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Many studies on the mercury toxicities have been accu- 
mulated since the outbreak of 'Mlnamata Disease' (Miura 
and Imura, 1987). There have been few reports on the 
reaction mechanisms of mercurials with phospholiplds 
which substantially locate in biological membranes, 
although the interactions of nucleotides or nueleosldes 
with mercurials have been reported(Mansy et al, 1975, 

Taylor et al, 1981). Recently, the study on the in- 
teraction of mercuric ehloride(HgCl2) with amino polar 
heads of model membranes containing phosphatidylserine 
(PS) and phosphatidylethanolamine(PE) has been 
reported, as the results from the fluorescence polari- 
zation analysis using 1,6-diphenyl-l,3,5-hexatriene 
(Delnomdedieu et ai,1989). We demonstrate here the 
interactions of dloleoylphosphatldylethanolamlne(DOPE) 
and dioleoylphosphatidyleholine(DOPC) with HgCI 2, using 

1 1 fourier transform H-NMR(H-FT-NMR). 

MATERIALS AND METHODS 

The standard phospholipids,DOPE and DOPC, were obtained 

from Sigma chemical eompany(St.Louis, U.S.A.), CDC13(98 
%) was obtained from Aldrich chemical company( 
Wisconsin, U.S.A.) and D20(99.75 %) was purchased from 
Wako pure chemical industry Co. Ltd.(Osaka, Japan). 
DOPE or DOPC(2.69 mM)in 1 ml of CDCI 3 was reacted with 
1 ml of HgCI2/D20 solution by shaking for 30 min at 
room temperature. The CDCI 3 layer was concentrated 
to 600 ~ 1 under N 2 gas. The IH-FT-NMR was operated 
at 27 ~ unless otherwise noted, using a JEOL GSX270( 
270 mHz, 6.35 T). 

S e n d  r e p r i n t  r e q u e s t s  t o  M a s a y u k i  S h i n a d a  a t  t h e  a b o v e  

a d d r e s s .  
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Table 1. 

f unc t i ona l  

HgCl 2 

C o m p a r i s o n  o f  1H c h e m i c a l  s h i f t s ( p p m )  f o r  

g r o u p s  o f  DOPE a n d  DOPC i n  t h e  p r e s e n c e  o f  

molar ratio CH2N 

glycero l  l i p i d  
- group 

N+H3 N+ ( CH3 ) 3 CH20P CH20P 

HgC12/DOPE 
s a t u r a t e d  a )  3 . 2 8  8 . 1 4  4 . 0 0  4 . 3 8  
1 / 1  3 . 2 0  8 . 2 7  3 . 9 5  4 . 3 6  

1 / 2  3 . 1 7  8 . 2 8  3 . 9 5  4 . 3 6  

1 / 1 0  3 . 1 9  8 . 3 0  3 . 9 5  4 . 3 6  

c o n t r o l ( C D C 1 3 )  3 . 1 9  8 . 3 5 •  0 . 0 3 5  3 . 9 5  4 . 3 6  
c o n t r o l ( D 2 0 )  3 . 1 9  ND b)  3 . 9 5  4 . 3 6  

HgC12/DOPC 
s a t u r a t e d  a )  3 . 7 9  
i/I 3.67 

control(D20) 3.65 

3 . 2 3  4 . 0 7  4 . 4 7  
3 . 2 6  3 . 9 3  4 . 3 7  
3 . 2 3  3 . 9 2  4 . 3 6  

a ) :  Supersatura ted  HgCI 2 so lu t ion  

b ) :  not de tec ted  

RESULTS AND DISCUSSION 

T h e  c h e m i c a l  s h i f t s  f o r  p o l a r  h e a d g r o u p s  o f  DOPE a n d  
DOPC i n  t h e  p r e s e n c e  o f  HgC12 a r e  sh o w n  i n  T a b l e  1 .  
T h e  c h e m i c a l  s h i f t  f o r  N+H3 r e s o n a n c e  o f  DOPE was  
8 . 3 5 •  ppm b e f o r e  t h e  r e a c t i o n  w i t h  HgC12.  T h e  
a m i n o  p e a k  o f  DOPE b e c a m e  e x t r e m e l y  b r o a d  a n d  was  d i f -  
f i c u l t  t o  m o n i t o r  b y  t h e  r e a c t i o n  w i t h  p u r e  D20 a l o n e .  
H o w e v e r ,  f o r  t h e  r e a c t i o n  w i t h  H g C1 2 /D 2 0  s o l u t i o n ,  t h e  
N+H3 r e s o n a n c e  s h i f t e d  d o w n f l e l d ( l e s s  t h a n  8 . 3  ppm) 
( F i g . l ) ,  w h e r e a s  t h e  N+H3 r e s o n a n c e  d i d  n o t  s h i f t  b e l o w  
8 . 3  ppm b y  t h e  c h a n g e  o f  t h e  DOPE c o n c e n t r a t i o n ( i n  t h e  
r a n g e  o f  0 . 2 0  mM t o  2 0 . 2  mM) o r  t h e  d e t e c t i o n  t e m p e r a -  
t u r e ( 2 7  ~ t o  42 ~ )  o f  t h e  NMR. F u r t h e r m o r e ,  a l i n e -  
a r  c o r r e l a t i o n  b e t w e e n  c h e m i c a l  s h i f t s  f o r  N+H3 r e s o -  
n a n c e  a n d  HgC12 c o n c e n t r a t i o n s  was  s h o w n .  On t h e  o t h e r  
h a n d ,  t h e  r e s o n a n c e  o f  e a c h  f u n c t i o n a l  g r o u p  o f  DOPC 
f i r s t  s h i f t e d  u p f i e l d  w h e n  i t  r e a c t e d  w i t h  s u p e r s a t u -  
r a t e d  HgC12 s o l u t i o n  u n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s .  
I t  was  s u g g e s t e d  t h a t  p h o s p h o l i p i d s  b e a r i n g  a m i n e  g r o u p  
on  t h e i r  p o l a r  h e a d s  w e r e  m o r e  i m p o r t a n t  t a r g e t  o f  
HgC12 a t  l e a s t  i n  v i t r o .  I n  a p r e v i o u s  s t u d y ( S h l n a d a  
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Figure i. IH chemical shifts for N+H3 in the presence 

of HgCI 2 

O: DOPE in the presence of HgCI 2 

(molar ratio of HgCI2/DOPE:I/I,I/2,1/10) 

D : DOPE in the presence of HgCI 2 

(supersaturated HgCI 2 solution) 

o: DOPE in CDCI 3 solution 

e t  a l ,  1 9 9 0 ) ,  we r e p o r t e d  t h a t  p h o s p h o l i p i d  p e r o x i d e s ,  
p a r t i c u l a r l y  p e r o x i d e s  o f  PS a n d  PE s p e c i e s  b e a r i n g  
a m i n e  g r o u p  on  t h e i r  h e a d s ,  w e r e  i n d u c e d  i n  r a t  k i d n e y  
e x p o s e d  t o  H G C 1 2 ( 0 . 5  m g / k g / d a y )  f o r  t h r e e  d a y s ( s e e  
T a b l e  2 ) ,  a n d  we s u g g e s t e d  t h a t  p h o s p h o l i p i d  p e r o x l d a -  
t i o n  m i g h t  b e  i n d u c e d  b y  t h e  i n t e r a c t i o n s  o f  a m i n e  
g r o u p  o f  p h o s p h o l i p i d s  w i t h  m e r c u r i a l s ,  a l t h o u g h  t h e  
o t h e r  m e c h a n i s m s ,  s u c h  a s  t h e  m e d i a t i o n  o f  r a d i c a l s  
a n d / o r  t h e  d e p r e s s i o n  o f  a n t i - o x i d a t i v e  e n z y m e  s y s t e m ,  
h a v e  b e e n  p r o p o s e d .  K i r s c h n e r  a n d  G a n t h e r ( 1 9 8 2 )  r e -  
p o r t e d  a s i g n i f i c a n t  i n c r e a s e  o f  e l e c t r o n  d e n s i t y  i n  
t h e  l i p i d  h e a d g r o u p  r e g i o n  o f  t h e  c y t o p l a s m i c  s i d e  o f  
t h e  H g C 1 2 - t r e a t e d  m e m b r a n e s  b y  X - r a y  d i f f r a c t i o n  m e a -  
s u r e m e n t ,  w h i l e  PS a n d  PE w e r e  m a i n l y  l o c a t e d  on  t h e  
c y t o p l a s m i c  s i d e  o f  m e m b r a n e s ( V e r k l e i j  e t  a l ,  1 9 7 3 ,  
K l e i n s m i t h  a n d  K i s h ,  1 9 8 8 ,  S a n c h e z - Y a g u e  a n d  L l a n i l l o ,  
1 9 8 6  a n d  P e l l e t i e r  e t  a l ,  1 9 8 8 ) .  I t  w a s  s u g g e s t e d  t h a t  
t h e  r e a c t i o n s  o f  p h o s p h o l i p i d s  b e a r i n g  a m i n e  g r o u p  o n  
t h e i r  p o l a r  h e a d s  w i t h  HgC12 m i g h t  p l a y  a n  i m p o r t a n t  
r o l e  i n  v i v o .  
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