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SENSITIVITY OF FSCHERICHIA CQU TOWARDS CHLORHEXIDINE DIACETATE 
AND POLYMIXIN B ASSOCIATED WITH GROWTH-RATE-MEDIATED CHANGES IN 
ENVELOPE PHOSPHOLIPID AND PROTEIN COMPOSITION 

Naomi E. Wr igh t  and P. G i l b e r t ,  Dept. o f  Pharmacy, U n i v e r s i t y  o f  Manchester, U.K. 

Ch lo rhex id ine  d i a c e t a t e  and po lymyx in  B a r e  c a t i o n i c  s u r f a c e  a c t i v e  agents f o r  
which a c t i o n  i s  mediated th rough  a c i d i c  phospho l i p ids  such as p h o s p h a t i d y l g l y c e r o l  
(PGI and diphosphatidylgly~erol~OPG1 ( E l f e r i n k  & B o o i j  1974, Conrad E G i l l e l a n d  
19811. Th is  d i r e c t l y  i n f l u e n c e s  envelope p e r m e a b i l i t y  and f u n c t i o n .  Res is tance  
towards b o t h  agents has been assoc ia ted  w i t h  changes i n  a c i d i c  p h o s p h o l i p i d  
c o n t e n t  and i n  t h e  case of po lymyx in  w i t h  a 21Kdal o u t e r  membrane p r o t e i n  H I  
(B rox ton  e t  a1 1984, Kenward e t  a 1  1979, Nicas 8 Hancock 1980) .  
We have i n v e s t i g a t e d  t h e  in terdependence o f  g rowth - ra te ,  n u t r i e n t  l i m i t a t i o n  and 
envelope compos i t i on  f o r  E . c o l i  ATCC8739 and assessed t h e  a s s o c i a t e d  l e v e l s  o f  
s e n s i t i v i t y  towards these  agents.  C e l l s  were grown i n  t h e  chemostat a t  a range 
o f  growth r a t e  (!.1=0.05-O.Sh-~ 1 under carbon (C- l im) ,  n i t r o g e n  ( N - l i m l ,  phosphorus 
( P - l i m l  o r  magnesium l i m i t a t i o n  ( M - l i m l .  S e n s i t i v i t y  towards c h l o r h e x i d i n e  was 
assessed by a v i a b l e  c o u n t i n g  method, w h i l s t  t h a t  towards po lymyx in  was determin-  
ed by a f l u o r o m e t r i c  assay which measured t h e  degree o f  p e n e t r a t i o n  t o  t h e  c y t o s o l  
o f  t h e  dye, 2-p-toluidinylnapthalene-6-sulphonate (Newton 1954). A f t e r  p r e l i m i n a -  
r y  exper imentat ion,  f i x e d  c o n c e n t r a t i o n s  o f  c h l o r h e x i d i n e  (O.OlmM1 and polymyxin 
(120 i .u . /ml )  were used th roughou t .  
S i m i l a r  p a t t e r n s  o f  s e n s i t i v i t y  were demonstrated towards b o t h  agents. Resis tance 
inc reased  w i t h  i n c r e a s i n g  g rowth  r a t e  f o r  P - l i m  and M - l i m ,  y e t  decreased f o r  N- 
l i m  and C - l i m .  Gross compos i t i on  of t h e  c e l l  envelopes were determined g r a v i m e t r -  
i c a l l y  f rom f r e e z e  d r i e d  samples. The r e l a t i v e  and t o t a l  amounts o f  t h e  d i f f e r e n t  
phospho l i p ids  were determined upon ch loroform-methanol  e x t r a c t e d  f r a c t i o n s  by 
TLC and densi tometry .  Envelope p r o t e i n  composi t ion was determined by SOS-PAGE 
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( W i l l i a m s  e t  a1  19841. A t  a l l  growth-  r a t e s  s t u d i e d  
P - l i m  and M - l i m  c u l t u r e s  possessed less  a c i d i c  
p h o s p h o l i p i d  p e r  u n i t  c e l l  mass than  C - l i m  and 
N - l i m .  The c o n t e n t  o f  these decreased i n  a l l  cases 
w i t h  i n c r e a s i n g  growth r a t e  and c o u l d  n o t  t he re fo re  
account f o r  t h e  p a t t e r n  o f  s e n s i t i v i t y  observed. 
OPG c o n t e n t  was s i g n i f i c a n t l y  l ower  f o r  M - l i m  and 
P - l i m  w h i l s t  p h o s p h a t i d y l s e r i n e  c o n t e n t  was h i g h e r  
b u t  decreased markedly  w i t h  g rowth  r a t e  under P I - l i m  
and P- l im .  The outer-membrane p r o t e i n  H I  was a l s o  
p resen t ,  b u t  i n  g r e a t e r  amounts a t  h i g h  growth 
r a t e s  f o r  M - l i m  and P- l im,  and low growth r a t e s  f o r  
N - l i m  and C - l i m .  
W h i l s t  i n t e r a c t i o n s  between t h e  a c i d i c  phosphol ip-  
i d s  and these drugs has been c l e a r l y  demonstrated 
i n  v i t r o  and i s  suppor ted by work i n  i n t a c t  c e l l s  
(B rox ton  e t  a 1  1984, Conrad 8 G i l l e l a n d  19811, 
d a t a  generated i n  t h i s  s tudy  o v e r  a range of grow- 
t h  r a t e s  suggest t h a t  a f a r  more complex i n t e r a c -  
t i o n [ s )  must account f o r  t h e  a n t i m i c r o b i a l  a c t i o n  
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