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H g - r e s i s t a n t  b a c t e r i a  a r e  known to p o s s e s s  p l a s m i d s  w h i c h  
code f o r  the  i n d u c e d  s y n t h e s i s  of HgZ+- reduc ta se  (MR) and 
o r g a n o m e r c u r i a l  l y a s e  (OL) (Summers  and S i l v e r  1978, S i l v e r  
and Mis ra  1988).  B a c t e r i a  s e n s i t i v e  to Hg-compounds  l a c k  
these  e n z y m e s .  OL b r e a k s  up the  C-Hg bonds  in o r g a n o -  
m e r c u r i a l s  l i b e r a t i n g  Hg z + and the  MR r e d u c e s  t he  l i b e r a t e d  
Hg z+ to  Hg ~  Both MR and OL h a v e  been p u r i f i e d  from p l a s m i d  
b e a r i n g  E. c0tx ( S c h o t t e l  1978) and a l so  from Pseuaomona6 K62 
(Tezuka  and Tonomura 1976 ) .  But l e s s  a t t e n t i o n  has  been 
focussed  on the  m e r c u r y  v o l a t i l i z i n g  enzymes  from gram p o s i t i v e  
b a c t e r i a  ( I z a k i  1981, S i l v e r  and K i n s c h e r f  1982) .  Some d i f f e r -  
ences  in p h y s i c o c h e m i c a l  p r o p e r t i e s  in the  m e r c u r y  d e t o x i f y i n g  
enzymes  have  been r e p o r t e d  ( S i l v e r  and K i n s c h e r f  1982). Here 
we r e p o r t  t he  p u r i f i c a t i o n  and p r o p e r t i e s  of bo th  MR and OL 
from a b r o a d - s p e c t r u m  H g - r e s i s t a n t  gram p o s i t i v e  Bac~r 
p a 6 ~ u r ~  s t r a i n  DR z . 

MATERIALS AND METHODS 

B r o a d - s p e c t r u m  H g - r e s i s t a n t  t5. pasi:euri4 s t r a i n  DR z was r e p o r t e d  
e a r l i e r  to  v o l a t i l i z e  Hg-compounds  (Pahan e~ a [ .  1990).  All  the  
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 .  M e r c k ,  U . K . ) .  HgClz, 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 o m e r s o l ,  m e r b r o m i n e ,  p - h y d r o x y m e r c u r i b e n z o a t e  ( PHMB ) ,  
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 NADPH ( t e t r a s o d i u m  
s a l t )  were  p u r c h a s e d  from Sigma Chemica l  C o . ,  USA. 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) was p u r c h a s e d  from l o c a l  
m a r k e t  as  Emisan-6  con ta in ing  6% m e r c u r y  as  MEMC ( E x c e l  
I n d u s t r i e s  L t d . ,  Bombay 400 102, I n d i a ) .  Me thy l  m e r c u r i c  
c h l o r i d e  (MMC) was c o l l e c t e d  f rom Wako C h e m i c a l s ,  J a p a n .  

Cel l  f r e e  e x t r a c t s  were  p r e p a r e d  to s t u d y  t h e  e f f e c t s  of 
d i f f e r e n t  i n d u c e r s  fo l l owing  the  method  of Summers and S i l v e r  
( 1972 ) induc ing  t h r e e  t imes  w i th  g r a d e d  c o n c e n t r a t i o n s  of 
d i f f e r e n t  Hg-compounds .  Concen t r a t i ons  were  1 ~M, 10 ~M, 
20 ~M and 50 ~M f o r  HgC1 z and 1 ~M, 10 ~M and 20 ~M f o r  
o r g a n o m e r c u r i a l s  l i k e  PMA, t h i o m e r s o l ,  MEMC, FMA and 
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m e r b r o m i n e .  MR a c t i v i t y  was d e t e r m i n e d  b y  m o n i t o r i n g  Hg z+-  
d e p e n d e n t  NADPH o x i d a t i o n  s p e c t r o p h o t o m e t r i c a l l y  a t  340 nm.  
To d e t e r m i n e  t h e  a c t i v i t y  of OL, a s u i t a b l e  v o l u m e  of t h e  
c e l l - f r e e  e x t r a c t  was  f i r s t  i n c u b a t e d  fo r  5 min w i t h  PMA or  
t h i o m e r s o l  and  o t h e r  i n g r e d i e n t s  i n  t h e  a s s a y  m i x t u r e  e x c e p t  
HgC1 z and  NADPH ( P a h a n  e~ a~. 1990) .  One u n i t  of  MR a c t i v i t y  
was  d e f i n e d  as  t h e  amount  of e n z y m e  t h a t  o x i d i s e d  1 ~mo l e  
of NADPH p e r  min  in  t h e  p r e s e n c e  of HgC1 z and  one u n i t  of OL 
a c t i v i t y  was  d e f i n e d  as  t h e  amoun t  of e n z y m e  t h a t  o x i d i s e d  
1 nmo le  of NADPH p e r  min in  t h e  p r e s e n c e  of o r g a n o m e r c u r i a l s  
( P a h a n  e~ a t .  1990) .  P r o t e i n  was  d e t e r m i n e d  b y  t h e  m e t h o d  of 

Lowry  e~ a t  ( 1951 ) .  F o r  p u r i f i c a t i o n  of MR and  OL t h e  b a c t e r i a l  
s t r a i n  was  i n d u c e d  t h r i c e  w i t h  10 ~M PMA in  n u t r i e n t  b r o t h .  
C e l l s  w e r e  g rown and  h a r v e s t e d  as  m e n t i o n e d  b y  Summers  and  
S i l v e r  ( 1 9 7 2 ) .  13 g of b a c t e r i a l  c e l l s  we re  b r o k e n  m e c h a n i -  
c a l l y  in  a m o r t a r  w i t h  p e s t l e  u s i n g  s e a - s a n d  and  s u s p e n d e d  
in  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 .4 )  c o n t a i n i n g  0.25 mM 
GSH, 0 .1  mM FAD and  0.2% NaN 3. T h i s  b u f f e r  was  u s e d  t h r o u g h -  
out  t h e  p u r i f i c a t i o n  p r o c e d u r e  as  t h e  e n z y m e s  w e r e  r e a s o n a b l y  
s t a b l e  in  t h i s  b u f f e r .  S u s p e n d e d  c e l l s  we re  t h e n  c e n t r i f u g e d  
a t  13,000 x g fo r  30 m i n .  S u p e r n a t a n t  o b t a i n e d  i s  t h e n  h e a t e d  
a t  70~ f o r  10 m i n ,  c h i l l e d  to  4~ and  c e n t r i f u g e d  at  10,000 
x g f o r  10 ra in .  S u p e r n a t a n t  was  t h e n  u l t r a c e n t r i f u g e d  a t  
1 , 60 ,000  x g f o r  90 m i n .  S u p e r n a t a n t  so o b t a i n e d  was u s e d  
as t h e  c r u d e  c e l l - f r e e  e x t r a c t  f o r  H g Z + - r e d u c t a s e  and  OL. 

The  f o l l o w i n g  p r o t o c o l  gave  t h e  b e s t  r e s u l t  i n  t h i s  s y s t e m .  
The  c r u d e  c e l l - f r e e  e x t r a c t  was  t h e n  p a s s e d  t h r o u g h  a 
S e p h a d e x  G-75 co lumn ( 1 . 2  cm x 68 c m ) .  The  f low r a t e  was  
9 m L / h r  and  1.5 mL f r a c t i o n s  w e r e  c o l l e c t e d  in each  t u b e .  MR 
was e l u t e d  i m m e d i a t e l y  a f t e r  v o i d  vo lume  of t h e  S e p h a d e x  
G-75 co lumn and  OL was  e l u t e d  w i t h i n  f r a c t i o n  n u m b e r  29 to 
37 ( F i g .  1 ) .  MR was a s s a y e d  as  m e n t i o n e d  e a r l i e r  ( P a h a n  
e~ as 1990) .  To a s s a y  OL a c t i v i t y ,  a s u i t a b l e  vo lume  of t h e  
e n z y m e  s o u r c e  was  f i r s t  i n c u b a t e d  fo r  5 min w i t h  30 mM PMA, 
MEMC, MMC or  t h i m e r s o l  and  o t h e r  i n g r e d i e n t s  of the  a s s a y  
m i x t u r e  e x c e p t  fo r  HgC1 z and  NADPH. Then  25 UL of s e m i p u r i f i e d  
H g Z + - r e d u c t a s e  e n z y m e  d e v o i d  of any  OL a c t i v i t y  i s o l a t e d  f rom 
n a r r o w - 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  Ac~ne~obac~er sp 
AR z ( P a h a n  es a t .  1990) was a d d e d  and  t h e  o x i d a t i o n  r e a c t i o n  
was s t a r t e d  b y  a d d i n g  0 .15  mM NADPH. 

Fractions containing MR activity (Fig. I) were pooled and 
lyophilised and then passed through a Sephadex G-200 column 
(1.2 cm x 65 cm). The flow-rate was 9 mL/hr and each 
fraction volume was 1.5 mL. 

Fractions of Sephadex G-200 column containing MR activity 
were pooled, lyophilised and passed through DEAE-cellulose 
column (1.8 cm x 15 cm). The flow-rate was 20 mL/hr and 
the volume of each fraction was 4 mL. The enzyme was eluted 
using a KCL-gradient (0-0.SM). 
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F r a c t i o n s  of DEAE-ce l l u lo se  conta in ing  MR a c t i v i t y  were  p o o l e d ,  
l y o p h i l i s e d  and p a s s e d  th rough  the  same S e p h a d e x  G-200 column 
as  ment ioned  e a r l i e r .  

F r a c t i o n s  con ta in ing  OL a c t i v i t y  of S e p h a d e x  G-75 column ( F i g .  
1) were  p o o l e d  and l y o p h i l i s e d  and then p a s s e d  t h r ough  a 
D E A E - c e l l u l o s e  column (1 .8  cm x 10 cm) .  Enzyme was e l u t e d  
us ing a s a l t  g r a d i e n t  (KCL 0=0.5 M). The f l o w - r a t e  was 20 
m L / h r  and t h e  volume of each  f r a c t i o n  was 4 mL. 

Fractions of DEAE-cellulose column containing OL activity were 
pooled, lyophilised and passed into the same Sephadex G-75 
column under similar condition as mentioned earlier. Polyacry- 
lamide gel electrophoresis (PAGE) of proteins was done under 
nondenaturing conditions. Bromophenol blue was used as the 
tracking dye. The gels were stained in 0.1% Coomassie blue 
in methanol : water : acetic acid (50:50:I0) for two hours 
and destained by repeated washing with a solution containing 
7.5% acetic acid and 5% methanol in water. To assay enzyme 
activity unstained gels were sliced into 20 mm pieces and 
incubated at 4~ for at least 12 hr in 0.2 mL of 50 mM 
sodium phosphate buffer (pH 7.35). The eluted protein was 
then assayed. The molecular weights of the enzymes were 
determined by gel filtration through Sephadex G-200 (1.2 x 
65 cm) column. For detecting the elution volume of molecular 
weight standards, each fraction was assayed for protein concen- 
tration s p e c t r o p h o t o m e t r i c a l l y  ; the  e lu t ion  volume of t h e  
r e d u c t a s e  was d e t e r m i n e d  by  a s s a y i n g  each f r a c t i o n  fo r  enzyme 
a c t i v i t y .  Mo lecu l a r  w e i g h t  m a r k e r s  were  c a t a l a s e  (230 k D ) ,  
y e a s t  a l c o h o l  d e h y d r o g e n a s e  (150 kD) ,  t ubu l in  ( s u b u n i t )  (55 
kD) and l a c t i c  d e h y d r o g e n a s e  (33 k D ) .  The number  of moles  
of FAD p e r  mole of MR was d e t e r m i n e d  f l u o r o m e t r i c a l l y  
fo l l owing  the  method  of F a d e r  and Se ige l  (1973) .  Kin, Vma x ,  
opt imum t e m p e r a t u r e  and optimum pH of both MR and OL were  
a l s o  d e t e r m i n e d .  

RESULTS AND DISCUSSION 

Both MR and OL were  i n d u c i b l e  in t h i s  b a c t e r i a l  s t r a i n .  Among 
the  Hg-compounds  u s e d ,  PMA was the  b e s t  i n d u c e r  in induc ing  
t h e s e  H g - v o l a t i l i z i n g  e n z y m e s .  FMA and m e r b r o m i n e  a l s o  
i nduced  t h e s e  enzymes  a t  10 to 20 ~M c onc e n t r a t i on  ( T a b l e  1 ) .  
T h e r e f o r e ,  in t h i s  s t u d y ,  du r ing  p u r i f i c a t i o n  of m e r c u r y  v o l a t i -  
l i z i n g  enzymes  PMA was used as i n d u c e r .  MR was p u r i f i e d  
up to  57 fo ld  ( T a b l e  2 ) .  P u r i f i e d  enzymes  showed  a s i n g l e  
band  on p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  (PAGE) ( F i g .  2 ) .  
E l u t e d  p r o t e i n s  f rom s i m i l a r  uns t a ined  g e l s  showed  MR 
a c t i v i t y .  

Mo lecu l a r  w e i g h t  of t h i s  enzyme was 62 kD. I t  i s  opt imum 
t e m p e r a t u r e  and opt imum pH were  50~ and 7.4  r e s p e c t i v e l y .  
K m and Vma x v a l u e s  of MR of HgC12 were  12.5 UM and 26.3~M/ 
min/mg p r o t e i n .  F l u o r o m e t r i c  a n a l y s s i s  for  FAD con f i rmed  t h a t  
MR con t a ined  2 .05 ,  1 .96 ,  2 .0  and 2.02 mole of  FAD p e r  mole 
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Figure I. Gel-filtration through Sephadex G-75 column. Unit 
of MR is defined in the text. One unit of OL is 
defined here as the amount of enzyme protein that 
oxidised 1 ~ mole of NADPH per rain in presence 
of PMA. 

of the enzyme. Zn(NO3) z and PbCI 2 znhibited 
this enzyme competitively (Fig. 3). But 
when NEM was used as inhibitor same K m 
value but different Vma x values were obtained 
(Fig. 3) indicating non-competitive inhibition. 

A purification of 22 fold of OL was 
achieved (Table 3). Lyophilised OL after 
PAGE and Coomassie blue staining showed 
three separate bands. As the enzyme was 
not purified to homogeneity its molecular 
weight was not determined. Optimum tempera- 
ture and optimum pH of this partially 
purified enzymes were also 50~ and 7.4 
respectively. Its K m values were 9.5 ~M 
for PMA, 15.3 ~M for thiomersol, 20 ~M 
for MEMC and 24.4 ~M for MMC. PMA was 
found to be the best inducer for OL also 
in Baa~tis pa6~eur~i strain DR z . The 
inducer patterns of the MR of Bacis163 Figure 2. PAGE 
pa6~euyti~ DR z differed significantly from of purified MR. 
those found in case of gram-negative 15 ~g protein 
bacteria. No OL from gram-positive bacteria was applied. 
has been studied biochemically ( Summers 
1986). HgCI z was the best inducer of MR and OL activities 
in a number of gram-negative bacteria (Izaki e~as Schottel 
1978) whereas PMA was the best inducer for both MR and 
OL activities in 8. pan,carPi DR z. Merbromine which was a 
good inducer for MR of P6euaomona6 aerug~no6a (Fox and Walsh 
1982) was found to be less effective in case of 5. pa6~euri~ 
DR z. Also the molecular weight and FAD content per mole of 
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F i g u r e  3 .  D o u b l e  r e c i p r o c a l  ( L i n e w e a v e r  B u r k )  p l o t  : E f f e c t  
o f  Zn(N03)  z,  PbC1 z and N - e t h y l m a l e i m i d e  (NEM) a s  
i n h i b i t o r s  t h e  r e a c t i o n  v e l o c i t y  of  p u r i f i e d  Hg z + -  
r e d u c t a s e .  

T a b l e  2 .  P u r i f i c a t i o n  of  Hg z+ r e d u c t a s e  

S t e p  T o t a l  P r o t e i n  
a c t i v i t y  (mg) 

( u n i t s )  

Specific Purifi- Yield 
activity cation (%) 

( u n i t s l m g )  (fold) 

C r u d e  e x t r a c t  42 110 0.381 - 100 

S e p h a d e x  G-75 34 50 0 .7  1 .83  80 .9  

S e p h a d e x  G-200 24 13 1.8  4 . 7 2  57.1  

D E A E - c e l l u l o s e  13 4 3 .2  8 .39  30 .9  

S e p h a d e x  G-200 8 0 .4  20 52 .49  19 

One u n i t  o f  MR a c t i v i t y  was  d e f i n e d  as  t h e  amount  of  e n z y m e  
t h a t  o x i d i s e d  1 ~ m o l e  of  NADPH p e r  rain in  t h e  p r e s e n c e  of  
HgCI z �9 

MR of  t h i s  b a c t e r i a l  s t r a i n  w e r e  l o w e r  t h a n  t h o s e  r e p o r t e d  
f o r  t h e  MR f rom g r a m - n e g a t i v e  E. c0~/ ( S c h o t t e l  1 9 7 8 ) .  

I t  a p p e a r s  f rom o u r  r e s u l t s  t h a t  t h e  MR and  OL f rom a g r a m -  
positive bacterium, 8ac~s pa~r DR z differ in many 
respects from t hose of a gram-negative bacterial system. 
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Table 3. Purification of organomercurial lyase 

Step Total Protein Specific Purifi- Yield 
a c t i v i t y  (rag) a c t i v i t y  cat ion (%) 

(un i t s )  (units/rag) ( fo ld )  

Crude extract 9.0 II0 0.081 - i00 

Sephadex G-75 5.8 14 0.414 5 64.44 

DEAE-cellulose 3.2 5 0.64 8 35.55 

Sephadex G-75 1.5 0.8 1.875 32 16.66 

One unit  of OL a c t i v i t y  was de f ined  as the  amount of enzyme 
t h a t  o x i d i s e d  1 nmole of NADPH per  min in the  p resence  of 
o r g a n o m e r c u r i a l s .  
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