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SUMMARY: Seven  b a c t e r i a  r e p r e s e n t i n g  s e v e n  g e n e r a  o f  e n t e r i c  b a c t e r i a ,  i n  
a d d i t i o n  t o  E s c h e r i c h i a  r o l l ,  w e r e  shown t o  r e d u c e  n i t r i t e  t o  NO u n d e r  
a n a e r o b i c  c o n d i t i o n s  when the c e i l s  were grown  a s  nitrate r e s p i r e r s .  NO 

p r o d u c t i o n  was  i n h i b i t e d  by n i t r a t e  and a z i d e  and  was  s e l f  l i m i t i n g ,  j u s t  
a s  was  f o u n d  t o  be t h e  c a s e  p r e v i o u s l y  w i t h  E. c o l i  and i t s  n i t r a t e  r e d u c -  
t a s e .  Maximum i n i t i a l  r a t e s  o f  NO p r o d u c t i o n  w e r e  o b s e r w ~ d  a t  pH 5 . 5 - 6 .  
© 1988 Academic Press, Inc. 

J i  and  Hollocher (1 ,  2) f o u n d  that E s c h e r i c h i ~ t  c o l i  g r o w n  a s  a n i t r a t e  

r e s p i r e r  can  r e d u c e  n i t r i t e  t o  NO and  t h a t  t h e  r e s p i r a t o r y  [ t y p e  A) n i t r a t e  

r e d n c l a s e  i s  a l s o  c a p a b l e  o f  c a t a l y z i n g  t h i s  r ~ e a c t i n n .  F o r  i n t a c t  c e l l s ,  

t h e  membrane  f r a c t i o n  and s u l u b i i i z e d  n i t r a t e  r e d u c t a s e ,  NO p r o d u c t i o n  was 

i n h i b i t e d  by m i ] l J m o } a r  n i t r a t e  and m i c r o m o / a r  a z i d e  and  was  s e l f  l i m i t i n g  

w i t h  r e s p e c t  to  t h e  f i n a l  c o n c e n t r a t i o n  o f  NO. I t  was  o f  i n t e r e s t  i n  v i e w  

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

NO f rom n i t r i t e ,  and  s e v e n  a d d i t i o n a l  b a c t e r i a  o f  t h i s  g r o u p  w e r e  e x a m i n e d  

( T a b l e  1 ) .  D a t a  f o r  E. c o l i  a r e  shown f o r  e a s e  o f  c o m p a r i s o n .  

METHODS. B a c t e r i a  w e r e  g r o w n  a n a e r o b i c a l l y  on n i t r a t e  ill m e d i a  i n d i  
c a r e d  .in T a b ] e  I and  w e r e  h a r v e s t e d  and  w a s h e d  a t  4oC j u s t  b e f o r e  n r  u p o n  
h a v i n g  r e a c h e d  maximum c e l l  d e n s i t y .  The medium u s e d  f o r  a p a r t i c u l a r  
b a c t e r i u m  was  s e l e c t e d  on t h e  b a s i s  o f  i t s  a b i l i t y  t o  s u p p o r t  g r o w t h  o f  t h e  
o r g a n i s m  a s  a n i t r a t e  r e s p i r e r .  I n c u b a t i o n  t i m e s  w e r e  10 18 h ,  d e p e n d i n g  on 
t h e  b a c t e r i u m  and s i z e  o f  t h e  i n o c u l a m .  When m e d i a  c o n t a i n e d  10 mM n i t r a t e ,  

A660 nm v a l u e s  a t  maximum c e l l  d e n s i t y  w e r e  0 . 2 5 - 0 . 4 5 ,  e x c e p t  f o r  A. h y d r o -  
p t t i l a  w h i c h  r e a d  0 . 1 5 ,  In  t h e  14 h g e n e r a l l y  r e q u i r e d  f o r  c u l t u r e s  t o  
r e a c h  maximum d e n s i t y ,  n i t r a t e  was a l m o s t  e n t i r e l y  (90% o r  m o r e )  r e d u c e d  t o  
n i t r i t e ,  e x c e p t  f o r  A. h y d r o p h i l a  / ' o r  w h i c h  t h e  c o n v e r s i o n  was  o n l y  50%. 
The l o w e r  c e l l  y i e l d s  f o r  A. h y d r o p h i l a  can t h e r e f o r e  be a t t r i b u t e d ,  a t  
l e a s t  i n  p a r t ,  to  i n c o m p l e t e  r e d u c t i o n  o f  n i t r a t e .  In  a l l  c a s e s ,  a n a e r o b i c  
g r o w t h  on t h e  medium u s e d  was  v e r y  p o o r  e v e r  14 h when n i t r a t e  was  o m i t t e d .  

F o r  t h e  a s s a y  o f  NO p r o d u c t i o n  ( 1 ) ,  t h e  N O - e l e c t r o d e  was  m a i n t a i n e d  
u n d e r  a r g o n  a t  30oc  and  t h e  r e a c t i o n  was  i n i t i a t e d  by t h e  i n j e c t i o n  o f  
a n a e r o b i c  5 mM NaNO 2 i n t o  t h e  b a c t e r i a l  s u s p e n s i o n .  NO u p t a k e  was m e a s u r e d  
s i m i l a r l y  f o l l o w i n g  i n j e c t i o n  o f  0 . 2  mM NO. The i d e n t i f i c a t i o n  N20 a s  t h e  
p r o d u c t  o f  NO r e d u c t i o n  was by  g a s  c h r o m a t n g r a p h y  ( 1 ) .  

RESULTS AND DISCUSSION. All seven bacteria had an ability to reduce 

nitrite to NO when grown as nitrate respirers but little or no such ability 

when grown ;is aerobes with vigorous aeration. As with E. cell (I) and its 
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TABLE 1. P r o d u c t i o n  of  NO by e n t e r i c  b a c t e r i a  

Organ i sm 
Growth Initial r a t e  of  Maximum 

mediumC/ A s s a y  NO p r o d u c t i o n  c o n c e n t r .  
temperature mediumd/ (nmol x min -1 of NO 

(°C) pII per mg of protein) (uM) 

Aeromonas h y d r o p h i l a  
ATCC 7965 1 /30  PBS, f o r m a t e / 7 . 3  2 . 5  180 

E n t e r o b a c t e r  a e r o g e n e s  
ATCC 13048 1 /30  1 minus n i t r a t e / 7 . 3  14 .6  400 

E s c h e r i c h i a  c o l i  K12, 
RF 1005 a 2 /37  PBS, f o r m a t e / 7 . 3  10 .9  250 

K l e b s i e l l a  pneumonia 
BS b 2/37  PBS, f o r m a t e / 7 . 3  3 .4  190 

P r o t e u s  m i r a b i l i s  
ATCC 7002 1/37 1 minus n i t r a t e / 7 . 3  17 .6  315 

S a l m o n e l l a  t y p h i m u r i u m  
ATCC 23564 1/37 1 minus n i t r a t e / 7 . 3  25 .2  320 

S e r r a t i a  g r i m e s i i  
ATCC 14460 1 /30  PBS, f o r m a t e / 6 . 0  5 .4  300 

S h i g e l l a  sonne i  
ATCC 9290 1/37 1 minus n i t r a t e / 7 . 3  12 .6  300 

a p r o v i d e d  by D. R a l t ,  M a s s a c h u s e t t s  I n s t i t u t e  of  T e c h n o l o g y .  

b p r o v i d e d  by C. F u l t o n ,  B r a n d e i s  U n i v e r s i t y ;  a l s o  a v a i l a b l e  as  ATCC 29679.  

CMedia: 1, 3g of  y e a s t  e x t r a c t  and 5 g of  t r y p t o n e  pe r  l i t e r  w i t h  10 mM 
NaNO3; 2, 5 g of  y e a s t  e x t r a c t  and 10 g of  t r y p t o n e  pe r  l i t e r  w i t h  10 mM 
NaNO 3 . 

dPBS, p h o s p h a t e - b u f f e r e d  s a l i n e  ( 1 ) ;  10 mM f o r m a t e .  

n i t r a t e  r e d u c t a s e  ( 2 ) ,  NO p r o d u c t i o n  wa.'.~ c o m p l e t e l y  l ) m w e n t e d  t)y 5 mM n i t r a t e  

o r  5 uM a z i d e  and s e l f .  l i m i t i n g  in  t he  sense t h a t  NO p r o d u c t i o n  a lways  

s l o p p e d  p r i o r  t o  t h e  q u a n t i t a t i v e  c o n v e r s i o n  o f  n i t : r i t e  t o  NO. The  l i iore  

v i g o r o u s  o f  t h e  NO p r o d u c e r s ,  s u c h  a s  S a l m o n e l l a  l y p h i m z r i u r a  a n d  P r o t e u s  

m i r a b i l i s  ( i n  a d d i t i o n  1:o E. c o l i  ( 1 ) )  w e r e  a l s o  obse rw~.d  I.o e e , t u c e  NO to  

N20 a t  m e a s u r a b l e  r a t e s  w h i c h  w e r e  5 10% o f  t h e  r a t e s  o f  NO p r o d l l c l : i o n .  

E.  c o l i  a n d  S. t y p h i a u r i ~ t m  e x h i b i t e d  a ~ax:imum f o r  t h e  t a l e  o f  N(I p r o d u c -  

t i o n  a t  ptl 5 . 5  a n d  a b o u t  6 ,  r e s p e c t i . v e t y .  A l t h o u g h  t h e  o p t i m u m  pit was  n o t  

d e t e r m i n e d  f o r  t h e  o t h e r  b a c t e r i a ,  i t  was  shown t h a t  t h e  r a t e s  o f  NO p r o  

d u c t i o n  w e r e  f r o m  1 . 3  t o  2 . 5  t i m e s  g r e a t e r  a t  pH 6 k h a n  a t  pit 7 . 3 .  S u c h  

r e s u l t s  w i t h  S e r r a t i a  gr ime,  s i i  a nd  A e r o m o n a s  h y d r o p h i l a  w e r e  n o t  v e r y  

p r e c i s e  d u e  t o  t h e  low r a t e s  e n c o u n t e r e d  a t  pH 7 . 3 .  I n  a l l  c a s e s  NO p r o -  

d u c t i o n  was  not:  (tete(:t(~,(t i n  t h e  a b s e n c e  o f  n i t r i t : e .  R a t e s  o f  NO p r o d u c t i o n  

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

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

The s e v e n  b a c t e r i a  n e w l y  s t u d i e d  f o r  NO p r o d u c t i o n  r e p r e s e n t  w ha t  may 

be s e v e n  g e n e r a  among t i le  e n t e r i c  g r o u p .  Each showed  t h e  p a t t e r n  o f  NO 

p r o d u c t i o n  t h a t  was f i r s t  d e m o n s t r a t e d  f o r  E. c o l i  ( 1 ) ,  a l t h o u g h  i t  i s  c l e a r  

t h a t  t h e  s p e c i f i c  r a t e s  c an  d i f f e r  s u b s t a n t i a l l y  f r om one  o r g a n i s m  to  

a n o t h e r .  I t  w i l l  be i n t e r e s t i n g  t o  d e t e r m i n e  i f  t h e  d i f f e r e n t  r a t e s  c o r r e -  

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

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

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

t o  be  NO p r o d u c e r s ,  a t  l e a s t  when grown a s  n i t r a t e  r e s p i r e r s .  T h i s  p o s s i b i -  

l i t y  may have implications in toxicology. 

T h i s  work was s u p p o r t e d  by g r a n t  I)MB 8 5 - 1 5 5 5 4  f rom t h e  N a t i o n a l  S c i e n c e  

F o u n d a t i o n  and  a s u b c o n t r a c t  f rom t h e  Woods Hoie  O c e a n o g r a p h i c  I n s t i t u t i o n  

p u r s u a n t  t o  g r a n t  OCE 8 6 - 0 1 6 1 8  f rom t h e  N a t i o n a l  S c i e n c e  F n u n d a t i o n .  
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