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CHROMATOGRAPHIC PROPERTIES OF METALLOTHIONEINS ON A GEL 
PERMEATION COLUMN : CHANGES INDUCED BY REPLACEMENT 

OF CADMIUM WITH CUF'ROUS AND CUPRIC IONS. 

Kazuo T .  Suzuki ,  Mi tsuru  Yamamura, and Tamio Maitani 

N a t i o n a l  I n s t i t u t e  f o r  Environmental  S t u d i e s  
Yatabe, Tsukuba, I b a r a k i  305, Japan .  

In v i t r o  exper iments  were conducted t o  f i n d  whether  o r  n o t  
a similar e l u t i o n  p r o f i l e  t o  r a t  kidney m e t a l l o t h i o n e i n  w i t h  h i g h  
copper  c o n t e n t  was o b t a i n e d  on a g e l  pennea t ion  column by 
replacement  o f  cadmium a n d / o r  z i n c  i n  r a t  l i v e r  m e t a l l o t h i o n e i n  
wi th  copper .  Stepwise replacement  o f  cadmium i n  r a t  l i v e r  
m e t a l l o t h i o n e i n  w i t h  cuprous ,ion d i d  n o t  cause  any s h i f t s  o f  
r e t e n t i o n  times from t h o s e  of  t h e  o r i g i n a l  p r o t e i n s  on a g e l  
permeat ion column ( SW 3000 column ) .  I n  c o n t r a s t  t o  cuprous i o n ,  
s t e p w i s e  replacement  of cadmium w i t h  c u p r i c  i o n  induced s h i f t s  o f  
r e t e n t i o n  times t o  l a r g e r  values than t h e  o r i g i n a l  ones f o r  t h e  
two i s o w t a l l o t h i o n e l n s  on a SW column. Replacement o f  z i n c  i n  
z i n c - t h i o n e i n  wi th  c u p r i c  ion  b u t  n o t  w i t h  cuprous i o n  caused  a 
r e t a r d a t i o n  of  e l u t i o n  volume on a Sephadex G-75 column. The 
d e c r e a s e s  o f  cadmium peaks  were accompanied by t h e  i n c r e a s e s  of 
copper  peaks i n  t h e  case of replacement  of  cadinium i n  m e t a l l o -  
t h i o n e i n  w i t h  cuprous i o n .  Although s t e p w i s e  d e c r e a s e s  of 
cadmium peaks  were observed by t h e  replacement  o f  cadmium i n  
m e t a l l o t h i o n e i n  w i t h  c u p r i c  i o n ,  concomitant  increases of  copper  
peaks were n a t  observed .  Although the  r e l a t i v e  peak h e i g h t s  o f  
i s o m e t a l l o t h i o n e i n  peaks were d i f f e r e n t  from t h o s e  of  ra t  kidney 
n e t a l l o t h i o n e i n ,  t h e  t h i r d  peak w i t h  t h e  same r e t e n t i o n  time a s  
t h a t  of  rat  kidney m e t a l l o t h i o n e i n  w a s  observed f o r  t h e  r e p l a c e -  
ment of cadmium wi th  c u p r i c  bu t  n o t  w i t h  cuprous i o n .  

I" 
X e t a l l o t h i o n e i n s  induced i n  t h e  l i v e r s  of e x p e r i m e n t a l  

an imals  by cadmium o r  z i n c  l o a d i n g s  are known t o  be a m i x t u r e  of 
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1386 SUZUKI, YAMAMURA, AND MAITANI 

two i s o m e t a l l o t h i o n e i n s  ( 1 - 4 ) and t h e  p r o t e i n s  c a n  be  

s e p a r a t e d  due t o  d i f f e r e n c e s  i n  t h e i r  i s o e l e c t r i c  p o i n t s  ( 4 - 6 ) .  

A c o m o n l y  used s e p a r a t i o n  procedure  i s  a combinat ion of  g e l  

f i l t r a t i o n  chromatography on a Sephadex G 7 5  column and subsequent  

i o n  exchange chromatography on a DEAE Sephadex A-25 column. 

Recent ly ,  w e  r e p o r t e d  a new a n a l y t i c a l  method f o r  meta l lo-  

t h i o n e i n s  by a combinat ion o f  a h i g h  s p e e d  l i q u i d  chromatograph 

equipped w i t h  a g e l  permeat ion column and a flame atomic a b s o r p t -  

i o n  spec t rophotometer  ( HLC - AAS ) ( 7 ) . M e t a l l o t h i o n e i n s  i n  

tissue s u p e r n a t a n t s  can be  a n a l y z e d  w i t h i n  an hour  w i t h  consumpt- 

i o n  of  a small a m u n t  of  sample s o l u t i o n .  Fur thermore ,  a g e l  

permeat ion column ( SW 3000 ) used f o r  t h e  new a n a l y t i c a l  method 

w a s  shown t o  have both  g e l  f i l t r a t i o n  and c a t i o n  exchange 

chromatographic  p r o p e r t i e s  f o r  t h e  e l u t i o n  wi th  a l k a l i n e  b u f f e r  

s o l u t i o n .  T h e r e f o r e ,  m e t a l l o t h i o n e i n s  i n  l i v e r  s u p e r n a t a n t s  v e r e  

s e p a r a t e d  i n t o  t h e  two i s o m e t a l l o t h i o n e i n s  on a S!; c o l u r n  f n r  ++< 

e l u t i o n  w i t h  a l k a l i n e  b u f f e r  s o l u t i o n ,  n e t a l l o t h i o n e i n - 1 1  b a i n g  

e l u t e d  Pas ter t h a n  w t a l l o t h i o n e i n - I .  Thus, the  new analv t i c 3 1  

method ( HLC - AAS ) was shown t o  be a h i g h l y  u s e f u l  method f o r  

the  a n a l y s i s  of  m e t a l l o t h i o n e i n .  

I n  c o n t r a s t  t o  l i v e r  m e t a l l o t h i o n e i n s  induced by cadmiun: a r  

zinc loadfngs ,  m e t a l l o t h i o n e i n  induced i n  t h e  k idneys  o f  rats bv 

l o a d i n g s  o f  cadmium i o n  is r i c h  in copper  and the kidney meta l lo-  

t h i o n e l n  shows d i f f e r e n t  chromatographic  p r o p e r t i e s  bo th  on a g e l  

f i l t r a t i o n  column ( Sephadex G - 7 5  ) and m an an ion  exchange 

c o l u m  ( DEAE Sephadex A-25 ) ( 8 ) .  The kidney m e t a l l o t h i o n e i n  

w i t h  h igh  copper  concenc w a s  a l s o  shown t o  have d i f f e r e n t  chromato- 

g r a p h i c  p r o p e r t i e s  on a g e l  permeat ion column ( SW 3000 ) ; namely, 

m e t a l l o t h i o n e i n - I  peak is always b i g g e r  than m e t a l l o  th ione in-11  

peak and a t h i r d  m e t a l l o t h i o n e i n  peak is p r e s e n t  as a s lower  

e l u t i n g  i s o w t a l l o t h i o n e i n  peak than  t h e  m e t a l l o t h i o n e i n - I  and -IT 
peaks ( 9 ) .  Kidney m e t a l l o t h i o n e i n  w i t h  l o w  copper  c o n t e n t  

induced by i n j e c t i o n  of  m e t a l l o t h i o n e i n  ) showed an i n t e r m e d i a t e  

p a t t e r n  between t y p i c a l  l i v e r  and kidney m e t a l l o t h i o n e i n s  ( 1 0 ,  11 ) 
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METALLOTHIONEINS 1387 

The p r e s e n t  s t u d y  was conducted t o  f i n d  whether  or n o t  in 
v i t m  replacement  of  z i n c  a n d / o r  cadmium i n  l i v e r  m e t a l l o t h i o n e i n  

w i t h  e i t h e r  cuprous o r  c u p r i c  i o n  induces  changes o f  chromato- 

g r a p h i c  p r o p e r t i e s  bo th  on a Sephadex G-75 column and on a SW 3000 

colurrm. 

MATERIALS AND METHODS 

I n d u c t i o n  of me t a l l o  t h i o n e i n s  Me t a l l o t h i o n e i n  was induced i n  t h e  

l i v e r  and kidneys of  female r a t s  of  t h e  W i s t a r  s t r a i n  ( mean body 

weight  1 2 1  g ) by subcutaneous i n j e c t i o n s  of  cadmium c h l o r i d e  ( 

once w i t h  0 .3  mg Cd 1 Kg body weight  and s i x  times with 0 . 6  mg 

Cd / Kg body weight  a t  i n t e r v a l s  o f  3 days ) and the  animals  were 

s a c r i f i c e d  by exsanguina t ion  h weeks a f t e r  t h e  l a s t  i n j e c t i o n .  

The l i v e r s  and k idneys  rere homogenized u s i n g  a p o l y t r o n  

homogenizer i n  t h r e e  volumes o f  0 .1  M T r i s - H C 1  b u f f e r  s o l u t i o n  ( 

pH 7 . 4  a t  25"  ) c o n t a i n i n g  0 . 2 5  M g lucose  under a n i t r o g e r .  a tnos-  

p h e r e .  The homogenates were c e n t r i f u g e d  a t  170000 x g f o r  60 

min. 

S e p a r a t i o n  o f  m e t a l l o t h i o n e i n s  Kidney m e t a l l o t h i o n e i n  ( C d . C u .  

Zn-thionein ) w a s  i s o l a t e d  by a p p l y i n g  the kidney s u p e r n a t a n t  t o  

a Sephadex G-75 column ( 2 .6  x 90 cm ) .  The column was e l u t e d  

wi th  1 mM T r i s - H C 1  b u f f e r  s o l u t i o n  ( pH 8 .6  ) and 5 m l  f r a c t i o n s  

were c o l l e c t e d  on a D i a f l o  L!-10 membrane. Zinc in l i v e r  

m e t a l l o t h i o n e i n  ( Cd,Zn-thionein ) was r e p l a c e d  <r :*ltr.,: Dv addine  

caaniun  ion t o  give cadmium-thionein ( Cd-thionein ) and t h e  

cadnium-thionein was s e p a r a t e d  on a Sephadex G - 7 5  column a s  above.  

Zinc- t h i o n e i n  ( Zn- t h i o n e i n  ) was induced by  i n j e c t i n g  z i n c  

a c e t a t e  i n t o  ra ts  ( 1 2  and t h e  l i v e r s  were homogenized a s  above .  

Zinc- th ione in  w a s  s e p a r a t e d  on a Sephadex C-75 column a s  mentioned 

above.  

Gel permeat ion chromatography on a SW 3000 column The o u c l e t  o f  

a high speed  l i q u i d  chromatograph ( Toyo Soda HLC 803, Toyo Soda 
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1388 SUZUKI, YAMAMlJRA, AND MAITANI 

Co. ,  Tokyo, Japan ) equipped w i t h  a g e l  permeat ion column ( Toyo 

Soda TSK GEL SW 3000. 21.5 x 600 unn w i t h  a precolumn ( 21.5 x 100 

mm ) w a s  d i r e c t l y  connected t o  t h e  n e b u l i s e r  tube of  an atomic 

a b s o r p t i o n  spec t rophotometer  ( H i t a c h i  508 ) ( 7 ) .  Samples 

were a p p l i e d  i n  a 200 p1 p o r t i o n  and t h e  column was e l u t e d  w i t h  

50 mM T r i s - H C 1  b u f f e r  s o l u t i o n  ( pH 8.6 a t  25" ) c o n t a i n i n g  0.1 Z 

sodium a z i d e  a t  a f low rate o f  3.75 m l  1 min. Cadmium o r  copper  

a tomic  absorbance w a s  c o n t i n u o u s l y  recorded .  The exper iment  w a s  

c a r r i e d  o u t  a t  room tempera ture  ( 20 - 2 2 O  ) .  

P r e p a r a t i o n  of cuurous and c u p r i c  i o n  s o l u t i o n s  Cuprous ion was 

prepared  by the  r e p o r t e d  method ( 13  ) and s t o r e d  i n  a s o l u t i o n  o f  

one t o  one mixture  of  a c e t o n i t r i l e  and 50 mM T r i s - H C 1  b u f f e r  

s o l u t i o n  ( pH 8.6 a t  25" 1. A s o l u t i o n  o f  c u p r i c  i o n  was 

prepared  by d i s s o l v i n g  c u p r i c  c h l o r i d e  i n t o  50 mM T r i s - H C 1  b u f f s r  

s o l u t i o n  ( pH 8.6 a t  25" ) .  

RESULTS AND DISCUSSION 

Fig. 1 shows co-chromatograms on a Sephadex G-75 column of 

c a d m i u w t h i o n e i n  and copper - th ione ins  p r e p a r e d  by r e p l a c i n g  z inc  

i n  z i n c - t h i o n e i n  by cuprous ( A ) o r  c u p r i c  i o n  ( B 1.  Although 

z inc  and cadmium i n  m e t a l l o t h i o n e i n s  ( Zn- t h i o n e i n ,  Cd- th ione in ,  

and Cd,Zn-thionein ) d i d  n o t  a l t e r  the  chromatographic  p r o p e r t i e s  

o f  m e t a l l o t h i o n e i n s  on a Sephadex G-75 column f o r  anv metal r a t i o s  

i n  the  p r o t e i n s  ( 8 ) , replacement  of  z i n c  i n  z i n c - t h i o n e i n  wi th  

copper  i n d i c a t e d  t h a t  copper  i n  m e t a l l o t h i o n e i n  caused  the  changes 

of  chromatographic  p r o p e r t i e s  depending on the va lence  s t a t e  o f  

copper  ; namely, copper - th ione in  p r e p a r e d  by r e p l a c i n g  z inc  w i t h  

cuprous i o n  was e l u t e d  a t  t h e  same e l u t i o n  volume w i t h  cadmium- 

t h i o n e i n  b u t  copper - th ione in  prepared  by r e p l a c i n g  z i n c  w i t h  

c u p r i c  ion  was e l u t e d  a t  a s l o v e r  rate t h a n  cadmium-thionein. 

Copper-containing m e t a l l o t h i o n e i n s  o b t a i n e d  from t h e  l ivers  and 

k idneys  of  r a t s  a f t e r  copper  or cadmium l o a d i n g s  were shorn  to be 
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METALLOTHIONEINS 1389 

e l u t e d  a t  a s lower  rate on a Sephadex 6 7 5  column than meta l lo-  

t h i o n e i n s  w i t h o u t  copper  as observed  f o r  t h e  in v i t ro  exper iment  

i n  t h e  p r e s e n t  s t u d y  ( Fig .  1 B  ) ( 8 1. 
F i g s .  2 - 5 show e l u t i o n  p r o f i l e s  o f  m e t a l l o t h i o n e i n s  on a 

g e l  permeat ion column ( TSK GEL SU 3000 ) .  The column w a s  

equipped t o  a h i g h  speed  l i q u i d  chromatograph and t h e  concent-  

r a t i o n  o f  cadmium o r  copper  i n  t h e  e luate  w a s  monitored by 

d i r e c t l y  connec t ing  t h e  o u t l e t  o f  t h e  column t o  a n e b u l i s e r  tube  

o f  a f lame a tomic  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  ( 7 ) .  

w a s  shown t o  have g e l  f i l t r a t i o n  and  c a t i o n  exchange chromato- 

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

and l i v e r  m e t a l l o t h i o n e i n  is s e p a r a t e d  i n t o  t h e  two i s o m e t a l l o -  

t h i o n e i n s  ( m e t a l l o t h i o n e i n - I 1  is  e l u t e d  f a s t e r  than  m e t a l l o t h i o -  

nein-I  ) . The c a t i o n  exchange chromatographic  p r o p e r t y  w a s  

e x p l a i n e d  by t h e  d i s s o c i a t i o n  of  hydroxyl  groups in pnlyhydroxyl-  

a t e d  packing  materials ( 9 ) . Although m e t a l l o t h i o n e i n  i s  

a p p a r e n t l y  n o t  s e p a r a t e d  on a Sephadex G-75 column due t o  

s h o r t a g e  i n  t h e  'numbers o f  t h e o r e t i c a l  p l a t e s ,  t h e  same 

p r o p e r t i e s  were a l s o  shown f o r  Sephadex g e l  materials ( 9 ) .  

The column 

Fig. 2 i l l u s t r a t e s  a t y p i c a l  e l u t i o n  p r o f i l e  of  k idney  

m e t a l l o t h i o n e i n  o b t a i n e d  by i n j e c t i n g  cadmium c h l o r i d e  i n t o  ra t s .  

I n  c o n t r a s t  t o  the  p r o f i l e s  o f  l i v e r  m e t a l l o t h i o n e i n s  w i t h o u t  

copper  ( Cd,Zn-thionein and Zn-thionein ) , kidney m e t a l l o t h i o n e i n  

w i t h  h i g h  copper  c o n t e n t  w a s  a lways accompanied by one more 

a d d i t i o n a l  cadmium and copper -conta in ing  peak o t h e r  than t h e  two 

peaks which correspond t o  l i v e r  m e t a l l o t h i o n e i n - 1 1  and -I ( 9 ,  11 

) . Furthermore,  t h e  r e l a t i v e  peak h e i g h t  of m e t a l l o t h i o n e i n - I  

was always h i g h e r  than  t h a t  of m e t a l l o t h i o n e i n - I 1  as shown i n  

F i g .  2 .  The extreme unbalance o f  t h e  two i s o m e t a l l o t h i o n e i n  

peaks w a s  a l r e a d y  r e p o r t e d  f o r  the  r a t  kidney m e t a l l o t h i o n e i n  on 

a DEAE Sephadex A-25 column ( 8,  10 ) ,  a l though the  t h i r d  peak 

observed on a SW column w a s  n o t  s e p a r a t e d  on a DEAE Sephadex A-25 
column f o r  t h e  e l u t i o n  w i t h  e x p o n e n t i a l  g r a d i e n t  o f  b u f f e r  

c o n c e n t r a t i o n .  
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1390 SUZUKI, YAMAMJRA, AND MAXTANI 

31O506O7O 
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FIGURE 1. Co-chromatogramp o f  cadmium-thionein and copper- thio-  
n e i n  on a Sephadex G-75 column. A s o l u t i o n  of cuprous i o n  ( A 
) or c u p r i c  i o n  ( B ) was added t o  a s o l u t i o n  of r a t  l i v e r  z inc-  
t h i o n e i n  ( 17 pg Zn i n  z i n c - t h i o n e i n  / ml of 10 mM Trls-HC1 
b u f f e r  s o l u t i o n ,  pH 8.6 ) i n  t h e  amount o f  25 pg Cu ( 1.5 molar  
e q u i v a l e n c e  t o  z i n c  ) .  Each s o l u t i o n  was mixed a f t e r  5 min w i t h  
rat l i v e r  cadmium-thlonein ( 28 pg Cd / m l  ) .  The mixed s o l u c i o n  
( 2.5 m l  ) was a p p l i e d  t o  a Sephadex G-75 column ( 2.6 x 90 c m  
and e l u t e d  with 1 mM T r i s - H C 1  b u f f e r  s o l u t i o n  ( pH 8.6 ) .  Five 
m l  f r a c t i o n s  were c o l l e c t e d  and t h e  c o n c e n t r a t i o n s  o f  cadmium 
and copper  were determined i n  each e l u a t e .  The arrow i n d i c a t e s  
t h e  me t a l l o t h i o n e i n  f r a c t i o n .  

Cadmium-thionein was p r e p a r e d  i n  v i t r o  by r e p l a c i n g  z inc  i n  

l i v e r  m a t a l l o t h i o n e i n  ( Cd,Zn-thionein ) w i t h  cadmium i o n  and 

used f o r  t h e  f o l l o w i n g  i n  v i t r o  exper iments  to  avoid  p o s s i b l e  

complexities due t o  the presence  of two metals ( cadmium and z i n c  

) and easy d i s s o c i a t i o n  of  z i n c  from t h e  p r o t e i n .  

Addi t ion  of  cuprous i o n  t o  cadmium-thionein induced t h e  

reduct ion  of cadmium peaks on a SW column and t h e  changes o f  

r e l a t i v e  peak h e i g h t s  were observed  f o r  t h e  two i s o m e t a l l o t h i o -  

n e i n  peaks w i t h  added amounts of  cuprous i o n  ( Fig. 3 ) .  The 

changes may i n d i c a t e  t h a t  r e l a t i v e  b i n d i n g  a f f i n i t i e s  f o r  cuprous 

i o n  are changeable  w i t h  t h e  i n c o r p o r a t e d  amounts o f  cuprous ion 

i n t o  t h e  i s o p r o t e i n s .  Although t h e  s t e p w i s e  r e d u c t i o n  and t h e  

changes of relative peak h e i g h t s  were o b s e r v e d  by the rep lacement  

of  cadmium w i t h  cuprous ion, s h i f t s  of  r e t e n t i o n  t imes of  i so-  
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R e t e n t i o n  T i m e  ( rn in  ) 
FIGURE 2 .  Gel permeat ion - a tomic  a b s o r p t i o n  chromatograms of  
ra t  kidney m e t a l l o t h i o n e i n .  R a t  k idney m e t a l l o t h i o n e i n  f r a c t -  
ion  on a Sephadex G-75 column was c o n c e n t r a t e d  on a D i a f l o  UM-10 
membrane and a p p l i e d  t o  a TSK GEL SW 3000 column ( 21.5 x 600 mm 
) i n  a 200 pl p o r t i o n  and e l u t e d  w i t h  50 mM Tris-HC1 b u f f e r  
s o l u t i o n  (pH 8.6 a t  25" ) a t  a flow r a t e  of  3 . 7 5  ml / min. 
Atomic absorbance of cadmium ( A ) or copper  ( B ) was cont inu-  
ously monitored.  
s o l u t i o n s  f o r  cadmium and copper  ( 0 .1  p g  / m l  ). 
I1 ( 39.4  min ) , and XIX ( 45.6  min ) i n d i c a t e  m e t a l l o t h i o n e i n - I  
and -11, and a t h i r d  m e t a l l o t h i o n e i n  peaks ,  r e s p e c t i v e l v .  

The v e r t i c a l  b a r s  show absorbances  of s t a n d a r d  
I ( 41 .9  min ) ,  

m e t a l l o t h i o n e i n s  were not  observed by t h e  replacement  w i t h  

monovalent copper .  

I n  c o n t r a s t  t o  r a t h e r  s imple  changes of  e l u t i o n  p r o f i l e s  

induced by t h e  replacement  w i t h  cuprous i o n ,  a d d i t i o n  of c u p r i c  

ion  t o  cadmium-thionein induced complex changes o f  e l u t i o n  

p r o f i l e s  on a SW 3000 column ; namely, r e d u c t i o n  of peak h e i g h t s ,  

changes of  re la t ive peak h e i g h t s ,  and s h i f t s  of r e t e n t i o n  times 
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u 
Retent ion  T i m e  ( m i n  ) 

FIGURE 3. Gel permeat ion - cadmium a tomic  a b s o r p t i o n  chronato-  
grams of cadmium-thionein w i t h  d i f f e r e n t  amounts o f  c u p r o u s  ion. 
Cuprous i o n  ( i50 p1 ) was added t o  ra t  l i v e r  czdmium-chionein 
s o l u t i o n  ( 1 1 . 7  p g  Cd i n  100 pl of 50 mM T r i s - H C l  b u f f e r  s o l u t i o n ,  
pH 8 .6  a t  25" ) i n  t h e  amounts of  0 ( X ) ,  3.18 ( B ) ,  4 . 7 6  ( C 
6.35 ( D ) ,  9 . 5 3  ( E ) ,  and 12.7 p g  ( F >,  and t h e  s o l u t i o n s  were 
s t o o d  a t  room t empera ture  f o r  5 min. A 200 p1 p o r t i o n  o f  t h e  
s o l u t i o n s  was a p p l i e d  t o  a TSK GEL SW 3000 column ( 21.3 x 600 mm 
) and che column w a s  e l u t e d  w i t h  50 mM T r i s - H C 1  b u f f e r  s o l u t i o n  ( 
pH 8.6 a t  25" ) a t  a f low rate  of 3 . 7 5  m l  I min. Atomic absorb-  
a n c e  of cadmium was c o n t i n u o u s l y  moni tored .  I ( 41 .9  min ) and 
I1 ( 3 9 . 4  min ) i n d i c a t e  m e t a l l o t h i o n e i n - I  and -11, r e s p e c t i v e l y .  
* i n d i c a t e s  a contaminat ion  peak,  probably  a m e t a l l o t h i o n e i n  dimer 
peak ( 17 ) .  

( Ffg. 4 1. The most dramat fc  change w a s  t h e  appearance  o f  

cadmium peak a t  a r e t e n t i o n  t i m e  o f  45.6  min a t  the  expense o f  

m e t a l l o t h i o n e i n - I  peak.  The new peak a t  a r e t e n t i o n  time o f  

45.6 min was t e n t a t i v e l y  named a t h i r d  peak.  The r e t e n t i o n  t i m e  

of a t h i r d  peak was i d e n c i c a l  ro  t h a t  of  t h e  t h i r d  peak observed  

f o r  r a t  kidney m e t a l l o t h i o n e i n  ( F i g .  2 ) .  The s e l e c t i v e  

r e d u c t i o n  of m e t a l l o t h i o n e i n - I  peak and appearance  o f  t h e  t h i r d  
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peak were fol lowed by t h e  selective r e d u c t i o n  of  m e t a l l o t h i o n e i n -  

I1 peak and appearance  o f  a small f o u r t h  peak a t  a r e t e n t i o n  time 

of  50.1 min. The f o u r t h  peak w a s  observed  a t  f i r s t  i n  t h e  

p r e s e n t  in v i t r o  s t u d y  and h a s  n o t  been  observed  i n  t h e  e l u t i o n  

p r o f i l e s  of  rat kidney m e t a l l o t h i o n e i n .  

To conf i rm the  replacement  of  cadmium i n  cadmium-thionein 

w i t h  copper ,  a tomic a b s o r p t i o n  of copper  was monitored f o r  

r e p r e s e n t a t i v e  replacement  exper iments  i n s t e a d  o f  cadmium. F i g .  

5 i l l u s t r a t e s  t h e  e l u t i o n  p r o f i l e s  o f  copper .  Although a d d i t i o n  

I 1  I 1  

U 
c 
V 0 R e t e n t i o n  T i m e  ( min ) 

T1GLT.E h .  G e l  permeat ion - cadmiuc dtor . ic  z i scr?c5~:~r i  :hxx::- 
prams o f  cadnium-thionein with d i f f e r e n t  amounts of  c u p r i c  i o n .  
Cupr ic  i o n  ( 150 p 1  ) was added t o  a r a t  l i v e r  cadmium-thicnein 
s o l u t i o n  ( 1 1 . 7  J.I~ C d  i n  100 p l  of  50 mM T r i s - H C 1  b u f f e r  s o l u t i o n ,  
pH 8 . 6  a t  25" ) i n  t h e  amounts of 0.635 ( A ) ,  1.59 ( B 1, 3.18 ( 
C ) ,  4 . 7 6  ( D 1, 6.35  ( E ) ,  and 1 2 . 7  pg ( F ) ,  and the  s o l u t i o n s  
were s t o o d  f o r  5 min a t  room t e m p e r a t u r e ,  A 200 p l  p o r t i o n  of 
t h e  s o l u t i o n s  was a p p l i e d  t o  a TSK GEL 3000 column ( 21.3  x 600 rnm 
) and t h e  column was e l u t e d  wi th  50 mM T r i s - H C 1  b u f f e r  s o l u t i o n  ( 
pH 8 . 6  a t  25' ) a t  a flow rate of  3.75 m l  / min. Atomic 
absorbance of  cadmiun w a s  cont inuous ly  monitored.  I ( 42.0  min ) ,  
11 ( 39.5 min ) ,  111 ( 4 5 . 6  min ) ,  and I V  ( 50.1 min ) i n d i c a t e  
m e t a l l o t h i o n e i n - I  and -11, a t h i r d ,  and a f o u r t h  m e t a l l o t h i o n e i n  
peaks ,  r e s p e c t i v e l y .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



139 4 SUZUKI, YAMAMURA, AND MAITANI 

w 
V R e t e n t i o n  Time ( m i n  ) 

FIGURE 5 .  G e l  permeat ion - copper  a tomic  a b s o r p t i o n  chromato- 
grams o f  cadmium-thioneins w i t h  d i f f e r e n t  amounts of  cuprous o r  
c u p r i c  ion. CUprous ion ( A ,  6 . 3 5  pg ; 8 ,  9 . 5 3  pg i n  150 pl 
b u f f e r  s o l u t i o n  ) and c u p r i c  ion ( C ,  6 . 3 5  pg ; D ,  9 . 5 3  ug ; E, 
12.7 pg in 150 p1 b u f f e r  s o l u t i o n  ) were added t o  a ra t  l i v e r  
cadmium-thionein s o l u t i o n  ( 1 1 . 7  pg Cd in 100 pl of 50 mM T r i s - H C L  
b u f f e r  s o l u t i o n ,  pH 8.6 ) and t h e  s o l u t i o n s  were s t o o d  f o r  5 min 
a t  room tempera ture .  A 200 p1 p o r t i o n  o f  t h e  s o l u t i o n s  was 
a p p l i e d  t o  a TSR GEL SV 3000 column ( 2 1 . 5  x 600 mm 1 and  the 
column was e l u t e d  w i t h  S O  mM T r i s - H C 1  b u f f e r  s o l u t i o n  ( DH 3 . 6  3t 
25' ) a t  a flow r a t e  o f  3 . 7 5  rnl / min. hcomic absorbance o f  
copper  was cont inuous ly  moni tored .  I ( 4 2 . 0  min ) , 11 39.5 Fin 
1, and 111 ( 45.6 rnin 1 i n d i c a c e  m e t a l l o t h i o n e i n - I  and -11, a n d  3, 

t h i r d  me t a l l o t h i o n e i n  peaks ,  respec  t i v e l y  . 

of  cuprous ion induced the  i n c r e a s e  o f  copper  peaks and i t  

sugges ted  t h e  r e p l a c e w n t  ( F i g .  5A ) ,  a d d i t i o n  of c u p r i c  i o n  d i d  

not  induce t h e  p r o p o r t i o n a l  i n c r e a s e  of  copper  peaks ( F i g .  jB 

The a d d i t i o n  of cuprous ion gave only two peaks which correspond-  

e d  t o  m e t a l l o t h i o n e i n - I  and -11. On t h e  o t h e r  hand, the  a d d i t i o n  

of c u p r i c  ion gave t h r e e  peaks a t  r e t e n t i o n  t i m e s  o f  39.5, 1 2 . 0 ,  

and 4 5 . 6  min which corresponded t o  m e t a l l o t h i o n e i n - I 1  and -I, a n d  

the t h i r d  peak, r e s p e c t i v e l y .  The f o u r t h  cooper  peak was n o t  

observed i n  Fig. 5 8 .  

Although t h e  redox s ta tes  o f  copper  and c v s t e i n y l  r e s i d u e s  

i n  m e t a l l o t h i o n e i n s  prepared  by  in v i t r o  rep lacement  exper iments  

were n o t  s t u d i e d  i n  the  p r e s e n t  s t u d y ,  t h e  e l u t i o n  p r o f i l e s  on a 

Sephadex 6 7 5  and on a SW 3000 columns r e v e a l e d  several i n t e r e s t -  

i n g  chromatographic  p r o p e r t i e s  of m e t a l l o t h i o n e i n s .  

a l l ,  replacement  o f  cadmium w i t h  c u p r i c  b u t  n o t  w i t h  cuprous ion 

induced t h e  s h i f t s  of r e t e n t i o n  times o f  m e t a l l o t h i o n e i n  on a SW 

F i r s t  o f  
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colurrm and e l u t i o n  volume on a Sephadex c o l u m .  One of t h e  new 

peaks ,  t h e  t h i r d  peak on a SW column w a s  e l u t e d  a t  t h e  same 

r e t e n t i o n  time w i t h  t h a t  of  t h e  t h i r d  peak i n  ra t  kidney meta l lo-  

t h i o n e i n .  The f o u r t h  peak may a l s o  be p r e s e n t  i n  r a t  kidney 

m e t a l l o t h i o n e i n  induced by cadmium l o a d i n g s  when r e l a t i v e  copper  

c o n t e n t  t o  cadmium and z i n c  c o n t e n t s  is h i g h .  As f a r  a s  e l u t i o n  

p r o f i l e s  o f  o n l y  cadmium are concerned,  replacement  of cadmium 

w i t h  cuprous i o n  o c c u r r e d  p r o p o r t i o n a l l y  w i t h  t h e  added amounts. 

A1 though cadmium i n  m e t a l l o t h i o n e i n  d e c r e a s e d  w i t h  t h e  increase 

of  added c u p r i c  i o n ,  copper  i n  m e t a l l o t h i o n e i n  d i d  n o t  i n c r e a s e  

concomi tan t ly  wi th  t h e  added amounts o f  c u p r i c  i o n .  T h e r e f o r e ,  

t h e  p r e s e n t  in v i t r o  exper iments  d i d  n o t  succeed  i n  the  p r e p a r a t -  

i o n s  o f  e x a c t l y  same e l u t i o n  p r o f i l e  o f  r a t  kidney m e t a l l o t h i o n e i n  

shown i n  F ig .  2 .  However, t h e  chromatographic  p r o p e r t i e s  o f  

copper-con t a i n i n g  m e t a l l o  t h i o n e i n s  observed  i n  the  p r e s e n t  s t  udv 

have t o  be recognized f o r  t h e  i d e n t i f i c a t i o n  and s e p a r a t i o n  of  

not  o n l y  t i s s u e  m e t a l l o t h i o n e i n s  but  a l s o  u r i n a r y  m e t a l l o t h i o n e i n  

( 14 ) whenever replacement  of  c o p p e r  is p o s s i b l e .  Mult i - forms 

of copper -conta in ing  m e t a l l o t h i o n e i n  may a l s o  be r e l a t e d  t o  t h e  

p r e s e n t  o b s e r v a t i o n  ( 15. 16 1. 

ACRK0WL.E DGE% AT 
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