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ABSTRACT 

Complexes of t r ans i t i on  metals with cys- 
te inyl-cysteine:  cys-cys a re  o f  i n t e r e s t  as  models for  metal - 
loproteins  such as  metallothionein.  Infrared and Raman 
Spectra of cys-cys, Ni (11) -  ( c y s - ~ y s ) ~  and Z n  (11)-(cys-  
cys)* complexes a re  reported.  

The r e s u l t s  show tha t  the dipeptide i s  

bound t o  t r ans i t i on  metals t h r o u g h  su l fu r  only. 

INTRODUCTION 

Reports on the synthesis  and pharmacolo- 
gical  propert ies  of sulfhydryl containing aminoacids and 
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4 6 4  PANOSSIAN, ASSO, AND GUILIANO 

r e l a t e d  molecules have been s t u d i e d  f o r  t h e i r  v a r i e d  b i o l o -  

g i c a l  a c t i v i  
a re  known t o  have a s t r o n g  a f f i n i t y  f o r  t r a n s i t i o n  and 

heavy me ta l s  . 

On t h e  o t h e r  hand, s u l f h y d r y l  groups 

5-12 

Because o f  t h i s  i m p o r t a n t  a f f i n i t y  and 
t h e i r  e x c e l l e n t  p r o p e r t i e s  as a n t i d o t e s ,  we have s t u d i e d  t h e  
c o o r d i n a t i o n  o f  t h e  d i p e p t i d e  c y s t e i n y l - c y s t e i n e  wi th N i ( I 1 )  

and Z n ( I 1 ) .  Z i n c  occurs,  i n  seve ra l  m e t a l l o p r o t e i n s ,  such 
as a l coho l  deshydrogenase and meta l  l o t h i o n e i n  where i t  
bound t o  t h e  p r o t e i n  th rough d i f f e r e n t  c y s t e i n e  res idues  13-15 

I n  m e t a l l o t h i o n e i n ,  an ex t remely  c y s t e i n e  
r i c h  low mo lecu la r  we igh t  p r o t e i n ,  t h e  cys te ines  occur seven 
t imes i n  a l t e r n a t i n g  cys-X-cys sequences and t h r e e  t imes each 

cys-cys and cys-X-X-cys sequences, where X i s  an aminoacid 

o the r  than c y s t e i n e  16- 17 

The l i g a n d  s t u d i e d  i s  a s y n t h e t i c  p roduc t  
ob ta ined f rom t h e  c o u p l i n g  method. The s o l i d  complexes have 

been s t u d i e d  by I n f r a r e d  and Raman Spectroscopy on w e l l  
d e f i n e d  phases. 

EXPERIMENTAL 

- REAGENTS AND APPARATUS : 

BOC-S-Benzyl cys t e i  ne and D i  cyc lohexy l  - 
ca rbod i im ide  (OCCI) a re  F luka  P u r i s s  grac’e used w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .  Dimethyl  c h l o r i d e  i s  used a f t e r  d i s t i l -  

l a t i o n  from K2C03. A l l  s tages of p r e p a r a t i o h  were c a r r i e d  
under an atmosphere o f  n i t r o g e n  p u r i f i e d  th rough Oxysorb 
C a t a l y s t  (02< 0.02 ppm). I . R .  Spec t ra  were recorded between 
4000 and 200 cm’l on a 225 P e r k i n  Elmer Spectrometer u s i n g  

KI pressed d i s k s .  Raman Spect ra  were recorded on a J o b i n  
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CYSTEINYL-CYSTEINE 465 

Yvon Ramanor HG 2s Spectrometer with Argon ion l a s e r  
source (5145 A ) .  

0 

Preparation o f  Cys-Cysteine 

BOC-S-Benzyl cysteine methyl e s t e r  
(lo-’ M )  - prepared from BOC-S-Benzyl cysteine i n  MeOH - 
was dissolved in  CH2C12. BOC-S-Eenzyl cysteine (lO-’M) 
with D C C I  (lO-’M) was added and the mixture s t i r r e d  over- 
night a t  O’C, then a t  room temperature. 
Dicyclohexylurea was f i l t e r e d  off  and washed w i t h  ethylace- 
ta te .  y ie ld  : 85%. 

To a so lu t ion  of 0.008 Mole of BOC- 
(S-Bzl) cysteine-0Me i n  20 ml o f  methanol was added 10 ml o f  
1M sodium hydroxide. The solut ion was neutral ized by the 
addition of 1M HC1 and evaporated t o  dryness. 
The residue was dissolved i n  methanol. After removing 
the insoluble  mater ia l ,  the so lu t ion  was allowed t o  s tand.  
The c rys t a l s  of BOC-(S-Bz1)cysteiny:-(S-Bz1)cysteine 
were col lected.yield : 72%. 

C1 eavage by HBr , TFA procedure18 f o r  
90 minutes was used f o r  removal off the protect ive groups. 
The solvent  and ac id i c  excess were removed in  vacuo. Ethyl 
ace ta te  and e the r  were added. The e s t e r  phase was washed by 
NaHC03, H20, HC1 0.5N and dr ied.  The residue was t r i t u r a t e d  
w i t h  e the r ,  the so l id  f i l t e r e d ,  washed w i t h  e the r  and dr ied 
i n  vacuo y i e ld  56%. The cysteine analysis  on a Beckman 120 
Amino Acid Analyser give : f i r s t  cysteine residue : 1.01 

Second cys te ine  residue : 0.99 

Zn  ( I I ) - ( Cys- Cys t e i  ne) 

Dropwise and very slow addi t ion of dega- 
sed 5M sodium hydroxide solut ion i n t o  a 1 :2  mole r a t i o  
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466 PANOSSIAN, ASSO, AND GUILIANO 

aqueous methanolic so lu t ion  containing zinc s u l f a t e  andcys- 
te inyl -cys te ina te  y i e ld  a white p rec ip i t a t e  when the pH 
s t a b i l i z e s  a t  6-8. The so l id  phase i s  then i so l a t ed ,  
thoroughly washed with water and MeOH and dr ied  (P205) 
under vacuum. 

Ni ( I I ) - ( c y s - c y s t e i t ~ c ) ~  

essent  
This green compound was prepared by 

a l l y  the  same procedure, the nickel . s a l t  been NiC 

Analysis - Nickel and Zinc Analysis on an Instrumentation 
Laboratory 251 Spectrophotometer gives: 
Zinc : found 12.50, calculated 12.83 
Nickel : found 11;40 calculated 1 1 . 7 2 .  

RESULTS AN0 DISCUSSION 

2 '  

The posi t ion and  a t t r i b u t i o n  of the  
main v ibra t ion  bands of the  ligand and the metal complexes 
a re  given in  t ab le  I .  Examination of the Raman spectrum of the  
Ni(I1) and Zn(I1) complexes shows pr inc ipa l ly  the absence of 
sulfhydryl group which would give strong d i f fus ion  l i n e s  
around 2570 cm- 1 19-21 

Absorption between 1750-1700 cm-I were not 
detected in  the  I.R. Spectra excluding the presence of e s t e r  
group21 which has been hydrolised.  Consequently one f inds  two 
cha rac t e r i s t i c s  absorptions o f  the  carboxylate groups : a 
strong IR band a t  1575 cm-' (Jas COO-)  and a medium IR band 
which ccrresponds t o  a s t rong Raman l i n e  round 1435 cm-' 

21-22 (SS coo-) . 
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The peptide group i s  character ised by 
very strong IR bands s i tua ted  a t  3320 cm-’ (dNH) ,  1627 cm-l 
(4 C =  0,  amides I ) ,  1550 cm-I (JCN tCNH, amide 11) and by an 
IR medium peak corresponding t o  a strong Raman l i n e  a t  
1250 cm-’ (ACN t 6 N H ,  amide 111).  

Around 3300 cm-’ one observes, a s  well 
as the s t rong absorption a t  3320 cm-l, a shoulder a t  3300 
cm-’. These two absorptions superposed on theSNH band  must 
be a t t r ibu ted  t o 4  N H 2  osci  1 l a t ions .  The Ranian spectrum 
shows around 1600 cm-’, two weak, b u t  d i s t i n c t  bands a t  
1620 cm-’ and 1600 cm-’. T h e . f i r s t  having been connected t o  
theAC= 0 (amide I )  vibrat ion,  the second i s  t en t a t iv ly  
assigned to  f i H 2  v ibra t ion .  The very strong IR absorption 
centred a t  1627 cm-’ a lso shows a shoulder a t  1670 c”1-l in -  
dicat ing the superposit ion o f  the superposit ion o f  the too 
vibrat ions (amide I a n d & P 2 ) .  All the assignments are  
assembled in  t ab le  I .  

The IR spectra of the 1 isan4 a n d  the com- 
plexes show an important analogy. No s ign i f i can t  spectral  
perturbation o f  the  vibrat ions associated with pept idic  N H ,  
amine and carboxylate g r o u p  was observed. These r e s u l t s  a r e  
consis tent  with the cys-cysteine being coordinated t o  
the metal through the su l fu r .  No a l t e ra t ions  being obser- 
ved between the ligand and t h e i r  complexes a t  the level of 
the cha rac t e r i s t i c  absorptions of the amino and carboxylic 
group, allowed us t o  specify the coordination modes through 
the thiol  function. 

CONCLUSION 

Cysteine has a chelat ion mode s k c e p t i b l e  
of appearing i n  a pro te in ic  sequence. 
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CYSTEINYL-CYSTEINE 469  

Within the whole of a s tudy,  this work s p e c i f i e s  : 

- the na tu re  of the complexes : N i ( I I ) - ( c y s - c y s ) 2  and 
Z n ( I I ) - ( c y ~ - c y s ) ~  formed i n  a del imited pH range 
6 . 5  4 pH 4 7 . 2 .  

- The i n f r a r e d  and Raman Analysis g i v e t h a t t h i o l  i s  the only 
p r e f e r e n t i a l  complexing group imp1 i c a t e d  i n  the coordina- 
t i o n  w i t h  Ni2+ and Zn2+.  While f o r  cys t e ine l '  and d ipep t ides  
containing sul fhydryl groups such a s  mercaptopropi onylgly- 

~ i n e ~ - ~ O ,  a l s o  carboxylate  o r ,  and amino group occur i n  
the coord ina t ion .  

- The type of c h e l a t i o n  lead t o  be b i d e n t a t e  f o r  t h e  l i gand .  
Consequently, the Zn(I1)  and Ni(I1)  complexes have a te- 
t ragonal  s t r u c t u r e .  
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