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REVERSED-PIIASE,  ION-PAIR SEPARATION OF L-blETHIONINE AND 
L-MTHIONINE DIPI~I ’T lDES COMPLEXED IVITII PALLADIUM (I 1) 

ilung LAM-THANII, Serge FER?ZAND.I IAN and Pierre 1ROI4AGEOT 

Service de Biochimie, DEpartement de Biologie, 
Centf;e d’Etudes Nucleaires de Saclay 

B.P. n 2 ,  91190, Gif-sur-Yvette, France 

AW ST RACT -__ 

A high performance liquid chromatographic (HPLC) method 
is descrihed for separation of L-methionine and L- methionine 
dipeptides complexed with palladium ( X I ) .  Undcr isocratic 
conditions, at room temperatures, with the appropriate selec- 
tion o f  counter-ion (cetyltrimethylammonium or trioctylmethyl- 
ammonium), it was possihlc by ion-pairing reversed phase 
chromatography to resolve the palladium (11) complexes studied. 
Stainless steel and polythylene columns were used. The chroma- 
tograms from both the two dicfercnt materials made columns 
indicate about the same ratio of capacity factor of the palla- 
dium (11) complexes. 

INTRODUCTION 

Reversed-phase FII’LC using the metallic cations Cd(1I) 
and Zn(I1) in mobile phase h a s  allowed a good separation o f  
amino-acids and dipeptides (I). The same is true for ion-pair 
reversed-phase IlPLC using anionic and cationic reagents (2, 3 ) .  

However, no example of the ion-pair formation method for 
metallic complexes of amino-acids and dipeptides has yet been 
reported in the literature. 

In previous circular dichroism studies (4, 5) of com- 
plexes between palladium (11) and sulfur of S-S-group contai- 
ning amino-acids and peptides, we showed that strong interac- 
tion occurred between the sulfur and the metal and we described 
the different kinds o f  complexes which were formed via these 
interactions. The present work is part of an extensive H1’LC:CD 
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682 LAM-THANH, FEKMANDJIAN, AND FROMACEOT 

s t u d y  on  c o m p l e x e s  hc tween  P d ( 1 I )  and t h e  t h i o e t l i e r  g r o u p  ( 6 )  

anti d e s c r i b e s  how c .hromatoRrapl i ic  c o n d i t i o n s  h a v e  bccn  found  

in  o r d c r  t u  a c l i i c v c  good s e p a r a t i o n  o r  c o m p l e x e s  of  I ) d ( I l )  
w i  tli I.-mcth i o n i i i c ,  1 , - n r c t h i o n y l - L - a 1 a n i ; i c  a n d  1 , - a l a n y l  -L- 
m c t h i o n i n c  i n  a c i d i c  a q u c o u s  mediuiri. 

I l igh  p e r f o r n : a n c e  l i q u i c l  c h r o m a t o g r a p h y  e q u i p m e n t  i s  com- 

posed  o r  n hVkOOO A s o l v e n t  d e l i v e r y  s y s t e m  ( I ’ l a t c r s  A s s o c . ,  

I J S h ) ,  a II h l i  u n i v c r s n l  lici,uicl chromatogra!lh i n j e c t o r ,  a $1;-7711 

IIV-Vis v a r i a b l e  w n v c l c n g t h  i i ioii i tor ( S c h o c f f e l ,  USA) c o u p l e d  ;i 
c h a r t  r e c o r d e r  ( ‘ Icci ,  F r a n c e ) .  ‘The s t a i n l e s s  s t e e l  j~ Kondapak- 

C,* ( 1 0  p m ,  3 0  cm x 4 inn1 I . l ) . )  co lumn and p o l y e t h y l e n e  p lion- 

d a p a k - C 1 8  coliimn ( C , 8 - r a d i a l  I’ak and  I iChl  l (!O) o r  r a d i a l l y  
ed s y s t c m  o f  s e p a r a t i o n  (RCSS) wcrc o h t a i r i c d  froiii 

W a t e r s  Assoc.  C o u n t e r - i o n s  u s e d  a r e  : c c t y l t r i i i i e t h y l a m n i o n i u m  

b r o m i d e ,  f o r m u l a t e d  hy Ci13- ( C l i 2 ) ,  5 - N ( C 1 i 3 )  lir o r  CTAU (Las tman-  

Koda k , USA 1 , t r i oc  t y  line t h y  1 aminon i um c h l o r  i d  e , f o  rmul  a t e d  by  

[ C l i 3 - ( C l l , ) - - ) 5  K1I3CI o r  Adogen 4 6 4  ( S e r v a ,  h!. Germany) .  A l l  

s o l v e n t s  a r e  of  a n a l y t i c a l  g r a d e ,  p u r e  w a t e r  o h t a i n e d  from 
Milli Q system ( b l i l l i p o r c ,  U S A ) .  S o l v e n t  systems were f i l t r a t e d  

011 “ l i l l i p o r c  0 . 4 5  pi11 a n d  d e g a z c d  by u l t r a - s o u n d ,  I S  m i n . ,  b e f o r c  
i iqe.  I . - m e t h i o n i n c  o r  (hl)  (b!erck, N.  Cermciny) , L-met l i ionyl - I , -  

a l a n i n e  o r  [h!A) a n d  I . - a l a n y l - L - m e t h i o n i n e  o r  ( A I l )  (Schwarz -  

Martn, IJSA) were d i s s o l v c r l  i n  w a t e r  ( 1 0  mM). P a l l a d i u m  (IT) was 
used a s  sod ium t e t r a c h l o r o p a l l a d a t e  Na21’d(:14, 3 5  :) Pd ( l ’ r o l a b o ,  

F r a n c e )  i n  a q u e o u s  s o l u t i o n  ( 1  00 m!l) . F r e s h  s t o e c h i o n i e t r i c  
co inplcxes  wcre  p r e f o r m e d  l i e f o r e  t h e i r  i n j e c t i o n  i n  t h e  co lumn : 

1 0  pbl I’d ( T I )  was a d d c d  t o  1 i n 1  w a t e r  c o n t a i n i n g  1 0  U M  o f  

I i g a n d ,  p l l  was a d j u s t e d  t o  2 . 0  hy  I l C l ( N ) .  1 0  111 was i n j e c t c c l  

:it once  w i t h  p r e c i s i o n - s y r i n g e  ( l lnmi l t o n ,  S w i t z e r l a n d ) .  I ’ a l l a -  

diurr (11) c h c l a t e s  w e r e  d e t e c t e d  hy  a b s o r b a n c e  a t  3 8 0  nm, 
naximurn w a v c l c n g t h  o f  t h e  lowes t  e n e r g y  d-cl band o r  t h e  com- 
p l c x e d  m e t a l s  ; t h e  non-coinplexed  i n c t a l  h a s  a weak m o l a r  
e x t i n c t i o n  c o e f f - i c i c n t .  T h e  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  i n  

i s o c r a t i c  c o n d i t i o n s  : 2 0 ° C ,  4 0  % m e t h a n o l  i n  w a t e r  i n  p r e s e n c e  
o f  L t o  2 5  m?I oi c o u n t e r - i o n .  S o l v e n t  s y s t e m s  were a d j u s t e d  t o  
rll i c o n c e n t r a t e d  II3I’Oq h c f o r c  u s e .  
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L-METHIONINE COMPLMED WITH PALLADIUM (11) 683 

F I G U R E  1 

Ion-pair separation b y  reversed-phase chromatography of L- 
methionine (M) , L-methionyl-L-alanine (MA) and L-analyl-1,-  
methionine complexed with PdC14-2 or F d ( I 1 ) .  Stainless steel 
column IJ Bondapak-Cis ; flow rate 2 ml/min ; t = 2 0 ° C  ; 
eluent 40 % methanol in water - 2 mM CTAB ; pH adjusted to 3 
by concentrated 113PO4. Absorbance unit €ull scale (A.u.f.s.) 
at 380 nm : 0.040. 1 0  p l  o r  0.1 vbl  of complexes injected. 
Top : complexes analyzed separately, bottom : mixture of 3 
comylexes. 

XI-SULTS AND DISCUSSION 
_I______ 

Optimal separation o f  the L-methionine-Pd(II), L-methionyl- 
L-alanine-Pd(I1) and L-alanyl-methionine-Pd(I1) complexes was 
achieved by using a solvent system of 40 '% methanol in water 
in presence of 2 m N  CTAB or Adogen 464 a s  counter-ion acidified 
to pfi 3 by H 3 P 0 4  (Fi~s. 1 and 2). A shoulder effect was observed 
o n  the ?I peak (Fig. 1 ,  top), which however occurs only when an 
old solution ( >  24 hours in open t u h e s )  is used. The effect does 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



684 LAM-THANH, FERMANDJIAN, AND FROMAGEOT 

FIGURE 2 

I o n  p a i r  s e p a r a t i o n  by r c v c r s e d  p h a s e  c h r o m a t o g r a p h y  of L-  
ne  t h i on i ne  (?I) , 1. -mc t h i ony  1 - 1, - a 1 a n  i n e  (?;A) a n d  I. - a1 any  1 -I. - 
i n e t b i o n i n e  c o m r l e x e d  w i t h  P d C l ~ l - ~  o r  P d ( I 1 ) .  E x p e r i m e n t a l  
c o n d i t i o n s  a s  i n  f i g .  1 e x c e p t  f o r  t h e  c o u n t e r - i o n  u s e d  : 
i?dogcn 464 .  

n o t  e x i s t  f o r  f r e s h l y  p e r f o r m e d  c o m p l e x e s  ( F i g s .  1 h o t t o n :  and  2 )  

wh ich  i n d i c a t e s  t h a t  t h e  t a i l i n g  i s  c a u s e d  h y  t h e  p r e s e n c e  of  
L - m e t h i o n i n e  s u l f o x y d e  i n  t h e  medium, a r i s i n g  from t h e  t e n -  

d e n c y  o f  I . - rne th ion ine  t o  b e  o x i d i z e d  by  a i r  e v e n  i n  t h e  a b s e n c e  

o l  met : i l l i c  c a t i o n s  ( 7 ) .  

A c c t o n i t r i l e  a s  s o l v e n t  i n  t h e  m o b i l e  p h a s e  was n o t  i n e r t  

t o w a r d s  f'clC14-2 s i n c e  a s l i g h t  p r e c  p i t a t e  was o b s e r v e d  p r o -  

h a h l y  c o r r e s p o n d i n g  t o  a complex  I'd C 1 1 3 C N ) z C 1 2  ( 8 ) .  S t a i n l e s s  
s t e e l  t u h i n g  and  co lumn a r e  n o t  a l t c r e d  hy  s e v e r a l  i n j c c t i o n s  
O F  0 . 1  ~ $ 1  of  t h e  c o m p l e x e s  b u t  by  2 mM PdC14-' a l o n e  i n  t h e  

m o b i l e  p h a s e ,  a s  migh t  b e  e x p e c t e d  Crom the e l e c t r o m o t i v e  
s e r i e s .  
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L-METHIONINE COMPLEXED WITH PALLADIUM (11) 685 

To c h e c k  t h e  f i r s t  o b s e r v a t i o n ,  s e p a r a t i o n  of  p r e f o r m e d  
complexes  were a c h i e v e d  on t h e  C 1 8 - p o l y e t h y l e n e  column of  t h e  
RCSS-l'!aters s y s t e m .  The ch romatograms  o b t a i n e d  f rom t h e  s t a i n -  
l e s s  s t e e l  column and t h e  p o l y e t h y l e n e  column ( n o t  shown) 

i n d i c a t e  a b o u t  t h e  same r a t i o  o f  c a p a c i t y  f a c t o r  o f  t h e  com- 
p l e x e s  f o r  t h e  two s o l v e n t  systems u s e d .  T h e r e f o r e ,  t h e  metal 
( i f  a n y )  f rom t h e  s t a i n l e s s  s t e e l  column d o e s  n o t  i n t e r f e r e  
w i t h  p a l l a d i u m  (11)  i n  t h e  c o m p l e x a t i o n  p r o c e s s  b e t w e e n  P d ( I 1 )  
and 1.1, MA o r  AM. On t h e  o t h e r  h a n d ,  t h e  a n i o n i c  r e a g e n t ,  
sodium d o d e c y l  s u l f a t e  (SdS) d i d  n o t  y i e l d  s e p a r a t i o n  o f  P d ( I 1 )  
c h e l a t e s .  The r e s u l t  c l e a r l y  i n d i c a t e s  t h a t  P d ( I 1 )  c h e l a t e s  
and  SdS a d s o r b e d  on  t h e  s t a t i o n a r y  p h a s e  do n o t  fo rm i o n - p a i r s  
( 9 ) ,  and s u g g e s t s  t h a t  i n  t h e s e  c o n d i t i o n s  h o t h  p a l l a d i u m  (11)  
c o m n l e x e s  and  SdS were c h a r g e d  n e g a t i v e l y .  

pll e f f e c t s  c o r r o h o r a t e  t h e  r o l e  o f  t h e  s i g n  o f  t h e  e l e c -  
t r i c a l  c h a r g e s  o n  t h e  s e p a r a t i o n  o f  c o m p l e x e s .  I n  t h e  s o l v e n t  
s y s t e m  c o n s i s t i n g  o f  40 % m e t h a n o l  i n  w a t e r  and 2 m!l C T A B  a t  
pll 5 . 6 ,  u n d e r  t h e  dynamic c o n d i t i o n s  o f  i o n i z a t i o n  i n  t h e  
co lumn,  p a l l a d i u m  (11)  c h e l a t e s  s h o u l d  h a v e  t h e i r  c a r b o x y l i c  
g r o u p s  c o m p l e t e l y  d e p r o t o n a t e d  and  t h e r e f o r e  s h o u l d  b e  r e t a i n e d .  
When H3P04 i s  added  t o  t h e  m o b i l e  p h a s e  f o r  a d e c r e a s e  i n  pR 
t o  3 ,  t h e  o b s e r v e d  r e t e n t i o n  t ime o f  complexes  i s  now c o m p a t i b l e  
w i t h  a good s e p a r a t i o n  ( F i g s .  1 and 2 ) .  T h i s  r e s u l t  c o u l d  b e  
e x p l a i n e d  by  t h e  p a r t i a l  i o n i z a t i o n  a t  pti 3 o f  t h e  c a r h o x y l i c  
g r o u p  (X-ray s t u d i e s  on t h e  L-me th ion ine - ! ' d ( I I )  complex  show 
t h a t  t h e  c a r b o x y l i c  g r o u p  i s  f r e e  o f  all i n t e r a c t i o n )  ( l o ) ,  by 
t h e  min ima l  i n t e r a c t i o n  o f  1I2PO4 w i t h  t h e  s t a t i o n a r y  p h a s e  
and t h e  h y d r o p h i l i c  mechanism of  i o n - p a i r i n g  of  t12P04  w i t h  
p a l l a d i u m  ( 1 1 )  c h e l a t e s  ( 1 1 ) .  

- 2  
- 2  

C h r o m a t o g r a p h i c a l l y ,  we c a n  d e m o n s t r a t e  t h e  c o m p l e x a t i o n  
e f f e c t  o f  p a l l a d i u m  ( 1 1 )  w i t h  L - m e t h i o n i n e ,  L -me th iony l -L-  
a l a n i n e  and L - a l a n y l - m e t h i o n i n e .  I n j e c t i o n  o f  PdC14 - a l o n e  i n  
t h e  (40 % m e t h a n o l  i n  w a t e r ,  2 mll C T A H ,  pti 3 ) ,  s o l v e n t  s y s t e m  
l e a d s  t o  e l u t i o n  wh ich  d o e s  n o t  show a n y  a b s o r b a n c e  a t  380  nm. 
PdC14-' i s  c o m p l e t e l y  r e t a i n e d  and  c a n  b e  e l u t e d  o n l y  when 
1 0  mbl t r i c h l o r o a c e t a t e  was u s e d  i n s t e a d  o f  2 mll CTAB i n  t h e  
m o b i l e  p h a s e  ( 6 ) .  I n  c o n t r a s t ,  s u c c e s s i v e  i n j e c t i o n s  o f  PdC14 

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

- 7  

- 2  
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686 LAM-THANH, FERMANDJIAN, AND FROMAGEOT 

o r  L - a n a l y l - L - m e t h i o n i n e  y i e l d  a ch romatogram s imi 1 a r  t o  the 
o n e  o f  t h e  p r e f o r m e d  complex .  Ammonium c o u n t e r - i o n  e . g .  CTAB 
w i t h  a l o n g  a l k y l  c h a i n  i s  known t o  b e  a d s o r b e d  o n  t h e  C 1 8 -  

s t a t i o n a r y  p h a s e  ( l l j ,  a dynamic  i o n - e x c h a n g e  mechanism s h o u l d  
b e  p r o p o s e d  a c c o r d i n g  t.o t h e  p r e v i o u s  o b s e r v a t i o n  : 

E x p e r i m e n t s  w e r c  a l s o  c a r r i e d  o u t  w i t h  d i f f e r e n t  c o n c e n .  
t r a t i o n s  o f  c a t i o n i c  h y d r o p h o h i c  i o n - p a i r i n g  r e a g e n t s .  A p l o t  

M 

F I G U R E  3 

Dependence  o f  t h e  c a p a c i t y  f a c t o r  L - m e t h i o n i n e  (M) , L - m e t h i o n y l -  
I . - a l a n i n e  (M) , I . - a l a n y l - L - m e t h i o n i n e  ( A M )  complexed  hy  I ’ d ( I 1 )  
on t h e  c o n c e n t r a t i o n  o f  CTAH i n  t h e  m o b i l e  p h a s e .  E x p e r i m e n t a l  
c o n d i t i o n s  a s  i n  f i g .  1 .  
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L-METHIONINE COMPLEXED WITH PALLADIUM (11) 687 

FIGURE 4 

Uependence of the capacity factor of L-methionine (M), L- 
me t h ion y 1 - 1, - a 1 an in e ( t !A) , L - a na 1 y 1 - L - m e t h i o n i n e (A? 1) c omp 1 ex e d 
bv  Pd(I1) on the concentration of Adogen 464 in the m o b i l e  
phase. Experimental conditions a s  in fig. 1 .  

of the capacity factor of palladium (11) chelates v e r s u s  
increasing concentration of cationic reagents shows an optimum 
at 5 mb! C l A H  and 1 0  mhl Adogen 464 (Figs. 3 and 4). The diffe- 
rence of retention time of complexes at the same concentration 
of counter-ion (2 mM) should be explained by the difference of 
hydrophobic area between the two counter-ions (C,6 for CTAB 

and  3 X C 8  for Adogen 464) but a l s o  by the steric hindrance on 
the quaternary ammonium. The decrease of the capacity factor 
of complexes with increasing concentration of counter-ion 
(Fig. 3 )  could he interpreted, within the ion-pairing mechanism 
(2, 3), a s  being due to the lack of balance of the hydrophobic 
interactions : 
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688 LAM-THANH, FERMANDJIAN, AND FROMAGEOT 

( c o u n t c r - i o n ) m o b . p h a s e  - S t a t .  p h a s e  

z (counter-ion-complex)mob-phase - S t a t .  p h a s e  

However t h i s  c a n n o t  b e  t r u e  f o r  t h c  Adogen 464 c o u n t e r -  
i o n  ( F i g .  4 )  owing t o  t h e  d i f f e r e n c e  o f  t h e  h y d r o p h o b i c  a r e a  
he tween  C T A B  and Adogen 464 .  

li'c t h i n k  t h a t  t h i s  method o f  dynamic  i o n - e x c h a n g e  i s  
user111 f o r  r a p i d  and e f f i c i e n t  s e p a r a t i o n  o f  m e t a l  c h e l a t e s  
o f  a m i n o - a c i d s  o r  o l i g o p e p t i d e s  i n  t h e  a n a l y t i c a l  r a n g e .  
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