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ABSTRACT 

The e f c e c t s  of  h i g h  ( 1 0 0 0  ppm) a n d  low ( 1  ppm) 
\ 

c o n c e n t r a t i o n s  o f  a c e p h a t e  o n  t h e p r a t e  o f  g r o w t h ' a n d  n u t r i e n t  

u p t a k e  by 2 b a c t e r i a l  l a k e  i s o l a t e s  grown i n  b a t c h  c u l t u r e  w e r e  

e x a m i n e d .  One o f  t h e  i s o l a t e s ,  i d e n t i f i e d  a s  P s e u d o m o n a s  

f l u o r e s c e n s ,  was  n o t  a f f e c t e d  by a c e p h a t e  a t  e i t h e r  -. 

c o n c e n t r a t i o n .  The  o t h e r ,  C h r o m o b a c t e r i u m  l i v i d u m ,  showed a n  
\ /'i 
\ J 

i n c r e a s e  i n  d o u b l i n g  t i m e ,  d e c r e a s e d . m a ~ x i m u a  c e l l  y i e l d  a n d  

, 
a c e p h a t e .  The o b s e r v e d  e f f e c t s  o f  LO00 ,ppm a c e p h a t e  o n  C.  - - 
l i v i d u m  - g r o w t h  w e r e  r e v e r s i b l e  i f  t h e  c e l l s  w e r e  r e i n o c u l a t e d  
/ 

i n t o  f r e s h  c u l t u r e  medium, a n d  a d a p t a t i o n  d i d  n o t  occGir w i e h  

r e p e a t e a  a c e p h a t e  t r e a t m e n t s  o f  1 0 0 0  ppm. The  r a t e  o f  t o t a l  

[ 1 4 ~ ] g l u c o s e  a n d  [ 1 4 ~ ] a m i n o  a c i d  u p t a k e  by - C. l i s i d u m  Cas 

- -- - - 
T r e d u c e d  b y  t h e  h - igh  a y e p h a t e  c ~ n c T n t r a t i ~ ~ p r i ~ i l ~ - d u e  t o  

l e s s  1 4 c - l a b e l  b e i n g  i n c o r p o r a t e d  by t h e  c e l l s .  T r a n s p o r t  

s t u d i e s  w i t h  [ 1 4 ~ ] c y c l o l e b c i n e ,  a n  a m i n o  a c i d  a n a l o g u e  t h a t  i s  
? 

n o t  m e t a b o l i z e d ,  i n d i c a t e d  t h a t  t h e  h i g h  a c e p h a t e  c o n c e n t r a t i o n  

d i d  n o t  a f f e c t  membrane t r a n s p o r t .  I t  a p p e a r s  f r o m  t h e s e  

e x p e r i m e n t s  t h a t ' t h e  h i g h e r  c o n c e n t r a t i o n  o f  a c e p h a t e  may a f f e c t  , 

iii 
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D a t a  f o r  t h e  i n f l u e n c e  o f  - C.  l i v i d u m  i s o l a t e  u p o n  medium i 

pH when grown i n  t h e  p r e s e n c e  o f  0  a n d  1 0 0 0  pprn a c e p h a t e  

( A p p e n d i x  2). 

'OD540 m e a s u r e m e n t s  ( n = 3 )  f o r  - C .  l i v i d u m '  i s o l a t e  

c u l t u r e s ,  p r e v i o u s l y  g rown  i n  1 0 0 0  pprn a c e p h a t e ,  d u r i n g  

g r o w t h  i n .  t h e  p r e s . e n c e  o f  0  a n d  1000  pprn a c e p h a t e  

A c r i d i n e  o r a n g e  d i r e c t  c o u n t s  o f  C. l i v i d u m  $%date f o r  &5% 
d 

f 
0 ,  1  a n d  1000 ppm a c e p h a t e - t r e a t e d  c e l l s  @ r i n g  g r o w t h .  58  . 

"a 

k i .  
O D 5 4 0  m e a s u r e m e n t s  ( n = 4 )  f o r  d u p l i c a t e  f l a s k s  o f  - C. 

l i v i d u m  , i s o l a t e  c u l t u 4 r e s  d u r i n g  g r o w t h  in-%he p r e - s e n c e  3 
3 

r i  

5 9  
j 

o f  0 ,  1 and  1d00 pprn a c e p h a t e  (Appep4pw5) .  
6 8- i 

t 

~ c r i d i n - e  o r a n g e  d i r e c t  c o u n t  d a t a  f b r  2. l i v i d u m  i s o l a t e  

c u l t u r e s  grown i n  t h e  p r e s e n c e  o f '  0, 1 a n d  1 0 0 0  pprn 

El- 

c u l t u r e s  d u r i n g  g r o w t h  i n  t h e  p r e s e n c e  o f  0 ,  1  and 1 0 0 0  I 
ppm a c e p h a t e  ( F i g .  4 ) .  - 

-- - - -- - 

6 4  



P 
9 .  D a t d  f o r  r a t e  o f  t o t a l  [ 1 4 ~ ~ g l u c o s e  u p t a k e  a n d  X . 

m i n e r a l i z a t i o n  f o r  - C .  l i v i d u m  i s o l a t e  g rown  i n  t h e  

p r e s e n c e  o f  0 ,  1  a n d  1000  pprn a c e p h a t e  (F . i g .5 ) .  

1 0 .  D a t a  f o r  r a t e  o f  t o t a l  [ , 1 4 ~ ] g l u c o s e  u p t a k e  a n d  X 

m i n e r a l i z a t i o n  f o r  - C .  l i v i d u m  i s o l a t e  t r e a t e d  w i t h  0 ,  1  
P 

- -  a n d  1 0 0 0  pprn a c e p h a t e  a t  t h e  t i m e  o f  g l u c o s e  a d d i t i o n .  
- 

1 1 .  D a t a  f a r  r a t e  o f  t o t a l  [ 1 4 ~ ] a m i n o  a c i d s  m i x t u r e  u p t a k e  
- - 

/-- 
- - a n d  % - m i n e r a l i z a t i o n  f a r  C, l i - v i d u n i  i s d a t e - g r o - w n  - in  t -he  -- - -- -: - 

p r e s e n c e  o f  0 ,  1  a n d  -1000 ppm a c e p h a t e  ( F i g . 7 ) .  68  * 
/ 

1 2 .  D a t a  f o r  r a t e  o f  t o t a l  [ 1 4 ~ ] a m i n o  a c i d s  m i x t u r e , u p t a k e  

a n d  % m i n e r a l i z a t i o n  f o r  - C .  l i v i d u m  i s o l a t e  t r e a t e d  w i t h  

0 ,  1  and  1000  pprn a c e p h a t e  a t  t h e  t i m e  o f  ami-no a c i d  

m i n e r a l i z a t i o n  f o r  - P .  f l u o r e s c e n s  i s o l a t e  g;-&n i n  t h e  

p r e s e n c e  o f  0 ,  1  and  1 0 0 0  pprn a c e p h a t e  ( F i g . 9 ) .  \, 
1 4 .  D a t a  f o r  r a t e  o f  t o t a l  [ 1 4 ~ ] g l u c o s e  u p t a k e  a n d  % 

m i n e r a l i z a t i o n  f o r  - P .  f l u o r e s c e n s  i s o l a t e  t r e a t e d  w i t h  
4 - 0 ,  1 a n d  1 0 0 0  ppm a c e p h a t e  a t  t h e  t ime ,  o f  g l u c o s e  

-- 
a d d i t i o n  ( F i g .  101 .  1 1  

1 5 .  D a t a  , f o r  t h e  r a t e  o f  [ 1 4 ~ ~ c y c l o l e u c i n e  w p t a k e  o f  v i a b l e  

T 
1 6 .  D a t a  f o r  t h e  [ 1 4 ~ ] c y c l o l e u c i n e  c o n t e n t  o f  v i a b l e  C. 

l i v i d u m  i s o l a t e  c e l l s  t r e a t e d  w i t h  0' a n d  1 0 0 0  ppm 

x i i  



- - - - - -- -- 

a c e p h a t e  a n d  a c i d - k i l l e d  c o i t t r o l  ( F i g . 1 2 ) .  A t  43 'min  

- u n l a b e l e d  c y c l o l e u c i n e  was  a d d e d  t o  v i a b l e  c e l l s .  7 3  

17 .  T r i a l  e x p e r i m e n t  o f  [ 1 4 ~ ] g l u c o s e  u p t a k e  a n d  X 

m i n e r a l i z a t f o n  f o r  C .  l i v i d u m  i s o l a t e  g r o w n  i n  t h e  - 
P p r e s e n c e  o f  0 ,  1  a n d  1 0 0 0  ppm a c e p h a t e .  74  

18 .  D a t a  f o r  r a t e  o f  t o t ~ a l  [ 1 4 ~ ] g 1 1 u c o s e  u p t a k e  a n d  % 

m i n e r a J i z a t i o n  f o r  C.  l i v i d u m  i s o l a t e  g r o w n  i n  t h e  - 
&'. 

p r e s e n c e  o f  0 ,  1 a n d  1 0 0 0  ppm a c e p h a t e  ( A p p e n d i x  1 7 ) .  7 5  

T r i a l  - e x p e r i m e n t  b f  [ 1 4 ~ ~ ~ g l u c L q s e  u p t a k e  a n d  X - 

m i n e r a l i z a t i o n  f o r  C .  l i v i d u r n  i s o l a t e  g r o w n  i n  t h e  - Y 

5 

p r e s e n c e  o f  0, 1  a n d  1 0 0 0  a c e p h a t e .  76 

20 .  D a r a  f o q  r a t e  o f  t o t a l  [ 1 4 ~ ] g l u c o s e  u p t a k e  a n d  Z 

m i n e r a l i z a t i o n  f o r  C. l i v i d u m  i s o l a r e  g r o w n  i n  t h e  - 
i i 

p r e s e n c e  o f  0 ,  1  a n d  1 0 0 0  ppm a c e p h a t e  ( A p p e n d i x  1 9 ) .  77 
C 

21.  T r i a l  e x p e r i m e n t  o f  [ 1 4 c ] a m i n o  a c i d s  m i x t u r e  (A.A. ) 
$ 
3 

- - -- - - - - - - -  - - -  -- - - -  -- - - - - -- - - 
- J 

3 '  

u p t a k e  a n d  X m i n e r a l i z a t i o n  f o r  C .  l i v i d u m  i s o l a t e  g r o w n  - 1 
5 

i n  t h e  p r e s e n c e  o f  0 ,  1 a n d  1 0 0 0  ppm a c e p h a t e .  7 8  1 
'+\ 

3 
22.  D a t a  f o r  t o t a l  1 ~ ~ ~ 1 a m i n o  a c i d s  m i x t u r e  u p t a k e  a n d  I , 3 

m i n e r a l i z a t i o n  f o r  C .  l i v i d u m  i s o l a t e  g r o w n  i n  t h e  - - 
7 9  p r e s e n c e  o f  a, 1  a n d  1 0 0 0  pprn a c e p h a t e  ( A p p e n d i x  21 ) .  3 

2 3 .  T r i a l  e x p e r i m e n t  o f  [ 1 4 ~ ] g l u c o s e  u p t a k e  a n d  X 
F 

m i n e r a l i z a t i o n  f o r  P .  f l u o r e s c e n s  i s o l a t e  g rown  i n  t h e  - 
I .s 
I 
3 

p r e s e n c e  o f  0 ,  1 a n d  1 0 0 0  pprn a c e p h a t e .  
- -  -- - -- -- - - - - - - 

2 4 .  D a t a  for  r a t e  of t o t a l  - ~ ' ~ c ] ~ l u c o s e  u p t a k e  a n d  x + 
- ~ t n e r a l i z a t i o n  f o r  u. fl - u o r e s c e n s . 1 s o l a t e  g rown  i n  t h e  
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p r e s e n c e  o f  0 ,  1 a n d  1 0 0 0  ppm a c e p h a t e  ( ~ p p e n d i x  23) .  8 i  

- 

, 

x i i i  
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A. INTRODUCTION 

The widespread useage of pesticides has led to.study of 

the effects of these compounds on aquatic microbial communities 

(Ware and Foan 1978; Baughman and Paris 1980). Acephate 
a .  

(0,s-dimethyl-acetylphosphoramidothiolate) is an 

organophosphorus insecticide 'of particular interest in J332tish" 
* % " + 

Columbia because of its potential use to control spruce budworm. 

It is an acetylcholinesterase inhibitor but differs from many 

insecticides Itn having low mammalian toxiei+y and- high water:- - =-=- 

solubilty (Eto 1974; Martin 1974). 

Heterotrophic bacteria are important in the utilization of 

both dissolved and particulate organic compounds in aquatic 
.I 

ecosystems because they concentrate nutrients in a form which 

f can be used by other organisms ( h e t e r q - t r o p h i c - p r o d u c t i o n )  and 
. L  

:-m~neralize organic substances to 

autotrophs. Heterotrophic 

of bacteria by zooplankton and other aquatic animals (Monakov 

1972; Goph.en -- et al. 1974; Pete'rson -- et al. 1978), or indirect 

consumption through a detritus based food chain (Mann 1972;a 

Saunders 1977; Rich and Wetzel 1978; Cummins 1973; Berrie 1976). 

The importance of bacteria in heterotrophic production is 

due to the fact tha& bacteria possess efficient transport 

-C mechanisms which function at very low substrate concentrations 
- - - - - - -  -- - - . - - -- - - - - ----- 

(Wright and Hobbie 1965,1966). These active transport systems 
- - -- - - - -- - - -- 

are associated with the cytoplasmic membrane and at least three 



-- - % 

d i s t i n c t  c l q s s e s  o f  n u t r i e n t  t r a n s p o r t  s y s t e m s  h a v e  b e e n  c&- --+ 
'?? - 

d e s c r i b e d  ( W i l s o n  a n d  ~ m i $ h  1 9 7 8 ) .  I n  o n e  o f  t h e s e  c l a s s e s  of  
/ 

- > 

s y s t e m s  c h e m i c a l  a l t & ; i ~ i o n  o f  t h e  s u b s t r a t e  o c c u r s c  d u r i r t g  

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

n o t  o p e r a t e  i n  most o b l i g a t e  a e r o b e s  ( ~ o m a n o  j 9 7 0 ;  D i l l s  e t  a l .  -- 
\ 

1 9 8 0 ) .  I n  t h e  o t h e r  two c l a s s e s  m o l e c u l e s  a r e  t r a n s p o r t e d  a c r o s s  

t h e  c y t o p l a s m i c  membrane w i t h o u t  c h e m i c a l  m o d i f i c a t i o n .  One u s e s  

membrane bound  c a r r i e r s  w h i l e  t h e  o t h e r  p o s s e s s e s  s o l u b l e  

b i n d i n g  p r o t e i n s  ( ~ e u  a n d  H e p p e l  1 9 6 5 ) .  C o s t e r t o n  e t  a l .  ( 1 9 7 4 )  
- - - - -- - - -  - -  - 

- 

s p e c u l a t e  t h a t  a q u a t i c  b a c t e r i a ,  w h i c h  a r e  p r e d o m i n a n t l y  Gram 

n e g a t i v e ,  h a v e  e v o l v e d  e f f i c i e n t  b i n d i n g  p r 6 0 t e i n / i n t r a c e l l u l a r  

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

c o n c e n t ' r a t i o n s .  

The o b j e c t i v e  of  t h i s  r e s e a r c h  was t b  s t u d y  b a c t e r i a l  

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

- - - -- - -  - - - -  - -  - - 

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

a c e p h a t e  o n  b a c t e r i a .  F o c h t  a n d  J o s e p h  ( 1 9 7 4 )  d i d  n o t  f i n d  a n y  
s" 

m a r k e d  e f f e c t  f rom r e p e a t e d  a p p l i c a t i o n s  o f  a c e p h a t e  ( 2 0  ppm) o n  

s o i l  m i c r o b i a l  n u m b e r s ,  a m m o n i f i c a t i o n ,  n i t r i f d c a t i o n ,  s u l f u r  

o x i d a t i o n  o r  r e s p i r a t i o n .  B a c t e r i a  i s o l a t e d  f r o m  s e w a g e  a n d  s o i l  

w e r e  a b l e  t o  u t i l i z e  a c e p h a t e  a s  t h e i r  s o l e  p h o s p h o r u s  s o u r c e ,  

a l t h o u g h  i t  was u n s u i t a b l e  a s  a c a r b o n  s o u r c e  ( R o s e n b e r g  a n d  

A l e x a n d e r  1 9 7 9 ) .  They a l s o  f o u n d  t h a t  c e l l - f r e e  e x t r a c t s  o f  two 

b e c a u s e  t h e y  w e r e  u n a b l e ' t o  p e n e t r a t e  i n t o  t h e  c e . 1 1 ~ .  T h e  o n l y  



published study 

acephate was by 

- 

showing the effect of aquatic microbiota on 

-- a ~ z L t o  et al. (1979) who found that autoclaving 

water samples prior to acephate addition greatly decreased the 

rate of acephate break-down, strbngly suggesting microbial ' 
* ,  

- degradation. 

The results reported herein describe the effects of 

acephate on the growth and nutrient uptake of two lake isolates 

tentatively identified as ~hromobacterium lividum an8 . 
U 

Pseudomonas fluorescens. 



B. MATERIALS a n d  METHODS 

C o l l e c t i o n  a n d  I d e n t i f i c a t i o n  o f  B a c t e r i a l  I s o l a t e s  , - .  
L e i  L a k e  ( 4 9 " ~ 5 ' ~ , 1 2 3 ~ 5 1 ' ~ ) ,  a  c o a s t a l  d y s t r o p h i c  l a k e  

s i t u a t e d  a t  a n  e l e v a t i o n  o f  7 0 1  m w i t h  a  s u r f a c e  a r e a  o f  2 . 1  ha  

a n d  a  maximum d e p t h  o f  1 1 . 5  m was  s e l e c t e d  f o r  s a m p l i n g .  On J u l y  

, 1 0 ,  1 9 7 9 ,  w a t e r  s a m p l e s  w e r e  t a k e n  f r o m  a  d e p t h  o f  0 .5  m u s i n g  
- - 

100-mL g l a s s  b o t t l e s .  The s a m p l e s  w e r e  r e t u r n e d  t o  t h e  

. l a b o r a t o r y  w i t h i n  s e v e r a l  h o u r s  o f  s a m p l i n g  a n d  0.1-mL p o r t i o n s  

w e r e  s p r e a d  o n  n u t r i e n t  a g a r  ( D i f c o )  p l a t e s  a n d  i n c u b a t e d  a t  

1 5 • ‹ C  ( a p p r o x i m a t e  a m b i e n t  t e m p e r a t u r e )  f o r  1  week. C o l o n i e s  w e r e  

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

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

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

Shewan -- e t  a l .  ( 1 9 6 0 )  a n d  Cowan a n d  S t e e l  ( 1 9 7 0 ) .  

M o r p h o l o g i c a l  a n d  c u l t u r a l  c h a r a c t e r i s t i ~ s  w e r e  e v a l u a t e d  

a s  f o l l o w s .  C u l t u r a l  c h a r a c t e r i s t i c s  w e r e  o b s e r v e d  o n  n u t r i e n t  

a g a r  p l a t e s .  M o t i l i t y  was  d e t e r m i n e d  by o b s e r v i n g  g r o w t h  i n  

. s e m i - s o l i d  (0.4%) a g a r  a n d  t h e  r e s u l t s  i n t e r p r - e t e d  a c c o r d i n g  t o  

T i t t s l e r  a n d  S a n d h o l z e r  ( 1 9 3 6 1 .  C e l l  m o r p h o l o g y  was  o b s e r v e d  

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

m i c r o s c o p e  a n d ,  the Gram s t a i n  u s e d  was t h e  H u c k e r  m o d f f T i c a t i W  

LSoc i c t p  nf 4 L m e r F c a n _ B a c t e r i ~ 6 1 9 5  L L  -- - -- - - 

P h y s i o l o g i c a l  , p * G a & e t e r s  w e r e  s t u d i e d  u s i n g  t h e  f o l l o w i n g  



techniques. Aerobic. growth was evaluated after one week ' 
- 

incubation at 4 and 37•‹C on nutrient agar plates, while 

anaerobic growth potential was determined by streaking nutrient 

agar plates with each culture and incubating them in a GasPak 

100" Anaerobic System (Bec ton, Dickinson and Company, 

Mississauga, Ontario) for 1-2 weeks. The media of King -- et al- 

(1954) were used to demonstrate the'production of fluorescent 

pigments (pyoiyanin and fluorescin) which were detected using UV. 

light* - - - - - - -- - - - - 3 -  

Biochemical tests were conducted using ther following 
1 

methods. Oxidative and fermentative utilization of glucose was 
B 

d 

studied using the method of Hugh a,nd Leifson (1953) and a;id - 
production- f-roa glucose was tested by incubating cultures at 

15OC in glucose basal salts media with phenol red indicator. 

Gelatin - - liquifaction - - - was demonstrated by stabbing gelatin butts- 
- - - - -- - - -- -- -- - -- - - - - - - - -- 

and incubating at 1 5 O ~  for 1-2 weeks. The oxidase test of Kovacs 

(1956) was use-d, except that 0.1% ascorbic+acid was added to the 

reagent to control autoxidatiod (Steel 1962). The catalase and 

litmus milk tests followed standard techniques (Gagnon et e. 
1959; Cowan and Steel 1970). 

Growth Experiments, 

-4 
Two hundred-mL cultures of Chromobacterium iividum 

- - - - - -  - - -- --- - *- -- 
isolate' and ~seudodonas fluorescens isolate were grown in 

----- 
5 0 0 - m ~ - ~ r l e n m e ~ e r  flasks at 15•‹C and at a shake rate of 100 

d"~solate" folltw$ng a species name refers to a Lei Lake study 
organism, differentiating it from the type species. 



s t r o k e s / m i n  i n  a  r e c i p r o c a t i n g  i n c u b a t o r .  The  g l u c o s e - n i t r o g e n  

(GN) m i n i m a l  c u l t u k e  medium c o n t a i n e d  g l u c o s e ,  2 . i 9  m M ;  N H 4 C 1 ,  

n i t r i l o t r i a c e t i ~  a c i d ,  0 .18  m M ;   KC^, 2 . 9 1  mM; a n d  t r a c e  e l e m e n t s  

d i s s o l v e d  i n  d i s t i l l e d  w a t e r  ( B e l l  1 9 7 6 ) .  

C u l t u r e  medium w a s  i n o c u l a t e d  t o  1% o f  i t s  vo lume  w i t h  a  46 

- h  c u l t u r e  a n d  c o n c e n t r a t i o n s  o f  1  o r  . l o 0 0  p P b  t e c h n i c a l  a c e p h a t e  

( 9 8 %  a c t i v e  i n g r e d i e n t )  w e r e  a d d e d  t o  t h e  f l a s k s  15 -30  min  a f t e r  

i n o c u l a t i o n .  To o b t a i n  c o n c e n t r a t i o n s  o f  1 0 0 0  ppm, 200 .2-  mg of  - - 

a c e p h a t e  w a s  a d d e d , d i r e c t l y  t o  c u l t u r e  f l a s k s ;  w h i l e  0 .2  mL of 
*- 

' a n  a q u e o u s  a c e p h a t e  s o l u t i o n  c o n t a i n i n g  1 .0  mg/mL a c e p h a t e  w e r e  
u 

' a d d e d  t o  o b t a i n  c o n c e n t r a t i o n @  o f  1  ppm. A c e p h a t e  ( 1 0 0 0  ppm) was 

a l s o  a d d e d  t o  s t e r i l e  G N  medium t o  t e s t  f o r  m i c r o b i a l  

c o n t a m i n a t i o n  o f  t h e  i n s e c t i c i d e .  E a c h  f l a s k  was  p r e p a r e d  i n  
, 

w h i c h  w e r e  i n  d u p l i c a t e .  

Growth  r a t e s  were  d e t e r m i n e d  f r o m  o p t i c a l  d e n s i t y  ( O D )  

m e a s u r e m e n t s  t a k e n  a t  540  nm u s i n g  a  C a r l  Z e i s s  PMQII 

$ p e c t r o p h o t o m e t e r .  One 2.5-mL a l i q u o t  f r o m  e a c h  o f  3 f l a s k s  

c o n t a i n i n g  - C. l i v i d u m  i s o l a t e  c u l t u r e ,  a n d T 2  a l i q u o t s . f r o m  e a c h  

o f  2  f l a s k s  c o n t a i n i n g  - P. f l u o r e s c e n s  i s o l a t e  c u l t u r e  w e r e  

m e a s u r e d  p e r  c o n c e n t r a t i o n .  
,- 

C e l l  c o u n t s  o f  - C. l i v i d u m  i s ' o l a t e  c u l t u r e s  w e r e  made u s i n g  
-- - -- - -- - --- - - - - - 

t h e  a c r i d i n e - o r a n g e  d i r e c t  c e l l  c o u n t  < A O D C )  t e c h n i q u e  - q f  H o b b i e  
f' 

e t  a% U V 7 7 ) , w h i c h  i s  6 r f l e T I y T e S C r I l i e ? I  r e r e .  Wuc lepc r re  -- 
membrane f i l t e r s  (0.2-pm p o r e  s i z e  a n d  25-mm d i a m e t e r )  w e r e  . , 



p r e - s t a i n e d  i n  a 0.2% s o l u t i o n  o f  i r g a l a n  b l a c k  i n  2% ( v / v )  \., 

a c e t i c  a c i d  f o r  6-12 h ,  a n d  r i n s e d  i n  d i s t i l l e d  w a t e r  p r i o r  t o  
, 

f i l t r a t i o n ;  A 2-mL s a m p l e  was  t r e a t e d  wi - th  0 . 2  mL of  a  0 .1% 
, < 

a c r i d i n e  o r a n g e  a q u e o u s  s o l u t i o n  f o r  2  min  a n d  t h e n  f i l t e r e d  by 
* 

vacuum ( 1 2 5  m m  ~ g ) .  The f i l t e r  was  p l a c e d  o n  a  m i c r o s c o p e  s l i d e ,  
\ 

a  d r o p  o f  C a r g i l l e  t y p e  B i m m e r s i o n  o i l  p l a c e d  on  i t  a n d  a  c o v e r  

s l i p  p l a c e d  on  t h e  f ' i l t e r .  H i g h  b a c t e r i a l  n u m b e r s  i n  t h e  s a m p 2 e s  " 

made & i l u t i o n s  o f  up  ,to lOOOx w i t h  G N  medium n e c c e s s a r y  t o  s .  

r 
F f a c i l i t a t e  c o u n t i n g ,  - - -  - - - - - -  

r- 

C o u n t s  w e r e  made u s i n g  a  Z e i s s  s t a n d a r d  WL r e s e a r c h  .= 
m i c r o s c o p e  f i t t e d  w i t h  a  I V  FL e p i f l u o r e s c e n c e  c o n d e n s e r ,  a  1 0 0  

W h a l o g e n  l a m p ,  a  450-490  b a n d - p a s s  f i l t e r ,  a  F T  5 1 0  beam 
a 

s p l i t t e r ,  a n d  a LP 5 2 0  ' b a r r i e r  f i l t e r .  A t  l e a s t  200  b a c t e r i a l  

c e l l s  w e r e  c o u n t e d  f r o m  e a c h  o f  a  minimum o f  1 0  randomLy c h o s e n  

m i c r o s c o p e  f i e l d s ,  a n d  t h e  t o t a l  c a l c u l a t e d  by e x t r a p o l a t i o n .  
- - -- A - - -- -- - - - -- -- - - - 

~ a c t e r i a l  c e l l  s i z - e s  o f  t h e  C .  l i v i d u m  i s o l a t e  w e r e  - 

t m o n i t o r e d  d u r i n g  e x p o n e a t i a l  g r o w t h .  P h o t o m i c r o g r a p h s  o f  two 

f $ e l d s  p e r  f i l t e r ,  a s  p r e p a r e d  f o r  t h e  AODC, w e r e  t a k e n  a f t e r . 3 2  

a n d  51.5 h  o f  t h e  g r o w t h  ( F i g .  2 )  u s i n g  Kodak Tri-'X p a n  b l a c k  

a n d  w h i t e  f i l m  ( 4 0 0  ASA) w i t h  a n  e ' x p o s u r e  o f  25-30 s e c .  The  
4- 

g r a p h i c a l  s t a t i s t i c a l  m e t h o d  o f  C a s s e l l  ( 1 9 6 5 )  i n d i c a t e d  t h a t  

s i z i n g  50  r a n d o m l y  c h o h e n  c e l l s  f r o m  e a c h  p h o t o m i c r o g r a p h  would  

p k o v i d e  a  r e p r e s e n t a t i v e  s a m p l e .  The  l e n g t h  a n t  w i d t h  o f  3 0 0  

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

- - - - - 

b o t h  ' s a m p l i n g  t i m e s .  t 

The p H  of  1000  ppm a c e p h a t e - t r e a t e d  a n d  u n t r e a t e d  c u l t u r e s  
ah . - 



l i v i d u m  i s o l a t e  was m o n i t o r e d  t o  o b s e r v e  p o s s i b l e  - 

a c e p h a t e - p H  e f f e c t s .  

U p t a k e  - o f  1 4 c - n u t r i e n t s  

c u l t u r e s  grown t o  a n  O D  5 4 0  nm o f  0 . 3  w e r e  h a r v e s t e d A b y  Y' 
3 .  - 

c e n t r i f u g a t i o n  a t  1 0 , 4 0 0  g f o r  10 min a-t 4 ' c . i n  a  So rv . a l1 ,  R C Z - B  

r e f r i g e r a t e d  c e n t r i f u g e .  The r e s t k t  i n g  p e l l e t  was r e s u s p e n d e d  'in 

g l t ~ c o s e - f r e e  G N  medium ( G F N )  a n d  r e c e n  r i f u g e d .  The  w a s h e d  c e l l s  
r .  J 

-- w e r e  t-hen r e s u s p e n d e ' d  i n  15Q mL of GEN h r o t h  a n d - l e f t  $ o r  1  h a ~  T -  -- 

.. 
15OC p r i o r  t o  r a d i o a c t i v e  s u b s t r a t e  a d d i t i o n :  L c e p h a t e  was a d d e d  

a s  d e s c i b e d  f o r  t h e  g r o w t h  e x p e r i m e n t s  o r ,  i t  was a d d e d  w i t h  t h e  , 

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

i n s e c t i c i d e .  
< ..; . . . , 

- 
The l ' a d i o a c t i v e  c a r b o n  s u - b s t r a t e s  w e r e  p r e p a r e d  a s  f o l l o w s .  

- - ~ - j ~ ~ ~ ( ~ ) l g l u c o ~ e ,  - - -  d i l u t e d  - - t o  - - a  - s p e c i f i c  - - - - - a c t i v i t y o f  - - -- - 0 .9  u6_ilmP?, - -  

was a d d e d  t o 7 e , a c h  5-ml s u s p e n s i o n  o f  C. l i v i d u m  i s o l a t e  t o  A e l d  

a  f i n a !  c o n c e n t r a t i o n ,  o f  2 .8  x  lo-' m M .  The  s p e c i f i c  a c t i v t y  a n d  

f i n a l  c o n c e n t r a t i o n  o f  [ 1 4 ~ l g l u c o s ~  u s e d  i n  t h e  g. f l u o r e s c e n s  

i s o l a t e  u p t a k e  e x p e r i m g n t s  w e r e  1 - 8  u ~ i l m ~  a n d  5.4 x 10" m M ,  
* *.  

r e s p e c t i v e l y .  U p t a k e  o f 4 a  L - [ 1 4 ~ ( ~ ) ] a m i n o , a c i d  m i x t u r e  
- 

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

s e r ,  t h r ,  t y r ,  V a l ,  a n d  g l y  (New E n g l a n d  N u c l e a r )  w a s  a l s o  

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

b f  lO,uCi/mg C a n d - a d d e d  l o  5-mL s a m p l e s  t o  y i e l d  a  f i n a l  . 
/ 

The r a t e s  o f  u p t a k e  w e r e - d e t e r m i n e d  a c c o r d i n g  t o  H o b b i e  a n d  
4 



. C r a w f o r d  ( 1 9 6 9 ) .  T h i s  i n v o l v e b . a d d i t i o n  o f  5 mL of c e l l  
C 

s u s p e n s i o n  t o  e a c h  s t e r i l e  25-mL E r l e n m e y e r  f l a s k  w h i c h  was 

s h a k e n  a t ' 1 0 0  s t ' r o k e s / m i n  i n  a  ~ u b * n o f f  s h a k i n g  w a t e r  b a t h  a t  

1 5 " ~ .  ~ i l l e d  c o n t r o l s  w e r e  p r e p a r e d  by a d d i n g  0.4 mL of 36% 

f o r m a l i n  t o  i h e  s u s p e n s i o n . '  E a c h  f l a s k  was  c a p p e d  w i t h  a  s e r u m  - 

s t o p p e r  f i t t e d  w i t h  a p l a s t i c  c u p  ( K o n t e s  Co . )  c o n t a i n i n g  a  - 

, 25-mm*x 51-mm p i e c e  o f  f o i d e d  Whatman No. 1  f i l t e r  p a p e r  

( F i g . 1 ) .  T h e  I 4 c - n u t r i e n t s ,  w i t h  o r  w i t h o u t  a c e p h a t e ,  w e r e  ' 

Q 
i .. 1 

- - - -- - --- - - -  - - - -  -a + 

a i n  j e c  t e d  FhroGgF t F e  - s e r u m  s t  o  p  per s u  s  i n  g - z ~  f l a  s-txTcs F r i n g e  s- 

a n d  21 g a u g e  h y p o d e r m i c  k e e d l e s .  A t  t h e  e n d  o f  .34 o r  5-min " 
- 

i n c u b a t i o n . p e r i o d s ,  0 .2 m L  of 2  N H2S04 w e r e  i n j e c t e d  i n t o  e a c h  

f l a s k  t o z  s t o p  u p t a k e  a n d  remove 1 4 c 0 2  f r o m  s o l u t i o n .  A t  . t h g  same 
i 

t i m e  0.2 m L  of p h e n e t h y l a m i n e  w e r e  i n j e c t e d  i n t o  t h e  p l a s t i c  c u p  i 

14 
? 

s a t u r a t i n g  t h e  f i l t e r  p a p e r  t o  a b s o r b  t h e  C02. T h e  f l a s k s  w e r e  2 
I 

rhe-n s h a k e n  f o r - 1 -  R rc c o l l e c t a l l -  - 1 4 ~ ~ z - ' i f e r w l i ~  me 
f 2* r' 

p e r  was a d d e d  t o  a v i a l  c o n t a i n i n g  1 0  mL o f  PCS I1 

t i o n  c o c k t a i l  (Amersham C o r p o r a t i o n ) .  The  r e m a i n i n g  

c u l t u r e  w a s  f i l t e r e d  t h r o u g h  a  47-mm d i a m e t e r  0 . 2 2 - p m ' p o r e  s i z e  - 

M i l l i p o r e  f i l t e r ,  w a s h e d  w i t h  L O  mL of  GFN, an)  t h e  f i l t e r  

p l a c e d  i n  a  g l a s s  s c i n t i l l a t i o n  v i a l  c o n t a i ~ i n g  10  mL of  PCS 11 

c o c k t a i i .  The v i a l s  w e r e  l e f t  o v e r n i g h t  t o  d i s s o l v e  t h e  f i l t e r s  

a n d  a l l o w  c h e m i l u m i n e s c e n c e . t o  s u b s i d e  b e f o r e  b e i n g  c o u n t e d  o n  a  4 

f o r  by t h e  e x t e r n a l  s t a n d a r d s  r a t i o  m e t h o d .  H 
- - 

\ 



Fig. 1. Apparatus usel to> recover respired14c02 
onto filter paper-moistened w i t h  phenethylamine. 



CELL SUSPENSION 



T r a n s p o r t  - o f  [ 1 4 c ]  c y c l o l e u c i n e  

C y c l o l e u c i n e  was c h o s e n  t o  i n v e s t i g a t e  t r a n s p o r t  b e c a u s e  
. a  

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

m e t a b o l i z e d .  To e n s u r e  t h a t  c y c l o l e u c i n e  was n o t  u t i l i z e d  a s  a s  - 
a  s u b s t r a t e  f o r  g r o w t h ,  c u l t u r e s  o f  - C .  J i v i d u m  i s o l a t e  w e r e  

- 

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

(1-aminocyclopentane-I-carboxylic a c i d )  r e p l a c e d ' g l u c o s e  a s  t h e  

c a r b o n  s u b s t r a t e  i n  t h e  G N  medium. M i P r o b i a l  d e g r a d a t i o n  o f  

1 4  - -  - -- -- 

[ C] c y c l o l e u e i n e  (Amersham c o r p o r a  t i o m )  was t e s t e d  by m e a s u r i n g  

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

H o b b i e  a n d  C r a w f o r d  ( 1 9 6 9 ) ,  a s  d e s c r i b e d  p r e v i o u s l y .  Absence  of  

g r o w t h  o r  r e s p i r e d  1 4 c 0 2  by c u l t u r e s  g rown  w i t h  c y c l o l e u c i n e  a s  

t h e  s u b s t r a t e - q i d e d  e v i d e n c e  t h a t  t h i s  compound was  n o t  

m e t a b o l i z e d  a n d  c o u l d  b e  u s e d  t o  s t u d y  t r a n s p o r t  i n d e p e n d e n t  of  

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

A c e p h a t e  ( 1 0 0 0  ppm) t r e a t e d  a n d  u n t r e a t e d  c e l l s  f r o m  46 h  

c u l t u r e s  w e r e  e a c h  c e n t r i f u g e d  a n d  w a s h e d  i n  G F N  medium a n d  t h e n  

l e f t  f o r  1  h  a t  15OC. Two 75-mL a l i q u o t s ,  o n e  o f  w h i c h  was 

k i l l e d  w i t h  6  mL of  36% f o r m a l i n ,  w e r e  p l a c e d  i n  s e p a r a t e  

s t e r i l e  f l a s k s .  To e a c h  f l a s k  4  mL of  [ 1 4 ~ ~ c y c l o l e u c i n k  d i l u t e d  . - 

t o  s p e c i f i c  a c t v i t y  1  m ~ i / m ~  was  a d d e d  M f i n a l  

c o n c e n t r a t i o n ) ,  A t  1 min i n t e r v a l s  3 - m l r _ a l i q u o t s ~ w ~ e _ ~ e m o _ v _ e d  

a n d  vacuum f i l t e r e d  ( 1 2 5  mm Hg)  t h r o u g h  0.22-pm p o r e  s i z e  47-mm 
- - -- - - - 

d i a m e t e r  M i l l e p o r e  f i l t e r s .  The f i l t e r s  w e r e  i m m e d i a t e l y # w a s h e d  

w i t h  10 mL o f  G F N  medium, p l a c e d  i n  s c i n t i l l a t i o n  v i a l s  



c o n t a i n i n g  PCS I1 s c i n t i l l a t i o n  c o c k t a i l ,  a n d  l e f t  t o  d i s s o l v e  

o v e r n i g h t  b e f o r e  b e i n g  c o u n t e d  i n  t h e  s c i n t i l ' l a t i o n  c o u n t e r .  

/ The i n f l u x - e f f l u x  ( t r a n s p o r t  i n  a n d  o u t A o f  c e l l s )  o r  c h a s e  

e x p e r i m e n t s  f o l l o w e d  t h e  m e t h o d - o f  Masuda a n d  A l b r i g h t  ( 1 9 7 8 ) .  
+ 

i 
C 

C u l t u r e s  w e r e  washed  t h r e e ' t i m e s  w i t h  GFN medium a n d  s u s p e n d e d  1 
A 

i n  1 0  mL o f  t h e  medium i n  a n  i c e  b a t h  u n t i l  n e e d e d .  The  
4 

i 

s u s p e n s i o n  w a s  d i l u t e d  t o  a n  O D  5 4 0  nm o f  0 .2  w i t h  m o d i f i e d  G N - . - , _  1 

- 

t r a n s p o r t  medium ( G N  medium w i t h  400-pg  c h l o r a m p h e n i c o l / m ~ ) .  
, 

Each  o f  t h r e e  5 0 - m L - E r l e n i e y e r  f 3 S s l r s  r e c ~ i v d - 2 5  m3-oTpthe  ---- = 

a b o v e  s u s p e n s i o n  a n d  w a s  p l a c e d  i n  a  s h a k e r  w a t e r  b a t h  at lS•‹C.  

The c o n t e n t s  o f  o n e  o f  t h e  f l a s k s  w e r e  k i l l e d  by t h e  a d d i t i o n  o f  

0 .4  mL of  3 6 %  f o r m a l i n  a n d  s e r v e d  a s  t h e  k i l l e d  c o n t r o l .  T o  e a c h  

o f  t h e  f l a s k s  1 mL of r a d i o a c t i v e  c y c l o l e u c i n e  s o l u t i o n  was 

L 
a d d e d  ( f i n a l  c o n c e n t r a t i o n  10" M), w i t h  t h e , c o n t e n t s  o f  o p e  o f  i . 
t h e  f l a s k s  ~ i n g - d i l ~ t e - d - a ~ - 4 3 - ~ - w i ~ h c ~ ~ ~ ~ c l , d ~ w 4 ~ ( ~ . b - l - -  ! ' i  
M f i n a l  e o n c e n t r a t i o n ) .  A l l  f l a s k s  w e r e  s a m p l e d  a t  s p e c i f i c  

i n t e r v a l s  by r e m o v i n g  1-mL a l i q u o t s  w h i c h  w e r e - f i l t e r e d ,  r i n s e d  

a n d  p l a c e d  i n  PCS I1 s c i n t i l l a t i o n  c o c k t a i l  p r i o r  t o  c o u n t i n g .  

S t a t i s t i c a l  A n a l y s i s  ". 
S t a t i s t i c a l  a n a l y s i s  o f  t h o  d a t a  w a s  p e r f o r m e d  by c o m p u t e r  

u s i n g  t h e  MTS A N C O V A / A N C O V A  p r o g r a m  a d a p t e d  by  G r e l g  a n d  
# .  

O s t e r l i n  ( 1 9 7 8 ) .  - - - - - T h i s  - - - - - p r o g r a m  - - u s e s  D u n c a n ' s  M u l t i p l e  Range  T e s t  
- - - - - - -- -- - - - -- . 

t o  d i s t i n g u i s h  s i g n i f i c a n c e  f o l l o w i n g  t h e  i n i t i a l  A N O V A / A N C O V A  

V 
when t h e r e  a r e  wore  t h a n  2 means .  When t h e  A N C O V A  i n d i c a t e d  t h a t  

r e g r e s s i o n  l i n e s  w e r e  n o t  p a r a l l e l ,  o r  when D u n c a n ' s  M u l t i p l e  
& 



Range T e s t  was nqt  s e n s i t i v e  e n o u g h ,  S c h e f f e ' s  S i m u l t a n e o u s  

C o n f i d e n c e  I n t e r v a l s  were  d e t e r m i n e d  u s i n g  t h e  M i d a s  s t a t i s t i c a l  

p a c k a g e  ( S t a t i s t i c a l  R e s e a r c h  L a b o r a t o r y  1 9 7 6 ) .  A l l  f i g u r e s  i n  

t h e  t e x t ,  w i t h  t h e  e x c e p t i o n  o f  F i g u r e  1 ,  w e r e  drawn u s i n g  

computer  g e n e r a t e d  r e g r e s s i o n  l i n e s .  



C. RESULTS 
- - 

I d e n t i f i c a t i o n  - o f  B a c t e r i a l  I s o l a t e s  - 

The r e s u l t s  o f  t h e  m o r p h o l o g i c a l ,  c u l t u r a l ,  p h y s i o l o g i c a l  
- 

a n d  b i o c h e m i c a l  t e s t s  o f  t h e  L e i  L a k e  i s o l a t e s  a n d  t h e  t y p e  

s p e c i e s  c h a r a c t e r i s t i c s  a r e  shown i n  T a b l e  1 .  The C. l i v i d u m  - 
i s o l a t e  e x h i b i t e d  s i m i l a r  m o r p h o l o g i c a l ,  c u l t u r a l '  a n d  

-- - - - 
7 

p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  w i t h  t h e  t y p e  s p e c i e s ,  . a l t h o u g h  

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

o x i d a t i v e  a n d  f r e m e n t a t i v e  a n d  g l u c o s e  a c i d  t e s t s  g a v e  a m b i g u o u s  + 

i 

o r  v a r i a b l e  r e a c t i o n s .  K o v a c s  o x i d a s e  t e s t  p r o v e d  d i f f i c u l t  t o  r: -i 

p 
i n t e r p r e t e  w i t h  t h e  C. l i v i d u m  i s o l a t e  b e c a u s e  t h e  p u r p l e  - 5 

C 

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

c o l o r  c h a n g e .  The-P .  f l u o r e s c e n s  i s o l a t e  g a v e  more d e f i n i t i v e  - 
'i 
J 

t e s t  r e s u l t s ;  o n l y  t h e  l i t m u s  m i l k  t e s t  w a s  i n c o n c l u s i v e .  i 
J 

Growth  E x p e r i m e n t s  

The g r o w t h  o f  C.  l i v i d u m  i s o l a t e  i n  G N  b r o t h  c o n t a i n i n g  0 - 
( c o n t r o l ) ,  1 and  I000 p p m , a c e p h a t e  i s  shown i n  F i g . 2 .  No c h a n g e  1 
f r o m  t h e  c o n t r o l  was  o b s e r v e d  i n  t h e  d o u b d i n g  t i m e  ( t h e  t i m e  { 

i 
3 , r e q u i r e d  f o r  a  c h a n g e  i n  O D  f r o m  0.1 t o  0 . 2 ) ,  maximum c e l l u l l a r  3 

- -- - ---- L 

y i e l d  o r  m o r p h o l o g y  i n  c u l t u r e s  e x p o s e d  t o  1 ppm a c e p h a t e ,  b u t  
1- i% - 

3 
1 

a e x p o r n  t(r--M-Fpura-~-ep--~. Max1 mum 

c e l l u l a r  y i e l d s  w e r e  g r e a t e r d n  t h e  c o n t r o l  t h a n  i n  t h e  1000 ppm - 



Table 1. Morphological ,  c u l t u r a l ,  b iochemical  and p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  

of L e i  L a k & i s o l a t e s  compared t o  type  s p e c i e s  (Buchanan and Gibbons 1974) .  

P .  f l u o r e s c e n s  - 
Charac te r  

i s o l a t e  type  i s o l a t e  

Morphological  ,and 

C u l t u r a l  : 

s i z e  (pm) 
s h a p e  
m o t i l i t y  
colony appearance 
Gram r e a c t i o n  

rod rod  - rod r o d  
m o t i l e  m o t i l e  m o t i l e  m o t i l e  
round,  p u r p l e  round, p u r p l e  round i r r e g u l a r  

P h y s i o l o g i c a l :  

growth a t  4 O C  + 
growth a t  37OC - 
o b l i g a t e  a e r o b e  + 
F l u o r e s c i n  pigment - 
Biochemita l  : 
- - 

glucose  I o x i d a  t i v e )  
g lucose  ( fe rmenta t ive )  
g lucose  a c i d  
Kovacs ox idas  e  
ca  t a l a s e  
g e l a t i n  l i q u e f a c t i o n  
l i t m u s  m i l k  pep ton ized  

+ = p o s i t i v e  

- = n e g a t i v e  

t = u n c l e a r  r e a c t i o n  



Fig.2. Effect o f  0 ( O ' ) ,  1 ( 0 )  and 1000 ( A  ) 
ppm acephate on the growth rate o f  C. lividum 
isolate (see Appendix l).The equations of the 
lines uskd t o  calculate doubling times are: 
control, logOD=O.O429(time)-2.5088; 
1 ppm, logOD=O.O428(time)-2.5148: 
1000 ppm, logOD=O.O355(time) -2.357 



TIME ( h )  



r 
- - - - -- -- -7 

t r e a t m e n t ;  OD o f  0 . 7 9  t o  0 . 6 9 ,  r e s p e c t i v e l y .  The  medium pH 

d r o p p e d  f r o m  7.5 t o  6 .3  d u r i n g  g r o w t h  i n  G N  b r o t h  w i t h  o r  

w i t h o u t .  a c e p h a t e  (Apps .2  a n d  3) .  
4. -x 

The l i ' n e a r  p o r t i o n  o f  t h e  g r o w t h  c u r v e s  f r o m  8 t o  54  h 

( F i g . 2 )  w e r e  a n a l y z e d  by  aJ=way AIVCOVA and  S c h e f f e ' s  t e s t .  , 

T h e r e  was  a  s i g n i f i c a n t  d i f f e r e n c e  ( P < . 0 5 )  b e t w e e n  t h e  1 0 0 0  ppm A 

- 

t r e a t m e n t  a n d  b o t h  t h e , c o n t r o l  a n d  1  pprn t r e a t m e n t s ,  b u t  n o t  
Q 

b e t w e e n  t h e  c o n t r o l  a n d  1  pprn t r e a t m e n t  ( P > . 0 5 ) .  R e g r e s s i o n  

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

---- - - - - - 
T 

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

c u ' l t u r e  was 7.02 h  c o m p a r e d  t d -  7 .04  a n d  8 .48  h  f o r  c u l t u r e s  

e x p o s e d  t o  c o n c e n t r a t i o n s  o f  1  a n d  1 0 0 0  pprn a c e p h a t e  

r e s p e c t i v e l y .  

L e n g t h  a n d  w i d t h  m e a s u r e m e n t s  f o r  C l i v i d u m  i s o l a t e  w e r e  . - 
A 

a n a l y z e d  by a  I-way n e s t e d  A N O V A  a n d  D u n c a n ' s  M u l t i p l e  Range  , 
1 

- - - - - - - - "5 - - - - - - - - - --- - 

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

d i f f e r e n t  ( P > . 0 5 )  f o r  a n y  o f  t r e a t m e n t s .  C u l t u r e s  e x p o s e d  t o  i 
1 0 0 0  pprn a c e p h a t e  showed a  s i g n i f i c a n t  ( P < . 0 5 )  d e c r e a s e  i n  c e l l  2 

f 
3 

l e n g t h  ( c o m p a r e d  t o  t h e  c o n t r o l  a n d  1  pprn t r e a t m e n t )  b u t  no  

s i g n i f i c a n t  d i f e r e n c e  ( P > . 0 5 )  was  i n d i c a t e d  b e t w e e n  t h e  c o n t r o l  

c u l t u r e s  a n d  t h o s e  e x p o s e d  t o  1  pprn a c e p h a t e .  I 
R e s u l t s , o f  g r o w i n g  C. l i v i d u m  i s o l a t e ,  p r e v i o u s l y  g r o w n  i n  T I 

i 
G N  medium c o n t a i n i n g  a c e p h a t e  ( F i g . 2 : 1 0 0 0  ppm), i n  a c e p h a t e - f r e e  

- - - - - 

medium o r  i n  m e d i u m - c o n t a i n i n g  100-0  ppm a c e p h a t e .  a r e  shown i n  



Table 2. E f f e c t  of 1 and 1000 ppm acephate  on t h e  l eng th  and width (k 1SD) 

of  - C. l ividum i s o i a t e  c e l l s  (n = and 51.5 h  of growth. 

Time Treatment Leng-th Width . 

( p d  od - 

32.0 con t ro l  1.98 t 0.34 0.53 f 0.09 

1 PPm 

1WO ppm. 

con t ro l  

1 PPm 

1000 ppm 

* 
P < .05 (compared t o  c o n t r o l  and 1 ppm) 

- 
i 



F i g . 3 .  Growth r a t e  o f  C .  l i v i d u m  i s o l a t e ,  
p r e v i o u s l y  grown i n  1080  ppm a c e p h a t e ,  i n  t h e  
p r e s e n c e  o f  0  ( 0 )  and 1000  ( A )  ppm a c e p h a t e  
( s e e  Appendix  4 ) .  The e q u a t i o n s  o f  t h e  l i n e s  
u s e d  t o  c a l c u l a t e  d o u b l i n g  t i m e s  a r e :  
c o n t r o l ,  logOD=O.O389(tirne)-2.442; 
1000  ppm, logOD=0.0328(  t i m e ) - 2 . 3 8 7 5  





b e t w e e n  t r e a t m e n t s .  C u l t u r e s  g rown  i n  me-dium w i t h o u t  a c e p h a t e  

h a d  a  d o u b l i n g  t i m e  o f  7 . 7 4  h c o m p a r e d  t o  9 .18  h  fo; t h o s e  

q x p o s e d  t o  I 0 0 0  ppm a c e p h a t e .  T h e s e  d o u b l i n g ,  t i m e s  a r e  w i t h i n  + 

1 0 %  o f  t h o s e  c a l ~ u l a t ~ e d  f r o m  c u l t u r e s -  s h o ~ n  i n  F i g . 2 ,  a n d  t h e  
, 

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

. ' t h a n  a c e p h a t e .  

C.  l i v i d u m  i s o l a t e  c e l l  n u m b e r s ,  m e a s u r e d  u s i n g  A O D C ,  - 

v a r i e d  c o n s i d e r a b l y  b e t w e e n  r e p l i c a t e  c o u n t s ,  a n d  made d e ' t e c t i o n  

n e c e s s a r y  t o  d i l u t e  c u l t u r e s  up  t o  1 0 0 0  t i m e s  f o r  c o u n t i n g  

w h i c h ,  c o m b i n e d  w i t h  c e l l  c l u m p i n g  may h a v e  c o n t r i b u t e d  t o  t h e  

v a r i a b i l i t y .  

P .  f l u o r e s c e n s  i s o l a t e  g r o w t h  was n o t  a f f e c t e d  by  a c e p h a t e  - 
( F i g . 4 ) .  The  d a t a  w e r e  more  v a r i a b l e  t h a n  f o r  2.. l i v i d u m  i s o 1 , a t e  \ 

- - - -  (FZg.2)  p r o b a b l y  b e c a u s e - t h i s  s p e c i e s  h a d  m o r e  t e n d e n e p  t o - c l u m p  

i n  t h e  G N  medium. F o r  t h e s e  r e a s o n s  AODC e n u m e r a t i o n  w a s  n o t  . . 
a t t e m p t e , d .  C o m p a r i s o n  o f  t h e  l i n e a r  p o r t i o n  o f  t h e  g r o w t h  c u r v e s  

( 1 . 5  t o  26 h )  u s i n g  1-way n e s t e d  A N C O V A  a n d  D u n c a n ' s  M u l t i p l e *  

Range  T e s t  showed no  s i g n i f i c a n t  d i f f e r e n c e  qmohg t r e a t m e n t s  
8 

(P>.05). D u r i n g  t h i s  p e r i o d  o f  e x p o n e n t i a l  g r o w t h  t h e  ' d o u b l i n g  

t i m e  was  a b o u t  4  h  f o r  c u l t u r e s  i n  a l l  t r e a t m e n t s .  



I - 

~ig.4. ~ f f e c t  of 0 ( 0 1 ,  1 ( 0 )  and 1000 ( A  
ppm acephate on the growth.rate of P. 
fluorescens isolate (see Appendix 87. T h e ,  
equarions of the lines used to calculate 
doubling times are: 
control, logOD=0.075(time)-2.392;- . _ 
1 ppm, JogOD=0.075( time)-2.333; 
1000 ppm, logOD=O.O75(time)-2.364 





U p t a k e  - o f  I 4 c - n u t r i e n t :  

C. l i v i d u m  i s o l a t e  e x h i b i t e d  l i n e a r ' a e r o b i c  u p t a k e  - 
' ( i n c l u d i n g  r e s p i r e d  C02)  o f  [ 1 4 ~ l g l u c o s e  o v e r  t h e  30-min 

i n c u b a t i o n  P e r i o d  ( F i g s . 5  'and 6 ) ,  c o m p a r e d  w i t h  1 8  m i n  fo r .  

[ 1 4 ~ ~ a m i n o  a k d s  m i x t u r e  ( F i g s . 7  a n d  8 ) .  - P. f l u o r e s c e n s  i s o l a t e  

h a d  r a p i d  - [ 1 4 ~ l g l u c o s e  u p t a k e  r a t e s  sd a n  18 -min  i n c u b a t i o n  was  

u s e d  ( F i g s . 9  a n d  l o ) ,  b u t  amino  a c i d  u p t a k e  was  n o t  a s s a y e d .  

P e r  c e n t  m i n e r a l i z a t i o n  ( t h a t  p o r t i o n  o f  t o t a l  u p t a k e  

r e s p i r e d  a s  C02)  was m e a s u r e d  a s  a n  i n d i c a t o r  o f  s t r e s s  s i n c e  - - - - . I .  

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

a n d  i n c r e a s e  C02 e v o l u t i o n .  The d a t a  ( F i g s . 5  t o  1 0 )  d o  n o t  

c l e a r l y  i n d i c a t e  h i g h e r  l e v e l s  o f  C02 e v o l u t i o n  i n  t h e  1 0 0 0  ppm 

a c e p h a t e  t r e a t e d  c e l l s .  The  h i g h  r a t e  o f  m i n e r a l i z a t i o n  b e f o r e  

10  m i n ,  w h i c h  was t y p i c a l  o f  m o s t  u p t a k e  e x p e r i m e n t s ,  p r o b a b l y  

r e s u l t e d  f r o m  c e l l  s u s p e n s i o n  p r e p a r a t i o n , ( e . g .  w a s h i n g ,  - 

- - - - - - -- -- - - - -- - - - - - - - - -- - - 

~ t a r v i n g ,  . e t c .  1. 

C. l i v i d u m  i s o l a t e  c u l t u r e s  grown i n  t h e  p r e s e n c e  o f  1 0 0 0  - 
ppm a c e p h a J t e  s h o v e d  l o w e r  r a t e s  o f  [ 1 4 ~ ~ g l u c o s e  t o t a l  u p t a k e  

t h a n  e i t h e r  t h e  c o n t r o l  o r  c u l t u r e s  e x p o s e d  t o  1  ppm a c e p h a t e  

( F i g . 5 ) .  A n a l y s t s  o f  t h e  d a t a  b y  A N C O V A  a n d  S c h e f f e V s  t e s t  

showed t h a t  t h e r e  was, a  s i g n i f i c a n t  d i f f e r e n c e  (PC .05 )  b e t w e e n  

t h e  1 0 0 0  p p p m  t r e a t m e n <  a n d  b o t h  t h e  c o n t r o l  a n d  1  ppm - 8 ,  

t r e a t m e n t s .  No d i f f e r e n c e  was  i n d i c a t e d  betwe,en t h e  c o n t r o l  a n d  - 
- - - - - - - -L - - -- - - -- -- - - - 

1  ppm t r e a t m e n t  (P>.OS). I n  c o n t r a s t ,  A N C O V A  of  t h e  t o t a l  u p t a k e  

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

a d d i t i o n  ( F i g . 6 )  d i d  n o t  r e v e a l  a  s i g n i f i c a n t  d Y f f e r e n c e  ( ~ > . 0 5 )  



F i g . 5 .  Rate  o f  t o t a l  [ 1 4 ~ ~ g l u c o s e  u p t a k e  and I 
m i n e r a l i z a t i o n  f o r  C .  l i v i d u m  i s o l a t e  c e l l  
s u s p e n s i o n s  p r e p a r e 2  from e u l t u r e s  grown i n  t h e  
p r e s e n c e  o f  0  ( O ) ,  1 ( 0 )  and 1000 ( A )  ppm 
a c e p h a t e  ( s e e  A p p e n d i c e s  9 ;  l 7 t o  2 0 ) .  





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

1000  pprn a c e p h a t e  a f f e c t e d  t o t a l  u p t a k e  by r e d u c i n g  t h e  amount  

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

t h e  X m i n e r a l i z a t i o n .  

The u p t a k e  o f  amino  i d s  by - C. l i v i d u m  i s o l a t e  . i s  shown i n  

F i g u r e  ? f o r  c u l t u r e s  g r  i n  a c e p h a t e ,  a n d  F i g u r e  8 f o r  

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

a d d i t i o n .  The d a t a  h a v e  b e e n  t r a n s f o r m e d  by g r a p h i n g  u p t a k e  

v e r s u s  l o g  t i m e  t o  s i m p l i f y  s t a t i s t i c a l  c a l c u l a t i o n s .  A n a l y s i s  , 
- - - - - -  -- 

- - 

o f  t h e  t o t a l  u p t a k e  d a t a  ( F i g . 7 )  by A N C O V A  a n d  D u n c a n ' s  M u l t i p l e  

Range  T e s t  r e v e a l e d  t h a t  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  
I 

( P < . 0 5 ) ' b e t w e e n  i n t e r c e p t s  among t r e a t m e n t s ,  b u t  n o t  s l o p e s ,  

b e t w e e n  t h e  1000 pprn t r e a t e d  c e l l s  a n d  b o t h  t h e  c o n t r o l  a n d  1 
? 

+ 
ppm t r e a t m e n t ,  b a t  no s i g n i f i c a n t  d i f f e r e n c e  ( ~ > . 0 5 )  b e t w e e n  t h e  f 

r 

c o n t r o l  a n d  1  pprn t r e a t m e n t .  The  X m i n e r a l i z a t i o n ' w a s  much 

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

s u b s t r a t e  a d d i t i o n  ( F i g .  8 )  a n  A N C O V A  a n d  D u n c a n ' s  M u l t i p l e  Range  

T e s t  i n d i c a t e d  t h a t  t h e r e  was  n o  s i g n i f i c a n t  d i f f e r e n c e  ( P > . 0 5 )  

b%tween s l o p e s  o r  i n t e r c e p t s  b e t w e e n  t h e  t r e a t m e n t s .  

I n  c o n t r a s t  t o  - C. l i v i d u m  i s o l a t e  t o t a l  g l u c o s e  u p t a k e  by 

P. f l u o r e s c e n s  i s o l a t e  w a s  n o t  a f f e c t e d  when c e l l s  w e r e  g rown  i n  - 
t h e  p r e s e n c e  of a c e p h a t e  ( F i g . 9 ) ,  o r  t r e a t e d  w i t h  t h e  

no s i g n i f i c a n t  d i f f e r e n c e  ( ~ > . 0 5 )  b e t w e e n  t r e a t m e n t s .  

a ff - 

- 

2 4 < 

@ < - 
-< I 



F i g . 6 .  R a t e  u p t a k e  a n d  
mi.n 
s b s  
a c e  

o f - . t o t a l  [ 1 4 c l g l u c o s e  
l i z a t i o n  f o r  C .  l i v i d u m  i s o l a t e  c e l l  
s i o n s  p r e p a r e x  f r o m  c u l t u r e s  grown w i t h o u t -  
t e  a d d i t i o n s  w h i c h  w e r e  t r e a t e d  w i t h  0 

( o ) ,  1  ( 0 )  and  1000 ( A )  ppm a c e p h a t e  a t  t h e  
t ime-  o f  g l u c o s e  a d d i t i o n  ( s e e  ~ p ~ e n d l x  1 0 ) .  



TIME (mid  



F i g . 7 .  R a t e  .of t o t a l  [ 1 4 ~ ~ a m i n o  a c i d &  m i x t u r e  
( A . A . )  u p t a k e  a n d  % m i n e r a l i z a t i o n  f o r  C: 
l i v i d u m  i s o l a t e  c e l l  s u s p e n s i o n s  p r e p  r e d  f r o m  g . c u l t u r e s  g r o w n  i n  t h e  p r e s e n c e  o f  O ( , 1  ( a )  
a n d  1 0 0 0  ( A  ) ppm a c e p h a t e  ( s e e  A p p e n ' d i c e s  11,  
2 1  and  22)' .  





F i g . 8 .  R a t e  o f  t o t a l  [ 1 4 c ] a m i n o  a c i d s  m i x t u r e  
( 'A .A. )  u p t a k e  and X m i n e r a l i z a t i o n  f o r  C .  
l i v i d u m  i s o l a t e  c e l l  s u s p e n s i o n s  p r e p a r e d  f rom 
c u l t b r e s  grown w i t h o u t  a c e p h a t e  a d d i t i o n s  which'  
were t r e a t e d  w i t h  0  ( 0  ) , 1  ( 0 )  and 1 0 0 0  ( A  ) 
ppm a c e p h a t e  a t  t h e  t ime  o f  amino a c i d  a d d i t i o n  
( s e e  Appendix  1 2 ) .  
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~ i g . 9 .  Rate  o f  t o t a l  [ 1 4 ~ ] g l u c o s e  u p t a k e  and 
m i n e r a l i z a t i o n  f o r  P .  f l u o r e s c e n s  i s o l a t e  c e l l  
s u s p e n s i o n s  p r e p a r e x  from c u l t u r e s  grown i n  t h e  
p r e s e n c e  o f  0  ( 0 ), 1 ( 0 ) and 1000  .( A ) ppm 
a c e p h a t e  ( s e e  Appendice;  1 3 ,  23 and 2 4 ) .  





- - 

. . 
- &  - - -- - - -  - -  

- - 

Fig.10. Rate of total 
- mineralization for P. fluorescens isolate cell - T 

suspensions prepared from cultures grown without 
acephate additions which were treated with 0 
( O ) ,  1 ( 0 )  and 1000 ( A )  ppm acephate at the 
time of glucose- additdon (see Appendices 1'4,  25 

, and 26). \ 





T r a n s p o r t  - o f  [ 1 4 ~ ] ~ c y c l o l e u c i n e  

C y c l o l e u c i n e  was  n o t  a b l e  tb s u p p o r t  grow;h o f  C. / l i v i d u r n  - * 

i s o l a t e  when i t  was  t h e  s o l e  c a r b b n  s o u r c e  n o r  was  a n y  1 4 c 0 2  - 
r e c o v e r e d  d u r i n g  r e s p i r a t i o n  e x p e r i m e n t s  when [ 1 4 ~ ] c y c 1 0 1 e u c i n e  - 

was u s e d  a s  t h e  s u b s t r a t e -  W h i l e  t h e s e  r e s u l t s  i n d i c a t e  t h a t  

c y c l o l e u c i n e  was n o t  m e t a b o l i z e d ,  i t  was  t a k e n  u p  by t h e , c e l l s ,  

A e r o b i c  u p t a k e  o f  [ 1 4 ~ ~ c y c l o l e u c i n e  a t  1 5 ' ~  r e a c h e d  s a t u r a t i o n  - 
B 

a t  a b o u t  1 5  min  a n d  was  n o t  a f f e c t e d  by t h e  p r e s e n c e  o f  1 0 0 0  ppm 
- - 

- - -  - - 

a c e p h a t e  ( F i g . 4 1 ) .  

' F o r  i n f l u x - e f f l u x  e x p e r i m e n t s  t h e  c e l l s  w e r e  s u s p e n d e d  i n  

G N  medium w i t h  c h l o r a m p h e n i c o l  w h i c h  p r e v e n t e d -  p r o t e i n  s y n 5 h e s i s  

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

s y s t e m s  i n d e p e n d e n t  o f  g r o w t h .  C o n c e n t r a t i o n s  o f  

1 4  [ ~ ] c y c l o l e u c i n e  i n  b o t h  t h e  c o n t r o l  a n d  a c e p h a t e - t r e a t e d  
- - - - - - - - - - -  - -- - -  

c u l t u r e s  r e a c h e d  a maximum a f t e r  a p p r o x i m a t e l y  1 0  min ,  d e c r e a s e d  , 

s l i g h t l y  t h e r e a f t e r ,  and  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  b e t w e e n  35 

a n d  50  min  ( F i g . 1 2 ) .  A t  43  m i n ,  t h e  medium c o n c e n t r a t i o n  o f  ' 

c y c l o l e u c i n e  was  i n c r e a s e d  t o  0 .01  M by. t h e  a g d i t i o n  o f  ' ,J 
I 

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

c a u s e d  a  s i g n i f i c a n t  e " f f 1 u x  o f  i n t r a - c e l l u l a r  l a b e l  s i m i l a r  t o  

t h e  i n i t i a l  u p t a k e ,  a n d  by 6 0  rnin t h e  a m o u n t  o f  l a b e l  d r o p p e d  t o  

a p p r o x i m a t e l y  t h e  a c i d - k i l l e d  c o n t r o l  c o n c e n t r a t i o n :  The l o s s  o f  

- - - - - - - - - - - - - - - - 

i n t f a - c S I l u l - a r  T a b e l  s i i g c e i i t S - F h S t  [ f 4 ~ ~  c y c l o l % u c i n e  was  b e i n g  

i n t o  p r o t e i n .  
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14 F i g . . l 2 .  [ C ] c y c l o l e u c i n e  c o n t e n t  o f  v i a b l e  C .  
l i v i d u m  i s o l a t e  c e l l s  t r e a t e d  w i t h  0 ( 0 )  a n 3  
1000 ( A )  ppm a c e p h a t e .  A t  4 3  m i a  u n l a b e l e d  
c y c l o l e u c i n e - w a s  added t o  v i a b l e  c e l l s ;  ( a )  0 i 

ppm e f f l u x  and 1000 ppm a c e p h a t e - t r e a t e d  e f f l u x  
( A  ) . A c i d - k i l l e d  c o n t r o l  ( 0 )  ( s e e  Appendix  16). E 

J i 





D. DISCUSSION 

T h e  c h a r a c t e r i s t i c s  d e t e r m i n e d  f o r  t h e  L e i  L a k e  i s o l a t e s  

a g r e e d  w e l l  w i t h  t h o s e  r e p o r t e d  f o r  t h e  t y p b  s p e c i e s  ( T a b l e . 1 )  

e x c e p t  f o r  t h e  b i o c h e m i c a l  t e s t  r e s u l t s  f o r  ' t h e  - C. l i v i d u m  - 

d s o l a t e .  H o w e v e r ,  t h e  d i s t i n c t i v e  c u l t u r a l  a n d  p h y s i o l o g i c a l  

c h a r a c t e r i s t i c s  w e r e  s t r o n g  d i a g n o s t i c  i n d i c a t o r s  f o r  - C. l i v i d u m  
4 

L n d  a t  l e a s t  o n e  o t h e r  s t u d y  h a s  b a s e d  C h r o m o b a c t e r i u m  s p .  

i d e n t i f i c a t i o n  m a i n l y  o n  t h e s e  p a r a m e t e r s  ( B o l t e r  1 9 7 7 ) .  
-- - - - - 
- -- - 

- - - - - - - - 

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

R h i z o b i a c e a e  ( B u c h a n a n  a n d  G i b b o n s  1 9 7 4 )  b u t  t h e r e  i s  s t r o n g  ' - 

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

c h a n g e d  ( M o f f e t t  a n d  C 0 l w e 1 1 ~ 1 9 6 8 ;  H e b e r l e i n  -- e t  a l .  1 9 6 7 ;  S n e a t h  

1 9 7 4 ) ,  a n d .  p o s s i b l y  p l a  I n  t h e  f a m i l y  P s e u d o m o n a d a c e a e .  

- - P.  f l u o r e s c e n s  
- 

l i v i d u m  a r e  common b a c t e r i a  i n  s o i l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - 

a n d  wa"ter  ( D o u d o r o f f  1 9 7 4 ;  S n e a t h  1 9 7 4 ) .  

P s e u d o m o n a s  s p .  a r e  t y  i c a l  i n h a b i t a n t s  o f  f a k e  w a t e r  ( v a n  N i e l  9 
a n d  S t a n i e r  1 9 5 9 ;  K u z n e t s o v  1 9 7 0 ;  R h e i n h e i m e r  1 9 7 4 1 , '  a n d  may  be^ 

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

( L a p t e v a  1 9 7 7 ;  B e l l  e t .  a l .  1 9 8 0 ) .  C. l i v i d u m  a p p e a r s  t o  b e  l e s s  - - 
a b u n d a n t  i n  a q u a t i c  e c o s y s t e m s .  B e l l  -- e t  a l .  ( 1 9 8 0 )  i s o l a t e d  t w o  

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

B r u n s w i c k  b u t  - C.  l i v i d u m  a c c o u n t e d  f r o m  l e s s  t h a n  1 t o  3 X o f  , 

t h e  t o t a l  p o p u l a t X o n  ~ a m p l e d 7 ~ S I b e r i a n  l a k - e s - a T o ~ t - 4 ~ m o l : l i ~ ~ -  Q 

( K u z n e t s o v  1 9 7 0 ) .  



The d a t a  p r e s e n t e d  f o r  C. l i v i d u m  i s o l a t e  show t h a t  g r o w t h  - 
i n  medium c o n t a i n i n g  1 0 0 0  pprn a c e p h a t e  medium d e c r e a s e s  t h e  r a t e  

+ 
of  g r o w t h  a n d  u p t a k e  o f  g l u c o s e  a n d  a m i n o  a c i d s ,  b u t  n o t  t h e  

r a t e  o f  c y c l o l e u c i n e  u p t a k e .  T h u s  i t  a p p e a r s  t h a t  a c e p h a t e  may 

n o t  i n h i b i t  a c t i v e  t r a n s p o r t  d i r e c t l y ,  i n  C. l i v i d u m  i s o l a t e .  - 
T o  g i v e  p e r s p e c t i v e  t o  1  and  J 0 0 0  pprn c o n c e n t r a t i o a s ,  i t  i s  

u s e f u l  t o  c o m p a r e  t h e  t o x i c i t y  o f  a c e p h a t e  w i t h  more f a m i l i a r  

p e s t i c i d e s ,  a n d  t o  know t h e  a m o u n t  o f  a c e p h a t e  w h i c h  wou ld  b e  

r e q u i r e d  t o  g i v e  t h e s e  c o n c e n t a t i o n s  i n  L e i  L a k e .  A c e p h a t e  h a s  a  

24-h LCs0 o f  900  t o  2890 pprn ' f o r  r a i n b o w  t r o u t  ( ~ a l m o  g a i r d n e r i  

( D u a n g s a w a s d i  a n d  K l a v e r k a m p  1 9 7 9 ;  Geen -- e t  a l .  1 9 8 0 ) .  H o l d e n  

l i s t s  t h e  24-h LC50 of s e v e r a l  p e s t i c i d e s  f o r  r a i n b o w  t r o u t  a s :  
\ 

DDT, 4 .2  ppb ;  m a l a t h i o n ,  1 0 0  t o  1 6 9  p p b ;  m e t h y l  p a r a t h i o n ,  2 . 7 5  . 

ppn  ( 9 6  h ) ;  c a r b a f y l ,  3 .5  t o  4  ppm; 2 , 4 - D ( P G B E E ) , ~ . ' ~  ppm; 

2 , 4 - D B ( a c i d ) ,  13 .5  ppm. I n  o r d e r  t o  o b t a i n  c o n c e n t r a t i o n s  o f  1 ' 
- - - -- - - - - - - - - - - - - - - -- -- -. 

a n d  1 0 0 0  ppm a c e p h a t e  i n  L e i  L a k e  a b o u t  1 2 2  k g  a n d  1 . 2  x l o 5  k g  

r e s p e c t i v e l y  wou ld  h a v e  f o  b e  h o m o g e n e o u s l y  d i s p e r s e d - i n  t h e  
I 

w a t e r  c o l u m n  ( b a s e d  on a  s u r f a c e  a r e a  o f  2 .1  ha  a n d  mean d e p t h  

o f  5 . 8  m). 

's 
. O p t i c a l  d e n s i t y  was  .used  t o  m e a s u r e  g r o w t h  b e c a u s e  i t  i s  

p r o p o r t i o n a l  t o  t h e  number o r  m a s s  o f  c e l l s  i n  a  b a c t e r i a l  

s u s p e n s i p n  ( H e r b e r t  1 9 6 1 ;  S p a u n  1 9 6 2 ;  M e y n e l l  a n d  M e y n e l l  ' 1970) .  

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

- - - - - - --- - -- - - -- 

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

( S p a u n  1 9 6 2 ;  F r e i f e l d e r  1 9 7 6 ) .  Leas - l i g h t  s c a t t e r i n g  by-& 



l i v i d u m  i s o l a t e  c u l t u r e s  e x p o s e d  t o  J000 ppm a c e p h a t e  p r o b a b l y  
- 

< 

c a u s e d  lowee% OD m e a s u r e m e n t s .  . 
A l t h o u g h  c a l i b r a t i o n s  f i r  c e l l  number  a n d  d r y  weight w i t h  

- B OD w e r e  n o t  made, t h e  c e l l  number s  f o r  C .  l i v f d u m  i s o l a t e  . 

c u l t u r e s  e x p o s e d  t o  1000 ppm a c e p h a t e  a n d  t h o s e  f o r  t h e  c o n t r o l  

- 
I 

w e r e  c o m p a r a b l e  a t  a n  OD of  0.3 ( ~ ~ ~ e n d i x  5) .  Bu t  c e l l  s i z e  a n d  

the'maximum c e l l u l a r  y i e l d  of  1000 ppm a c ~ p h a t e - t r e a t e d  C. 

l i v i d u m  i s o l a t e  c u l t u r e s  w e r e  r e d u c e d .  P o w e l l  (1963) a n d  M e y n e l l  

a n d  M e y n e l l  (1970) s t a t e  t h a t  s m a l l e r  c e l l s  s c a t t e r  1essJ . igh-t---  

t h a n  l a r g e r  o n e s  a t  a  g i v e n  w a v e l e n g t h ,  s o  t h a t  r e d u c e d '  l i g h t  

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

be  a  r e s u l t  o f  l o w e r  b i o m a s s .  T h e r e f o r e  t r e a t m e n t  o f  - C. l i v i d u m  

i s o l a t e  c u l t u r e s  w i t h  1000 ppm a c e p h a t e  may r e d u c e  b i o m a s s  by 

a f f e c t i n g  b i o s y n t h e t i c  m e c h a n i s m s .  

B lakemore  and  C a r e y  (1978) f o u n d  t h a t  ' c o n * c e n t r a t i o n s  o f  
\ - - - - - - - - - - - - - - - -- - - - 

p o l y c h l o r i n a t e d  b i p h e n y l s  ( P C B S )  a s  l b w  a s  10 ppb  i n c r e a s e d  

g e n e r a t i o n  t i m e s ,  l o w e r e d  maximum c e l l  y i e l d s  a n d  c a u s e d  

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

i 
t h e s e  e f f e c t s  t ~ ~ i n h i b i t i o n  o f  b i o s i n t h e t i c  mechan i sms .  I n  

P 

f o l l o w u p  s t u d y  B l a k e m o r e  (1978) showed t h a t  t h e  s y n t h e t i c  r a t e  

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

r e d u c e d  i n  1 0  ppb  P C B  t r e a t e d - c e l l s  a n d  a d e n i n e  a c c u m u l a t i o n  was  

30% of  c o n t l r o l s .  T h e s e  r e s u l t s  s u g g e s t e d  membrane a l t e r a t i o n ;  o r  
0 

- - -- - - - - - - - - - -- 

- i n h i b i t i o n  s f  enzymes  i n v o l v e d  i n  n u c l e i c  a c i d  s y n t h e s i s .  

The e f r e c t s  o f  l m p p m  a c e p h a t e  o n  C. l i v i d u m  i s o l a t e  L e r e  

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



medium ( F i g . 3 ) .  R e v e r s i b l e  e f f e c t s  i n d i c a t e  t h a t  t h i s  - 

c o n c e n t r a t i o n  i s  b a c t e r i o s t a t i c  f o r  t h e  b a c t e r i u m ,  and  may n o t  - 

b e  p e r m a n e n t l y  bound t o  t h e  c e l i s .  B l a k e m o r e  a n d  C a r e y  ( 1 9 7 8 )  

f o u n d  t h a t  a  PCB c o n c e n t r a t i o n  o f  2 0 0  ppb was a l s o  

b a c t e r i o s t a t i c  f o r  some b a c ' t e r i a .  C .  l i v i d u m  i s o l a t e  e x p o s e d  t o  - 
r e p e a t e d  100b  pprn c o n c e n t r a t i o n s  o f  a c e p h a t e  d i d  n o t  show 

a d a p t a t i o n  t o  t h e  i n s e c t i c i d e .  'Reduced d o u b l i n g  t i m e s  would- be. 

e x p e c t e d  i f  t h i s '  o r g a n i s m  was  a d a p t i n g  t o  a c e p h a t e . "  

U p t a k e  d a t a  f o r  - C. l i v i d u m  i s o l a t e  e x p o s e d  t o  1000  ppm 
- - - - - - -- 

a c e p h a t e  d u r i n g  g r o w t h  i n d i c a t e d  t h a t  t h e  amoun t  o f  r a d i o a c t i v e  

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

r e d u c e d  c o m p a r e d  t o  t h e  c o n t r o l .  However ,  t h e  p o r t i o n s  o f  1 4 c 0 2  

w e r e  s i m i l a r .  U p t a k e  r a t e s  f o r  t h e  s u b s t r a t e s  t e s t e d  depe 'nd o n  

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

\ p a t h w a y s  a n d  r e ~ ' ~ i r a t i o n  a s  C O P  Y a r b r o u g h  -- e t  a l .  ( 1 9 8 0 )  
- - - - - - -- -- - - - - - - - -  I 

c o n s i d e r e d  t h e  i n i t i a l  r a t e  ( t h a t  o c c u r r i n g  w i t h i n  i h e  f i r s t  1 5  

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

t h e  t r u e  t r a n s p o r t  r a t e ,  and  s u b s e q u e n t  u p t a k e  t o  r e f l e c t  o t h e r  

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

m a t e r i a l .  B a r o s s  -- e t  a l .  ( 1 9 7 5 )  f o u n d  t h a t  t h e  r a d i o a c t i v i t ;  

r e t a i n e d  by f i l t r a t i o n  a f t e r  a c i d  f i x a t i o n  w i t h  s u l f u r i c  a c i d  
. , 

was i d e n t i c a l  t o  t h e  amount  p r e c i p i t a t e d  w i t h  t r i c h l o r o a c e t i c  

a c i d  ( p r o t e i n s  a n d  n u c l e i c  a c i d s ) .  F i x a t i o n  c a u s e d  r e l e a s e  o f  

t h e  s u b s t r a t e  pools a n d  l o w  w e i g h t  m e t a b o l i t e s  b u t - d i d n o t  

u p t a k e  d a t a  was  d i s c u s s e d  by ~ r i f f i t ' h s  -- e t  a l .  ( 1 9 8 1 )  i n  t h e i r  - 



s t u d y  o f  t h e  e f f e c t s  o f  50  p p t  c r u d e  o i l  on  ' 4 ~ - l a b e l e d  g l u c o s e  

a n d  g l u t a m i c  a c i d  u p t a k e  by m a r i n e  s e d i m e n t  m i c r o o r g a n i s m s .  They  

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

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

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

r a d i o a c , t i v i t y  w i t h  t h a t  r e s p i r e d  a s  1 4 c 0 2 .  C h a n g e s  p r i m a r i l y  
- - 

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

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

and  r e s p i r e d  r a d i o a c t i v i t y  i n d i c a t e d  a l t e r a t i o n  o f  s u b s t r a t e  
- -- - - 2  - - 

t r a n s p o r t  i n t o  t h e  c e l l .  S i n c e  c e l l  a s s o c i a t e d  r a d i o a c t i v i t y  was  

more s t r o n g l y  a f f e c t e d  i n  u p t a k e  e x p e r i m e n t s  w i t h  C. l i v i d u m  - 
i s o l a t e  u s i n g  c e l l  s u s p e n s i o n s  p r e p a r e d  f r o m  c u l t u r e s  grown is 
1 0 0 0  ppm a c e p h a t e  ( ~ i g s . 5  a n d  7 ) ,  b i o s y n t h e t i c  p a t h w a y s  may bea 

a f f e c t e d  e i t h e r  by redu-ced m a c r o m o l e c u l a r  s y n t h e s i s  o r  by a , < 
3 

s h i f t  t o  s y n t h e s i s  o f  low w e i g h t  m e t g b o l i t e s .  u p i n  f i x a t i o n  -? 
i 

- - - - - - - - - - - - - - - --A- - f 
t h e s e  s m a l l  m o l e c u l e s  wou ld  h a v e  b e e n  r e l e a s e d  f r o m  t h e  c e l l .  7 

i 
A c e p h a t e  ( 1 0 0 0  ppm) d i d  n o t  a f f e c t  t h e  u p t a k e  o r  e f f l u x  o f  t 

c y c l o l e u c i n e  by - C.  l i v i d u m  i s o l a t e .  C y c l o l e u c i n e  was  c h o s e n  a s  1 
I 
5 

t h e  s u b s t r a t e  t o  i n v e s t i g a t e  t r a n s p o r t  b e c a u s e  i t  was  n o t  

m e t a b o l i z e d  by C .  l i v i d u m  i s o l a t e  a n d  h a s  b e e n  recommended f o 2  - 
i 

st- t r a n s p o r t  i n d e p e n d e n t  o f  m e t a b o l i s m  (Akedo a n d  

C h r i s t e n s e n  1 9 6 2 ;  C h r i s t e n s e n  a n d  J o n e s s  1 9 6 2 ) .  A s  a n  a n a l o g u e  o f  

L - l e u c i n e  or L - v a l i n e  i t  i s  t r a n s p o r t e d  by t h e  
- 4 

leucine--isoleucfne-val3ne t r a n s p u r r - s y s t e m ;  w l i i c h - i s a i r e l l -  
\ + 

p r o t e i n s  ( A n k a m l 9 7 8 ) .  C h r i s t e n s e n  ( 1 9 7 5 )  s t a t e s  t h a t  
P 

/ 
i 



- 
c y c l o l e u c i n e  i s  a  u s e f u l  m o d e l  s u b s t r a t e  b e c a u s e  i t  i s  r e a c t i v e .  

w i t h  2 o r  more  i m p o r t a n t  t r a n s p o r t  s y s t e m s .  
\ 

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

p e n e t r a t e  i n t o  t h e  c e l l ,  No s t u d i e s  h a v e  b e e n  p u b l i s h e d  

d e s c r i b i n g  m e m b r a n e  p e r m e a b i l i t y  b r  t r a n s p o r t  i n  2. l i v i d u m  b u t  

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

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

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

b a c t e r i a  g e n e r a l l y ( C o s ~ e r t o n  -- e t  a l ,  1 9 7 4 ;  Meadow 1975 ;  A i l s a n  - 

a n d  S m i t h  1 9 7 8 ;  Romano e t  a l .  1 9 8 0 ) .  T h e  u s e  o f  a c e p h a t e  a s  a -- 
s o l e  p h o s p h o r u s  s o u r c e  b y  s o i l  p s e u d o m o n a d  . e n r i c h m e n t  c u l t u r e s  

- 0 

may i n d i c a t e  t h a t  a c e p h a t e  i s  a b l e  b e n e t r a t e  i n t o  c e l l e  

( R o s e n b e r g  a n d  A l e x a n d e r  1 3 7 9 ) ; e i t h e r  w i t h  o r  w i t h o u t  t h e  t h e  

a s s i s t a n c e  o f  a  t r a n s p o r t  s y s t e m .  H o w e v e r ,  a c e p h a t e  may b e  

d e ' g r a d e d  e x t r a c e l l u l a r l y  -- - a n d  - t h e  - p h o s p h o r u s  - - - -- m o i e t y  - - - - t a k e n  u p  - - 
- 

s e p a r a t e l y .  

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

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

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

n o n e l e c t r o l y t e  p e r m e a b i l i t y  of  c e l l s  ( M c ~ l h a n e y  et Q, 1 9 7 3 ) .  

U n s a t u r a t e d  f a t t y  a c i d  s u b s t i t u t i o n  d e c r e a s e s '  t h e  o r d e r l y  

a r r a n g e n e n t  o r  r i g i d i t y  of t h e  m e m b r a n e  a n d  i n c r e a s e s  t h e  

f l u i d i t y .  B a c t e r i a  g r o w n  a t  a  l o w k q L e m p e r a t u r e  h a v e  m e m b r a n e s  

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

t h o s e  g r o w n  a t  a h i g h e r  t , e m p e r a t u r e  ( E s f a h a n i  -- e t  al. 1 9 6 9 ;  Fox 

1 9 7 2 a , b ) .  T h e  m a i n t e n a n c e  o f  a  f l u i d  m e m b r a n e  i s  i m p o r t a n t  i n  



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

t r a n s p o r t .  

Under  t h e  c o n d i t i o n s  o f  - C .  l i v i d u m  i s o l a t e  c u l t u r e  ( l S • ‹ C  

a n d  pH 7 .5  t o  6 . 3 )  a c e p h a t e  w o u l d  b e  e x p e c t e d  t o  b ,e ' ; ion ized  

( K l a v e r k a m p  a n d  Hobden 1 9 8 0 ) ,  b u t  may p e n e t r - a t e  t h e  membrane 

- d i r e c t l y  o r  b e  t r a n s p o r t e d .  D u a n g s a u a s d i  a n d  K l a v e r k a m p  (1979) 

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

t o  b e  1 . 3 , . w h i c h  a c c o r d i n g  t o  S h i f r e r  -- e t  a l .  ( 1 9 7 4 , ' c i t e d  i n  

D u a n g s a w a s d i  a n d  Klave rkamp  1 9 7 9 )  may i n d i c a t e 7  t h a t  p h y s i c a l  
- -- -- - - - - -  - -  - - 

Y .  
- - - 

- -- - - 

u p t a k e  p r o c e s s e s .  ( e .  g. d i f  f u s . i o n )  a r e  i n v o l v e d .  S i n c e  a c e p h a t e  

e f f e c t s  w e r e  o n l y  o b s e r v e d  a t  a  h i g h  c o n c e n t r a t i o n  ( 1 0 0 0  ppm) 

i t s  c o n c e n t r a t i o n  g r a d i e n t  may h a v e  a s s i s t e d  p e n e t r a t i o n  i n t o  
C .  

* 

t h e  c e l l .  - - * 5 

I f  a c e p h a t e  a f f e c t s  - C .  l i v i d u m  i s o l a t e  why d o e s  i t  n o t  
d 

+, a p p e a r  to- a f f e c t  P. f l u o r e s c e n s  i s o l a t e  g r o w t h  o r  g l u c o s e  u p t a k e  
> - '3 

, 
- -- --- > - - - -  - - - - -  2 

when b o t h  o r g a n i s m s  c a t a b o l i z e  g l u c o s e  u s i n g  t h e  i' 

t 

~ i t n e r - ~ u o d o r o f  f  pa thway  ( B r o c k  1 9 7 0 ) ?  Two p o s s i b l e  e x p l a n a t i o n s  1 
9 

a r e  g i v e n  be low.  + 3 6 

F i r s t l y ,  - C . l i v i d u 4  i s o l d c e  h a s  a  7  h d o u b l i n g  t i m e - c o r n p i r e d  5 
3 

w i t h  4  h  f o r  - P. f l u o r e s c e n s  i s o l a t e ,  a n d  i t  i s  p o s s i b l e  , t h a < ; t b e  
[- \* 

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

  ha saw in ah ' e t  -- a l ,  ( 1 9 7 8 )  s t u d i e d  t h e  t o x i c i t y  o f  m e t h a m i d b p h o s ,  

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

c o n c l u d e d  t h a t  t h e  r e l n i v e  s t a b t l i t y  anetow-in-TITO------ -- 

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

- 

- 
& 



i s  known t o  be  a  p o o r  i n  v i t r o  i n h i b i t o r  o f  h o u s e f l y  - 
c h o l i n e s t e r a s e  ( R o j a k o $ i c k  a n d  M a r c h  1 9 7 2 )  a n d  may b e h a v e  

s i m i l a r l y  t o  m e t h a m i d o p h o s  i n  v i v o .  A l t h ~ u g h ~ k a c t e r i a  d o  n o t  -- 
. - 

p o s s e s s  c h o l i n e s t e r a s e ,  a  h i g h  i n t e r n a l  a c e ~ h a t e  c o n c e n t r a t i o n  

may be r e q u i r e d  t o  a f f e c t  b i o s y n t h e t i c  e n z y m e ( s ) .  
/ 

S e c o n d l y ,  P.  f l u o - r e s t e n s  i s o l a t e  may n o t  b e  a f f e c t e d  by - 
- > 

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

s y s t e m s  o r  b i o s y n t h e t i c  pa thways . '  T h e r e  a t e  a t  l e a s t  3 r o u t e s  by ,  

w h i c h  g l u c o s e  may e n t e r  t h e  E n t n e r - D u o d o r o f f  p a t h w a y  ( L y n c h  a n d  
- - - - - - - I 

- - - - - - -- 
-- -- 

F r a n k l i n  1 9 7 8 )  o*r  b e  d e g r a d e d  (Wood 1 9 5 5 )  i n  P. f l u o r e s c e n s .  - 
T h i s  o r g a n i s m  is, a l s o  a b l e  t o  u s e  f r o m  60 t o  more  t h a n  80 c a r b o n  

s o u r c e s  f o r  g r o w t h  ( S t a n i e r  -- e t  a l .  1 9 6 6 )  * r e f l e c t i n g  i t s  

e n z y m a t i c  v e r s a t i l i t y . ' A c e p h a t e  i s  p o o r  i n  v i v o  i n h i b i t o r  o f  . -- 
h o u s e f l y  a c e t y l c h o l i n e s t e r a s e  ( R o j a k o v i c h  a n d  March  1 9 7 2 )  a n d  

d o e s  n o t  r e a c t  w i t h  d e t o x i f y i n g  e n z y m e s  s u c h  a s  m i c r o s o m a l  
- - - - - - - - - - - -- - - -- - -- - - - - - - - -- 

- - - 

o x i d a s e s   and'^^^-dependent t r a n s f e r a s e s  i n  r e s i s t s n t Y i n s e c t s  

( S u k s a y r e t r u p  a n d  P l a p p  1 9 7 7 ) .  T h e r e f o r e  a c e p h a b t e  may a f f e c t  a  

s p e c i f i c  b i o s y n t h e t i c  enzyme i n  5. l i v i d u m  i s o l a t e  b u t  P. - 
f l u o r e s c e n s  i s o l a t e  w o u l d  a v o i d  a c e p h a t e  e f f e c t s  by u t i l i z i n g  

a l t e r n a t e  p a t h w a y s .  

9 
- 

The r e s u l t s  o f ' t h e  s t u d y  p r e s e n t e d  h e r e  i n d i c a t e  t h a t  o n l y  

a  h i g h  c o n c e n t r a t i o n  o f  a c e p h a t e  ( 1 0 0 0  ppm) a f f e c t e d  C.  l i v i d u m  . - 
i s o l a t e  a n d  i t  i s  u n l i k e l y  t h a t  a q u a t i c  o r g m i s m s  w o u l d  b e  i --- -- . e x p o s e C - t o  c o i i i f e n t r a t i o  s. o f  t K i s  a g n i t u d e i n  t h e  n a t u r a l  s- 
e x p o s e d  t o  1 ppm a c e p h a t e , t h e ? u p p e r  limit of  a t h e o r e t i c a l  

< 



e n v i r o n m e n t a l  d o s a g e ,  i n d i c a t i n g  t h a t  t h e  t o x i c i t y  of a c e p h a t e  . A -I 

f 

;o b a c t e r i a  i s  depends on h i g h  c o n c e n t r ; t i o n s  and t h e  t y p e  of Y 

metabol iem.  Rabeni  and S t a n l e y  ( 1 9 7 9 )  and Geen -- e t  a l .  (1981) 
a 

have shown t h a t  o n l y  minor and l o c a l i z e d  i m p a c t s  on t h e  b i o t a  

were o b s e r v e d  i n  s treams  t r e a t e d  w i t h  low ( < 1  ppm) 

c o n c e n t r a t i o n s  of a c e p h a t e .  



E. CONCLUSION 

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

\, 
4 

c o n c e n t r a t i o n  o f  1000 ppm i n  c u l t u r e  medium a f f e c t s  t h e  . 

r a t e q o f  g r o w t h  a n d  g l u c o s e  a n d  a m i n o  a c i d  u p t a k e  by - C. l i v i d u m  

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

e f f l u x .   he i n ' h f b i t i o n  o f  c e l l  a s s o c i a t e d  u p t a k e  by  a c e p h a t e  

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

m e c h a n i s m s .  No e f f e c t s '  o f  a c e p h a t e  - -  -- a t  a  t h e o r e t i c a l  - -- - - 
- - -  - - - -  -- - - 

e n v i r o n m e n t a l  c o n c e n t r a t i o n  
, .  

e x p e r i m e n t s  w i t h  - C .  l i v i d u m  

r a t e  o f  g r o w t h  o r  u p t a k e  o f  

when p r e s e n t  

medium. 

( 1  ppm) p e r e  o b s e r v e d  i n  a n y  s f  t h e  

i s o l a t e .  A c e p h a t e  d i d  n o t  a f f e c t  t h e  
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Appendix 4 .  OD540 measurements (n = 3) for  - C .  lividurn i s o l a t e  cultures,  
- - - - - - -- - -- -- -- 

previously grown i n  1000 pprn acephate,during growth i n  the presence of 0 

and 1000 ppm acephate (F ig .  3) .  -- - - -- - - - - - s 

.*. 

~or;'trol - 1000 ppm 

T i m e  - - 
OD x -+ 1SD OD x -+ 1SD 
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