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DE'ERMINATION OF TRYPTOPHAV-HUMAN SERUM ALBUMIN 
BINDING FROM RETENTION GATA AND SEPARATION OF 
TRYPTOPHAN ENANTIOMER BY HIGH PERFORMANCE 

L I Q U I D  CHROMATOGRAPHY 

Bernard Sibille and Nicole Thuaud 
Laboratoire de Physicochimie des Biopolydres 

L'niversit6 Paris XI1 
Avenue du GEniral de Gaulle 

94000 Cr6teil. France. 

ABSTRACT 

The retention volume of a ligand, injerted onto a size 
exclusion chromatographic column and eluted by a macromolecular 
complexing solution, is theoretically analysed f o r  evaluating 
the binding between the solute and the macromolecule. The binding 
of D- and L- tryptophar. to hiiman serum albumin is gi i n  as an 
example. and c h c  separation of these enantiomers is then aci..L,vc? 

INTRODUCTION - 

Recent studies have shown that the use of a covplexing azent 

in the chromatographic mobiie phase allows the separation of 

various compounds by 1 quid chrnmataqrapny, as a result of s e l e r -  

rive fornation of comp exes between the solutes and the eluent. 

Several unsaturated and heterocyclic components have been sepa- 

rated by Ag+ complexation ( I )  ; and some prostaglandins have been 

separated by cyclodextrin complexation ( 2 ) .  This latter work led 

to the determination of stability constants for drug-cyclodextrin 
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300 SEBILLE AND THUAUD 

complexes ( 3 ) .  S u l f a  drugs  (4) and aminoacids  ( S ) ,  have been 

s e p a r a t e d  w i t h  mobiles  p h a s e s  c o n t a i n i n g  metal c h e l a t e  a d d i t i v e s .  

We r e p o r t e d ,  p r e v i o u s l y ,  t h e  use of  h i g h  performance 

l i q u i d  chromatography (H.P.L.C.) f o r  d e t e r m i n i n g  drug-human 

serum albumin (HSA) b i n d i n g  p a r a m e t e r s ,  u s i n g  t h e  measurement of  

t h e  mean number of moles of  l i g a n d  bound per macromolecule ( 6 . 7 ) .  

The p r e s e n t  work d e s c r i b e s  a n o t h e r  way f o r  H.P.L.C. d e t e r m i n a t i o n  

of  t h e  b i n d i n g  of  l i g a n d s  t o  HSA : i t  i n v o l v e s  measurement of t h e  

r e t e n t i o n  volume of t h e  l i g a n d  i n j e c t e d  o n t o  a s i ze  e x c l u s i o n  

chromatographic  column and e l u t e d  by an albumin s o l u t i o n .  The 

pore s ize  of t h e  s u p p o r t  i s  choosen t o  e x c l u d e  t h e  albumin mole- 

c u l e  and f o r  i n c r e a s e d  l i g a n d  r e t e n t i o n .  The d i f f e r e n c e  i n  D- 

and L-tryptophan complexat ion by HSA i s  then used t o  s ' epara te  them 

from a tacemic mixture .  

THEORETICAL PART 

When a l i g a n d  A b i n d s  r e v e r s i b l y  t o  a macromolecule P by  

s u c c e s s i v e  e q u i l i b r i a  l e a d i n g  t o  t h e  f o r m a t i o n  o f  PA, PA2, . ..PAn 

complexes, the  mean number of  moles of  l i g a n d  bound p e r  m o l e  of  
- 

macromolecule, r ,  is .  a c c o r d i n g  t o  Klo tz  (8), e q u a l  t o  : 

where (%ound), (P to ta l ) ,  and (Afree) r e p r e s e n t  r e s p e c t i v e l y ,  t h e  

c o n c e n t r a t i o n s  of bound l i g a n d ,  t o t a l  macromolecule, and f r e e  

ligand ; t h e  number, m, r e p r e s e n t s  t h e  number of  c l a s s e s  o f i n d ? p e n -  
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TRYPTOPHAN-HUMAN SERUM ALBUMIN BINDING 301 

dent binding s i tes  on the macromolecule such t h a t  each class, i, 

has ni s i t e s  with binding a f f i n i t y  Ki. I f  we de f ine  a as the r a t i o  

of the concentrations of bound ligand t o  t o t a l  l igand,  a t  e q u i l i -  

brium, i t  i s  equal t o  : 

- 
(%ound) I ( 'total) 

(Ate t al) 

The r e t en t ion  of a s o l u t e  on a chromatographic column is  a 

funct ion of i ts  affinit ies f o r  both the  s t a t i o n a r y  and mobile 

phases, and i t s  e l u t i o n  volume, VR, i s  given by t h e  equation : 

VR - V + Kvf 
0 

where Vo represents  the e l u t i o n  volume of a s o l u t e  t h a t  is not 

re ta ined by t h e  s t a t i o n a r y  phase, vf i s  the volume of the s t a t i o -  

nary phase and K is the d i s t r i b u t i o n  c o e f f i c i e n t  of the r e t a ined  

s o l u t e  between s t a t iona ry  and mobile phases. 

I f  we consider the e l u t i o n  of a small molecule, A, on a 

s i z e  exclusion column, e l u t e d  by a so lu t ion  of the macromolecule, 

P,  which can complex A, leading t o  the  formation of PA,... 

complexes, as described above, and i f  P is  t o t a l l y  excluded 

from the s t a t i o n a r y  phase due t o  i t s  g rea t  s ize ,  t he  complexes, 

PAi, w i l l  a l s o  be excluded ; only the f r e e  s o l u t e ,  A, w i l l  then 

e n t e r  i n t o  t h e  s t a t iona ry  phase. The r e t e n t i o n  volume of such a 

s o l u t e  is equal t o  : 

V'R - Vo + K' vf 

with K' being the d i s t r i b u t i o n  c o e f f i c i e n t  of the s o l u t e  i n  the 

presence of the complexing macromolecule i n  the e luen t .  I f  K and 

V represent ,  respect ively,  the d i s t r i b u t i o n  c o e f f i c i e n t  and the R 
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302 S E B I U E  AND TINAUD 

re t en t ion  volume of the so lu t e ,  on the same column, i n  absence of 

complexing agent, then : 

K' = K(l - a) 

since ( 1  - a) represents  the r a t i o  between the concentrations of 

f r e e  and t o t a l  l igand respect ively (from eq. 2 ) .  Consequently : 

K'  
VR - Vo K 

VIR - vo - - -  I - a  (Eq. 3) 

Replacingal by i t s  value from equation (2) 

- ('total) I VIR - vo 
= I - r .  

'R - ' 0  

Thus, : 

"R - ' 0  I I 

m ni Ki ( ' t o t a l )  

i-1 I + K i  ('free)' 
1 +  z 'R - 'o 

(Eq. 4) 

I f  the amount of the s o l u t e ,  A, i n j ec t ed  onto the column is 

s u f f i c i e n t l y  low f o r  considering the quant i ty  [Ki(Afree) + I ]  as 

equation ( 4 )  becomes : equal t o  I ,  the 

- vo .I 
'R - ' 0  

1 
m 

I + C ni Ki (Ptotal 1 
i - 1  

(Eq. 5 ) .  

So, f o r  a given so lu t e ,  V i  i s  a hyperbolic function of the 

concentration of the macromlecule i n  the mobile phase (Eq. 5 ) .  
rn 

The term Z 
i- I 

ni Ki, represent ing the binding of the s o l u t e  t o  
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TRYPTOPHAN-HUMAN SERUM ALBUMIN BINDXNG 30 3 

the macromolecule, i s  e a s i l y  c a l c u l a t e d  from V t R  and V R v a l u e s .  

It is p o s s i b l e  t o  set f r e e  o f  t h e  VR v a l u e  (measured i n  absence  o f  

t h e  macromolecule) by measur ing  t h e  r e t e n t i o n  volumes V '  R1 and 

V f R 2  o f  t h e  s o l u t e ,  f o r  two macromolecule c o n c e n t r a t i o n s  (PI) and 

(P,) r e s p e c t i v e l y  i n  t h e  e l u e n t .  Then : 

m 
1 + '  z 

i = l  
rn 

i = l  

ni K~ (p2)  

1 + Z ni Ki (P,) 
= B =  "R1 - '0 

"R2 - '0 

and 

When t h e  amount of t h e  s o l u t e ,  A.  i n j e c t e d  o n t o  t h e  column 

i s  i n c r e a s e d ,  t h e  v a l u e  of i t s  f r e e  c o n c e n t r a t i o n  i n  t h e  column 

i s  enhanced,  and i t s  r e t e n t i o n  volume i n c r e a s e s ,  as shown by t h e  

e q u a t i o n  4. 

EXPERINENTAL 

Chromatographic Equipment : A 6000A pump, and U6K i n j e c t o r  

and a 400 W d e t e c t o r ,  a l l  from Uaters A s s o c i a t e s  ( M i l f o r d ,  Mass., 

U.S.A.], were used f o r  a l l  t h e  exper iments .  The m o n i t o r i n g  wave- 

l e n g t h  w a s  280 nm. 

25 p l  samples  were i n j e c t e d  o n t o  a 15 cm l e n g t h ,  4.7 m i.d . .  

s t a i n l e s s  s t e e l  column, f i l l e d  by a s l u r r y - p a c k i n g  technique  w i t h  

L i c h r o s o r b  Diol  s u p p o r t ,  (Nerck, Darmstadt ,  West Germany), 10 urn 
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304 SEBILLE AND THUAUD 

p a r t i c l e  d iameter .  This column a l lowed HSA t o  e l u t e  a t  t h e  void  

volume o f  t h e  column (1.48 ml) and D- and L-tryptophan t o  be  

r e t a i n e d  l o n g e r  (depending of t h e  e l u t i n g  s o l u t i o n ) .  The column 

was thermoregula ted  a t  20’C. The f l o w  r a t e  was 0.4 m l / w .  

Materials : D- and L-tryptophan were o b t a i n e d  from PROLAB0 

( P a r i s ,  France) .  HSA was from SIGMA, ( S t  Louis ,  MO, U.S.A.), as 

e s s e n t i a l l y  f a t t y  a c i d  f r e e  albumin. A l l  p r o d u c t s  were d i s s o l v e d  

i n  a 0.067 M phosphate  b u f f e r ,  PH 7.4. 

RESULTS AND DISCUSSION 

F i g u r e  I r e p r e s e n t s  t h e  v a r i a t i o n  o f  D- and L-tryptophan 

r e t e n t i o n  volumes, a s  a f u n c t i o n  o f  t h e  amount o f  t h e  enant iomer  

i n  t h e  sample,  €or t h r e e  d i f t e r e n t  albumin c o n c e n t r a t i o n s  i n  t h e  

mobile  phase.  We n o t i c e  f i r s t  t h a t  D-tryptophan is not a f f e c t e d  

by t h e  presence  o f  HSA i n  t h e  e l u e n t  ; i ts  r e t e n t i o n  volume i s  

c o n s t a n t  and e q u a l  t o  2.8 m l .  However, L-tryptophan is e l u t e d  

sooner  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  of HSA, and i t s  r e t e n t i o n  

volume, e q u a l  t o  2.8 rnl f o r  t h e  more c o n c e n t r a t e d  samples ,  de- 

c r e a s e s  and reaches  a l i m i t i n g  v a l u e  when t h e  c o n c e n t r a t i o n  of  

L-tryptophan i n  t h e  sample d e c r e a s e s .  We have r e p o r t e d  i n  F i g u r e  2 

t h e  p l o t  o f  t h e s e  lowes t  v a l u e s  o f  L-tryptophan r e t e n t i o n  volumes 

as a f u n c t i o n  of t h e  cor responding  HSA c o n c e n t r a t i o n s  : i t  a g r e e s  

w i t h  the  h y p e r b o l i c  v a r i a t i o n  d e s c r i b e d  by Equat ion  5. 

The d i f f e r e n t  chromatographic  b e h a v i o u r s  of D- and L- 

t ryp tophan  enant iomers ,  observed i n  p r e s e n c e  of HSA, a g r e e s  w i t h  
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0 725 

0 29.00 
A 14-50 

'4 w 

I I I 
2.5 25 258w 25.0 

TRYPTOPHAN S A M Z E  ( l 8 h r S )  

FIGURE I 

Variation of the retention volmes of L- and D-tryptophan with the 
concentration of the enantiomer in the sample, for different USA 
concentrations in the mobile phase. Sample conditions : 25 u1 of 
L- or D-tryptophan solutions in the eluent. 

I I I 
0 10 20 30 

HSA CONCENTRATION PM) 

FIGURE 2 

Plot of the lower limit retention volumes of L-tryptophan 
(obtained from Figure I )  as a function of the corresponding HSA 
concentrations in the mobile phase. 
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306 SEBILLE AND THUAUTI 

t h e  d i f f e r e n c e  o f  t h e i r  a f f i n i t i e s  for HSA as measured by t h e  

e q u i l i b r i u m  d i a l y s i s  method (9) and g e l  f i l t r a t i o n  exper iments  

(10) ; D- t ryp tophan  is r e p o r t e d  to b i n d  t o  HSA about  100 f o l d  

less t h a n  t h e  L-enantiomer does (10). 
m 

i- I 
Table 1 r e p r e s e n t s  the C niKi v a l u e s  o b t a i n e d  for L- 

t ryptophan  - HSA b i n d i n g ,  a t  20*C,  from e q u a t i o n s  5 and 6 respec-  

t i v e l y .  The t - t ryp tophan  r e t e n t i o n  volumes used  f o r  these c a l c u l a -  

t i o n s  and r e p o r t e d  i n  t h e  t a b l e  are t h e  limit v a l u e s  o b t a i n e d  from 

Figure  I .  

The Zn.K. v a l u e s  found a r e  i n  agreement w i t h  each o t h e r .  We 
1 1  

have used s e l e c t i v e  a f f i n i t y  of  HSA f o r  L-tryptophan,  d e s c r i b e d  

above, to s e p a r a t e  t h e  D- and L-enantiomers from a t ryptophan  

cacemic mixture .  The chromatograms r e p r e s e n t e d  in Figure 3 show 

t h a t  t h e  s e p a r a t i o n  of t h e  enant iomers  i n c r e a s e s  a s  t h e  HSA 

c o n c e n t r a t i o n  i n  t h e  mobile  phase i s  i n c r e a s e d  and ,  for a g i v e n  

HSA c o n c e n t r a t i o n ,  when t h e  amount o f  t h e  sample of racemic 

TABLE 1 

L t ryptophan  - HSA Binding 

from e q .  5 from eq. 6 

0 I .48 2.80 

1.25 1.48 2 . 6 4  51 .200 67.900 

14.50 1.48 2 .20  51 .500 53.100 

29 .0  1.48 1.98 56.000 
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CONCENTRATION (pM) 

~~ 

r d  

30 7 

FIGURE 3 

Chromatograms o b t a i n e d  f o r  v a r i o u s  samples  o f  racemic  t r y p t o p h a n  
w i t h  d i f f e r e n t  HSA c o n c e n t r a t i o n s  i n  t h e  mobile  phase .  C o n d i t i o n s  
a s  g iven  in t h e  e x p e r i m e n t a l  p a r t .  

t r y p t o p h a n  d e c r e a s e s .  These D and L e n a n t i o m e r s  have been  r e s o l v e d  

p r e v i o u s l y  by a f f i n i t y  chromatography ( 1 1 )  on a bovine  serum 

albumin-agarose column. T h i s  method of  s e p a r a t i o n  i s  also b a s e d  

upon t h e  d i f f e r e n t  b i n d i n g  of  t h e  o p t i c a l  isomers t o  t h e  albumin 

molecule ,  b u t  t h e  advantage  of  t h e  method we propose  i s  t h a t  i t  

does n o t  n e c e s s i t e  t h e  p r e p a r a t i o n  o f  an albumin-bonded chromato- 

g r a p h i c  s u p p o r t ,  t h e  HSA being ,  s i m p l y ,  d i s s o l v e d  i n  the phosphate  

b u f f e r  mobile  phase.  

CONCLUSION 

GJe have d e s c r i b e d ,  i n  t h i s  r e p o r t ,  a d e t e r m i n a t i o n  o f  t h e  

whole a f f i n i t y  o f  a l i g a n d  f o r  a macromolecule from i t s  chromato- 

g r a p h i c  r e t e n t i o n  d a t a  i n  m b i l e  phases  c o n t a i n i n g  a macro- 

molecule .  The behaviour  of t - t r y p t o p h a n  i n  HSA mobile  phases  is 
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30 8 SEBULE AND THUAUD 

i n  accordance  w i t h  t h e  t h e o r e t i c a l  c o n s i d e r a t i o n s ,  and t h i s  

method may be  used co s e p a r a t e  small compounds e x h i b i t i n g  d i f f e -  

r e n t  a f f i n i t i e s  f o r  t h e  same polymer. 
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