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COPPER A N D  NICKEL INTERACTIONS WITH ASPARTATE CONTAINING 

TETRAPEPTIDE , 

M.Asso a n d  R .  P a n o s s i a n  

L a b o r a t o i r e  de  C h i m i e  d e  C o o r d i n a t i o n  , C e n t r e  de  St-Je 'r6mt.  , 

U n i v e r s i t l  de  Provence  , 1 3 3 9 7  M a r s e i l l e  c c d e x  1 3 ,  F r a n c e  . 

INTRODIJCTI ON 

I n t e r a c t i o n s  b e t w e e n  u r o t e i n s  o r  u e a t i d e s  and  t r a n s i t i o n  

m e t a l  p l a y  an i m p o r t a n t  r o l e  i n  b i o l o g i c a l  s y s t e m s  ( 1 - 5 )  . 
An a p p r o a c h  t o  t h e  s t u d y  o f  m e t a l  i o n  b i n d i n g  i s  t h e  them-ical 

s y n t h e s i s  o f  a m e t a l l o - m o d e l  s i t e  and  a n a l o g u e s  t h e r e o f  and  t h e  

c o m p a r i s o n  o f  t h e i r  m e t a l  i o n  b i n d i n g  c h a r a c t e r i s t i c s  ( h , ? )  . 
Among t h e  p e p t i d e  models  i n t e r a c t i n g  w i t h  d i f f e r e n t  m e t a l s  we 

a r e  e n g a g e d  w i t h  t h e  t e t r a p e p t i d e  segment  Ac-Asp-Val-Asp-Ala-OH 

(Ac-DVDA-OH) which  c a n  be  c o n s i d e r e d  a s  a s i m p l i f i e d  model o f  

c a l c i u m  b i n d i n g  s i t e s  o f  s e v e r a l  p r o t e i n s  ( 8 , 9 )  . P r e v i o u s  s t u d y  

i n  s o l u t i o n  , a r g u e d  t o  a h i g h  s t a b i l i t y  c o n s t a n t  o f  m e t a l -  

Ac-DVDA-OH complexes  a t  n e u t r a l  pH ( 1 0 )  . N t V ?  - r e s u l t s  s u g g e s t  

t h e  c h e l a t i o n  o f  c a l c i u m  o r  r a r e  e a r t h  c a t i o n s  ( P r 3 +  ) t h r o u g h  

t h e  two c a r b o x y l a t e  g r o u u s  o f  a s p a r t y l  r e s i d u e s  ( 1 1 )  . The main 

p u r p o s e  o f  t h e  p r e s e n t  p a u e r  i s  t o  g i v e  a c o n t r i b u t i o n  t o  t h e  

s t u d y  o f  i n t e r a c t i o n s  b e t w e e n  c o p u e r  and  n i c k e l  a n d  t h e  t e t r a -  

p e p t i d e  model  b y  I n f r a r e d  s p e c t r o s c o p y  . 
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ASS0 AND PANOSSIAN 

t XPERI MENTAL 

Mate r i a 1 s 

'The t e t r a n e p t i d e  h a s  been  s v n t h c  

method,  p u r i f i e d  t h r o u g h  Sephadex  G15 

d u r e  u s i n g  W a t e r s  A s s o c i a t e s  model 20  

i z e d  a f t e r  t h e  s o l i d  o h a s e  

column a n d  by HPLC p r o c e -  

i n s t r u m e n t a t i o n  ( 7 )  . 
Copuer and n i c k e l  complexes  were o b t a i n e d  by d r o p w i s e  and  v e r y  

slot, a d d i t i o n  o f  d e p a s e d  5 hl sodium h y d r n s y d e  s o l u t i o n  i n t o  1 : l  

molar  r a t i o  a q u e o u s  m e t h a n o l i c  s o l u t i o n  c o n t a i n i n g  CuClz o r  

NiC1, and  Ac-Db'DA-OH y i e l d  a o r e c i n i t a t e  when t h e  pH s t a b i l i z e s  

a t  6-: . The s o l i d  p h a s e  i s  t h e n  i s o l a t e d  , t h o r o u p h l y  washed 

w i t h  w a t e r  and  m e t h a n o l  and  d r i e d  ( P,05 '1 e v e r  vacuum . 

A n a l y s i s  

IR s p e c t r a  \,'ere r e c o r d e d  be tween 4 0 0 0  and 2 0 0  cm-l on a 2 2 5  

P e r k i n  E lve r  s D e c t r o m e t e r  u s i n g  KI p e l l e t s  . 

Copper  and n i c k e l  a n a l y s i s  a r e  made on a I n s t r u m e n t a t i o n  

L a b o r a t o r y  251 s p e c t r o p h o t o m e t e r  . Q u a n t i t a t i v e  amino a c i d  

a n a l y s e s  have  been  done on a B i o t r o n i k  CC 7000 a n a l y s e r  . 
Ac-DVDA-Cu(I1) c o p p e r  ; found : 0.125 , c a l c u l a t e d  : 0 . 1 2 1 1  

a s p a r t i c  a c i d  ; found : 0.430 , c a l c u l a t e d  : 0.4384 

a l a n i n e  ; found : 0 . 1 b I )  . c a l c u l a t e d  : 0 . 1 6 7 3  

v a l i n e  ; found : 0 . 1 8 6  , c a l c u l a t e d  : 0.1904 

Ac-D\'DA-Ni(II) n i c k e l  ; found : (1.116 , c a l c u l a t e d  : 0 . 1 1 4 3  

a s p a r t i c  a c i d  ; found : 0.448 , c a l c u l a t e d  : 0.4418 

a l a n i n e  ; f o u n d  : 0 . 1 7 0  , c a l c u l a t e d  : 0.1686 

v a l i n e  ; found : 0 . 1 9 0  , c a l c u l a t e d  : 0.1918 

RESULTS AND DISCUSSION 

The p o s i t i o n  a n d  a t t r i b u t i o n  o f  t h e  main v i b r a t i o n  b a n d s  o f  

t h e  l i g a n d  a n d  i t s  m e t a l  complexes a r e  g i v e n  i n  t a b l e  1 . With 
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COPPER AND NICKEL INTERACTIONS 839 

r e g a r d  t o  t h e  l i g a n d  , t h e  o e p t i d e  groups  a r e  c h a r a c t e r i z e d  by 

a b s o r p t i o n s  a t  3 2 1 9  cm-l v ( N I I ) ,  3 0 8 7  cm-’ ( h a r m o n i c ) ,  1641 cm-’ 

( amide I ) ,  1554 cm-’ (amidc I I ) ,  1240 cm-l (amide 111) and 

7 0 5  cm-l y(NH) 

c a r b o x y l i c  Rroup a r e  found a t  2700-2400 cm-l 

t i o n s ) ,  a t  1708 cm-’ v(C=r)), 1393  and 1228 cm-’ (v(C0)  + & ( O H ) )  

908 cm-l y(OH) . These  v a r i o u s  c a r b o x y l i c  a b s o r p t i o n s  a r e  r e l a -  

t i v c l y  weak i n d i c a t i n g  t h e  p r e s e n c e  o f  p r o t o n a t e d  c a r b o x y l i c  

g r o u p  . The c a r b o x y l a t e  a b s o r p t i o n s  a r e  found a t  1535 cm-’ 

vas(COO-) and 1402 cm-’ vs(COO-) . The o t h e r  a b s o r p t i o n s  l i s t e d  

i n  t a b l e  1 a r e  a s s o c i a t e d  w i t h  t h e  h y d r o c a r b o - s k e l e t o n  . 

( 1 2 - 1 4  ) . The c h a r a c t e r i s t i c  a b s o r p t i o n s  o f  t h e  

( h a r m o n i c s ,  combina-  

The s p e c t r a  o f  t h e  c o p p e r  and n i c k e l  complexes  a r e  v e r y  s i m i l a r  

t h e i r  compar ison  w i t h  t h e  s p e c t r a  o f  t h e  f r e e  l i g a n d  l e a d s  t o  t h e  

f o l l o w i n g  o b s e r v a t i o n s  : 

- t h e  a b s o r p t i o n s  o f  t h e  p e u t i d e  g r o u p  a r e  n o t  a f f e c t e d  by  

c o o r d i n a t i o n  , s u g g e s t i n p  t h a t  t h e s e  g r o u p s  do n o t  p l a y  a s i g n i -  

f i c a n t  D a r t  i n  t h e  c o m p l e x a t i o n  ; 

- t h e  c a r b o x y l i c  i n f r a r e d  bands  o f  Ac-DVDA-OH d i s a p p e a r  upon 

c o m p l e x a t i o n  , w h i l e  new b a n d s  c h a r a c t e r i s t i c  o f  c o o r d i n a t e d  

c a r b o x y l a t e  g r o u p  a p p e a r  . A band , o b s e r v e d  a t  1582 cm-’ f o r  

t h e  c o p p e r  complex and  a t  1592 cm-’ f o r  t h e  n i c k e l  comDlex i s  

a t t r i b u t e d  t o  was(COO-) v i b r a t i o n  . A s t r o n g  b a n d  a t  1405 cm-l 

f o r  Ac-DVDA-Cu(I1) and  a t  1415 cm-l f o r  Ac-DVDA-Ni(I1) 

a t t r i b u t a b l e  t o  c o o r d i n a t e d  w s  ( C O O - )  v i b r a t i o n  r e p l a c e d  t h e  

medium a b s o r p t i o n  w ( C O O K )  i n  t h e  s p e c t r a  l i g a n d  ; 

- t h e  p e a k s  a s s o c i a t e d  w i t h  t h e  h y d r o c a r b o n  s k e l e t o n  are  

unchanged upon c o m p l e x a t i o n  , 
- no s i g n i f i c a n t  s p e c t r a l  u e r t u r b a t i o n  o f  t h e  v i b r a t i o n s  

a s s o c i a t e d  w i t h  p e p t i d i c  -NH was o b s e r v e d  . 

T h i s  r e s u l t  , combined w i t h  t h o s e  deduced  from nmr l i n e  w i d t h  

i s  c o n s i s t e n t  w i t h  t h e  Ac-DVDA-OH b e i n g  c o o r d i n a t e d  t o  t h e  

c o p p e r  o r  n i c k e l  c a t i o n  t h r o u g h  c a r b o x y l a t e  group o f  t h e  two 

a s p a r t y l  s i d e  c h a i n s  . I t  e n s u e s  , t h a t  c o n t r a r y  t o  C t e r m i n a l  
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8 4 0  ASS0 AND PANOSSIAN 

TABLE 1 

W a v r s  numbers and a t t r i b u t i o n s  o f  I R  v i b r a t i o n s  o f  A c - I ) V l ) A - @ H  and i t s  
copper a n d  nickel complexes . - . .__ 

- r ~ n > - o i i  Ccmpl exes A t t r i b u t i o n s  
cu N 1  

cm- I  I cm- l  I cm- l  I mode g r o w  

3279 S 
3087 w 

2966 w 
2938 w 
2877 w 

2700-2400 w . Q  

1720 Sh 

1660 S h  
1708 s 

1641 v s  

1554 s 

1535 sn 

1450 w 

1402 m 
I393 m 
1370 m 

1310 w 
1290 w 

i 2 4 0  fli 

1228 m 

1195 w 
1185 w 
I150 w 
I118 w 
1050 w 
965 w 
958 w 
930 w 
908 w,b 

852 w 
768 w 

705 m , B  

3280 s 
3080 w 

2955 w 
2940 w 
2880 w 

1624 v s  
'582 5 

1554 s 

1454 w 

1435 5 

1370 m 

1325 w 
1280 w 

1235 m 

1194 w 
1181) Sh 
1155 w 
1115 w 
I050 w 

955 w 
930 w 

850 w 
770 w 

703 m,b 

3080 

2955 w 
2940 sh 
2880 sh 

1650 v s  
1592 s 

1542 s 

145U sh 

1415 s 

1370 n 

1320 m 
1285 w 

1232 m 

1190 w 

1152 w 
1110 w 
1055 w 

960 w 
330 w 

855 w 
765 w 

V I N H )  I amide) 
harmonic I amide) 

harmonl c (COOt.1 
comb1 ndt  1 on5 

( s q .  H,C I 

b :  b r o a d  , vs: very s t r o n g  , s: s t r o n g  , m :  medium , w :  w e a k  , s h :  s h o u l d e r  
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COPPER AND NICKEL INTERACTIONS 841 

s h o r t  p e p t i d e s  complexed by t h e s e  t r a n s i t i o n  e l e m e n t s  ( 1 5 - 1 7 )  , 

when a t  l e a s t  two a s p a r t y l  r e s i d u s  i n  an Asu-X-Asp t y p e  s e q u e n c e  

a r e  p r e s e n t  , p e p t i d i c  n i t r o p e n  seem t o  b e  n o t  i m u l i c a t e d  i n  t h e  

m e t a l  c o o r d i n a t i o n  . 

I n f r a r e d  s p e c t r a  o f  t h e  1 : l  N i ( I 1 )  and  C u ( I 1 )  s o l i d  s t a t e  

complexes  o f  Ac-DVDA-OH h a v e t h e  same s p e c i f i c i t y  o f  c o o r d i n a t i o n  

A p r e f e r e n t i a l  s t r u c t u r e  where  Cu(T1) o r  Ni(T1)  i s  bound s i m u l -  

t a n e o u s l y  w i t h  c a r b o x y l a t e  groun o f  t h e  two a s p a r t y l  r e s i d u e s  

was p r o p o s e d  b:i a c h e l a t i n g  mode . 
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