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AN APPLICATION OF THE LIGAND EXCHANGE 
CHROMATOGRAPHY TO THE ANALYSIS OF 

SOME PROTEIN COMPONENTS 

M.L. Antonel l i ,  R. Bucci and V. Carunchio* 
I n s t i t u t e  of Analy t ica l  Chemistry 

Univers i ty  of Rome 
ROME ( I t a l y )  

ABSTRACT 
The r e s o l u t i o n  of a mixture conta in ing  somed-arninoa- 
c i d s ,  t he i rp - i somers  and d ipep t ides  i s  r e a l i z e d  on 
column by t h e  ligand-exchange ( L E )  chromatography. The 
support  used i s  a c h e l a t i n g  exchanger Sowaded with a 
copper(I1)-  o r  a nichel(I1)-ammonia complex. 

INTRODUCTION 

?he r e s o l u t i o n  of a mixture  of d - ,)-minoacids and d& 

pept ides  r ep resen t s  an argument of cons iderable  signi- 

f i cance  f o r  i t s  app l i ca t ions  both i n  c l i n i c a l  and i n  

food chemistry. I n  t h e  l a t t e r  f i e l d  t h e  interest  for  

t h i s  separa t ion  is  p a r t i c u l a r l y  remarkable because OP 
t h e  r ecen t  t op ic  on " s ing le  ce l l  protein"(name1y bio- 
p r o t e i n s ) .  Methods f o r  the  sepa ra t ion  of arninoacids 

from pept ides  are known ;1-4), but no one of them per- 

* To whom correspondence should be addressed. 
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886 ANTONELLI, BUCCI, AND CARUNCHIO 

m i t s  a complete sepa ra t ion  of t h e  t h r e e  c l a s s e s  of corn 

pounds. 

The a b i l i t y  of t h e  considered compounds t o  form chela- 

t e  species of d i f f e r e n t  s t a b i l i t y  and electrical  char- 

ge with some metal ions  suggests  the  p o s s i b i l i t y  t o  ob 
t a i n  t h i s  s epa ra t ion  by t h e  ligand-exchange ( L E )  chro- 

matography, which i s  a technique o f t e n  appl ied  for t h e  

r e s o l u t i o n  cf mixtures  of spec ie s  having d i f f e r e n t  co- 

o rd ina t ion  power ( 5 )  and f o r  t h e  p u r i f i c a t i o n  and con- 

c e n t r a t i o n  of so lu t ions  ( 6 ) .  I n  o rde r  t o  prove t h e  va- 

l i d i t y  of t h e  above hypothes is ,  i n  t h e  present  paper 

w e  r e p o r t ,  as an example, t h e  r e s o l u t i o n  of a mix;-a-cl 

conta in ing  t h r e e  compounds of each c l a s s :  d -alanir.e, 

rrcaninobutyrric ac id ,  d -aminoisobutTyrris ac id ,  t h e i r  

,&isomers a d  chree d i p e p t i d e s :  g l y q l z l : r c i c e ,  a l m y i -  

a1anir.e a i d  g lycyla lan ine .  

P.Ie(NH ) 2 +  

genera l ly  employed i n  t h e  ligand-exchange teckiniCTx ', 7 j 

:hey are ?hose which Porn corn;lex s?ecies v i t h  :he :a: - 
s ide red  l igands ,  t h e  s t a b i l i t y  cons t an t s  of which a r e  

suffFcien::y s t rong  and ap?rec iab iy  d i 5 r ' i r e n t  ( 5 ; ::, 

suppose a sepa ra t ion  by t h e  LE method. 

Prel iminary experiments were done on t h i n  l a y e r  and t h e  

r e s o l u t i o n  of t he  mixture was carried out  by column 

chromatography . 

- 1  !'3rm o€ tke  chelat in:  exch.=zger. i; cchojeii ?is 

where Me2+ i s  N i 2 +  o~ Cu2+.  Among the  io!? 3 x ' 

U T E R I  ALS 

A l l  chemicals were a n a l y t i c a l  grade products:L-alanine,  

p a l a n i n e  and g lycylg lyc ine  were ''Merck for biochemi- 
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LIGAND EXCHANGE CHROMATOGRAPHY OF PROTEIN 887 

I t  

s t r y ,  while  t h e  o t h e r  aminoacids and pept ides  were "Flu 
ka". An exchanger of t h e  polystyrene-iminodiacetic ty- 

pe (Chelex 100, BioRad, 100-200 mesh) and a c e l l u l o s e  

powder (MM 300 for T L C ,  Macherey Nagei) were used. S L I ~  

po r t ing  p l a t e s  (5x20 c m )  and glass columns ( h  =25 cn, 

i .d .  = lcm) were employed. 

The pH measurements were made on a Radiometer pH M-22r 

inst rument  eqtlipped with e x t e r n a l  g l a s s  and ' s a t u r a t e d  

calomel e lec t rodes .  
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aaa ANTONELLI, BUCCI, AND CARUNCHIO 

system was s t a b i l i z e d  by washing i t  wi th  1 :1 NH 

t i o n  (200 r n l )  and M NH s o l u t i o n  (300 ml), up-ti: 

t h e  e f f luen t  was free from N i  i ons  (dimethylglyoxime 

essay). 

solu- 
3 

2+ 

Preparat ion of t he  Exchanger i n  t h e  Cu(NH )2c Form 
3 x- 

The r e s i n  i n  t h e  H+ form w a s . s t i r r e d  i n  a beaker 

a s9 lu t ion  0.5 M of CuC12.2H20 u n t i l  no co lour  var ia-  

t i o n  could be de tec ted  and washed wi th  deionized water. 

Successively t h e  exchanger was s t i r r e d  with about 100 

r n l  o€ 3 M NH 

with 

3' 

METHODS 

F o r  TL chromatography the  r e s i n  i n  t h e  Cx2' Porn 
t r e a t e d  as  descr ibed before ,  while 2or column chroma:z 

graphy the r e s i n  was packed i n  the  column and s t a b i l i -  

zed with a loa3 M ammonia so lu t ion  u n t i :  the  ?ii ~f :I:e 

e f f l u e n t  was between 8 and 9 .  

I n  TLC an amount of 20pl of an aqueous s o l u t i o n  

each subs t ame  under  examination ( 1  mg/rnl) was ?lacs6 

on t h e  s t a r t i n g  point  and then the  p l a t e s  were a i r  drL 

ed. The considered compounds were de tec ted  .;:izh ninhj-- 

d r i n e  spray f o r  TLC. 

The e l u t i o n  mixtures employed during t h e  chromacogra - 
phic runs are repor ted  i n  the  tables 1 and 2 .  

In  the  c o l m  Chromatography prel iminary tes ts  were 

c a r r i e d  out by loading some columns with 0.5 ml of a 

lo-' M so lu t ion  OP each compound sepa ra t e ly  and chec- 

king concentrat ions of t he  NH 

'va3 

of 

so lu t ions  between 
3 
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LIGAND WCHANGE CHROMATOGRAPHY OF PROTEIN 889 

TABLE 1 

R f  Values of some d- andp-Aminoacids and Dipept ides  
on Copper(I1)-Chelex Plates i n  Propanol-Ammonia solu- 
t i o n  (40:60) wi th  var ious  Concentrat ions of t h e  l a t t e r  
Cons t i tuent .  

~ ~~ ~ ~~ ~~ ~~ 

NH3= 0.6 M NH - 0.8 M 3- Compounds NH3= 0.3 M 

h a l a n i n e  0.48 0.45 0.68 

baminobut .  ac. 0.47 0.46 0.66 

draminoisobut.ac. 0.42 0.44 0.61 

p a l  an ine  0.82 0.77 0.85 

P-aminobut . ac. 0.86 0.88 0.86 

pamino i sobu t  . ac. 0.86 0.88 0.86 

g lycylg lyc ine  0.89 0. ao 0.89 

glycyla lan ine  0.90 0.92 0.90 
a l any la l an ine  0.92 0.87 0.27 

and 1 M. The f low r a t e  of t h e  e l u t i o n  was 0.5 ml/min. 

Then 1.5 ml of a mixture conta in ing  a l l  t h e  compounds, 

i n  equal molar quan t i ty ,  were allowed t o  pass through 

t h e  column and f r a c t i o n s  of 2 ml w e r e  c o l l e c t e d  and e- 
xamined. The d e t e c t i o n  of each compound w a s  perPome6 

by co lour  development wi th  ninhydrine method on 

( l o ) ,  ob ta in ing  v io le t - red  s p o t s  f o r  t h e  -aminoacids, 

v io le t -b lue  s p o t s  ford-aminoac ids  and brown o r  yellow 

s p o t s  f o r  d ipept ides .  The R f  va lue  of each component 

w a s  compared wi th  that  of a reference. 

TLC 

P 
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89 0 ANTONELLI, BUCCI, AND CARUNCHIO 

TABLE 2 

RE Values of some d- andp-minoac ids  and D i p e p t t d e s  

on Nichel(I1)-Chelex Plates i n  Propanol-Ammonia solu- 

t i o n  (40:60) with var ious Concentrations of the l a t t e r  

Const i tuent .  

NH - 0.3 M NH = 0.6 M NH = 0 . 8  M 
3- 3 3 Compounds 

d-alanine 

&minobut .  ac. 

cbaminoisobut . ac. 

p a l a n i n e  

paminobut.  ac. 

Ij-mir.ois3but. ac. 

s lycyig lyc ine  

a1 any1 a1 m i n e  

.? 1 - . ~ ~ y l  a: an i y1 s 

0 .38  

0.43 

0.56 

0.61 

0.65 

0.63 

0.54 
0.70 

0.55 

0.73 

0.72 

0.71 

0 .  t30 

0.30 

6.33 

0 .52  

0.97  

0.24 

0.72 

0.71  

3.72  

RESULTS AND DI SCUSC I (?:I 

Exchanger i n  the  Cu(NH )*+ Form 3 x -  
On the  bas i s  of t he  p re l in ina ry  t e s r i  QR t’YF!: 1z:-% ye 

observe tha t  the ligand-exchange efFec t is aper3:ixj  

only  f o r  4-aminoacids: i n  r‘aclr r h e i r  ?T vaI?-ias (.I&. ; 
are smaller than those of the orher c lasses  of ccrnr,o- 

unds which are q u i t e  equal t o  one. I n  addi t ion  m in-  
c r ease  of the  ammonia concent ra t ion  i n  t h e  e luen t  mix- 
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LIGAND EXCHANGE CHROMATOGRAPW OF PROTEIN 89 1 

ture does not  appreciably affect t h e  R f  va lues  of di- 

p e p t i d e s  and of -aminoacids, showing that  t h e r e  i s  no 

LE s f f e c t  for these  compounds (1 1 ) , on the con t r a ry  

the&-aminoacids Rf values  r a i s e  as  The ammonia concen 

t r a t i o n  inc reases ,  as i t  could have been foreseen.  The 

se r e s u l t s  were confirmed by t h e  column chromatography: 

only thed-aminoacids are r e t a i n e d  on t h e  r e s i n  and are 

e lu t ed  with a 0.5 M ammonia s o l u t i o n ,  whereas the  o t h e r  

two classes of subs t ames  are e l u t e d  by water and t h e i r  

separa t ion  i s  realized only by chromarogrzphic absor- 

ption. 

Cu(IIH3) + ions were decected i r i  tne r = f l u a r  :.:-Ly d7.- 

P 

2 
x 

. . .  22' %.; .,&-. r inS  t he  s:lution or" :Le ? , e ? ~ i o i c  =si?.sat?z: ...__ ".'--Z?. 

:ration c s  r.:.re ; e ~ ~ ~ ~ ; i o : i  czrr O C : - : . ~  L- . 
On c o l m  chromatography w e  observe the :-?te?.cL 2i: 

a l l  compoumi; wider examination 5;; LO x d  ~ i ?  z e ~ i z c  

t h e  reso lu t ior ,  of the mixture with d i f f e r e n 1  eluent  '0 
l u t i o n s .  I n  p a r t i c u l a r p - m i n o a c i d s  a r e  d i s p l s c s d  by - o 

l u t i n g  t h e  column with NH 
3 

ac tua l  concent ra t ion  of NH i s  4 1 Oe3 M) , then dipeptL 
des are e lu t ed  with a lom3 M NH s o l u t i o n  andal-amino- 
acids with 10-1 M NH 

:? 

aqueous sol.-EtOH (30:20; 

3 

3 

3' 
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892 ANTONELLI, BUCCI, AND CARUNCHIO 

Note t h a t ,  before  t h e  hydroalcohol ic  e l u e n t ,  few m l  of 

a M NH s o l u t i o n  were allowed t o  pass through t h e  

column t o  avoid bubble formation i n s i d e  t h e  packed re- 

s in .  During a l l  chromatographic runs N i 2 +  i ons  were ne  
ve r  e l u t e d  toge ther  with t h e  ammonia so lu t ions .  

3 

CONCL US I O N S  

The r e s u l t s  of t he  present  pape r  show t h a t  a successfu l  

r e so lu t ion  of a mixture conta in ing  4-aminoacids,  t h e i r  

correspondingp-isomers and d ipep t ides  can be r e a l i z e d  

by the  ligand-exchange chromatography. In p a r t i c u l a r ,  

i f  t h e  separa t ion  of t h e  f i r s t  class of substances 

from a mixture of p r o t e i n i c  compounds i s  requi red ,  i t  

can be usefully,employed a c h e l a t i n g  exchanger i n  the  

C U ( N H ~ ) ~  form, on which onljrd-aminoacids are re ta i -  

ned. Otherwise the  Chelex-resin i n  t h e  N i ( N H  )2+ form 

can be b e t t e r  employed in t he  sepa ra t ion  of corn?our.ds 

of t he  th ree  classes because, i n  t h i s  ca se ,  t h e  selec- 

t i v e  r e t e n t i o n  of a l l  substances i s  achieved. 

The d e t a i l e d  ana lys i s  of t h e  r e s u l t s  and the  corn?arison 

with the  formation cons tan ts  values  of t he  r e l a t e d  cog 

plexes ( 8 )  prove, once again ( 7 , 1 1 ) ,  thac the  s t a b i l i -  

t y  of coordinat ion compounds i n  aqueous s o l u t i o n  i s  not 

always an index of the  behaviour of t he  same complexes 

on t h e  che la t ing  exchangers. While i r  could have been 

foreseen  the  LE e f f e c t  with t h e  Chelex-resin both i n  

the  n i c h e l ( I 1 )  and i n  t h e  copper ( I1)  form, our r e s u l t s  

show t h a t  t h i s  i s  t r u e  only with regard t o  the  former 

metal ion.  In f a c t ,  even i f  t h e  log K values  of t he  

2+ 

3 6  
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LIGAM) EXCHANGE CIIROMATOCRAPW OF PROTEIN 893 

copper(I1)-complexes are g r e a t e r  and appreciably d i f f e  

r e n t  among t h e  three classes compared wi th  those  of t h e  

nichel(I1)-complexes,  our purpose was achieved us ing  

the  exchanger che la ted  with t h e  l a t t e r  ion.  

Nei ther  wi th  copper ( I1)  n o r  with n i c h e l ( I I ) ,  as central 

metal i on  bound t o  t h e  r e s i n ,  t h e  experimental  o rde r  

of r e t e n t i o n  (d-aminoacids) d ipep t ides  > -aminoacids) 

corresponds t o  the  formation cons t an t s  t rend.  

From a l l  t h e  da t a ,  w e  can a l s o  confirm t h a t  t h e  p r e l i -  

minary results obtained by t h i n  l a y e r  chromatography 

on metal-Chelex p l a t e s  are s u b s t a n t i a l l y  c o n s i s t e n t  

with those r e a l i z e d  by c o l m .  

P 
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