y  a c id s  a t  p o s i t i o n  1 o f  the 

g ly c e ro l  molecule (2 4 ) ,  a re  o f  c e n t r a l  im portance t o  th e  c e l l .  The 

i s o l a t i o n  o f  tem pera tu re  s e n s i t i v e  mutants o f  E_. c o l i  which were incapab le  

o f  com pleting th e  a c y la t io n  sequence has c o n t r ib u te d  immensely to  th e  

u n d ers tan d in g  o f  th e s e  mechanisms. The f i r s t  a c y l t r a n s f e r a s e  mutants 

were found by Cronan, Ray, and Vagelos (25) and were i s o l a t e d  by a 

s e l e c t i o n  tech n iq u e  based on k i l l i n g  o f  non-mutant c e l l s  w ith  t r i t i a t e d  

s n -g ly c e ro l -3 -p h o sp h a te .  Reversion and enzym atic  (25) a n a ly s i s  o f  

te m p era tu re  r e s i s t a n t  r e v e r t a n t s  have in d i c a te d  t h a t  th e  phenotype o f  

t h i s  mutant i s  due t o  a m utation  which has been mapped a t  a s in g le  

lo c u s ,  c a l l e d  p l s a  (26). This mutant c o n ta in s  noimal monoacyl-

23. L. Mindich, Proc. N at. Acad. S c i .  U.S.A. 68 , 420 (1971).

24. L. L. M. Van Deenan, "P rog re ss  in  th e  Chemistry o f  F a ts  and O ther
L ip id s ,"  R. T. Holaran ( e d . ) ,  v o l .  8 ,  p a r t  I ,  p .  1, Pergamon Press
(1965) .

25. J .  E. Cronan, J r . ,  T. K. Ray, and P. R. V agelos, Proc. Nat. Acad.
S c i .  U.S.A. 65_, 737 (1970).

26. J .  E. Cronan, J r . ,  and G. N. Godson, M olecular and G eneral G e n e t ic s ,
in  p r e s s .
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t r a n s f e r a s e  a c t i v i t y  and th e rm o la b i le  s n -g ly 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  a c t i v i t y  (25) . Hechemy and G oldfine (27) have i s o l a t e d  

te m p era tu re  s e n s i t i v e  m utants  which a re  th e rm o la b i le  fo r  monoacyl-sn- 

g ly c e ro l-3 -p h o sp h a te  a c t i v i t y  bu t normal f o r  s n -g ly 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  a c t i v i t y .  The e x i s t e n c e  o f  th e s e  two ty p e s  o f  mutants 

e s t a b l i s h  th a t  a t  l e a s t  two d i f f e r e n t  enzymes a re  r e q u ire d  f o r  th e  

convers ion  o f  sn -g ly c e ro l -3 -p h o sp h a te  t o  p h o s p h a t id ic  a c id .  The 

enzym atic r e a c t io n s  fo r  each o f  th e se  enzymes a re  l i s t e d  below:

[1] sn -g ly c e ro l -3 -p h o sp h a te  + acyl CoA -*■

m onoacy l-sn -g ly ce ro l-3 -p h o sp h a te  + CoA

[2] monoacyl- s n -g ly c e ro l -3 -p h o s p h a te  + acyl CoA

p h o s p h a t id ic  ac id  + CoA

When th e  tem pera tu re  s e n s i t i v e  a c y l t r a n s f e r a s e  m utants a re  s h i f t e d  

t o  nonperm issive  te m p e ra tu re s ,  t h e r e  i s  an immediate and profound 

d ec rease  in  phosp h o lip id  s y n th e s is  fo llow ed by an ab rup t h a l t  in  c e l l  

growth (28) and th e  lo s s  o f  v i a b i l i t y .  Cell dea th  i s  p robab ly  due to  

th e  i r r e v e r s i b i l i t y  o f  th e  enzyme in a c t iv a t io n  (25). P re l im in a ry  s tu d ie s  

in v o lv in g  th e s e  mutants a t  the  nonperm issive  tem p era tu re  in d i c a te  t h a t  

t h e r e  i s  some i n h i b i t i o n  o f  DNA, RNA, and p ro te in  s y n th e s i s  (27). F u r th e r  

k i n e t i c  s tu d ie s  o f  c e l l u l a r  p ro c e sse s  in  th e s e  mutants shou ld  be 

performed f o r  th e  purpose o f  de te rm in ing  w hether o r  no t th e r e  i s  a 

temporal r e l a t i o n s h ip  between t h i s  form o f  p e r tu r b a t io n  o f  p hospho lip id  

s y n th e s is  and some s p e c i f i c  macromolecular s y n th e s iz in g  p ro c e s s .

27. K. Hechemy and H. G o ld fine ,  Biochem. Biophys. Res. Commun. 42, 
245 (1971).

28. J .  E. Cronan, J r . ,  p e rso n a l  communication.
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By us ing  a v a r i a t i o n  o f  th e  t r i t i a t e d  s u ic id e  te c h n iq u e ,  Cronan 

has  i s o l a t e d  20 tem p era tu re  s e n s i t i v e  mutants which form a l l  th re e  

M.* c° l i  p h o s p h o l ip id s - - c a r d io l ip in ,  p h o s p h a t id y lg ly c e ro l ,  and phospha­

t i d y l  e th an o l a m in e --a t  25°C bu t form o n ly  the  f i r s t  two l i p i d s  a t  37°C 

(28) .  However, s tu d ie s  c o r r e l a t i n g  s p e c i f i c  dependence o f  a c e l l u l a r  

p ro cess  t o  th e  p resence  o f  t h i s  p h o sp h o lip id  must await f u r t h e r  

c h a r a c te r i z a t i o n  o f  th e se  m utan ts .

R ecen tly ,  Lusk and Kennedy (29) i s o l a t e d  a mutant o f  E. c o l i  

which i s  in h i b i t e d  by low c o n c e n tra t io n s  o f  NaCl. This mutant has a 

normal metal c o n te n t ,  bu t i t  cannot t o l e r a t e  l e v e l s  o f  sodium t o  which 

the  w ild  type  i s  i n d i f f e r e n t  (29). The a d d i t io n  o f  NaCl t o  c u l tu r e s  

o f  th e s e  mutants r e s u l t s  in  a d ec re ase  in  th e  s y n th e s is  o f  p h o s p h a t id y l-  

e thano lam ine and an in c re a s e  in  th e  s y n th e s i s  o f  c a r d i o l i p i n  w hile  

a p p a re n t ly  causing  no e f f e c t  on DNA, RNA, p r o t e i n ,  and t o t a l  l i p i d  

s y n th e s is  (29). The enzyme(s) d i r e c t l y  re s p o n s ib le  fo r  th e s e  changes 

in  p h o sp h o lip id  s y n th e s is  i s  n o t  known.

Severa l l a b o r a to r i e s  have s tu d ie d  p h o sp h o lip id  metabolism under 

c o n d i t io n s  in  which v a r io u s  m etabo lic  p ro cesse s  had been i n h i b i t e d .

From such s t u d i e s ,  B a l l e s t a  and S chaech te r  (30) concluded t h a t  

p h o sp h o lip id  s y n th e s i s  in  E_. c o l i  can be d i s s o c i a t e d  from macromolecular 

b io s y n th e s i s .  They dem onstra ted  t h a t  th e  i n h i b i t i o n  o f  p r o te in  s y n th e s is  

by c h l o r t e t r a c y c l i n e ,  o f  DNA s y n th e s is  by mitomycin, o r  th e  m u l t ip le  

e f f e c t s  o f  le v a l lo rp h a n  (31) d id  no t  r e s u l t  in  s h o r t - te rm  i n h i b i t i o n

29. J .  E. Lusk and E. P. Kennedy, J .  B a c t e r io l . 109, 1034 (1972).

30. J .  P. G. B a l l e s t a  and M. S ch aec h te r ,  J .  B a c t e r i o l . 107, 251 (1971).

31. F. F. Gale, Mol. Pharmacol. 6 ,  134 (1970).
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o f  p h o sp h o lip id  s y n th e s is  (30).  Sokowa, Nakuo, and Kaziro o b ta in ed  

s im i l a r  r e s u l t s  when they  used chloram phenicol to  i n h i b i t  p ro te in  

s y n th e s is  (32 ) .  However, no s tu d ie s  in v o lv in g  th e  d i s t r i b u t i o n  o f  

l a b e l  in to  th e  t h r e e  major p h o sp h o lip id s  were performed w ith  chloram ­

phen ico l t r e a t e d  b a c t e r i a .

Treatment o f  E_. c o l i  w ith  th e  morphine analogue, le v o rp h a n o l ,

r e s u l t e d  in  a d ec rease  in  th e  uptake o f  la b e le d  in o rg a n ic  phosphorus 

32( P) in to  the  t o t a l  l i p i d  f r a c t i o n  (33). This drug had been re p o r te d  

to  i n h i b i t  b a c t e r i a l  growth (34) and ribosom al RNA s y n th e s i s  (35).

In a d d i t io n ,  i t  was dem onstra ted  t h a t  levorphano l caused  t ’.e a c c e le r a te d  

e f f l u x  o f  ATP, GTP, p u t r e s c i n e ,  amino a c id s ,  and po tass ium  ion from th e

c e l l s  in to  th e  medium (36, 37). S ince th e s e  r e s u l t s  sugges ted  t h a t

levorphanol a f f e c t e d  th e  membrane, W urster,  E lsbach ,  Rand, and Simon 

in v e s t ig a t e d  th e  e f f e c t s  o f  t h i s  drug on th e  s y n th e s is  and d i s t r i b u t i o n

o f  th e  major p h o sp h o lip id s  in  E. c o l i  (33).  They n o t  on ly  found t h a t

l i p i d  s y n th e s i s  was i n h i b i t e d  bu t  t h a t  the  l a b e l in g  o f  membrane 

p h o sp h o lip id s  was s t r i k i n g l y  a l t e r e d  (33).  A f te r  60 minutes in c u b a t io n  

w ith  levorphanol th e  r e l a t i v e  amounts o f  in d iv id u a l  p h o sp h o lip id s  were

32. Y. Sokowa, E. Nakua, and Y. K aziro , Biochem. Biophys. Res. Commun. 
33, 108 (1968).

33. N. W urster, P. E lsbach , J .  Rand, and E. J .  Simon, Biochim. Biophys. 
Acta 2 4 ^ 2 5 2  (1971).

34. E. J .  Simon, Science 144, 543 (1966).

35. E. J .  Simon and D. Van P raag , Proc. N at. Acad. S c i .  U.S.A. 51,
877 (1964).

36. R. Greene and B. Magasnik, Mol. Pharmacol. 3̂ , 453 (1967).

37. E. J .  Simon, L. S ch ap ira ,  and N. W urster, Mol. Pharmacol. 6 ,
577 (1970).
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45 p e rce n t  p h o spha tidy le thano lam ine ,  10 p e rc e n t  p h o s p h a t id y lg ly c e r o l , 

and 45 p e rc e n t  c a r d i o l i p i n ,  as compared w ith  67 p e rc e n t  p h o s p h a t id y l ­

e thano lam ine , 25 p e rce n t  p h o s p h a t id y lg ly c e ro l ,  and 7 p e rc e n t  c a r d i o l ip i n  

in  u n t r e a te d  b a c t e r i a  (33). This a l t e r e d  l i p i d  com position cou ld  be 

r ev e rsed  t o  normal when th e  drug was removed from th e  medium (33).

I t  i s  s t i l l  no t c l e a r ,  though, whether o r  no t  the  e f f e c t  o f  levorphanol 

on l i p i d  s y n th e s is  i s  prim ary o r  secondary .

In view o f  th e  re c e n t  f in d in g s  t h a t  ph o sp h o lip id s  a re  found not 

on ly  in  th e  c e l l  membrane but a l s o  in  th e  c e l l  w all (38, 39, 4 0 ) ,  th e  

s tu d ie s  o f  S ta rk a  and Morova (7 ) ,  in v o lv in g  th e  e f f e c t  o f  p e n i c i l l i n  

on p h o sp h o lip id  s y n th e s i s ,  a re  o f  i n t e r e s t .  These workers re p o r te d  

t h a t  low dosages o f  p e n i c i l l i n  in h i b i t e d  c e l l  d iv i s i o n  bu t  d id  n o t  

a f f e c t  DNA, RNA, o r  p ro te in  s y n th e s i s .  Although p e n i c i l l i n  had no 

e f f e c t  on th e  t o t a l  r a t e  o f  ph o sp h o lip id  s y n th e s i s ,  i t  d id  a l t e r  th e  

r a t i o  o f  in d iv id u a l  ph o sp h o lip id s  from t h a t  c h a r a c t e r i s t i c  o f  u n t r e a te d  

b a c t e r i a  (7 ) .  The t r e a t e d  c e l l s  were found to  co n ta in  more c a r d i o l i p i n  

and l e s s  p h o sp h a t id y lg ly c e ro l  than  normal d iv id in g  c e l l s  (7 ) .  When 

p e n i c i l l i n a s e  was added t o  th e  p e n i c i l l i n  t r e a t e d  c e l l s ,  c e l l  d iv i s i o n  

commenced and th e  normal p hospho lip id  d i s t r i b u t i o n  was r e s to r e d  (7 ) .

On th e  b a s i s  o f  th e se  r e s u l t s ,  S ta rk a  and Morova (7) sugges ted  t h a t  

ph o sp h o lip id  s y n th e s is  may p la y  an im p o rtan t  r o le  in  th e  c e l l  d iv i s i o n  

p ro cess .

38. T. Miura and S. Mizushima, Biochim. Biophys. Acta 150, 159 (1968).

39. C. F. Fox, J .  H. Law, T. Tsukagash i,  and G. W ilson, Proc. Nat. 
Acad. S c i .  U.S.A. 67, 598 (1970).

40. C. A. Schnaitman, J .  B a c te r io l .  104, 882 (1970).
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Hie s y n th e s is  o f  th e  major ph o sp h o lip id s  was a l s o  a f f e c te d  by 

v a r io u s  i n h i b i t o r s  o f  c e l l u l a r  p h o sp h o ry la t io n  such as cyanide (30,

4 1 ) ,  fo rced  a n ae ro b s is  (3 0 ) ,  d in i t ro p h e n o l  (30 ) ,  and benzo(a)pyrene .

(4 2 ) .  These r e s p i r a t o r y  po isons  caused  a dec rease  in  th e  r a t e  o f  phospho­

l i p i d  s y n th e s i s .  An a n a ly s i s  o f  th e  d i s t r i b u t i o n  o f  th e  l a b e l  among

th e  in d iv id u a l  phospho lip ids  a f t e r  t r e a tm e n t  w ith any o f  th e se  in h ib ­

i t o r s  in d ic a te s  t h a t  th e re  i s  a g r e a t e r  n e t  accum ulation  o f  phospha­

t i d y l g l y c e r o l  than  o f  p hospha tidy le thano lam ine  (30, 41, 4 2 ) .  These 

r e s u l t s  have le d  some workers to  propose t h a t  p h o s p h a t id y lg ly c e ro l  p lays  

an im portan t r o le  in  the  r e s p i r a t i o n  p ro cess  (42).

Sokowa e t  a l .  (32) have shown t h a t  l i p i d  s y n th e s i s  i s  in h ib i t e d  

in  s t r i n g e n t  c e l l s  deprived  o f  an amino a c id .  In c o n t r a s t ,  Tropp,

Meade, and Thomas rep o r te d  t h a t  the  r a t e  o f  l i p i d  s y n th e s i s  was n o t  

a f f e c t e d  by th e  p resence o r  absence o f  a re q u ire d  amino a c id  in  e i t h e r  

re la x e d  o r  s t r i n g e n t  c e l l s  (4 3 ) .  Recent experim ents  by Meade, Nunn, 

and Tropp (44) prov ide  an e x p la n a t io n  fo r  th e  d i f f e r e n c e s .  They found 

t h a t  under co n d i t io n s  o f  lowered a e r a t i o n ,  th e  r e s u l t s  o f  Tropp e t  a l .

(43) were o b ta in ed .  When th e  r a t e  o f  a e r a t io n  was c o n s ta n t ,  the r e s u l t s  

o f  Sokowa e t  a l . (32) were o b ta in ed .  On th e  b a s i s  o f  th e se  f in d in g s ,

Meade e t  a l .  (44) have concluded t h a t  th e  re la x e d  phenotype a f f e c t s

4 1 . R. P e te rson  and C. B u l l e r ,  J .  V irology 3_, 463 (1969).

42. G. H. Joyce and D. C. White, J .  B a c t e r i o l . 106, 403 (1971).

43. B. E. Tropp, L. C. Meade, and P. J .  Thomas, J .  B io l .  Chem. 245, 855
(1970).

44. L. C. Meade, W. D. Nunn, and B. E. Tropp, unpub lished  d a ta .
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l i p i d  s y n th e s is  on ly  under c e r t a in  c o n d i t io n s ,  and t h i s  e f f e c t  was 

secondary to  the  e f f e c t  on RNA s y n th e s i s .

O ther s tu d ie s  have been undertaken  to  c o r r e l a t e  p h o sp h o lip id  

s y n th e s is  w ith  changes in  c u l t u r a l  c o n d i t io n s .  Four changes in  

ph o sp h o lip id  com position occur du r in g  th e  t r a n s i t i o n  o f  E_. c o l i  

c u l tu r e s  from ex p o n en tia l  growth t o  s t a t i o n a r y  growth phase (45, 46).

These changes a re  an in c re a s e  in  c a r d i o l i p i n ,  a dec rease  in  phospha­

t i d y l g l y c e r o l ,  an in c re a s e  in  cyclopropane f a t t y  a c id s ,  and a dec rease  

in  u n s a tu ra te d  f a t t y  ac id s  (46).

The amount o f  l i p i d  in  E_. c o l i  has been shown to  be independent 

o f  th e  growth medium used (46, 47, 48 ) .  Various carbon sou rces  had 

no e f f e c t  on th e  amount o r  p ro p o r t io n  o f  phosp h o lip id s  sy n th e s iz e d  

(46). Some o f  th e  carbon sources  t e s t e d  were g lu c o se ,  g ly c e r o l ,  

a c e t a t e ,  s u c c in a te ,  amino a c id s ,  and f a t t y  ac id s  (46).

B a l l e s t a  and S chaech te r  (30) dem onstra ted  t h a t  the  s h i f t  down o f  I[. 

c o l i  from r i c h  t o  poor medium r e s u l t e d  in  th e  i n h i b i t i o n  o f  p h o s p h a t id y l­

ethanolam ine s y n th e s is  and th e  in c o rp o ra t io n  o f  r a d io a c t iv e  g ly c e ro l  

in t o  th e  d i s t a l  p o r t io n  o f  p h o s p h a t id y lg ly c e ro l .  When c e l l s  a re  s h i f t e d  

down from r i c h  to  p oo r  medium, th e  c e l l s  s to p  growing bu t con t inue  t o

45. J .  E. Cronan, J r . ,  J .  B a c t e r i o l . 95 , 2054 (1968).

46. J .  E. Cronan, J r . ,  and P. R. V agelos, Biochim. Biophys. Acta 265,
25 (1972).

47. A. P. Damaglau and E. A. Dawes, Biochem. J . 110, 775 (1968).

48. H. Kamayama, K. H ig ash io ,  and A. Gato, J .  Agr. Chem. Soc. Japan
43, 273 (1969).
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d iv id e  f o r  some time (49). On th e  b a s i s  o f  t h e i r  experim en ts ,  B a l le s ta

and S chaech te r  (30) concluded th a t  p h o spha tidy le thano lam ine  s y n th e s i s  i s  

r e l a t e d  t o  growth and c e l l  d iv i s i o n .

Severa l l a b o r a t o r i e s  have observed  t h a t  E_. c o l i  a d ju s t s  th e  f a t t y  

ac id  com position o f  i t s  p h o sp h o lip id s  in  response  to  a change in  th e  

growth te m p era tu re  (46, 50 , 5 1 ) .  When th e re  i s  a d ecrease  in  th e  

growth te m p e ra tu re ,  th e re  i s  a corresponding  in c re a s e  in  th e  r a t i o  

o f  u n s a tu ra te d  t o  s a tu r a t e d  f a t t y  ac id s  in  th e  membrane (46).  The 

l i p i d s  i s o l a t e d  a t  v a r io u s  tem pera tu res  have been found to  have d i f f e r e n t  

p h y s ic a l  p r o p e r t i e s  (46).  The h ig h e r  th e  growth tem p era tu re  o f  E_. c o l i  

c u l t u r e s ,  th e  g r e a t e r  the  p ro p o r t io n  o f  s a tu r a t e d  f a t t y  ac id s  in  th e  

membrane (52).  When th e  tem p era tu re  o f  th e  b a c t e r i a l  growth c u l tu r e  

i s  in c re a s e d ,  th e  p e rm e a b i l i ty  o f  liposomes d e r iv e d  from such c e l l s  

d ec rease s  (46). These changes are  a t t r i b u t e d  t o  th e  change in  f a t t y  

a c id  com position  (46) as th e  r e l a t i v e  p ro p o r t io n  o f  p h o sp h o lip id s  does 

n o t  change a t  d i f f e r e n t  t e n p e ra tu r e s  (46). The e x p la n a t io n  f r e q u e n t ly  

given f o r  th e  changes in  f a t t y  ac id  c o n p o s i t io n  o f  ph o sp h o lip id s  in  

response  t o  te m p e ra tu re  changes s t r e s s e s  th e  n e c e s s i t y  o f  m a in ta in in g

49. 0. N. K je ldgaard ,  0 . Maaloe, and M. S c h a e c h te r ,  Gen. M icrob io l.
1£, 607 (1958).

50. A. G. Marr and J .  L. Ingram, J .  B a c t e r io l . 84, 1260 (1962).

51. C. W. M. H aes t ,  J .  D eg ier ,  and L. L. M.  Van Deenan, Chem. Phys. 
L ip id s  3 , 413 (1969).

52. M. Sinensky, J .  B a c te r io l .  106, 449 (1971).
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t h e  p ro p e r  degree  o f  membrane f l u i d i t y  (51, 53, 54, 5 5 ) .  Sinensky 

has shown t h a t  th e  tem pera tu re  e f f e c t  i s  m ediated a t t h e  enzymatic 

l e v e l  r a t h e r  than  a t  th e  g e n e t ic  l e v e l  (52). He n o te d  t h a t  th e  

a c y l t r a n s f e r a s e s , s n -g ly c e ro l -3 -p h o sp h a te  and m o n o a cy l-sn -g ly ce ro l- 

3 -phospha te ,  a re  th e  prim ary enzymes re s p o n s ib le  f o r  th e  tem pera tu re  

a d a p t a t i o n s .

The work d e sc r ib e d  in  t h i s  t h e s i s  has been designed  to  examine 

the  p a r t i c u l a r  p e r tu r b a t io n  o f  p h o sp h o lip id  s y n th e s is  produced by 

phenethyl a lc o h o l ,  and to  determ ine w hether o r  n o t  t h i s  p e r tu r b a t io n  

i s  an i n d i r e c t  consequence o f  some in h i b i to r y  a c t io n  on one o f  th e  

o th e r  c e l l u l a r  p ro c e s s e s .  Attempts a re  made to  e lu c id a t e  w hether 

any o f  th e  r e s u l t i n g  changes in  c e l l u l a r  p ro cesses  a r e  p r im a r i ly  

a cc o u n tab le  to  a l t e r e d  p h o sp h o lip id  s y n th e s i s .  In v i t r o  s tu d ie s  o f  

two enzymes invo lved  in  phospho lip id  b io s y n th e s i s  a re  performed fo r  

t h e  s p e c i f i c  purpose o f  de te rm in ing  w hether phenethy l a lco h o l  o r  a 

phosphonic ac id  analogue o f  g ly c e r o l - 3 -phosphate  has any e f f e c t  a t  

th e se  en zym e-substra te  l e v e l s .

53. K. E. K n iv e t t  and J .  C ullen , Biochem. J . 96 , 771 (1965).

54. J .  M. S teim , Proc. Nat. Acad. S c i .  U.S.A. 63 , 104 (1969).

55. G. Wilson, S. Roie , and C. F. Fox, Biochem. Biophys. Res. Commun. 
38, 617 (1970).



CHAPTER 2

EFFECT OF PHENETHYL ALCOHOL ON PHOSPHOLIPID SYNTHESIS

In tro d u c t io n  (1)

Phenethyl a lcoho l (PEA) i s  a b a c t e r i o s t a t i c  agent which i n h i b i t s  

the  growth o f  many gram -negative  b a c t e r i a  (2 , 3 ) .  Berrah and Konetzka

(2) re p o r te d  t h a t  PEA a c t s  by s e l e c t i v e l y  i n h i b i t i n g  deox y r ib o n u c le ic  

ac id  (DNA) s y n th e s is  in  E s c h e r ic h ia  c o l i . Soon a f t e r ,  T re ick  and 

Konetzka (4) observed  t h a t  th e  a d d i t io n  o f  PEA to  a c u l tu r e  o f  E. c o l i  

in  exponen tia l-g row th  phase in h i b i t e d  DNA s y n th e s is  a f t e r  an i n i t i a l  

in c re a s e  in  DNA correspond ing  t o  1 .4  to  1.6 t im es th e  amount o f  DNA 

p re s e n t  a t  th e  time o f  a d d i t io n .  In a d d i t io n ,  th ey  observed  t h a t  p ro te in  

and r ib o n u c le ic  ac id  (RNA) s y n th e s is  con tinued  a f t e r  th e  c e s s a t io n  o f  

DNA s y n th e s i s .  These workers no ted  th e  s i m i l a r i t y  between th e  e f f e c t s  

o f  PEA a d d i t io n  and amino ac id  d e p r iv a t io n  upon DNA r e p l i c a t i o n .  They 

suggested  t h a t  PEA p re v e n ts  the  i n i t i a t i o n  o f  DNA s y n th e s i s  (4 ) .  Sub­

s e q u e n t ly ,  Lark and Lark (5) ex tended  t h i s  h y p o th e s is  by p roposing  t h a t  

two p r o te in s  were r e q u ire d  f o r  th e  i n i t i a t i o n  o f  DNA s y n th e s i s .  The 

s y n th e s i s  o f  one o f  th e  p ro te in s  was p o s tu la te d  t o  be s e n s i t i v e  t o  PEA

1. The s tu d ie s  re p o r te d  in  t h i s  c h a p te r  have been p u b lish e d .  W. D. 
Nunn and B. E. Tropp, J .  B a c t e r i o l . 109, 162 (1972).

2 .  G. Berrah and W. A. Konetzka, J .  B a c t e r i o l . 83 , 738 (1962).

3. B. 0 .  L i l l e y  and J .  H. Brewer, J .  Amer. Pharm. Ass. S c i .  Ed. 4 2 ,
6 (1953) .

4. R. W. T re ick  and W. A. Konetzka, J .  B a c t e r i o l . 88 , 1580 (1964).

5. K. G. Lark and C. Lark, J .  Mol. B io l .  20, 9 (1966).
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and i n s e n s i t i v e  t o  ch lo ram phen ico l.  The o th e r  p ro te in  was p o s tu la te d  

t o  be s e n s i t i v e  t o  ch loram phenicol bu t i n s e n s i t i v e  to  PEA.

However, t h e r e  has  been d i f f i c u l t y  in  s e v e ra l  l a b o r a to r i e s  in  

f in d in g  c o n d i t io n s  f o r  th e  s e l e c t i v e  i n h i b i t i o n  o f  DNA s y n th e s is  while 

p r o te in  and RNA s y n th e s is  con tin u ed .  Rosenkranz, C a r r ,  and Rose (6, 7) 

reexamined th e  e f f e c t s  o f  PEA on DNA, RNA, and p ro te in  s y n th e s is  and 

in v e s t ig a t e d  th e  e f f e c t  o f  PEA on th e  in d u c t io n  o f  a lk a l in e  phosphatase 

and 6 -g a la c to s id a s e  s y n th e s i s .  From th e s e  s t u d i e s ,  th e y  concluded t h a t  

PEA e x e r t s  i t s  prim ary  e f f e c t s  on RNA s y n th e s is  and on th e  in d u c t io n  

o f  enzyme s y n th e s i s .  The k i n e t i c  d a t a  o f  P revost and Moses (8) tend  

t o  suppo rt th e  co n c lu s io n  t h a t  RNA s y n th e s is  i s  more s e n s i t i v e  to  PEA 

than  i s  DNA s y n th e s i s ,  bu t n o t  th e  conc lusion  concern ing  th e  in d u c t io n  

o f  enzyme s y n th e s i s .  Recent s tu d ie s  sugges t th a t  PEA does no t i n h i b i t  

the t r a n s c r i p t i o n  o r  t r a n s l a t i o n  s te p s  invo lved  in  th e  fo rm ation  o f  

a l k a l in e  phosphatase  bu t does i n h i b i t  th e  convers ion  o f  in a c t iv e  

monomeric s u b u n i ts  i n t o  th e  a c t iv e  form o f  th e  enzyme (9 ) .

PEA has been shown to  e x e r t  profound e f f e c t s  on th e  membrane o f

6. H. S. Rosenkranz, H. S. C arr ,  and H. M. Rose, Biochem. Biophys. Res. 
Coamun. 17, 196 (1964).

7. H. S. Rosenkranz, H. S. C arr ,  and H. M. Rose, J .  B a c t e r i o l . 89 ,
1354 (1965).

8. C. P revost and V. Moses, J .  B a c t e r i o l . 91 , 1446 (1966).

9. R. C. T ribhuvan, A. K. P i lg a o k a r ,  D. S. Pradhan, and A. S creen ivasan ,  
Biochem. Biophys. Res. Commun. 41 , 244 (1970).
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M.* c° l i  3,1 d N eurospora c r a s s a  (N. c r a s s a )  (10 -12).  L e s te r  dem onstrated  

th a t  PEA a l t e r s  th e  p e rm e a b i l i ty  o f  N. c r a s s a  t o  a v a r i e t y  o f  amino ac id s  

(10). S i lv e r  and Wendt (11) observed t h a t  PEA caused E_. c o l i  to  ta k e  up 

la rg e  amounts o f  a c r i f l a v i n e ,  a compound norm ally  impermeable to  h e a l th y  

growing c e l l s .  In a d d i t io n ,  they  no ted  t h a t  PEA caused th e  a c c e le ra te d  

e f f lu x  o f  c e l l u l a r  po tassium . On th e  b a s i s  o f  t h e i r  f in d in g s ,  S i lv e r  

and Wendt proposed t h a t  th e  prim ary  e f f e c t  o f  PEA i s  a l im i te d  breakdown 

o f  th e  c e l l  membrane and t h a t  the  i n h i b i t i o n  o f  DNA and o th e r  c e l l u l a r  

p ro cesse s  i s  a r e s u l t  o f  th e  a l t e r a t i o n  in  th e  membrane s t r u c t u r e .

All o f  th e se  experim enta l r e s u l t s  concern ing  th e  mode o f  a c t io n  

o f  PEA might be re c o n c i le d  i f  PEA: ( i )  i n h i b i t s  t h e  s y n th e s is  o f  an

e s s e n t i a l  p r o te i n ;  ( i i )  a f f e c t s  some a sp e c t  o f  p h o sp h o lip id  s y n th e s i s ;  

o r  ( i i i )  a l t e r s  membrane s t r u c t u r e .  The s tu d ie s  d e sc r ib e d  in  t h i s  c h ap te r  

were p r im a r i ly  designed  to  i n v e s t ig a t e  th e  f i r s t  two p o s s i b i l i t i e s .  This 

c h a p te r  a l s o  d e s c r ib e s  some o f  th e  changes t h a t  we have observed  in  

ph o sp h o lip id  metabolism o f  Ê . c o l i  c u l tu r e d  in  th e  p resen ce  o f  PEA and 

o th e r  m e tabo lic  i n h i b i t o r s .  P hospholip id  s y n th e s is  was m onitored by 

measuring th e  in c o rp o ra t io n  o f  la b e le d  a c e t a t e  i n t o  th e  phosp h o lip id  

f r a c t i o n .  PEA has a very marked e f f e c t  on p h o sp h o lip id  metabolism.

10. G. L e s te r ,  J .  B a c t e r io l . 9 0 , 29 (1965).

11. S. S i lv e r  and L. Wendt, J .  B a c t e r io l . 95 , 560 (1967).

12. T. Yura and C. Wada, G enetics  59, 177 (1967).
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M a te r ia ls  and Methods

Chemicals. U rac il-6 -^H  (3.1 Ci p e r  mmole) and a c e ta te -2 -^ ^ C

(39 mCi p e r  mmole) were purchased from Schwarz/Mann, Orangeburg, N.Y.;

3 3L -p h en y la la n in e -  H (20 Ci p e r  mmole), thymine m ethyl- H (13.6 Ci p e r
3

mmole), and L - i so le u c in e -  H (1 mCi p e r  0 .087 mg) were p roduc ts  purchased  

from New England N uclear  C orp .,  Boston, Mass. Phenethyl a lcoho l (PEA) 

was o b ta in e d  from Matheson}Coleman and B e l l .  N a l id ix ic  a c id  was a 

product o f  Schwarz/Mann, Orangeburg, N.Y. Chloramphenicol was p u r ­

chased from Parke, Davis and Company, D e t r o i t ,  Mich. S u p e lc o s i l  s i l i c a  

gel 12A and th e  "ch rom atog raph ica lly  pu re"  p h o sp h o l ip id s ,  b a c t e r i a l  

p h o spha tidy le thano lam ine ,  c a r d i o l i p i n ,  and p h o s p h a t id y lg ly c e ro l ,  were

o b ta in ed  from Supelco , I n c . ,  B e l le fo n te ,  Pa. The s c i n t i l l a t i o n  f l u i d

14 3used m  a l l  experim ents  fo r  m onito ring  C and H was as p re v io u s ly  

d esc r ib e d  (13). A ll o th e r  chem icals were o f  reag en t grade and a l l  

so lv e n ts  were d i s t i l l e d  b e fo re  use .

B a c te r ia l  s t r a i n s  and m edia. E s c h e r ic h ia  c o l i  W3110 (p o l+, e n d l+) , 

a thymine r e q u i r in g  d e r iv a t iv e  o f  E. c o l i  K-12, was generous ly  p rov ided  

by Dr. J .  C a irns .  Ê . c o l i  PA1 (a rg~ , r e l " )  and E_. c o l i  PA2 ( a r g ” , r e l +) ,  

an iso g en ic  p a i r  excep t fo r  t h e  r e l  lo c u s ,  belong to  t h e  TLB  ̂ fam ily  

o f  E. c o l i  K-12. The b a c t e r i a  were k in d ly  p rov ided  by Dr. R. L ava lle .

The b a c t e r i a  were grown in  s y n th e t ic  medium o f  Davis and M ingio li (14 ) ,  

which fo r  E_. c o l i  W3110 were supplemented with 2 mg thymine p e r  l i t e r .

13. B. E. Tropp, L. C. Meade, and P. J .  Thomas, J .  B io l.  Chem. 245, 
855 (1970).

14. B. D. Davis and E. S. M in g io l i ,  J .  B a c t e r io l .  60, 17 (1950).
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Hie growth medium f o r  PA1 and PA2 was supplemented w ith  th iam ine-H C l,

0 .5  mg per l i t e r ,  and L -a rg in in e ,  100 mg p e r  l i t e r .  Glucose was added 

to  a l l  media t o  a f i n a l  c o n c e n tra t io n  o f  0 .5  p e rc e n t .  A ll c u l tu r e s  

were incubated  w ith  adequate  a e r a t io n  a t  37°C. F u l ly  supplemented 

o v e rn ig h t  c u l tu r e s  were then  incuba ted  a t  37°C in  a New Brunswick 

Metabolyte w a te r-b a th  sh ak e r ,  model G77, a t  200 cyc les  p e r  m inute .

C ell growth was determ ined a t  660 nm by tu r b id im e t r i c  read in g s  on a 

Klett-Summerson c o lo r im e te r .  All experim ents  were i n i t i a t e d  when th e  

t u r b i d i t y  reached  40 t o  50 K le t t  u n i t s .

Medium changes. In th o se  experim ents in  which th e  a d d i t io n  o f  

PEA was th e  on ly  change in  th e  c u l tu r e  medium, th e  amounts added v a r ie d  

from 0 .0  t o  0 .20 p e rc e n t  v /v  ( r e f e r  to  t h e  f i g u r e s ) .  O therw ise ,  t o  

change growth media o r  remove supplem ents , c e l l s  were c h i l l e d  and then  

h a rv es te d  a t  4°C in  th e  S o rv a ll  RC-2 c e n t r i f u g e  in  an SS-34 r o t o r  

a t  10,000 r .p .m .  fo r  5 m inutes. The c e l l s  were then  washed tw ic e  with 

unsupplemented s y n th e t ic  medium. O ne-half  th e  volume o f  th e  i n i t i a l  

a l iq u o t  was used in  each washing. The c e l l s  were then  resuspended  in  

th e  o r i g i n a l  volume o f  s y n th e t i c  medium and supplements were added to  

g ive  th e  d e s i r e d  experim enta l c o n d i t io n s .  The fo llow ing  i n h i b i t o r s  o f  

b io s y n th e t ic  p ro cesses  were added to  t h e  c u l tu r e  medium as in d ic a te d :  

n a l i d i x i c  a c id  (10 pg p e r  ml); v a l in e  (250 pg p e r  m l); and chloramphen­

ic o l  (25 pg p e r  ml).

Assays fo r  macromolecular s y n th e s i s . To d e t e c t  changes i n  th e  

r a t e  o f  c e l l u l a r  macromolecular s y n th e s i s ,  r a d io a c t iv e  p re c u r s o r s  and 

PEA were added s im u ltaneously .  In co rp o ra t io n  o f  l a b e l  in to  p r o te i n  

was determ ined by a s l i g h t  m o d if ica t io n  o f  th e  p rocedure  o f  B y f ie ld
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and Scherbaum (13, 15). The c u l tu r e  medium f o r  t h i s  p rocedu re  co n ta in ed
3

L - iso le u c in e  (15 pg pe r  ml) and L - i s o le u c in e -  H (0.15 pCi p e r  ml) o r
3

L -pheny la lan ine  (10 pg per  ml) and L -phen y la lan in e -  H (0 .20 pCi p e r  ml) 

as supplem ents. A liquo ts  c o n ta in in g  0 . 1 -ml samples o f  t h e  c u l tu r e  were 

s p o t te d  on Whatman No. 3MM f i l t e r  pap e r  squares  which were im mediately 

immersed in  5% t r i c h l o r o a c e t i c  ac id  (TCA) and t r e a te d  as p re v io u s ly  

d e s c r ib e d  (13). The dry  squares were counted in  to lu en e  s c i n t i l l a t o r  

f l u i d  u s in g  th e  Beckman model LS-200 s c i n t i l l a t i o n  c o u n te r .  RNA and 

DNA s y n th e s is  were followed by measuring th e  in c o rp o ra t io n  o f  la b e led  

u r a c i l  and thymine by the  f i l t e r  square  method d e s c r ib e d  in  th e  p ro te in  

assay .  The c u l tu r e  medium supplements fo r  the  RNA assay  were as p re -
3

v io u s ly  d e s c r ib e d  (13). Thymine (2 pg p e r  ml) and thym ine-m ethyl- H 

(1 .5  pCi p e r  ml) were added t o  th e  c u l tu r e  medium used f o r  measuring 

DNA s y n th e s i s .

Assay f o r  l i p i d  s y n th e s i s . The s y n th e s is  o f  l i p i d s  was fo llow ed 

by measuring th e  in c o rp o ra t io n  o f  la b e le d  a c e t a t e .  The c u l tu r e  medium

14was supplemented w ith po tass ium  a c e ta t e  (100 pg p e r  ml) and a c e t a t e - 2 -  C 

(0.02 pCi p e r  m l) .  The PEA and u n t r e a te d  c u l tu r e s  were incu b a ted  a t  

37°C f o r  90 m inu tes ,  du r ing  which p e r io d  d u p l i c a te  samples were removed 

a t  v a r io u s  time i n t e r v a l s  fo r  th e  d e te rm in a t io n  o f  r a d i o a c t i v i t y  in  th e  

l i p i d  f r a c t i o n .  Zero time was always d es ig n a ted  as th e  tim e o f  PEA 

a d d i t io n .  Great ca re  was taken  t o  in s u re  t h a t  th e  r a t e  o f  shaking  was 

n o t  v a r ie d  du r in g  any o f  th e  in c u b a t io n s ,  s in c e  such v a r i a t i o n  can com­

p l i c a t e  th e  i n t e r p r e t a t i o n  o f  experim ents  on l i p i d  metabolism (16).

15. J .  B y fie ld  and 0. Scherbaum, A nal. Biochem. 17, 434 (1966).

16. L. C. Meade, W. D. Nunn, and B. E. Tropp, unpub lished  d a ta .
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The 2-ml samples were removed, immediately mixed w ith  an equal volume 

o f  c h i l l e d  c a r r i e r  c e l l s ,  and then  c e n t r i fu g e d  in  th e  co ld .  A fte r  a l l  

the  samples had been c o l l e c t e d ,  th e  p e l l e t s  were washed once w ith  2 ml 

o f  s y n th e t i c  medium and e x t ra c te d  o v ern ig h t  w ith  4 ml o f  3:1 ch lo ro -  

form-methanol a t  room tem p era tu re .  The e x t r a c t s  were then  washed th r e e  

tim es w ith  1 .0  ml o f  d i s t i l l e d  1^0, p laced  in  s c i n t i l l a t o r  v i a l s ,  and 

d r ie d  by o v ern ig h t  ev ap o ra tio n  o r  by h e a t in g  a t  tem p era tu res  below 50°C. 

The r a d i o a c t i v i t y  was determ ined by d i s s o lv in g  th e  d r ie d  e x t r a c t  in 

to lu en e  s c i n t i l l a t o r  f l u i d  and counting  i t  in  th e  s c i n t i l l a t o r  co u n te r .

E x t ra c t io n  o f  p h o s p h o l ip id s . In experim ents  in  which th e  e f f e c t  

o f  PEA, n a l i d i x i c  a c id ,  v a l in e ,  o r  chloram phenicol a d d i t io n  o r  o f  

thymine s t a r v a t io n  on th e  d i s t r i b u t i o n  o f  l a b e le d  a c e ta t e  was t o  be 

s tu d ie d ,  po tassium  a c e ta t e  (100 pg p e r  ml) and ace ta te -2 -^ ^ C  (0.04 pCi 

p e r  ml) were added to  th e  c u l tu r e  medium. T rea ted  and u n t r e a te d  c u l ­

tu r e s  were then  incuba ted  a t  37°C w ith  sh ak in g ,  and a t  v a r io u s  time

i n t e r v a l s  f l a s k s  c o n ta in in g  50 ml o f  c u l tu r e  medium were removed fo r  

th e  a n a ly s i s  o f  p h o sp h o lip id s .  The e x t r a c t i o n  method used was e s s e n ­

t i a l l y  t h a t  o f  Tropp, Meade, and Thomas (13). S im i la r  r e s u l t s  were ob­

t a in e d  w ith  th e  procedure  o f  Kanfer and Kennedy (17).

F r a c t io n a t io n  o f  p h o sp h o l ip id s . A f te r  e x t r a c t i o n ,  th e  chloroform  

was ev ap o ra ted .  The l i p i d s ,  r e d is s o lv e d  in  1 ml o f  ch lo ro fo rm , were 

used f o r  subsequent a n a ly s i s .  The p h o sp h o lip id s  were re so lv e d  by th i n -  

l a y e r  chromatography. The p re p a ra t io n  o f  p l a t e s  and th e  t h i n - l a y e r  

chromatography were performed u s in g  t h e  fo llow ing  system: a c t iv a t e d

17. J .  Kanfer and E. P. Kennedy, J .  B io l .  Chem. 239, 1720 (1964).
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S u p e lc o s i l  s i l i c a  ge l 12A was used as th e  adsorben t in  a tw o-s tep  

deve lop ing  system w ith  a c e to n e - l i g h t  pe tro leum  (1 :3)  as th e  f i r s t  so lv e n t  

and ch lo ro fo rm -m ethano l-w ater  (65 :25:3) as th e  second s o lv e n t .  A 

Desaga-Brinkman s p read e r  was used t o  apply th e  a d so rb en t ,  0 .5  mm t h i c k ,  

on to  20 x 20 cm g la s s  p l a t e s .  The adsorben t was p rep a red  as a s lu r r y  

m ix tu re  o f  40 grams o f  s i l i c a  gel 12A in  100 ml o f  w ate r .  A f te r  th e  

adsorbent was a p p l ie d  and had a chance t o  s e t t l e ,  the  p la t e s  were a c ­

t i v a t e d  in  an oven a t  110°C f o r  60 m inutes .  Samples (25 to  50 y l)  were 

a p p l ie d  2 cm from th e  bottom of th e  p l a t e  a t  about 2-cm i n t e r v a l s .  The 

f i r s t  s o lv e n t ,  a c e to n e - l ig h t  pe tro leum , was p e rm it te d  to  run in  th e  

ascending  d i r e c t i o n  to  3 cm below th e  to p  edge o f  th e  chromatography 

p l a t e .  The p l a t e  was then  removed from th e  chromatography chamber and 

d r ie d  f o r  30 m inutes a t  room te m p era tu re .  A f te r  t h a t ,  t h e  chromatography 

p l a t e  was developed in  the  second so lv e n t  up t o  a h e ig h t  o f  2 t o  3 cm 

below th e  f i r s t  s o lv e n t .  A f te r  development o f  th e  t h i n - l a y e r  chroma­

tograms, t h e  phosp h o lip id s  were d e te c te d  by th e  exposure of t h e  chroma­

togram p l a t e s  t o  io d in e  vap o rs .  The r a d i o a c t i v i t y  in  th e  in d iv id u a l  

s p o ts  was determ ined  by q u a n t i t a t i v e l y  t r a n s f e r r i n g  th e  gel t o  s c i n t i l l a ­

t i o n  v i a l s .  To a s su re  complete recovery  o f  la b e le d  p h o s p h o l ip id s ,  a l l  

th e  s i l i c a  ge l in  a lane  was r o u t in e ly  assayed by th i s  p rocedure . A 

1-ml sample o f  g l a c i a l  a c e t i c  a c id  in  a b s o lu te  e thano l followed by 10 

ml o f  to lu e n e  s c i n t i l l a t i o n  f l u i d  was added to  each v i a l  fo r  coun ting .

The i d e n t i f i c a t i o n  o f  v a r io u s  l i p i d s  was e s t a b l i s h e d  by the  sim ultaneous 

chromatography o f  known s ta n d a rd s  (F ig . 1 ) .  Hie Rp va lues  observed  f o r  

th e  major l i p i d s  were as fo l lo w s :  phosphatidy le thano lam ine  (0 .4 7 ) ,

p h o s p h a t id y lg ly c e ro l  (0 .3 5 ) ,  and c a r d i o l i p i n  (0 .7 0 ) .  These R values
" T

a re  th e  same as th o se  p re v io u s ly  r e p o r te d  (13). Phosphospray, a p roduct
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o f  S u p e lc o s i l , was used f o r  th e  d e te c t io n  o f  phospho lip id s  and n in h y d r in  

sp ra y ,  a product o f  Sigma Chem icals, was used f o r  d e t e c t in g  phospha- 

t id y le th a n o la m in e .



24

R e su lts

E f f e c t  o f  PEA on re la x e d  and s t r i n g e n t  c e l l s . Some c o n f l i c t i n g  

r e p o r t s  have appeared concern ing  th e  e f f e c t  o f  PEA on RNA s y n th e s is  

(4 ,  5 , 7, 8 ) .  Such d i f f e r e n c e s  m ight be p o s s ib le  i f  some s tu d ie s  had 

been performed on c e l l s  w ith  s t r i n g e n t  c o n t ro l  o f  RNA s y n th e s is  and 

o th e rs  on c e l l s  w ith re la x e d  c o n t r o l .  F igure  2 in d ic a te s  t h a t  0.20%

PEA (v/v) i n h i b i t s  u r a c i l  i n c o rp o ra t io n  to  the-same ex ten t  in  PA1 

(re lax ed )  and PA2 ( s t r i n g e n t )  c e l l s .  This may be c o n t ra s te d  w ith  th e  

e f f e c t  o f  v a l in e ,  an i n h i b i t o r  o f  i s o le u c in e  s y n th e s is  (1 8 ) ,  which i n ­

h i b i t s  RNA s y n th e s is  in  s t r i n g e n t  b u t  no t in  re la x ed  c e l l s  (19).  There­

f o r e ,  i t  appears  p ro b ab le  t h a t  PEA does n o t  e x e r t  i t s  prim ary e f f e c t  

by i n h i b i t i n g  amino a c id  s y n th e s is  o r  a c t iv a t i o n .  Furtherm ore, i t  i s  

u n l ik e ly  th a t  PEA i s  a c t in g  in  th e  same fa sh io n  as chloramphenicol o r  

o th e r  i n h i b i t o r s  o f  p r o te i n  s y n t h e s i s ,  s in c e  th e s e  drugs perm it c o n t in ­

u a t io n  o f  RNA s y n th e s is  (19).

E f fe c t  o f  PEA on p h o sp h o lip id  s y n t h e s i s . F igures 3a and 3b 

show th e  e f f e c t s  o f  v a r io u s  c o n c e n t r a t io n s  o f  PEA on the  uptake o f  

la b e le d  p re c u rs o rs  in t o  DNA, RNA, p r o t e i n ,  and phospho lip id s  in  E. c o l i  

W3110 a f t e r  20 minutes and 90 m inutes  o f  in c u b a t io n ,  r e s p e c t iv e ly .  I t  

i s  e v id e n t  from th e se  f ig u r e s  t h a t  la b e le d  a c e ta t e  in c o rp o ra t io n  in to  

th e  p h o sp h o lip id  f r a c t i o n  i s  more s e n s i t i v e  t o  low c o n c e n tra t io n s  o f  

PEA than  i s  th e  in c o rp o ra t io n  o f  la b e le d  p r e c u r s o r s  in to  DNA, RNA, o r  

p ro te in  a t  both  in c u b a t io n  t im e s .  S im i la r  r e s u l t s  were o b ta in ed  when

18. T. Ramakrishnan and E. A. A delberg , J .  B a c t e r io l . 89 , 654 (1965).

19. G. Edlin  and P. Broda, B a c t e r i o l .  Rev. 32, 206 (1968).
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la b e le d  p h en y la lan in e  was used in  p la c e  o f  i s o le u c in e  f o r  measuring 

p r o te in  s y n th e s i s .  The p o s s i b i l i t y  t h a t  th e  e f f e c t  on phosp h o lip id  

s y n th e s is  might be an i n d i r e c t  one, due t o  i n h i b i t i o n  o f  one o f  th e  

o th e r  p ro c e s s e s ,  was co n s id e red .  To exclude such a p o s s i b i l i t y ,  phospho­

l i p i d  s y n th e s is  was a lso  fo llow ed as a fu n c t io n  o f  time in  t h e  p resence  

o f  chloram phenicol (F igure  4a) and n a l i d i x i c  ac id  as w ell as in  th e  

absence o f  thymine (F igure  4 b ) . The a d d i t io n  o f  25 pg p e r  ml o f  

chloram phenicol was 98 p e rce n t  e f f e c t i v e  in  b lock ing  th e  in c o rp o ra t io n  

o f  l a b e le d  phen y la lan in e  in to  TCA in s o lu b le  m a te r ia l .  However, i t  was 

l e s s  th a n  h a l f  as e f f e c t i v e  as  0.15% PEA as an i n h i b i t o r  o f  a c e ta t e  

in c o rp o ra t io n  in t o  p h o sp h o lip id s .  Only one o th e r  t r e a tm e n t ,  th e  a d d i ­

t i o n  o f  250 pg p e r  ml o f  v a l in e ,  showed an i n h i b i to r y  e f f e c t  on a c e ta t e  

in c o rp o ra t io n  in to  p h o sp h o lip id s .  S ince W3110 i s  s t r i n g e n t ,  th e se  r e ­

s u l t s  a re  c o n s i s te n t  w ith  those  re p o r te d  by Sokawa, Nakao, and Kaziro 

(20 ) .  Recent work in  t h i s  la b o ra to ry  (16) in d ic a te d  t h a t  changes in  th e  

shaking  speed s t ro n g ly  in f lu e n c e  phospho lip id  s y n th e s is  in  s t r i n g e n t  c e l l s  

and account f o r  th e  d i f f e r e n c e s  r e p o r te d  by Sokawa e t  a l .  (20) and by 

o u r  l a b o ra to ry  (13).  P hospho lip id  s y n th e s is  was n o t  in h i b i t e d  by thymine 

s t a r v a t io n  o r  by th e  a d d i t io n  o f  10 pg p e r  ml o f  n a l i d i x i c  a c id .  This 

c o n c e n tra t io n  o f  n a l i d i x i c  ac id  i n h i b i t e d  th e  up take  o f  la b e le d  thymine 

by 86 p e r c e n t .  The p re se n t  r e s u l t s  on th e  e f f e c t  o f  DNA i n h i b i t o r s  on 

phosp h o lip id  metabolism a re  c o n s i s te n t  w ith  th o s e  r e p o r te d  by B a l l e s t a  

and S chaech ter  (21) fo r  experim ents  w ith  mitomycin and by Goss, D ie tz ,  

and Cook (22) on experim ents  w ith  n a l i d i x i c  a c id .

20. Y. Sokawa, E. Nakao, and Y. K aziro , Biochem. Biophys. Res. Commun.
33, 108 (1968).

21. J .  P. G. B a l l e s t a  and M. S ch aec h te r ,  J .  B a c t e r io l . 107, 251 (1971).

22. W. A. Goss, W. H. D ie tz ,  and T. M. Cook, J .  B a c t e r io l . 88 , 1112 (1964).
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The p rev io u s  experim ents  i n d i c a te  t h a t  a c e ta t e  in c o rp o ra t io n  in to  

th e  phosp h o lip id  f r a c t io n  i s  q u i t e  s e n s i t i v e  to  th e  p resen ce  o f  PEA.

I t  was t h e r e f o r e  o f  i n t e r e s t  t o  determ ine w hether PEA e x e r te d  a d i f f e r ­

e n t i a l  e f f e c t  on th e  in c o rp o ra t io n  o f  a c e ta t e  in to  p h o s p h a t id y le th a n o l-  

amine, p h o s p h a t id y lg ly c e ro l , o r  c a r d i o l i p i n .  C e l ls  were c u l tu r e d  in  

50 ml o f  medium c o n ta in in g  la b e le d  a c e t a t e  in  t h e  p resence  and absence 

o f  0.15% PEA fo r  th e  in d ic a te d  p e r io d  o f  t im e .  The phospho lip id s  were 

e x t r a c te d  and analyzed by t h i n - l a y e r  chromatography as d e s c r ib e d  in  th e  

M a te r ia ls  and Methods s e c t i o n .  The r e s u l t s  o f  th e s e  experim ents a re  

in d ic a te d  in  F igure  5. I t  i s  e v id e n t  t h a t  PEA i n h i b i t s  th e  l a b e l in g  

o f  phospha tidy le thano lam ine  and p h o sp h a t id y lg ly c e ro l  (F ig s .  5a and 5b).

The in c o rp o ra t io n  o f  a c e t a t e  i n t o  the  c a r d i o l i p i n  f r a c t io n  was, i f  any­

th in g ,  s l i g h t l y  s t im u la te d  by th e  p resence o f  PEA (F ig . 5 c ) . Changing 

th e  c o n c e n tra t io n  o f  PEA to  0.20% v /v  d id  no t s i g n i f i c a n t l y  a f f e c t  th e  

d i s t r i b u t i o n  p a t t e r n .

The d i s t r i b u t i o n  o f  l a b e le d  a c e ta te  in to  t h e  phosp h o lip id s  e x t r a c te d  

from c e l l s  c u l tu re d  in  th e  p resence  o f  25 yg p e r  ml ch loram phenico l,  10 

yg p e r  ml n a l i d i x i c  a c id ,  o r  250 yg p e r  ml v a l in e  o r  in  th e  absence o f  

thymine was de term ined . The r e s u l t s  o f  th e s e  experim ents  a re  summarized 

in  Table 1. I t  should  be no ted  t h a t  a l though  v a l in e  was g r e a t e r  than  

98 p e rce n t  and 85 p e rce n t  e f f e c t i v e  in  b lock ing  th e  in c o rp o ra t io n  o f  

la b e le d  u r a c i l  and p h e n y la la n in e ,  r e s p e c t iv e ly ,  in to  th e  TCA in s o lu b le  

m a te r i a l ,  i t  had only  a s l i g h t  e f f e c t  on th e  ph o sp h o lip id  d i s t r i b u t i o n .  

Chloramphenicol t r e a tm e n t  caused a decrease  in  l a b e l  found in  th e  c a r ­

d i o l i p i n  f r a c t i o n .  None o f  th e  o th e r  t r e a tm e n ts  caused a marked change 

in  th e  d i s t r i b u t i o n  o f  la b e l  in t o  the  p h o sp h o lip id s .  These r e s u l t s  

te n d  to  exclude th e  p o s s i b i l i t y  t h a t  th e  e f f e c t  o f  PEA on th e  d i s t r i ­

b u t io n  o f  l a b e l  in to  phospho lip id s  i s  a secondary e f f e c t .
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D iscussion

PEA i s  known to  i n h i b i t  a new round o f  DNA r e p l i c a t i o n  (4, 5 ) ,  a l t e r  

c e l l u l a r  p e rm e a b i l i ty  (10, 12 ) ,  a f f e c t  RNA and p ro te in  s y n th e s i s  (7 , 8 ) ,  

and i n h i b i t  the  form ation o f  a c t i v e  a lk a l in e  phosphatase  (9 ) .  These 

d iv e rse  e f f e c t s  might be due to  th e  a b i l i t y  o f  PEA to :  ( i )  p reven t normal

p ro te in  s y n th e s i s ,  ( i i )  a l t e r  some asp ec t  o f  p h o sp h o lip id  metabolism, 

o r  ( i i i )  i n t e r a c t  w ith  the  membrane o r  some v i t a l  membrane component.

The d a t a  p re s e n te d  in  F igure 2 in d i c a t e  t h a t  PEA i n h i b i t s  RNA s y n th e s is  

to  th e  same e x te n t  in  re la x ed  and s t r i n g e n t  c e l l s .  I t  i s  t h e r e f o r e  q u i t e  

u n l ik e ly  th a t  PEA e x e r t s  i t s  p rim ary  e f f e c t  by i n h i b i t i n g  e i t h e r  amino 

ac id  s y n th e s is  or a c t iv a t io n .  The r e s u l t s  p re s e n te d  in  F igure  3 show 

th a t  p r o te i n  s y n th e s is  i s  r e l a t i v e l y  r e s i s t a n t  to  PEA a t  c o n c e n tra t io n s  

th a t  markedly i n h i b i t  RNA and l i p i d  s y n th e s i s .  Thus, i t  appears  u n l ik e ly  

th a t  PEA e x e r t s  i t s  p rim ary  e f f e c t  by causing  a d ec re ase  in  th e  a v a i l a ­

b i l i t y  o f  th e  n u c le o s id e  t r ip h o s p h a te s  o r  th e  e s s e n t i a l  c a t io n s  re q u ire d  

fo r  p r o te i n  s y n th e s i s  (11).

PEA c l e a r l y  has an e f f e c t  on phospho lip id  metabolism (F igs .  4a and 

5) .  In p a r t i c u l a r ,  th e  in c o rp o ra t io n  o f  la b e le d  a c e ta te  in to  p h o s p h a t id y l-  

e thanolam ine o r  p h o s p h a t id y lg ly c e ro l  i s  q u i t e  s e n s i t i v e  t o  t h e  p resence  

o f  PEA (F ig s .  5a and 5b) .  The in c o rp o ra t io n  o f  l a b e l  in to  t h e  c a rd io -  

l i p i n  f r a c t i o n  does n o t  appear to  be i n h i b i t e d  (F ig . 5 c ) .  S im i la r  r e s u l t s  

were o b ta in e d  by Barbu, Po lonovsk i,  Rampini, and Lux (23) w ith  la b e le d  

in o rg an ic  phosphorus ( ^ P )  . They d id  no t perform  any s tu d ie s  to

23. E. Barbu, J ,  Po lonovsk i,  C. Rampini, and M. Lux, Comptes Rendus 
S e r ie s  D, 270, 2596 (1970).
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determ ine whether th e  e f f e c t  e x e r te d  by PEA on p h o sp h o lip id  s y n th e s is  

was a consequence o f  th e  i n h i b i t i o n  o f  one o f  th e  o th e r  c e l l u l a r  p ro c ­

e s s e s .  They d id  n o t e ,  however, t h a t  upon removal o f  PEA, th e  normal 

phospho lip id  la b e l in g  p a t t e r n  was slowly r e s to r e d  (23). S ince phospha­

t i d y lg ly c e r o l  i s  r e p o r te d  t o  be an in te rm e d ia te  in  th e  pathway to  c a r d io ­

l i p i n  s y n th e s is  (2 4 ) ,  i t  i s  no t  c l e a r  why the  apparen t  i n h i b i t i o n  o f  the  

s y n th e s i s  o f  p re c u r s o r  does n o t  a f f e c t  th e  s y n th e s is  o f  p ro d u c t .  An 

e x p lan a t io n  fo r  t h i s  phenomenon has been proposed by Rampini, Barbu, 

and Polonovski (25 ) .  They p o s tu la te d  a n o th e r  pathway f o r  the  s y n th e s is  

o f  c a r d i o l ip i n  from p h o sp h a t id y lg ly c e ro l  in  E_. c o l i  which invo lves  the 

condensa tion  o f  two m olecules o f  p h o s p h a t id y lg ly c e ro l  t o  form one mole­

c u le  o f  c a r d i o l ip i n  and one molecule o f  f r e e  g ly c e ro l  (25). Evidence in  

support o f  t h e i r  h y p o th e s is  has r e c e n t ly  been pu t f o r th  by th e  f in d in g s  

o f  T u n a i t i s  and Cronan (26) and by H irschberg  and Kennedy (27). These 

workers re p o r te d  th e  p resence  o f  an enzyme in  th e  envelope f r a c t i o n  o f  

E_. c o l i  which c a ta ly z e s  th e  s y n th e s is  o f  c a r d i o l i p i n  v ia  th e  pathway 

p o s tu la te d  by Rampini e t  a l . (25).

The i n h i b i t i o n  o f  p h o sp h o lip id  s y n th e s i s  may be e i t h e r  th e  cause

24. N. Z. S tanacev , Y-Y. Chang, and E. P. Kennedy, J .  B io l .  Chem. 242, 
3018 (1967).

25. C. Rampini, E. Barbu, and J .  Po lonovsk i,  Comptes Rendus, S e r ie s  D, 
270, 882 (1970).

26. E. T u n a i t i s  and J .  E. Cronan, J r . ,  Biochim. Biophys. A cta , in  
p r e s s .

27. C. B. H irschberg  and E. P. Kennedy, Proc. Nat. Acad. S c i .  U.S.A. 
69, 648 (1972).
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o r  th e  e f f e c t  o f  a l t e r e d  c e l l u l a r  p e rm e a b i l i ty .  The d a ta  a t  t h i s  time

do no t  perm it the  c l e a r  d i s t i n c t i o n .

In Chapters 3 and 4 we w i l l  examine and d is c u s s  th e  e f f e c t s  o f

PEA on th e  in  v i t r o  a c t i v i t y  o f  th r e e  enzymes invo lved  in  p hospho lip id

b io s y n th e s i s .
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TABLE 1

% T o ta l counts  p e r minute

Treatment

T o ta l  CPM 
p e r  ml 

o f  c e l l s O rig in

Phospha­
t i d y l ­

g ly c e ro l

Phospha-
t id y le th a n -

olamine
C ard io­

l i p i n
N eu tra l

l i p i d

U ntrea ted 1967 3 13 63 15 2

PEA 897 4 10 45 34 5

Chloram­
phen ico l 1356 6 16 62 9 4

N a l id ix ic
ac id 1800 4 11 62 20 1

Val in e 1173 4 18 55 16 5

Thymine
s t a r v a t io n 2035 4 11 63 19 2

Table 1: Comparisons o f  the  e f f e c t s  o f  PEA, 0.15% v /v ;  chloram phenicol

(25 pg p e r  m l); n a l i d i x i c  a c id  (10 pg p e r  ml); v a l in e  (250 pg p e r  ml); 

and thymine s t a r v a t io n  on the  d i s t r i b u t i o n  o f  la b e le d  a c e ta t e  in t o  

p h o sp h o lip id s  a f t e r  90 minutes o f  in c u b a t io n .
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D

Figure  1

T h in - la y e r  chrom atographic s e p a ra t io n  o f  ph o sp h o lip id s  from chloroform  
e x t r a c t s  o f  c o l i  (d o t te d  l i n e s )  . Hie s o l i d  l i n e s  in d i c a t e  th e  Rc 
va lues  o f  th e  phosp h o lip id  s ta n d a rd s ;  phospha tidy le thano lam ine  (PE); 
p h o s p h a t id y lg ly c e ro l  (PG); and c a r d i o l i p i n  (CL).
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Figure  2

E f f e c t  o f  PEA (0.20%, v /v) and v a l in e  (250 yg/ml) on la b e le d  u r a c i l  
in c o rp o ra t io n  in to  (a) re la x e d  (£ . c o l i  PA1) and (b) s t r in g e n t  (E  ̂
c o l i  PA2) c e l l s .  E x p o n en t ia l ly  growing c e l l s  were c u l tu re d  in  th e  
p resence o f  l a b e le d  u r a c i l ,  l a b e le d  u r a c i l  and PEA, o r  la b e le d  u r a c i l  
and v a l in e .  In c o rp o ra t io n  o f  r a d io i s o to p e  was determ ined as d e sc r ib e d  
in  M a te r ia ls  and Methods. Symbols: 0»  u n t r e a te d  c e l l s ;  + ,  PEA;
and □ ,  v a l in e .
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Figure 3

L ip id ,  RNA, DNA, and p ro te in  s y n th e s is  by IE. c o l i  W3110 as a fu n c t io n  o f  
phenethyl a lco h o l c o n c e n t ra t io n .  Macromolecular s y n th e s is  was measured 
by in c o rp o ra t io n  o f  r a d io a c t iv e  p re c u rso rs  in to  l i p i d ,  RNA, DNA, and 
p r o te in  f o r  20 and 90 m inu tes . Iso tope  in c o rp o ra t io n  was determ ined  as 
d e sc r ib e d  in  M a te r ia ls  and Methods. The in c o rp o ra t io n  va lues  were then  
exp ressed  as p e rce n tag es  o f  th e  l e v e l  observed w ith  an u n t r e a te d  c u l tu r e  
a t  t h a t  t im e p o in t :  (a) 20 m inutes; (b) 90 m inutes .
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Figure  4

E f fe c t  o f  PEA (0.15%, v / v ) , chloram phenicol (25 p g /m l) , n a l i d i x i c  ac id  (10 y g /m l) , o r  thymine s t a r v a t io n  
on th e  in c o rp o ra t io n  o f  la b e le d  a c e ta t e  in to  t o t a l  p h o sp h o lip id s  o f  E. c o l i  W3110. Experimental d e t a i l s  
were as  d e sc r ib e d  in  M a te r ia ls  and Methods. Symbols: O , u n t r e a te d  c e l l s ;  # ,  PEA; □ ,  ch loram phenicol;
9 ,  n a l i d i x i c  a c id ;  and (8, thymine s t a r v a t io n .
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Figure  5

In c o rp o ra t io n  o f  la b e le d  a c e ta t e  in to  f r a c t i o n a t e d  p h o sp h o lip id s  o f  E. c o l i  W3110 in  th e  p resence  and 
absence o f  phenethyl a lco h o l (0.15%, v / v ) . Symbols: O ,  u n t r e a te d  c e l l s ;  + ,  PEA (0.15%). (a) Phos­
p h a t id y l  e th an o l amine; (b) p h o s p h a t id y lg ly c e ro l ;  (c) c a r d i o l i p i n .
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CHAPTER 3 

IN VITRO STUDIES

I n t r e d u c t io n

Since g ly c e ro l-3 -p h o sp h a te  i s  a p re c u rso r  to  p h o sp h o lip id  sy n th e ­

s i s ,  a s tudy  o f  th e  e f f e c t s  o f  phosphonic ac id  analogues o f  t h i s  com­

pound on l i p i d  s y n th e s is  in  v ivo  and in  v i t r o  i s  o f  s p e c ia l  i n t e r e s t .

The fu n c t io n a l  groups o f  th e  phosphonic ac id  i s o s t e r e s ,  -O PO .^ and 

-CH2P03H2 , have approx im ate ly  equal s t e r i c  p r o p e r t i e s .  However, 

cleavage o f  th e  phosphorus m oiety from th e  - Q ^ P O j^  fu n c t io n a l  group 

does no t r e a d i ly  o c c u r .  For t h i s  r ea so n ,  i n v e s t ig a t io n s  in v o lv in g  

th e  e f f e c t  o f  phosphonic ac id  i s o s t e r e s  on th e  m e tabo lic  p ro cesse s  o f  

§.* c° l i  a re  now be ing  c a r r i e d  out in  t h i s  l a b o ra to ry .  The phosphonic 

acid  analogues o f  g ly c e ro l-3 -p h o sp h a te  which are  be ing  used in  th e se  

s tu d ie s  a re  3 ,4 -d ih y d ro x y b u ty l- l -p h o sp h o n a te  and 2 ,3 -d ih y d ro x y p ro p y l- l -  

phosphonate.

Hie sy n th eses  o f  2 ,3 -d ih y d ro x y p ro p y l- l-p h o sp h o n a te  and 3 ,4 -d ih y -  

d roxy b u ty l- l-p h o sp h o n a te  have r e c e n t ly  been accomplished in  t h i s  

la b o ra to ry .  S tud ies  in v o lv in g  th e  e f f e c t  o f  th e se  phosphonate analogues 

on th e  growth o f  E_. c o l i  show 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  

but no t  2 , 3 -d ihyd roxypropy l- l -phosphona te  i n h i b i t s  c e l l  growth (1 ) .

This i n h i b i t i o n  appears  t o  be b a c t e r i o s t a t i c  (1 ) .  P re l im in a ry  in v e s ­

t i g a t i o n s  o f  the  e f f e c t  o f  th e  fo u r-ca rbon  phosphonate analogue on

1. C. S hops is ,  R. Engel-, and B. E. Tropp, m anuscrip t subm itted  fo r  
p u b l i c a t io n .
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in  vivo m etabo lic  p ro cesse s  in d i c a te  t h a t  l i p i d  s y n th e s is  i s  i n h i b i t e d  

t o  a g r e a t e r  e x te n t  than  DNA, RNA, and p ro te in  s y n th e s is  (2 ) .  In a d d i ­

t i o n ,  t h i s  analogue has been found to  i n h i b i t  th e  t r a n s p o r t  o f  g ly c e ro l -  

3-phosphate i n  an Is. c o l i  mutant which i s  c o n s t i t u t i v e  f o r  permease 

a c t i v i t y  (1 ) .  These f in d in g s  prompted us to  s tudy  th e  e f f e c t s  o f  th e se  

analogues on t h e  in  v i t r o  a c t i v i t y  o f  th e  fo llow ing  two phosp h o lip id  

b io s y n th e t ic  enzymes: L-glycerol-3-phosphate:CM P p h o s p h a t id y l t r a n s -  

fe ra s e  and L serine:CMP phosp h a tid y l  t r a n s f e r a s e .

The b io s y n th e s i s  o f  p h o sp h a t id y lg ly c e ro l  and p h o s p h a t id y le th a n o l-  

amine in  E_. c o l i  has been shown by Kennedy and co-workers (3, 4) to  

fo llow  two pathways, both dependent on CD P-diglyceride.

[1] CD P-diglyceride + L -g ly ce ro l-3 -p h o sp h a te  -+

phosph a tid y lg ly ce ro p h o sp h a te  + CMP

[2] CDP-diglyceride + L -se r in e  ->- phosp h a tid y l  s e r in e  + CMP

R eaction  [1] i s  c a ta ly z e d  by L-glycerol-3-phosphate:CM P p h o sp h a t id y l-  

t r a n s f e r a s e  (4 ) .  P hospha tidy lg lyce rophospha te  formed in  r e a c t io n  [1] 

i s  dephosphory la ted  t o  y ie ld  p h o sp h a t id y lg ly c e ro l  (4 ) .  Reaction [2] 

i s  c a ta ly z e d  by L-serine:CMP p h o s p h a t id y l t r a n s f e r a s e  (3 ) .  P h o sp h a t id y l- 

s e r in e  formed in  r e a c t io n  [2] i s  d eca rb o x y la ted  t o  y i e l d  p h o sp h a t id y l-  

ethanolam ine (3 ) .

In t h i s  c h a p te r ,  th e  e f f e c t s  o f  PEA and th e  phosphonate analogues 

o f  g ly c e ro l-3 -p h o sp h a te  on th e  components o f  th e  enzym e-catalyzed 

r e a c t io n s  ([1] and [2]) a re  re p o r te d .

2. C. Shopsis ,  R. Engel, W. Nunn, and B. E. Tropp, unpublished  d a ta .

3. J .  Kanfer and E. P. Kennedy, J .  B io l .  Chem. 239, 1720 (1964).

4 . Y-Y. Chang and E. P. Kennedy, J .  L ip id  Res. £ ,  447 (1967).
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M a te r ia ls  and Methods

C hem icals . D L-a-G lycero l-3-phosphate  (Grade X) and th e  non ion ic

d e te r g e n t ,  T r i to n  X-100 (oc ty lphenoxypolye thoxyethanol)  were purchased
14

from Sigma Chemical Co., S t .  Louis, Mo. C -L -G lycero l-3-phosphate

14(26 yCi p e r  umole) and D L -serine-3 -  C (4 .17  pCi p e r  ymole) were o b ta in ed  

from ICN C orpo ra tion ,  I r v in e ,  C a l i f .  CDP-dipalmitin was purchased 

from Serdary  Research L a b o ra to r ie s ,  London, O n ta r io ,  Canada. The 

o rg an ic  s y n th e s is  o f  2 ,3 -d ih y d ro x y p ro p y l- l-p h o sp h o n a te  and 3 ,4 -d ih y -  

droxybuty1-1-phosphonate was c a r r i e d  out in  t h i s  la b o ra to ry  by De F i l ip p e ,  

Kaback, Engel, and Tropp (5 ) .  They used th e  p rocedure  o f  Rosenthal 

and Geyer (6) t o  s y n th e s iz e  th e  d i l i th iu m  s a l t  o f  2 ,3 -d ihyd roxypropy l-1 -  

phosphonate. A m o d if ic a t io n  o f  t h i s  procedure  was used t o  s y n th e s iz e  

th e  d i l i t h i u m  s a l t  o f  3 ,4 -d ih y d ro x y b u ty l- l -p h o sp h o n a te  (5 ) .  PEA was 

o b ta in ed  from Matheson, Coleman and B e l l ,  Norwood, Ohio. P h o sp h a t id y l- 

s e r i n e ,  phosp h a tid y le th an o lam in e ,  and p h o sp h a t id y lg ly c e ro l  were purchased 

from Supelco, I n c . ,  B e l l f o n te ,  Pa. All o th e r  chem icals were o f  reagen t 

grade and a l l  so lv e n ts  were d i s t i l l e d  b e fo re  use.

B a c te r ia l  s t r a i n . E_. c o l i  s t r a i n  8 , a  mutant devoid  o f  th e  

ae ro b ic  L -g ly ce ro l-3 -p h o sp h a te  dehydrogenase a c t i v i t y  and c o n s t i t u t i v e  

f o r  th e  L -g ly ce ro l-3 -p h o sp h a te  t r a n s p o r t  system  (7 ,  8 ) ,  was a g i f t  o f  

J .  E. Cronan, J r .

5 .  L. De F i l i p p e ,  J .  Kaback, R. Engel, and B. E. Tropp, unpub lished  d a ta .

6 . A. Rosenthal and R. Geyer, J .  Amer. Chem. Soc. 80 , 5240 (1958).

7. W. S. K i s t l e r  and E. C. C. L in, J .  B a c t e r i o l . 108, 1224 (1971).

8 . S. H ayashi, J .  Koch, and E. C. C. L in , J .  B io l .  Chem. 239, 3098
(1964).
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Growth o f  b a c t e r i a  and p re p a ra t io n  o f  enzymes. E. c o l i  s t r a i n  8 

c u l tu r e s  were in cuba ted  a t  37°C in  a  New Brunswick model G25 c o n t ro l le d  

environment in c u b a to r  sh ak e r  a t  200 r .p .m .  The b a c t e r i a  were grown in  

th e  s y n th e t i c  medium o f  Davis and M ing io li  (9) w ith  g lucose as th e  

carbon sou rce .  C e l ls  were grown o v e rn ig h t  from a small inoculum (0.2 

ml o f  b ro th  c u l tu r e  in  50 ml o f  minimal medium) and d i l u te d  2 0 - fo ld  in to

th e  same medium. Cell growth was de term ined  a t  660 nm in  a K le t t -

Summerson c o lo r im e te r .  When th e  t u r b i d i t y  reached 70 to  80 K le t t  u n i t s ,  

the  c e l l s  were h a rv e s te d  and c e n t r i fu g e d  a t  4°C in  a S o rv a l l  RC-2 

w ith  an SS-34 r o to r  a t  10,000 r .p .m .  f o r  5 m inutes. The c e l l s  were

washed once w ith  i c e - c o ld  0 .1 M Tris-HCl b u f f e r  (pH 8) c o n ta in in g  10 mM

mere a p to e th a n o l . The washed c e l l s  from 800 ml o f  c u l tu r e  were then  s u s ­

pended in  15 ml o f  i c e - c o ld  b u f f e r .  C e l l - f r e e  p re p a ra t io n s  were made 

by so n ic  i r r a d i a t i o n  o f  th e  c e l l  suspension  in  an ic e -b a th  f o r  e ig h t  

t o  te n  30-second b u r s t s  w ith  a Bronson model W140D s o n i f i e r  a t  a 

s e t t i n g  o f  8. The f i n a l  suspension  was cooled to  0°C and th e  i n t a c t  

c e l l s  were removed by c e n t r i f u g a t io n  a t  3000 x £  fo r  10 m inu tes .  The 

r e s u l t i n g  su p e rn a ta n t  was d iv id ed  in to  two equal p o r t i o n s .  One p o r t io n  

o f  t h i s  crude e x t r a c t  was used f o r  a ssay in g  L-serine:CMP 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 .  The o th e r  p o r t io n  o f  crude e x t r a c t  was c e n t r i ­

fuged fo r  60 minutes a t  40,000 x £  in  a Spinco 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 suspended in  co ld  b u f f e r  and r e c e n t r i fu g e d  a t  40,000 x £  

fo r  60 m inu tes ,  and f i n a l l y  resuspended in  10 ml o f  c o ld  b u f f e r .  This 

suspension  co n ta in ed  th e  p a r t i c u l a t e  enzyme L-glycerol-3-phosphate:CM P

9. B. D. Davis and E. S. M in g io l i ,  J .  B a c te r io l .  6 0 , 17 (1950).
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p h o s p h a t id y l t r a n s f e r a s e .  The method o f  Lowry e t  a l .  (10) was used fo r

de te rm in ing  th e  p r o te in  c o n c e n tra t io n  o f  th e  enzyme p r e p a r a t io n s .

Assay f o r  L-glycerol-3-phosphate;CM P 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 . L-Glycerol-3-phosphate:CMP 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
14

was measured by m onito ring  th e  convers ion  o f  C -L -g lycero l-3 -phospha te

in to  ch lo roform  e x t r a c t a b l e  m a te r ia l  as  d e sc r ib e d  by Chang and Kennedy

(4).  The r e a c t io n  m ixture (0 .5  ml) f o r  t h i s  assay  con ta in ed  0 .25  M

Tris-HCl b u f f e r  (pH 8 .5 ) ,  0 .8  mM D L -g lyce ro l-3 -phospha te ,  1 .0  yM 
14C -L -g ly ce ro l-3 -p h o sp h a te  (26 yCi p e r  ym ole), 0 .08 mM CD P-dipalm itin ,

10 mM MgCl^, 5 mM m erc ap to e th an o l, 2 mg p e r  ml T r i to n  X-100, and 100

t o  200 yg o f  p a r t i c u l a t e  enzyme. The r e a c t io n  m ixture has an ab so lu te

requirem ent f o r  CDP-dipalm itin . The r e a c t io n  m ix tures  were incubated

fo r  30 m inutes a t  37°C. At th e  end o f  t h e  in c u b a t io n ,  2 ml o f  methanol

was added, fo llow ed by 4 ml o f  ch lo roform . Each s o lu t io n  was a g i t a t e d

w ith  a v o r te x  mixer and washed tw ice w ith  3 ml o f  2 M MgC^- A f te r

s e p a ra t io n  o f  th e  p h ases ,  th e  upper aqueous phase was c a r e f u l l y  drawn o f f

with a c a p i l l a r y  p i p e t t e  and the  lower ch loroform  phase washed tw ice

more w ith  3 ml o f  d i s t i l l e d  w a te r .  The ch loroform  e x t r a c t  was then

p laced  in  a s c i n t i l l a t o r  v i a l  and d r ie d  by o v e rn ig h t  ev a p o ra t io n  o r  by

h e a t in g  a t  te m p era tu re s  below 50°C. The co n ten ts  were d is s o lv e d  in

to lu e n e  s c i n t i l l a t o r  f l u i d  and counted in  th e  s c i n t i l l a t i o n  c o u n te r .

14The in c o rp o ra t io n  o f  C -L -g lycero l-3 -phospha te  in to  l i p i d  e x t r a c t a b l e  

m a te r i a l ,  under th e se  c o n d i t io n s ,  was observed  to  be l i n e a r  w ith  time 

up to  50 m inutes . Less th an  10 percen t  o f  th e  i n i t i a l  c o n c e n tra t io n

10. 0. H. Lowry, N. J .  Rosebrough, A. L. F a r r ,  and R. J .  R andall,
J .  B io l .  Chem. 193, 265 (1951).
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o f  C -L -g lyce ro l-3 -phospha te  was converted  in to  ch lo roform  e x t r a c ta b l e  

m a te r ia l  du ring  t h i s  t im e. One u n i t  o f  enzyme a c t i v i t y  i s  t h a t  amount 

which c a ta ly z e s  th e  convers ion  o f  1 ymole o f  L -g ly ce ro l-3 -p h o sp h a te  t o  

l i p i d  p e r  minute under th e se  c o n d i t io n s  (4 ) .

D eterm ination  o f  th e  e f f e c t  o f  phosphonic acid  i s o s t e r e s  and PEA 

on L-glycerol-3-phosphate:CM P 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 . PEA a t  

f i n a l  c o n c e n tra t io n s  between 0 .0  and 0 .3  p e rce n t  was added to  r e a c t io n  

m ix tures  c o n ta in in g  40 mymoles o f  CD P-dipalm itin , 125 ymoles Tris-HCl 

(pH 8 .5 ) ,  5 ymoles MgC^, 2 .5  ymoles m e rc ap to e th an o l , 0 .4  ymoles DL- 

g ly c e ro l-3 -p h o s p h a te ,  0.013 yCi 1^ C -L -g ly ce ro l-3 -p h o sp h a te  (26 yCi p e r  

ymole), and 1 mg T r i to n  X-100. When th e  e f f e c t  o f  e i t h e r  DL-3,4- 

d ihyd rox y b u ty l- l-p h o sp h o n a te  o r  D L -2 ,3 -d ihydroxypropy l- l-phosphonate  

on L-glycerol-3-phosphate :CM P 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 

s tu d ie d ,  th e  f i n a l  c o n c e n tra t io n s  o f  th e  d i l i th i u m  s a l t s  o f  th e se  

phosphonic ac id  analogues added to  th e  above r e a c t io n  m ix tu res  v a r ie d  

between 0 and 10 mM. Another s e t  o f  i d e n t i c a l  r e a c t io n  m ix tu res  was 

supplemented w ith  LiCl a t  f i n a l  c o n c e n tra t io n s  between 0 and 20 mM.

These c o n c e n tra t io n s  o f  l i th iu m  do no t appea r t o  a f f e c t  th e  enzyme's 

a c t i v i t y .  One hundred micrograms o f  p a r t i c u l a t e  enzyme were added, 

r e s u l t i n g  in  a f i n a l  volume o f  0 .5  ml f o r  each m ix tu re .  The r e a c t io n  

m ix tures  were incu b a ted  a t  37°C f o r  30 m inu tes ,  d u r in g  which time 

d u p l ic a te  samples were removed a t  0 , 15, and 30 m inu tes .  In co rp o ra t io n  

o f  ^ C -L -g ly c e ro l -3 -p h o s p h a te  in to  l i p i d  e x t r a c t a b l e  m a te r ia l  was 

measured by th e  procedure  d e sc r ib e d  f o r  th e  assay  o f  L - g ly c e r o l -3- 

phosphat e : CMP phosphat i d y l t r a n s f e r a s e .

D eterm ination  o f  th e  1^ f o r  C D P-d ipalm itin . R eaction  m ixtures 

were p rep a red  in  d u p l i c a te  c o n ta in in g  4 .0  to  40 mymoles o f  CD P-dipalm itin ,
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125 pinoles Tris-HCl (pH 8 .5 ) ,  5 pmoles MgC^, 2 .5  pinoles m ercap to e th an o l,
. 140 .4  pinoles D L -g lyce ro l-3 -phospha te ,  0.013 pCi C -L -g lycero l-3 -phospha te  

(26 pCi p e r  pinole), and 1 mg T r i to n  X-100. These m ix tu res  were s to re d  

in  th e  co ld  room u n t i l  ready  f o r  in c u b a t io n .  One hundred f i f t y  m icro ­

grams o f  p a r t i c u l a t e  enzyme were added t o  each o f  th e  r e a c t io n  m ix tu res .  

The t o t a l  volume in  each m ixture  was 0 .5  ml. The m ix tu res  were incubated  

a t 37°C f o r  30 m inutes. The r e a c t io n  was then  s to p p ed ,  and th e  ^ C -L -  

g ly c e ro l  - 3 -phosphate converted  in to  ch loroform  e x t r a c t a b l e  m a te r ia l  was 

measured by th e  procedure d e s c r ib e d  in  t h e  a ssay  f o r  L -g ly c e ro l -3- 

phosphate:CMP 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 .  A Lineweaver and Burk 

p lo t  (11) was drawn (F ig . 1) o f  1/55 v e rsu s  1 /v ,  where £  i s  moles p e r  

l i t e r  o f  D L -g lycero l-3 -phospha te  and v_. th e  i n i t i a l  v e l o c i ty ,  i s  the  

number o f  coun ts  p e r  minute in c o rp o ra te d  in  30 m inutes.

D eterm ination o f  th e  1^ f o r  L -g ly ce ro l-3 -p h o sp h a te  and fo r

th e  phosphonic a c id  i s o s t e r e s  o f  g ly c e r o l -3 -p h o sp h a te . Two s e t s  o f

r e a c t io n  m ix tu re s ,  s to r e d  in  e i t h e r  th e  co ld  room or  an ic e - b a th ,  were

p rep ared  in  d u p l i c a te .  One s e t  o f  tu b es  co n ta in ed  0.04 to  0 .4  pmoles
14

o f  D L -g lyce ro l-3 -phospha te ,  1 .3  t o  13 mpCi C -L -g lycero l-3 -phospha te  

(26 pCi p e r  pmole), 40 mpmoles C D P-dipalm itin , 125 pmoles Tris-HCl 

(pH 8 . 5 ) ,  5 pmoles MgCl^, 2 .5  pmoles m ercap toe thano l,  and 1 mg T r i to n  

X-100. The o th e r  s e t  o f  tu b es  co n ta in ed  th e  same c o n s t i tu e n t s  in  a d d i­

t i o n  to  2 .5  pmoles o f  e i t h e r  D L -3 ,4 -d ihydroxybu ty l- l-phosphona te  o r  DL-

2 ,3 -d ih y d ro x y p ro p y l- l-p h o sp h o n a te .  One hundred f i f t y  micrograms o f  p a r ­

t i c u l a t e  enzyme were added to  each m ix ture  t o  b r in g  th e  f i n a l  volume to  

0 .5  ml. The r e a c t io n  m ix tures  were in c u b a ted  a t  37°C f o r  30 minutes.

11. H. Lineweaver and D. Burk, J .  Amer. Chem. Soc. 56, 658 (1934).
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The re a c t io n  was s topped ,  and th e  conversion  o f  ^ ^C -L -g lyce ro l-3 -  

phosphate in to  l i p i d  e x t r a c t a b l e  m a te r ia l  was measured by the  p rocedure  

d esc r ib e d  f o r  a s say in g  L -g ly c e ro l - 3 -phosphate:CMP p h o s p h a t i d y l t r a n s f e r ­

ase  a c t i v i t y .  The and va lues  were c a l c u la te d  based  upon th e  

c o n c e n tra t io n  o f  the  L-form o f  th e s e  i s o s t e r i c  compounds.

The tw o -s te p  t h i n - l a y e r  chromatography system , d e sc r ib e d  in  Chapter 

2 , was used to  re so lv e  th e  ch loroform  e x t r a c t a b l e  p ro d u c ts  o f  th e  L- 

glycerol-3-phosphate:CM P p h o s p h a t id y l t r a n s f e r a s e  a ssay .  Two s p o ts  were 

found t h a t  con ta in ed  over  90 percen t  o f  th e  t o t a l  r a d i o a c t i v i t y .  One 

spo t (55 p e rc e n t  o f  th e  counts) cochromatographed w ith  th e  p h o sp h a t id y l-  

g ly c e ro l  s ta n d a rd  which had an R_ v a lue  o f  0 .3 5 .  The o th e r  sp o t  (37—T
p erce n t  o f  th e  coun ts)  s t r e a k e d  somewhat w ith an approximate value

" T

o f  0 .1 8 .  Since th e  p o s i t i o n  o f  t h i s  spo t i s  in d i c a t i v e  o f  th e  ty p e  o f

m ig ra tion  a very  p o la r  component would have in  th e  s o lv e n t  system

used , i t  was assumed to  be p h o sp h a tid y lg ly c e ro lp h o sp h a te .

Assay f o r  L-serine:CMP 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 . L - s e r in e :

CMP 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 measured by m o n ito r ing  th e

14conversion  o f  D L -ser ine-3 -  C to  a l i p i d  as d e sc r ib e d  by Kanfer and 

Kennedy (3) .  The r e a c t io n  m ix ture  (0 .3  ml) f o r  th e  assay  o f  t h i s  enzyme 

con ta ined  0.04 M Tris-HCl b u f f e r  (pH 8 . 0 ) ,  0 .1  M Na2S0^, 10 mM mercap­

to e th a n o l ,  2 mM EDTA, 0 .08  mM C D P-dipalm itin , 2 mg p e r  ml T r i to n  X-100,

2 mM D L-serine-3-^^C (0 .2  yCi p e r  nm ole), and 200 to  300 \ig o f  crude 

e x t r a c t .  The system  was in cuba ted  a t  37°C fo r  60 m inutes .  The p ro ­

cedure f o r  measuring th e  in c o rp o ra t io n  o f  la b e le d  s e r in e  in to  l i p i d  

was as p re v io u s ly  d e sc r ib e d  f o r  th e  assay  o f  L-glycerol-3-phosphate:CM P 

p h o s p h a t id y l t r a n s f e r a s e .  Under th e  c o n d i t io n s  o f  th e  a s say ,  in c o rp o ra ­

t i o n  o f  D L-serine-3-^^C in to  ch loroform  e x t r a c t a b l e  m a te r ia l  was
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e n t i r e l y  dependent upon added CDP-dipalm itin  and re q u ire d  th e  a d d i t io n

o f  Na2S0^ (Table 1 ) .  There was e s s e n t i a l l y  l i t t l e  o r  no a c t i v i t y  when

the  s u r fa c e  a c t iv e  ag en t ,  o c tan o l o r  T r i to n  X-100, was o m itted  from th e

14r e a c t io n  m ixture (Table 1 ) .  The convers ion  o f  D L -se n n e -3 -  C in to

ch loroform  e x t r a c t a b l e  m a te r ia l  was observed  t o  be l i n e a r  w ith  time fo r

90 m inu tes .  At 60 m inu tes ,  l e s s  than  10 p e rce n t  o f  the  i n i t i a l  D L -serine- 

143- C c o n c e n tra t io n  had been converted  in to  l i p i d .

D eterm ination  o f  th e  e f f e c t  o f  phosphonic acid  i s o s t e r e s  and 

PEA on L-serine:CMP 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 . 3 , 4 -Dihydroxy- 

b u ty l - l -p h o s p h o n a te  (0 .8  pm oles), 2 ,3 -d ih y d roxyp ropy l- l-phosphona te  

(0 .8  pinoles) . o r  PEA (5 .5  pmoles) were added t o  r e a c t io n  m ix tures  p r e ­

pared  in  d u p l i c a te  c o n ta in in g  0 .7  pmolds o f  D L -s e r in e -3 -^ C  (0 .2  pCi 

p e r  pmole), 33 pmoles Na2S0^, 3 pmoles m ercap toe thano l,  40 pmoles CDP- 

d ip a lm i t in ,  13 pmoles Tris-HCl (pH 8 . 0 ) ,  0 .7  pmoles EDTA, and 0 .5  mg 

T r i to n  X-100. Two hundred micrograms o f  crude e x t r a c t  were added t o  th e  

r e a c t io n  m ix tures  t o  b r in g  th e  f i n a l  volume to  0 .3  ml. The m ix tu res  

were in cuba ted  fo r  60 m inutes a t  37°C. The convers ion  o f  D L-serine- 

3-*^C to  l i p i d  e x t r a c ta b l e  m a te r ia l  was measured by the  p rocedure  de ­

s c r ib e d  f o r  th e  assay  o f  L -g ly c e ro l -3 -p h o s p h a te :CMP p h o s p h a t id y l t r a n s f e r ­

a se .

D eterm ination  o f  t h e  f o r  L - s e r i n e . R eaction  m ix tu re s ,  s to re d

in  an i c e - b a th ,  were p rep a red  in  d u p l i c a te  c o n ta in in g  0 .2  to  0 .7  pmoles 

14o f  D L -ser ine-3 -  C (0 .2  pCi p e r  pm ole), 33 pmoles Na2S0^, 3 pmoles mer­

c a p to e th a n o l ,  40 pmoles CD P-dipalm itin , 13 pmoles Tris-HCl (pH 8 .0 ) ,

0 .7  pmoles EDTA, and 0.5 mg T r i to n  X-100. Two hundred micrograms o f
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crude enzyme e x t r a c t  were added, making th e  f i n a l  volume o f  each r e a c t io n  

m ixture  0 .3  ml. The m ixtures were in c u b a ted  f o r  60 m inutes a t  37°C.

The r e a c t io n  was s topped and assayed  f o r  th e  convers ion  o f  D L-serine- 

3-*^C to  l i p i d  e x t r a c ta b l e  m a te r ia l  as d e s c r ib e d  f o r  th e  assay o f  

L-glycerol-3-phosphate:CM P p h o s p h a t id y l t r a n s f e r a s e .  S ince  Kanfer and 

Kennedy (4) were unable to  o b ta in  c l a s s i c a l  Michael is-Menton k in e t i c s  

when th e y  v a r ie d  th e  CDP-dipalmitin c o n c e n t ra t io n  (a t  c o n s ta n t  L -se r in e  

c o n c e n t r a t i o n ) ,  no a t tem p ts  were made t o  a s c e r t a in  th e  fo r  t h i s  

compound.

When th e  p roduc ts  o f  th e  L-serine:CMP 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 io n  were f r a c t io n a te d  by th e  tw o -s tep  t h i n - l a y e r  chromatography 

procedure  d e sc r ib e d  in  Chapter 2 ,  i t  was found t h a t  over  88 p e rc e n t  o f  

th e  l a b e l  was recovered  in  th e  p h o spha tidy le thano lam ine  f r a c t io n .  This 

r e s u l t  i s  no t  s u r p r i s in g  in  view o f  th e  f a c t  t h a t  th e  crude e x t r a c t s  

used in  t h i s  assay  con ta ined  not on ly  L-serine:CMP p h o s p h a t id y l t r a n s ­

f e r a s e  bu t a l so  p h o s p h a t id y ls e r in e  d eca rb o x y lase .  Approximately 5 p e r ­

cen t o f  th e  l a b e l  was recovered  in  th e  p h o s p h a t id y ls e r in e  f r a c t io n .  The 

i d e n t i f i c a t i o n  o f  th e se  phospho lip ids  was e s t a b l i s h e d  by cochromatog­

raphy w ith  known s tan d a rd s  and by th e  p o s i t i v e  r e a c t io n  th e se  spo ts  

gave when sprayed w ith  n in h y d r in .
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R esu lts

P a r t i c u l a t e  f r a c t io n s  o b ta in e d  from s o n ic a l l y  d is ru p te d  c o l i  

in c o rp o ra te  *^C -L -g lyce ro l-3 -phospha te  in to  l i p i d .  Under th e  c o n d i t io n s  

o f  th e  assay ,  in c o rp o ra t io n  o f  r a d i o a c t i v i t y  i n t o  chloroform  e x t r a c ta b l e  

m a te r ia l  was e n t i r e l y  dependent upon CD P-dipalm itin and T r i to n  X-100.

When th e  c o n c e n tra t io n  o f  D L -g lycero l-3 -phospha te  was f ix ed  a t  a non­

s a tu r a t i n g  c o n c e n tra t io n  and th e  c o n c e n tra t io n  o f  CD P-dipalm itin was

-4v a r ie d ,  the  apparen t f o r  CD P-dipalm itin was 2 .5  x 10 M (Fig . 1 ).

These r e s u l t s  a re  in  agreement With th o se  r e p o r te d  by Chang and Kennedy 

( 4 ) .

Since p re l im in a ry  s tu d ie s  in  o u r  la b o ra to ry  w ith  th e  phosphonate 

analogues o f  g ly c e ro l-3 -p h o sp h a te  seem t o  in d i c a te  t h a t  l i p i d  s y n th e s is  

i n vivo i s  more s e n s i t i v e  to  i n h i b i t i o n  than  DNA, RNA, and p r o te in  syn­

t h e s i s ,  th e  e f f e c t  o f  th e se  analogues on glycerol-3-phosphate:CM P p hos­

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 de term ined . Enzyme a c t i v i t y  was meas­

u re d ,  in  the  p resence  and absence o f  th e  phosphonic ac id  i s o s t e r e s , by 

m onito ring  th e  uptake o f  *^C -L -g lyce ro l-3 -phospha te  in t o  l i p i d  e x t r a c t -  

ab le  m a te r ia l .  The r e s u l t s  o f  th e se  experim ents  show t h a t  th e  fo u r -  

carbon phosphonate, 3 ,4 -d ihyd roxybu ty l-1 -phosphona te ,  was more e f f e c t i v e  

than  the  th re e -c a rb o n  phosphonate ana logue , 2 ,3 -d ih y d ro x y p ro p y l- l -  

phosphonate, in  reduc ing  th e  a c t i v i t y  o f  t h i s  enzyme (F ig s .  2a and 2b). 

When th e  enzyme a c t i v i t y  was measured as a fu n c t io n  o f  L -g ly c e ro l -3 -  

phosphate c o n c e n tra t io n  a lone  and in  t h e  p resence  o f  3 ,4 -d ih y d ro x y b u ty l-  

1 -phosphonate (5 .0  mM), th e  fo u r-ca rb o n  phosphonate a c ted  as a com petit ive  

i n h i b i t o r  toward g ly c e ro l-3 -p h o s p h a te  (F ig . 3 a ) .  The K fo r  L -g ly c e ro l-
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3-phosphate o b ta in ed  from th e s e  s tu d ie s  was 2 .5  x 10 '^  M and th e  fo r  

b -3 ,4 -d ihyd ro x y b u ty l-1 -p h o sp h o n a te  was 6 .8  x 10"^. The same experim ents 

c a r r i e d  out w ith  th e  th re e -c a rb o n  phosphonate analogue (5 .0  mM) in d ic a te  

th a t  t h i s  compound does no t ac t  as e f f e c t i v e l y  as a com petit ive  i n h i b i t o r  

tow ard g ly c e ro l-3 -p h o sp h a te  (F ig . 3b).  The 1(. f o r  2 ,3 -d ihy d ro x y p ro p y l-
_3 —

1-phosphonate was 2 .7  x 10 M. Since th e  CDP-dipalmitin was no t  p re se n t

in  a s a tu r a t i n g  c o n c e n t r a t io n ,  the  and a re  th e  apparen t values

under th e  c o n d i t io n s  re p o r te d .  The K value o b ta in e d  f o r  L -g ly c e ro l -3-
—m

phosphate agreed w ith  t h a t  r e p o r te d  by Chang and Kennedy (4 ) .

The e f f e c t  o f  PEA on th e  enzymatic a c t i v i t y  o f  L -g ly c e ro l-3 -p h o s -  

phate:CMP p h o s p h a t id y l t r a n s f e r a s e  was a lso  determ ined . Although PEA 

i n h i b i t s  th e  s y n th e s is  o f  p h o sp h a t id y lg ly c e ro l  and p h o s p h a t id y le th a n o l- 

amine in  vivo (1 2 ) ,  t h i s  compound e l i c i t e d  no e f f e c t  on th e  in  v i t r o  

uptake o f  la b e le d  g ly c e ro l-3 -p h o sp h a te  i n t o  ch loroform  e x t r a c t a b l e  ma­

t e r i a l  (F ig . 4 ) .

The e f f e c t  o f  th e  phosphonic ac id  analogues and PEA on L -s e r in e :

CMP 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 s tu d ie d  by measuring th e  in c o r ­

p o ra t io n  o f  D L -s e r in e -3 -^ C  in to  l i p i d  e x t r a c t a b l e  m a te r ia l  from r e a c t io n  

m ix tures  c o n ta in in g  th e s e  compounds. The r e s u l t s  o f  th e se  s t u d i e s ,  as 

in d ic a te d  in  Table 2 ,  show t h a t  n e i t h e r  the  phosphonic ac id  analogues 

n o r  PEA had any a p p re c ia b le  e f f e c t  on the  in c o rp o ra t io n  o f  la b e le d  

s e r in e  in to  th e  l i p i d  e x t r a c t a b l e  f r a c t i o n .  When th e  e f f e c t  o f  va r ious  

c o n c e n tra t io n s  o f  PEA on L-serine:CMP 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 s tu d ie d  in  th e  absence o f  T r i to n  X-100, i t  was observed t h a t  PEA a t  

f i n a l  c o n c e n tra t io n s  between 0 .3  and 1 .0  p e rc e n t  had a l i n e a r  s t im u la to ry

12. W. D. Nunn and B. E. Tropp, J .  B a c t e r i o l . 109, 162 (1972).
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e f f e c t  on t h i s  enzyme's a c t i v i t y .  This s t im u la to ry  e f f e c t  i s  a t t r i b u t e d  

t o  th e  enzyme's requ irem ent f o r  an added s u r fa c e  a c t iv e  agent (3 ) .

When th e  c o n c e n tra t io n  o f  DL-serine in  th e  r e a c t io n  m ixture  was 

v a r ie d  w hile  the- CDP-dipalm itin  was h e ld  c o n s ta n t  a t  a n o n s a tu ra t in g

-4c o n c e n t r a t io n ,  th e  apparen t fo r  L - s e r in e  was found to  be 7 .0  x 10 M 

(F ig . 5 ) .  This value  compared fav o rab ly  w ith  t h a t  o b ta in ed  by Kanfer 

and Kennedy (3 ) .
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D iscussion

The prim ary o b se rv a t io n  d e s c r ib e d  in  t h i s  c h a p te r  i s  t h a t  3 ,4 -  

d ihydroxybuty l-1 -phosphonate  i n h i b i t s  th e  in  v i t r o  a c t i v i t y  o f  g ly c e r o l - 

3-phosphate:CMP p h o s p h a t id y l t r a n s f e r a s e .  The i n h i b i t i o n  i s  com petit ive  

w ith  g ly c e ro l-3 -p h o sp h a te .  The i n h i b i t i o n  o f  t h i s  enzyme's a c t i v i t y  

by th e  fo u r-ca rbon  phosphonate analogue might be s u f f i c i e n t  and s p e c i f i c  

enough to  account f o r  th e  b a c t e r i o s t a t i c  a c t io n  e x e r te d  by t h i s  compound

(1 ) .  I t  i s  hoped t h a t  th e  i s o l a t i o n  o f  E_. c o l i  m utants r e s i s t a n t  to  

t h i s  phosphonic a c id  analogue w i l l  c l a r i f y  w hether t h i s  i s  th e  case  or 

n o t .  These problems a re  p r e s e n t l y  be ing  in v e s t ig a t e d  in  t h i s  l a b o ra to ry .

S ince PEA was observed no t  t o  a f f e c t  e i t h e r  o f  th e  enzymes s tu d ie d ,  

i t  i s  apparen t t h a t  t h i s  compound does n o t  e x e r t  i t s  prim ary e f f e c t  on 

th e  enzym e-substra te  r e a c t io n s  o f  th e s e  p h o sp h o lip id  b io s y n th e t ic  enzymes. 

T h is ,  o f  c o u rse ,  does no t exclude th e  p o s s i b i l i t y  th a t  PEA a f f e c t s  

th e se  enzymes by a l t e r i n g  th e  membrane environment needed fo r  optim al 

a c t i v i t y .
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TABLE 1

D L -ser ine-3 -^^c
(CPM)System

R e la t iv e  
in c o rp o ra t io n  (%)

Complete

Octanol (20 ^il) o r
T r i to n  X-100 o m itted

CD P-dipalm itin o m itted

Na SO om itted  
2 4

8887

1340

132

286

100

15

1.4

3.2
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TABLE 2

Treatment DL-serine-3-^^C
(CPM)

R e la t iv e  
in c o rp o ra t io n  (%)

U ntrea ted 9,824 100

2 ,3 -D ihydroxypropyl- 
1 -phosphonate (2 .5  mM) 9,709 99

3 , 4 - Dihydroxybuty1- 
1-phosphonate (2 .5  mM) 10,836 110

Phenethyl a lcoho l 
(0.20%) 9,125 93

Table 2 .  The enzymatic in c u b a t io n s  were c a r r i e d  out a t  37°C f o r  60 

minutes under th e  co n d i t io n s  d e sc r ib e d  in  th e  experim enta l s e c t io n  

o f  t h i s  c h a p te r .  The in c u b a t io n  m ix tures  (0 .3  ml) con ta in ed  200 

yg o f  crude enzyme e x t r a c t .
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Figure  1

Lineweaver-Burk p lo t  o f  th e  d a ta  ob ta ined  to  determ ine th e  f o r  
C D P-dipalm itin . The assay  was performed as desc r ibed  in  M a te r ia ls  
and Methods.
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Figure 2

E f fe c t  o f  th e  d i l i th iu m  s a l t s  3 ,4 -d ihydroxybu ty l-1 -phosphona te  and 2 , 3 -d ihyd roxypropy l- l-phosphona te  on 
L-glycerol-3-phosphate:CM P 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 .  Hie assays  were performed w ith  the  DL-3,4- 
d ihydroxybuty l-1 -phosphonate  o r  DL-2, 3 -d ihyd roxypropy l- l-phosphona te  c o n c e n tra t io n s  in d ic a te d .  In c o r­
p o ra t io n  o f  ^ C -L -g ly c e ro l -3 -p h o s p h a te  by th e  r e a c t io n  m ix tu res  a t  37°C was determ ined as d e sc r ib e d  in  
M a te r ia ls  and Methods. , u n t r e a te d ;  , 2 .5  mM; -<>- , 10 mM. (a) D L -3 ,4 -d ih y d ro x y b u ty l- l -
phosphonate. (b) D L -2 ,3 -d ihydroxypropyl- l-phosphonate .
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Figure  3

Double r e c ip r o c a l  p l o t  f o r  the  convers ion  o f  ^ C -L -g ly c e ro l -3 -p h o sp h a te  in to  l i p i d  e x t r a c ta b l e  m a te r ia l  
by L -g ly c e ro l -3 -phosphate:CMP p h o s p h a t id y l t r a n s f e r a s e  in  th e  p resence  and absence o f  DL-3,4-dihydroxy- 
bu ty l-1 -phosphona te  (5 .0  mM) o r  2 , 3 -d ihydroxypropyl-1-phosphonate  (5 .0  mM). The assays  were performed as 
d e sc r ib e d  in  M a te r ia ls  and Methods.
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Figure 4

The e f f e c t  o f  PEA on L-glycerol-3-phosphate:CM P 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 .  PEA was added a t  th e  f i n a l  c o n c e n tra t io n  in d i c a te d .  The 
assay  was performed as d e s c r ib e d  in  M a te r ia ls  and Methods. # ,  un­
t r e a t e d ;  O , 0.15%; A ,  0.30%.
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Figure  5

Lineweaver-Burk p l o t  o f  th e  d a t a  o b ta in e d  t o  determ ine th e  fo r  
L - s e r in e .  The assay  was performed as d e s c r ib e d  in  M a te r ia ls —and 
Methods.
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CHAPTER 4 

SUMMARY

The e f f e c t  o f  PEA on p h o sp h o lip id  s y n th e s is  in  E_. c o l i  was in v e s ­

t i g a t e d  w ith  p a r t i c u l a r  emphasis on r e l a t i n g  th e  r e s u l t s  o f  th e s e  s tu d ie s  

to  the  d iv e rs e  b iochem ical e f f e c t s  t h i s  compound e x e r t s  on o th e r  c e l l u l a r  

p ro c e s se s .  The work o f  L e s te r  (1) w ith  N_. c ra s s a  and S i lv e r  and Wendt

(2) w ith  E_. c o l i  showing t h a t  PEA a l t e r s  c e l l u l a r  p e rm e a b i l i ty  c h a ra c ­

t e r i s t i c s  le d  to  the p roposa l t h a t  the  p rim ary  a c t io n  o f  PEA i s  a t  the 

l e v e l  o f  th e  c e l l  membrane w ith  r e s u l t a n t  breakdown o f  th e  p e rm e a b i l i ty  

b a r r i e r s .  Furtherm ore , th e se  workers sugges ted  t h a t  th e  i n h i b i t i o n  o f  

DNA s y n th e s i s  and o th e r  c e l l u l a r  p ro c e s s e s  was a secondary  consequence 

o f  th e  a l t e r a t i o n  in  membrane s t r u c t u r e  (2 ) .  Our s t u d i e s ,  in v o lv in g  

th e  in c o rp o ra t io n  o f  l a b e le d  p re c u r s o r s  i n t o  DNA, RNA, p r o t e i n ,  and 

p h o sp h o lip id s  o f  E_. c o l i , i n d i c a t e  t h a t  PEA p r e f e r e n t i a l l y  i n h i b i t s  th e  

s y n th e s is  o f  p h o sp h o lip id s  (3 ) .  To exclude th e  p o s s i b i l i t y  t h a t  t h i s  

e f f e c t  o f  PEA on l i p i d  s y n th e s is  was due to  th e  i n h i b i t i o n  o f  DNA or  

p r o te in  s y n th e s i s ,  th e  uptake o f  la b e le d  a c e ta t e  i n t o  th e  p h o sp h o lip id  

f r a c t io n  o f  E. c o l i  W3110 was s tu d ie d  in  th e  p resen ce  o f  n a l i d i x i c  ac id  

and ch loram phenico l,  as w ell as in  t h e  absence o f  thym ine. The r e s u l t s  

o f  th e s e  s tu d ie s  in d ic a te d  t h a t  none o f  th e  above t r e a tm e n ts  i n h i b i t e d  

l i p i d  s y n th e s is  as e f f e c t i v e l y  as  PEA d id .  In a d d i t i o n ,  p re l im in a ry

1. G. L e s te r ,  J .  B a c t e r i o l . 9 0 , 29 (1965).

2 .  S. S i lv e r  and L. Wendt, J .  B a c t e r i o l . 9 3 , 560 (1967).

3. These s tu d ie s  were r e p o r te d  in  Chapter 2.
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s tu d ie s  in v o lv in g  the  e f f e c t  o f  r ifam ycin  on th e  up take  o f  l a b e le d  

a c e ta t e  showed t h a t  r i fam y c in ,  a t  c o n c e n tra t io n s  th a t  i n h i b i t  RNA syn­

th e s i s  by 50 p e r c e n t ,  had no e f f e c t  on l i p i d  s y n th e s i s .  F u r th e r  s tu d ie s  

on th e  n a tu re  o f  th e  p h o sp h o lip id s  sy n th e s iz e d  in  th e  p resence  o f  PEA 

re v e a le d  th a t  t h i s  compound markedly reduced th e  in c o rp o ra t io n  o f  

la b e le d  a c e ta t e  i n t o  phospha tidy le thano lam ine  and p h o sp h a t id y lg ly c e ro l  

w hile  a p p a re n t ly  e l i c i t i n g  no e f f e c t  on th e  uptake o f  la b e le d  a c e t a t e  

in to  c a r d i o l i p i n .  These changes in th e  l a b e l in g  o f  membrane phospho­

l i p i d s  were n o t  observed  when th e  b a c t e r i a  were dep rived  o f  thymine 

o r  a r e q u ire d  amino ac id  o r  when chloram phenicol or n a l i d i x i c  a c id  was 

p re s e n t  in  th e  c u l tu r e  medium. These r e s u l t s  a re  th e r e f o r e  in  l i n e  with 

S i lv e r  and Wendt's p roposa l t h a t  th e  prim ary  s i t e  o f  a c t io n  o f  PEA i s  

th e  c e l l  membrane. However, a t  t h i s  t im e ,  i t  i s  no t known w hether th e  

i n h i b i t i o n  o f  p h o sp h o lip id  s y n th e s is  by PEA i s  the  cause o r  e f f e c t  o f  

changes in  c e l l u l a r  p e rm e a b i l i ty .  I t  i s  hoped t h a t  s tu d ie s  in v o lv in g  

th e  e f f e c t  o f  PEA on l i p i d  s y n th e s is  in  th e  PEA r e s i s t a n t  m utants  o f  

IE. c o l i  such as th o se  i s o l a t e d  by Yura and Wada (4) w i l l  r e s u l t  in  th e  

c l a r i f i c a t i o n  o f  t h i s  problem.

Several workers (5 ,  6) have shown t h a t  PEA i n h i b i t s  th e  i n i t i a t i o n  

o f  a new cycle  o f  DNA r e p l i c a t i o n .  S tu d ie s  in  our l a b o ra to r y ,  invo lv ing  

th e  e f f e c t  o f  PEA on DNA s y n th e s i s ,  a re  in  agreement w ith  th e  r e s u l t s  

o b ta in ed  by Lark and Lark (6 ) .  On th e  b a s i s  o f  t h e i r  f in d in g s ,  th e se

4. T. Yura and C. Wada, G enetics  5 9 , 177 (1968).

5 .  R. W. T reick  and W. A. Konetzka, J .  B a c t e r io l . 88, 1580 (1964).

6 . K. G. Lark and C. Lark, J .  Mol. B io l .  20, 9 (1966).
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workers proposed  t h a t  two p r o te in s  were re q u i re d  f o r  the  i n i t i a t i o n  o f  

DNA s y n th e s is  (6 ) .  They sugges ted  t h a t  the  s y n th e s is  o f  one o f  th e s e  

p ro te in s  was s e n s i t i v e  t o  PEA and i n s e n s i t i v e  t o  ch loram phenico l.  The 

o th e r  p r o te in  was p o s tu la te d  t o  be s e n s i t i v e  t o  chloram phenicol bu t 

i n s e n s i t i v e  t o  PEA. Our s t u d i e s ,  in v o lv in g  t re a tm e n t  o f  E_. c o l i  c u l tu r e s  

w ith  0.15% PEA, in d i c a te  t h a t  a l though  p h o sp h o lip id  s y n th e s i s  was 

i n h i b i t e d  by 55 p e r c e n t ,  th e  s y n th e s i s  o f  p r o te in s  was n o t  a f f e c t e d .

On th e  b a s i s  o f  t h i s  d a t a ,  i t  appears  t h a t  th e  PEA s e n s i t i v e  component 

p o s tu la te d  by Lark and Lark (6) may be a p h o sp h o l ip id (s )  and not a 

p r o t e i n .  I f  t h i s  i s  th e  c a s e ,  th e  i n h i b i t i o n  o f  t h i s  p h o s p h o l ip id (s )  

s e n s i t i v e  component might r e s u l t  in  a l t e r i n g  th e  membrane in  such a 

manner t h a t  subsequent i n i t i a t i o n  o f  DNA s y n th e s is  i s  p rev en ted .

S everal l a b o r a t o r i e s ,  in c lu d in g  o u r s ,  have re p o r te d  th e  marked 

i n h i b i t i o n  o f  RNA s y n th e s is  by PEA (3 , 7, 8 ) .  The s tu d ie s  o f  W urster, 

E lsbach , Rand, and Simon (9) w ith  levorphanol i n d i c a t e  t h a t  t h i s  drug 

a f f e c t s  b o th  RNA and l i p i d  s y n th e s is  in  a manner s im i l a r  t o  PEA. These 

au tho rs  sugges ted  t h a t  th e  e f f e c t  o f  levorphanol on l i p i d  s y n th e s is  

might be r e l a t e d  t o  th e  i n h i b i t i o n  o f  t h e  s y n th e s i s  o f  ribosomal RNA by 

t h i s  drug . They based t h e i r  assumption on th e  ev idence  p rov ided  by 

Haywood (10) t h a t  ribosom al RNA i s  s y n th e s iz e d  on th e  E. c o l i  membrane.

7. H. S. Rosenkranz, H. S. C a rr ,  and H. M. Rose, J .  B a c t e r i o l . 89 ,
1354 (1965).

8 . C. P rev o s t  and V. Moses, J .  B a c t e r io l . 91 , 1446 (1966).

9 . N. W urster ,  P. E lsbach ,  J .  Rand, and E. J .  Simon, Biochim. Biophys. 
Acta 248, 252 (1971).

10. A. M. Haywood, P roc . Nat. Acad. S c i .  U.S.A. 68, 435 (1971).
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Although no a t tem p ts  in  t h i s  la b o ra to ry  have been made t o  e s t a b l i s h  

which sp e c ie s  o f  RNA i s  i n h i b i t e d  by PEA, i t  i s  n e v e r t h e le s s  obvious 

th a t  a marked in h i b i t i o n  o f  t o t a l  RNA s y n th e s is  must e v e n tu a l ly  r e s u l t  

in  a d ec re ase  in  ribosomal RNA. I t  i s  reaso n ab le  t o  assume t h a t  i f  r i b o ­

somal RNA t r a n s c r i p t i o n  i s  a membrane m ediated p r o c e s s ,  th e  e f f e c t  o f  

PEA on RNA s y n th e s is  i s  a secondary consequence o f  th e  p e r tu r b a t io n  o f  

th e  c e l l  membrane.

S ince PEA was shown t o  i n h i b i t  t h e  s y n th e s i s  o f  p h o s p h a t id y l - 

e thanolam ine and p h o sp h a tid y l  g ly c e ro l  in  E_. c o l i , th e  e f f e c t s  o f  t h i s  

compound on th e  in  v i t r o  a c t i v i t y  o f  L-serine:CMP p h o s p h a t id y l t r a n s f e r a s e  

and L-glycerol-3-phosphate :CM P p h o s p h a t id y l t r a n s f e r a s e  were in v e s t ig a t e d .  

The r e s u l t s  o f  th e s e  s tu d ie s  showed t h a t  PEA e x e r te d  no e f f e c t  on e i t h e r  

o f  th e se  enzymes. Thus, i t  i s  appa ren t  t h a t  t h i s  compound does no t  

e x e r t  i t s  p rim ary  e f f e c t  on th e  enzy m e-su b stra te  r e a c t io n s  o f  th e s e  

phosp h o lip id  b io s y n th e t i c  enzymes. R ecen tly ,  Cheng (11) perform ed some 

p re l im in a ry  experim ents  in v o lv in g  th e  e f f e c t  o f  PEA on th e  v i t r o  

a c t i v i t y  o f  s n -g ly 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 .  The r e s u l t s  he 

o b ta in ed  seem to  in d i c a te  t h a t  PEA e x e r t s  a profound i n h i b i t o r y  e f f e c t  

on t h i s  enzyme's a c t i v i t y .  However, e v a lu a t io n  o f  t h i s  i n h i b i t i o n  must 

await more e x te n s iv e  s t u d i e s .

The e f f e c t s  o f  th e  phosphonic a c id  i s o s t e r e s  o f  g ly c e r o l - 3 -  

phosphate ,  3 ,4 -d ih y d ro x y b u ty l- l -p h o sp h o n a te  and 2 ,3 -d ih y d ro x y p ro p y l - l -  

phosphonate on th e  a c t i v i t y  o f  th e  above p h o sp h o lip id  b io s y n th e t i c  

enzymes were a l s o  s tu d ie d .  The reasons  fo r  i n v e s t i g a t i n g  t h e  e f f e c t s

11. P. J .  Cheng, unpub lished  d a ta .
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o f  th e  phosphonic  a c id  i s o s t e r e s  on th e  in^ v i t r o  a c t i v i t y  o f  th e se  

enzymes were tw ofo ld :  ( i )  th e  fou r-ca rb o n  phosphonate was found t o

i n h i b i t  th e  growth o f  c o l i  (12 ) ,  and ( i i )  t r a c e r  s tu d ie s  o f  th e  in c o r ­

p o r a t i o n  o f  la b e le d  p re c u r s o r s  o f  DNA, RNA, p r o t e i n ,  and l i p i d s  in to  

E  ̂ c o l i , in  th e  p resence  o f  th e  phosphonic ac id  i s o s t e r e s ,  i n d i c a te  

t h a t  th e  s y n th e s i s  o f  l i p i d s  was a f f e c t e d  p r i o r  t o  th e  s y n th e s i s  o f  the  

macrom olecules (13). The r e s u l t s  o f  th e  in  v i t r o  s tu d ie s  showed 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  was more e f f e c t i v e  th an  2 , 3 -d ihyd roxy - 

p ro p y l-1 -p h o sp h o n a te  in  i n h i b i t i n g  th e  a c t i v i t y  o f  L -g ly c e ro l -3 -  

phosphate:CMP p h o s p h a t id y l t r a n s f e r a s e .  The i n h i b i t i o n  was co m p e ti t iv e  

w ith  g ly c e ro l -3 -p h o s p h a te .  The fo r  L -g ly ce ro l-3 -p h o sp h a te  o b ta in e d  

from th e s e  s tu d i e s  was 2 .5  x 10-4 M and th e  KL f o r  L -3 ,4 -d ih y d ro x y b u ty l-

1 -phosphona te  was 6 .8  x 10”4 M. The K. fo r  L -2 ,3 -d ih y d ro x y p ro p y l- l-
— -3

phosphonate  was e x p e r im e n ta l ly  found to  be 2 .7  x 10 M. The e f f e c t  o f  

th e  phosphon ic  ac id  analogues on L-serine:CMP 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 s tu d ie d  by measuring th e  uptake o f  la b e le d  s e r in e  i n t o  

ch lo ro fo rm  e x t r a c t a b l e  m a te r ia l  from r e a c t io n  m ix tu res  c o n ta in in g  th e se  

compounds. The d a ta  o b ta in ed  from th e s e  s tu d ie s  re v e a le d  t h a t  th e  

phosphonate  analogues e l i c i t e d  no a p p re c ia b le  e f f e c t  on the  in^ v i t r o  

a c t i v i t y  o f  t h i s  enzyme. P re l im in a ry  s tu d ie s  by Cheng (1 1 ) ,  in v o lv in g  

th e  e f f e c t  o f  th e s e  phosphonic a c id  analogues on s n -g ly 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  a c t i v i t y ,  i n d i c a te  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  

bu t n o t  2 , 3 -d ihyd ro x y p ro p y l- l -p h o sp h o n a te  i n h i b i t s  th e  in  v i t r o  a c t i v i t y

12. C. S h o p s is ,  R. Engel, and B. E. Tropp, m anuscrip t su b m it ted  f o r  
p u b l i c a t i o n .

13. C. S h o p s is ,  R. Engel, and B. E. Tropp, unpub lished  d a ta .
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o f  t h i s  enzyme. F u r th e r  s tu d ie s  w il l  have t o  be perform ed b e fo re  any 

conc lu sion  can be drawn from the  l a t t e r  e x p e r im e n ts .  R ecen tly ,  we 

examined th e  e f f e c t s  o f  the phosphonate analogues on th e  up take  o f  

la b e le d  a c e t a t e  i n t o  th e  major phospholipids o f  E_. c o l i . These s tu d ie s  

showed t h a t  th e  u p take  o f  ^ C - a c e t a t e  in to  t h e  p h o sp h a tid y l  g ly c e ro l  

f r a c t i o n  was i n h i b i t e d  by 40-60 p e rc e n t ' in  t h e  p resen ce  o f  3 ,4 -d ihyd roxy - 

b u ty l - l - p h o s p h o n a te .  These r e s u l t s  support t h e  in  ̂ v i t r o  f in d in g s  o f  

reduced L-glycerol-3-phosphate:CM P 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  in  

th e  p re sen ce  o f  th e  four-carbon  phosphonate ana logue .

Although i t  i s  s t i l l  no t c l e a r  what r o l e s  th e  m ajor phospho­

l i p i d s  p la y  in  th e  v a r io u s  biochemical p r o c e s s e s ,  t h e  p re s e n t  s tu d ie s  

o f  th e  e f f e c t s  o f  PEA and the  phosphonic a c i d  i s o s t e r e s  on l i p i d  

s y n th e s is  r e p re s e n t  s t a r t i n g  p o in ts  from which more s o p h i s t i c a t e d  probes 

o f  unbalanced  growth c o n d i t io n s ,  r e s u l t in g  from  th e  p e r tu r b a t io n  o f  

p h o sp h o lip id  m etabolism , can be performed.


