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F l u o r e s c e i n  m e r c u r i c  a c e t a t e  (FMA) and M e r b r o m i n e  (MB) l i k e  
o t h e r  o r g a n o m e r c u r i a l s  a r e  p o t e n t  i n h i b i t o r s  of  g rowth  and 
m e t a b o l i c  a c t i v i t i e s  of  m i c r o o r g a n i s m s  (Summers  and S i l v e r  
1978).  R e s i s t a n c e  to  o r g a n o m e r c u r i a l s  such as p h e n y l m e r c u r i c  
a c e t a t e  (PMA), t h i m e r s o l ,  m e t h y l m e r c u r i c  c h l o r i d e  (MMC), 
e t h y l m e r c u r i c  c h l o r i d e  (EMC), m e t h o x y e t h y l  m e r c u r i c  c h l o r i d e  
(MEMC) of  b r o a d - s p e c t r u m  H g - r e s i s t a n t  b a c t e r i a  (Summers  and 
S i l v e r  1978) i s  due  to  t he  a c t i v i t i e s  of  two enzyme  s y s t e m s  
namely  o r g a n o m e r c u r i a l  l y a s e  w h i c h  d e g r a d e s  C-Hg bond of  
o r g a n o m e r c u r i a l s  to  l i b e r a t e  Hg 2+. T h e r e a f t e r  m e r c u r i c  r e d u c t a s e  
c a t a l y z e s  i t s  r e d u c t i o n  to  Hg ~ (Summers  and S i l v e r  1978; 
Robinson and Touvinen  1984).  H g - r e s i s t a n t  b a c t e r i a  ( b o t h  
n a r r o w - s p e c t r u m  and b r o a d - s p e c t r u m )  a r e  r e s i s t a n t  to  FMA and 
MB and t h e s e  c h e m i c a l s  a r e  g r a t u i t o u s  i n d u c e r s  of  b o t h  
m e r c u r i c  r e d u c t a s e  and o r g a n o m e r c u r i a l  l y a s e  y e t  t h e  e n z y m a t i c  
d e g r a d a t i o n  of t h e s e  two Hg-compounds  a r e  not y e t  documented  
(Summers  and S i l v e r  1978; S c h o t t e l  1978; Fox and Walsh 1982; 
Nuc i fo ra  e~ c /  1989).  N o n p e r m e a b i l i t y  of t h e s e  o r g a n o m e r c u r i a l s  
to  c y t o p l a s m i c  m e m b r a n e  h a s  been  r e p o r t e d  f o r  c a se s  of  
b a c t e r i a l  r e s i s t a n c e  to  t h e s e  c h e m i c a l s  (Summers  and S i l v e r  
1978; Robinson and Touvinen  1984).  

We h a v e  i s o l a t e d  two b r o a d - s p e c t r u m  H g - r e s i s t a n t  b a c t e r i a l  
s t r a i n s ,  Bacillus pas/~eurii DR 2 and Keebs~e~ea pneumoniae KR 2 , 
f rom a H g - p o l l u t e d  w a t e r  s ou rce  w h i c h  could  d e g r a d e  HgC1 z,  
PMA and t h i m e r s o l  e n z y m a t i c a l l y  (Pahan  e* c,6 1990).  The f o r m e r  
s t r a i n  DR z a l so  can u t i l i z e  d i f f e r e n t  a r o m a t i c  h y d r o c a r b o n s  
as  so le  s o u r c e s  of c a r b o n  (Pahan  e~ a l  1991).  Here  we r e p o r t  
t he  e n z y m a t i c  d e g r a d a t i o n  of FMA and MB b y  t h e s e  two 
b a c t e r i a l  s t r a i n s  and u t i l i z a t i o n  of FMA b y  t h e  f o r m e r  s t r a i n  
as so le  s o u r c e  of c a r b o n .  

MATERIALS AND METHODS 

All  c h e m i c a l s  and r e a g e n t s  used  in t h i s  s t u d y  were  of  a n a l y t i c a l  
g r a d e  (E.  Merck ,  D a r m s t a d t ,  G e r m a n y ) .  FMA, MB and NADPH 

Send c o r r e s p o n d e n c e / r e p r i n t  r e q u e s t s  to  Dr .  Amalendu Mandal  
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( t e t r a s o d i u m  s a l t )  w e r e  p u r c h a s e d  f rom Sigma Chemica l  Co . ,  
St .  Louis ,  Mis sou r i ,  USA. 

All t he  H g - r e s i s t a n t  b a c t e r i a l  s t r a i n s  used  in t h i s  s t u d y  w e r e  
i s o l a t e d  f rom d i f f e r e n t  w a t e r  s o u r c e s  (Pahan  e~ ae 1990).  C e l l -  
f r e e  e x t r a c t s  ( c .  f .  e .  ) of  t h e s e  o r g a n i s m s  w e r e  p r e p a r e d  
fo l lowing  t h e  p r o c e d u r e  of  Summers  and S i l v e r  (1972) .  Hg 
induced  c e l l s  ( i nduced  3X w i t h  10 ~M HgClz) w e r e  d i s r u p t e d  
m e c h a n i c a l l y  in a m o r t a r - p e s t l e  w i t h  s e a - s a n d  a t  4~ 
D i s r u p t e d  c e l l s  w e r e  s u s p e n d e d  i n  c o l d  50 mM s o d i u m  
p h o s p h a t e  b u f f e r  (pH 7 .35)  and c e n t r i f u g e d  a t  15,000 x g f o r  
30 min a t  4~ . Most of  t h e  HgZ+ - red uc t a se  and o r g a n o m e r c u r i a l  
l y a s e  a c t i v i t i e s  w e r e  p r e c i p i t a t e d  w i t h  0-50% (NH ~)zSO~ a t  
4~ (Pahan  s c~ 1990) and t h e  p r e c i p i t a t e  was  d i s s o l v e d  in 
a minimum volume of t he  same co ld  b u f f e r  con ta in ing  0.25 mM 
r e d u c e d  g l u t a t h i o n e  ( GSH). S am p le s  we re  t hen  d i a l y  sed  
o v e r n i g h t  a g a i n s t  the  same b u f f e r  a t  4~ The d i a l y s a t e s  we re  
used  to  s t u d y  the  d e g r a d a t i o n  of FMA and MB. To a s s a y  the  
d e g r a d a t i o n  r e a c t i o n  of FMA and MB, 10-100 ~L of c . f . e ,  a long-  
wi th  5 mM NazEDTA, 2 mM MgC1 z and 1 mM t h i o l  compouund 
was f i r s t  i n c u b a t e d  f o r  d i f f e r e n t  i n t e r v a l s  (�89 h r ,  1 h r ,  1�89 
h r ,  2 h r  and 2�89 h r )  w i t h  30 ~M FMA or  MB in a t o t a l  volume 
of 1 mL made  b y  50 mM sodium p h o s p h a t e  b u f f e r  (pH 7 . 3 5 ) .  
The a s s a y  was s t a r t e d  b y  add i ng  0.15 mM NADPH and i t s  
o x i d a t i o n  was  m o n i t o r e d  a t  340 nm. To s t u d y  t h e  e f f e c t s  of 
t h i o l  compounds  on d e g r a d a t i o n  r e a c t i o n ,  e a c h  of sodium 
t h i o g l y c o l l a t e ,  8 - m e r c a p t o e t h a n o l ,  c y s t e i n e ,  g l u t a t h i o n e  and 
d i t h i o t h r e i t o l  was  u sed  s e p a r a t e l y .  P r o t e i n  was  d e t e r m i n e d  
b y  the  me thod  of Lowry  e~ o/  (1951) .  

For s t u d i e s  of  u t i l i z a t i o n  of FMA and f l u o r e s c e i n  as  so l e  
s ou rce s  of  c a rbon ,  t h e  b a c t e r i a l  c e l l s  we re  grown o v e r n i g h t  
in a s y n t h e t i c  medium (NH~C1 - 1.0 g; MgSO~.7HzO - 0.13 g; 
NazHPO~.2H20 - 6.0 g; KHzPO~ - 3 . 0  g; g lucose  4 g and w a t e r  
1 L) conta in ing  30 ~M benzene .  The  n e x t  morning t h e  b a c t e r i a l  
cu l tu re  was  a s e p t i c a l l y  d i l u t e d  100 t imes  w i th  s t e r i l e  g l u c o s e -  
f r e e  s y n t h e t i c  m e d i a  conta in ing  d i f f e r e n t  c o n c e n t r a t i o n s  (0-300 
BM) of FMA as  the  c a r b o n  s ou rce  in d i f f e r e n t  f l a s k s .  T h r e e  
f l a s k s  p e r  dose  were  u s e d .  All f l a s k s  were  p l a c e d  on a r o t a r y  
s h a k e r  (200 r p m )  a t  32~ To ta l  v i a b l e  count  was  d e t e r m i n e d  
b y  t h e  a g a r  p l a t e  m e t h o d  f rom s u i t a b l e  p o r t i o n s  of  cu l t u r e  
t aken  out  a s e p t i c a l l y  and d i l u t e d  s e r i a l l y  a f t e r  24 h r s  of  
g r o w t h .  An a v e r a g e  of s i x  s e p a r a t e  counts  was made .  The  
o v e r n i g h t  b a c t e r i a l  c u l t u r e  was a l s o  s i m i l a r l y  d i l u t e d  100 t imes  
w i th  s t e r i l e  s y n t h e t i c  m e d i a  con ta in ing  200 ~M of  FMA or  
fluorescein as the carbon source in different flasks. Control 
flask containing the organism received neither glucose nor these 
compounds. Flasks were placed in the rotary shaker and at 
different hours of growth, bacterial count was determined as 
mentioned earlier. To determine the concentration of FMA and 
fluorescein in the supernatant at different intervals of growth, 
cells were harvested as mentioned earlier. A suitable portion 
of supernatant was diluted with same buffer, and concentration 
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of FMA and f l u o r e s c e i n  was d e t e r m i n e d  in a f l uo re scence  
S p e c t r o p h o t o m e t e r ,  Model F-3010, H i t ach i ,  J apan ,  ( e x c i t a t i o n  
at  238 nm~ emiss ion  a t  517 nm) using a s t a n d a r d  cu rve  drawn 
by  known concen t r a t ions  of FMA or  f l u o r e s c e i n .  

Bacterial cells were grown in synthetic media containing either 
200 ~M FMA or fluorescein as sole sources of carbon for 24 
hrs on a rotary shaker (200 rpm). The cells were harvested 
and washed 3X with 50 mM sodium phosphate buffer (pH 7.35). 
The washed cells were suspended in the same buffer and 
oxygen consumption was measured polarographically in a Gilson 
Model 5-~ oxygraph, (Gilson Medical Electronics, Villevs-le- 
bel, France) by using these two compounds as sole sources 
of carbon following the method of Spain and Nishino (1987). 

KESULTS AND DISCUSSION 

Figs 1 and 2 show that c.f.e, of two broad-spectrum Hg- 
resistant bacterial strains K. pneumoni~ KR z and B. pa6~eun.~ 
DR 2 carried out FMA and MB induced oxidation of NADPH 
indicating the enzymatic degradation of these organomercurials. 
With the increase in the incubation period of the c.f.e, with 
these Hg-compounds, the rate of the degradation of MB and 
FMA also increased. In case of MB, the enhancement of O.D. 
change was found upto 1�89 hr to 2 hr and in case of FMA, 
it was found upto 2�89 hr. On 5 rain incubation, in both the 
cases, there was almost negible O.D. change. C.f.e. of these 
bacterial strains without prior induction with HgCI 2 failed 
to degrade these mercurials indicating the inducible nature 
of this enzymatic degradation. Again the presence of thiol 
compounds in the reaction mixture increased the degradation 
rate of these Hg-compounds. Among five different thiol 
compounds used, GSH was the best in stimulating the degrada- 
tion rate of both the compounds (data not shown). It is inter- 
esting to note that c.f.e, of a narrow-spectrum Hg-resistant 
bacterial strain, E. c0~/ ACR 2, was a poor degrader of both 
FMA and MB. However ,  B. pas~eur~i. DR z d e g r a d e d  FMA much 
better than K. pneumonias KR z whereas the latter strain 
degraded MB better than the former strain. This work was 
undertaken to monitor the degradation of MB and FMA by Hg- 
resistant bacterial strains. Results clearly indicated the 
involvement of both organomercurial lyase and Hg z+-reductase 
in these bacterial strains and these enzymes are probably 
needed to degrade MB and FMA. It was reported earlier (Pahan 
e~ ~ 1990) that GSH was the best thiol compound in 
stimulating the activities of both Hg2+-reductase and organo- 
mercurial lyase in these bacterial strains. Here it was also 
found that a thiol compound, preferably GSH, was needed for 
optimum rate of degradation of these organomercurials. 

It is evident from Fig 3 that with increasing concentrations 
of FMA used as sole source of carbon, cell number of B. 
pa6~ea~// DR z gradually increased up to  200 ~M compared 
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Figure  1. FMA-dependen t  NADPH o x i d a t i o n  b y  some 
H g - r e s i s t a n t  b a c t e r i a l  s t r a i n s .  O----O CFE ( - 0 . 4 2  mg 
protein) of B. pas~euri,L DR z with thiol compound 
and �9 4 without thiol compound ; m---m C FE 
( - 0 . 4 5  mg p r o t e i n )  of K. pneu.mon~.ae KR z w i t h  
t h i o l  compound and a - - ~  w i t h o u t  t h i o l  compound 
A----A CFE ( - 0 . 4 8  mg p r o t e i n )  of E. c 0 ~  ACR z 
with thiol compound; t--t without CFE (control). 

to  c o n t r o l  s e t  ( w i t h o u t  any ca rbon  s o u r c e ) .  So 200 ~M of FMA 
and f l u o r e s c e i n  was used  t h r o u g h o u t  t h e  s t u d y .  

T a b l e  1. M u l t i p l i c a t i o n  of B. pas~eu~l~ DR 2 in t h e  p r e s e n c e  
of FMA and f l u o r e s c e i n  as  s o l e  s o u r c e s  of ca rbon  

E x p e r i m e n t a l  s e t s  Number of b a c t e r i a  p r e s e n t  p e r  ml a f t e r  

12 h r s  24 h r s  

200 ~M FMA 7.52 X 10 ~ 2.15 X 10 ~ 

200 tiM F l u o r e s c e i n  1.22 X 10 ~ 4.08 X 10 ~ 

Con t ro l  2.80 X 107 3.00 X 10 ~ 
( w i t h o u t  FMA or  
f l u o r e s c e i n )  

1.7 X 10 7 c e l l s / m l  was a d d e d  i n i t i a l l y  

T a b l e  1 s h o w s  t h a t  g r o w t h  of B. pas~eur~ DR z i s  s u p p o r t e d  
b y  FMA and f l u o r e s c e i n  as  t he  s o l e  sou rce  of c a r b o n .  The 
c o n t r o l  f l a s k  con t a ined  no FMA and f l u o r e s c e i n  and the  g rowth  
of t he  b a c t e r i a l  s t r a i n  was con t inued  up to  24 h r s .  H ighe r  c e l l  
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Figure 2. MB-dependent NADPH oxidat ion by some 
Hg-resistant  bacter ia l  s t ra ins .  0 0 CFE (-= 0.45 
mg p r o t e i n )  of K. pneumonia#. KR 2 wi th  t h i o l  
compound and @---41 wi thou t  t h i o l  compound;  A - - A  
CFE (" 0.42 mg p r o t e i n )  of B. pasl~eurii DR 2 
wi th  t h i o l  compound and i--i wi thou t  t h i o l  
compound;  ~ CFE (E 0.48 mg p r o t e i n )  of 
E. cos ACR 2 with  t h i o l  compound ; 
withou t  CFE ( c o n t r o l ) .  

Table  2. Ut i l i za t ion  of FMA and f l uo re sce in  by  B. uasteu~ii DR 2 

E x p e r i m e n t a l  se t s  

Amount (IJM) p r e s e n t  in the  
supe rna t an t  a f t e r  

0 h r  4 h r s  12 h r s  24 h r s  

% Ut i l ized  
a f t e r  
24 h r s  

FMA wi thou t  DR 2 200 200 200 192 4 

FMA wi th  DR z 200 180 130 70 65 

F luoresce in  wi thou t  DR 2 200 200 194 190 5 

F luoresce in  wi th  DR 2 200 164 107 28 81 

number in p r e s e n c e  of  f l u o r e s c e i n  than in p r e s e n c e  of FMA 
i n d i c a t e d  t h a t  the  f o r m e r  compound s e r v e d  as a b e t t e r  
u t i l i zab le  m a t e r i a l  fo r  the  organism.  The organism could  u t i l i ze  
61% and 76% of FMA and f l uo re sce in  r e s p e c t i v e l y  a t  the end 
of 24 h r s  (Table  2) .  Suspens ions  of two d i f f e r e n t  t y p e s  of 
washed  c e l l s  p r e - e x p o s e d  to  FMA and f l u o r e s c e i n  o x i d i s e d  
these  two s u b s t r a t e s  (Tab le  3) .  However ,  the  r a t e  o f  ox ida t ion  
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Figure 3. Mul t ip l ica t ion  of  B. pa6teu~ii DR z 
in p r e s e n c e  of  d i f f e r e n t  concen t ra t ions  of FMA 
as sole  source  of ca rbon  a f t e r  24 h r s .  1.7 X 
10 ~ c e l l s  ml - l  was a d d e d  i n i t i a l l y .  

Oxygen consumption by  washed  ce l l s  of B. pa6teurii 

Rate (nmol /min/mg of p r o t e i n )  of oxygen 
consumption by  washed  ce l l s  a f t e r  g rowth  wi th  

Subs t r a t e s  FMA Fluoresce in  

FMA 23 20 

F luoresce in  31 36 

of f l uo r e s ce in  was h i g h e r  than t h a t  of  FMA. Tha t  the  organism 
could u t i l i z e  f l uo re sce in  b e t t e r  than FMA is  s u b s t a n t i a t e d  b y  
i t s  s t imu la t ed  growth  in the  p r e s e n c e  of f l uo re sce in  (Table  1).  
K. pneumoniar KR z d e g r a d e d  FMA e n z y m a t i c a l l y  but  i t  was 
unable to u t i l i ze  i t  as so le  source  of  ca rbon .  Al though both  
the  b a c t e r i a l  s t r a in s  B. pa6teu~ii  DR 2 and K. pneumon~ae KR 2 
d e g r a d e d  MB but  none of them was ab le  to u t i l i z e  i t  as the  
sole  soource  of ca rbon .  

B. p o ~ t e u ~  DR 2 u t i l i z e s  d i f f e r e n t  a romat ic  h y d r o c a r b o n s  
as sole  sources  of ca rbon  (Pahan et. a~. 1991) and p la smid  
invo lvemen t  in such d e g r a d a t i o n  by  o t h e r  b a c t e r i a l  s t r a i n s  
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was also reported (Friello and Chakraborty 1976; Kiyohara 
et a/ 1983). So utilization of FMA was mainly due to the 
release of fluorescein moeity possibly through the action of 
organomercurial lyase which was then utilized as sole source 
of carbon. 
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