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ABSTRACT 

The s e p a r a t i o n  of a mixture  of 24 amino-acids (AA) of n a t u r a l  
o r i g i n  i s  c a r r i e d  o u t  by column H P L C p  Bondapak C 1 8  1 0 p m ,  
fol lowing pre-column d e r i v a t i z a t i o n  u s i n g  or thophtha la ldehyde  (OPA). 
Because of t h e  l a r g e  numbers of AA t o  s e p a r a t e ,  the u s e  of a l i n e a r  
grad ien t  making u s e  of t h e  d i v e r s i t y  of t h e  AA p o l a r i t i e s  ensures  
t h e  r e s o l u t i o n  of t h e  m i x t u r e  i n  less t h a n  45 min. 

The g r a d i e n t  is e s t a b l i s h e d  through t h e  p r o g r e s s i v e  a d d i t i o n  of 
a c e t o n i t r i l e  t o  monopotassic phosphate  s o l u t i o n  (pH 6.80) .  The 
t h i o i s o i n d o l  d e r i v a t i v e s ,  which are t h u s  formed and wich absorb 
g r e a t l y  a t  340 nm, are d e t e c t e d  w i t h  a spec t rophotometer .  
Q u a n t i t a t i v e  a n a l y s i s  of t y r o s i n e  i s  c a r r i e d  o u t  by means of t h e  
i n t e r n a l  c a l i b r a t i o n  method w i t h  two c a l i b r a t i o n  s u b s t a n c e s  : 
g l u t a t h i o n  and 6amino c a p r o i c  a c i d .  

This a n a l y s i s ,  which i s  d i r e c t l y  a p p l i c a b l e  i n  i n d u s t r i a l  surroundings 
t o  t h e  s e p a r a t i o n  of primary AA, i s  both  r e p r o d u c i b l e  and s e n s i t i v e .  
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136 ABECASSIS, DAVID-ETEVE, AND SOUN 

INTRODUCTION 

The beginnings of modern HPLC c o i n c i d e  wi th  t h o s e  of a n a l y s e s  

involving AA by S t e i n  and Moore i n  1958 : t h e s e  a u t h o r s  used r e s i n  

chromatography exchanging i o n s  wi th  post-column d e r i v a t i z a t i o n  by 

ninhydrine.  This  technique ,  however, r e q u i r e s  t h e  p r e p a r a t i o n  of 

many b u f f e r  s o l u t i o n s ,  an unreasonably  l o n g  a n a l y s i s  time, and 

equipment s p e c i f i c  t o  t h i s  t y p e  of  a n a l y s i s .  And y e t ,  t h e  importance 

of AA h a s  never  s topped i n c r e a s i n g ,  and t h e i r  q u a n t i t a t i v e  a n a l y s i s  

are more and more important  both from medical ,  a l i m e n t a r y  and 

pharmaceut ical  s t a n d p o i n t s .  

I n  order  t o  make up f o r  t h e  d isadvantages  of the f i r s t  a n a l y s e s ,  

and f u l f i l l  modern requirements ,  o t h e r  r e a g e n t s  enabl ing  t h e  c a r r y i n g  

out  of pre-column d e r i v a t i z a t i o n  habe  been used,  such as phenyl th io-  

hydantoine (PTH) ( 1 ,  2 ,  3) d a n s y l - c h l o r i d e  (4,  5) dimethylazobenzene 

su l fonyl  (DABS) 6,  f luorescarnine,  and or thophthalaldehyde (OPA). 

The PTH d e r i v a t i v e s  obta ined  by Edman d e g r a d a t i o n  d i s p l a y  h e a t i n g  

c o n s t r a i n t s  which may l e a d  t o  p a r t i a l  h y d r o l y s i s  of  amides. Moreover, 

t h i s  methods i s  t ime consuming f o r  r o u t i n e  use ,  and a l l  AA do n o t  

r e a c t  t o  the same reagent  ( t a u r i n e ,  a l a n i n e ,  GABA). 

Dansyl c h l o r i d e  is d i f f i c u l t  t o  use as it may b r i n g  about  secondary 

r e a c t i o n s  caus ing  s e r i o u s  i n t e r f e r e n c e  when h i g h  s e n s i t i v i t y  i s  

concerned. 

The formation of DABS a l c o  r e q u i r e s  h e a t i n g  a t  a tempera ture  of 

70°C, caus ing  t h e  same problems as PTH. D e r i v a t i z a t i o n  w i t h  

f luorescamine i s  r a p i d  and q u a n t i t a t i v e ,  bu t  t h e  d e r i v a t i v e s  

formed are voluminous and a re  o f t e n  double .  OPA i s  i n t e r e s t i n g  

because t h e  f l u o p h o r i c  derivatives are i n  aqueous medium, a t  

room temperature ,  and wi thout  p u r i f i c a t i o n  previous  t o  the i r  

i n j e c t i o n s .  I n  t h e  presence  of a reducing  a g e n t ,  2 mercapto- 

e thanol  (2ME) o r  e t h a n e t h o l  (Et-SH), OPA reacts s p e c i f i c a l l y  

and quick ly  w i t h  t h e  amine group of  amino a c i d s  t o  form s u b s t i t u t e d  

t h i o i s o i n d o l s  which g r e a t l y  absorb  a t  340 nm and are f l u o r e s c e n t .  

However, l i k e  t h e  p r e v i o u s l y  mentioned r e a g e n t s ,  they  have c e r t a i n  

disadvantages : t h e  n a t u r e  of t h e  formed d e r i v a t i v e s ,  and t h e  
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SEPARATION OF 24 AMINO-ACIDS OF NATURAL ORIGIN 137 

r e c o n s t i t u t i o n  of t h e  reagent  i n f l u e n c e  t h e  s t a b i l i t y  of  t h e  OPA- 

AA. Nonetheless ,  t h e  technique  can  be adapted t o  g e t  around t h e s e  

d i f f i c u l t i e s .  

That i s  t h e  reason w e  a t tempted  t o  develop a system f o r  ana lyz ing  

AA which could be r a p i d ,  e f f e c t i v e ,  s e n s i t i v e  and s p e c i f i c ,  us ing  

bas ic  equipment f l e x i b l e  enough f o r  t h e  methodology t o  be a p p l i c a b l e  

to  a g r e a t  number of a n a l y s e s .  

EQUIPMENT AND METHOD 

Equipment : 

The Waters A s s o c i a t e s  chromatograph (Mi l ford ,  Mass.) used f o r  t h e  

opera t ion  i s  composed of 2 pumps (M6000A and F6000A), an  M660 s o l -  

vent programmer, a U6K i n j e c t o r ,  and an  M440 spectrophotometer  wi th  

a f i x e d  wave l e n g t h .  Separa t ion  t a k e s  p l a c e  u s i n g  a column ( p  Bon- 

dapak C 1 8  Waters - 300 x 3.9 mm. i . d .  l O p m ) ,  proceded by a 

precolumn l i n e d  w i t h  C o r a s i l  C18 .  

Peaks are r e g i s t e r e d  on an  Omniscribe B5000 r e c o r d e r .  

Mobile phases  : 

One of t h e  pumps i s  f e d  w i t h  pure  a c e t o n i t r i l e  (CH3CN, Uvasol Merck), 

known as s o l v e n t  B .  The o t h e r  i s  f e d  w i t h  a monopotassic phosphate 

s o l u t i o n  KH2PO4 0.02 M pH 6.8 ( s o l v e n t  A) made by d i s s o l v i n g  0.68 g 

of monopotassic phosphate  (Pro labo)  i n  one l i t e r  of d i s t i l l e d  

water c o n t a i n i n g  2 X t e t r a h y d r o f u r a n  (THF, Uvasol Merck), and a 

s u f f i c i e n t  q u a n t i t y  of NaOH 0.1 N t o  o b t a i n  a pH of 6.80. 

This aqueous s o l u t i o n  i s  f i l t e r e d  u s i n g  M i l l i p o r e  f i l t e r s  0.45 pm 
before use ,  and can be kept  f o r  s e v e r a l  days a t  a temperature  of 

+ 4°C. 
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138 ABECASSIS, DAVID-ETEVE, AND S O W  

Reagent used f o r  d e r i v a t i z a t i o n  : 

54 mg of OPA (Sigma) ere d i s s o l v e d  i n  1 m l  of methanol (Merck 

a n a l y s i s  q u a l i t y ) .  A f t e r  t o t a l  s o l u b i l i s a t i o n ,  9 m l  of b o r a t e  

buf fer  s o l u t i o n  0.4 M pH 10 are added, as w e l l  as 100 p l  of 2 ME 
(Riedel  de Haen). The reagent  s t o r e d  a t  a temperature  of  + 4 O C  and 

pro tec ted  from l i g h t ,  i s  s t a b l e  f o r  about  t e n  days as l o n g  as 20 ~1 

of 2ME are added e v e r y  3 o r  4 days.  This  should be prepared  a t  

l e s t  24 hours  b e f o r e  u s e .  

AA s tandard  s o l u t i o n s  : 

10 mg of each of t h e  24 AA l i s t e d  i n  t a b l e  1 are d i s s o l v e d  i n  10 m l  

of ho t  s o l v e n t  A ; t h e  s o l u t i o n  may be s t o r e d  a t  a t empera ture  of 

+q°C f o r  a b o u t  two weeks. 

In  order  t o  q u a n t i f y  t h e  t y r o s i n e ,  i n t e r n a l  s t a n d a r d  s o l u t i o n s  are 

prepared : 200 mg of  g l u t a t h i o n  (Merck) and 6 amino c a p r o i c  a c i d  

(EAhx, Fluka) i n  10 m l  o f  s o l v e n t  A c o n s t i t u t e  t h e  s t o c k s o l u t i o n .  

The working s o l u t i o n  i s  a d i l u t i o n  t o  t h e  1116th c o n t a i n i n g  1.25 g 

of s tandard  s o l u t i o n  p e r  l i t e r  of s o l v e n t  A. 

The range of s t a n d a r d i s a t i o n  of t h e  t y r o s i n e  is  obta ined  by succes- 

s i v e  d i l u t i o n  of a s t o c k s o l u t i o n  c o n t a i n i n g  1 g of  t y r o s i n e  p e r  

l i t e r  of  s o l v e n t  A : 

The c a l i b r a t i o n  p o i n t s  are i n  t h e  range : 0 , 5  - 0.25 - 0.125 - 
0.0625 g / l .  

Products t o  b e  ana lysed  : 

The product under s t u d y  is  an a u t o l y s a t e  of n a t u r a l  o r i g i n .  

The d i s t i l l e d  water and t h e  s o l v e n t  A are f i l t e r e d .  Any p r e c i p i -  

t a t e s  which might b e  found i n  c e r t a i n  s o l u t i o n s  are r e t a i n e d  

i n s i d e  t h e  precolurnn. 
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SEPARATION OF 24 AMINO-ACIDS OF NATURAL ORIGIN 139 

Chromatographic c o n d i t i o n s  : 

The l i n e a r  g r a d i e n t  i s  programmed from 5 t o  50 X of CH3CN i n  45 min. 

The o t h e r  parameters  which are exper imenta l ly  f i x e d  are : 

the flow ra te  1 .4  ml/mn, t h e  d e t e c t i o n  wave-length, 340  n m ,  t h e  

processure of t h e  pumps, 2.500 p s i ,  t h e  s e n s i t i v i t y ,  0 .2  AUFS, 

the speed of t h e  r e c o r d e r ,  0.5 cm/mn, and t h e  ambiant tempera ture .  

The r e t u r n  t o  t h e  i n i t i a l  c o n d i t i o n s  c o n s i s t s  of programming t h e  

reverse  g r a d i e n t  f o r  10 min. and a l lowing  t h e  column t o  s t a b i l i z e  

f o r  about  1 5  min. It i s  e s s e n t i a l  a f t e r  work t o  t h o r o u g h l y  wash 

the column w i t h  d i s t i l l e d  water f o r  a p e r i o d  of 30 min. a t  a 

flow rate of 2 ml/min. before  keeping it f o r  s t o r a g e .  

Protocol f o r  d e r i v a t i z a t i o n  : 

The i n t e r n a l  s t a n d a r d  working s o l u t i o n  i s  mixed volume f o r  volume 

with e i t h e r  t h e  s t a n d a r d  AA s o l u t i o n ,  o r  t h e  t y r o s i n e  s o l u t i o n ,  

or t h e  product  be ing  analysed.  

Then, 4 0 ~ 1  of t h i s  mixture  are d e r i v a t i  ed u s i n g  200 u l  of 

reagent c o n t a i n i n g  t h e  OPA-2ME f o r  e x a c t l y  2 min. b e f o r e  a n  

i n j e c t i o n  o f  10 u l .  

(AUFS = Absorbance Unit  F u l l  S c a l e ) .  

RESULTS 

Figure 1 shows t h e  s e p a r a t i o n  of t h e  s t a n d a r d  24 AA and t h e  

2 i n t e r n a l  s t a n d a r d s  i n  a s o l u t i o n  v e r s u s  a d e r i v a t i z e d  b l a n k  

containing n e i t h e r  AA nor  i n t e r n a l  s t a n d a r d s .  The e v o l u t i o n  of 

the percentage  i n  s o l v e n t  B is shown i n  d o t t e d  l i n e s .  

Under t h e s e  c o n d i t i o n s ,  t h e  complete e l u t i o n  of t h e  m i x t u r e  i s  

performed w i t h i n  36 min. Return t o  t h e  b a s e  l i n e  i s  e f f e c t i v e  

for n e a r l y  a l l  t h e  peaks.  

Assimilat ion of a peak t o  an AA i s  c a r r i e d  o u t  by t h e  r e l a t i v e  

re ten t ion  time of t h i s  AA i n j e c t e d  a lone ,  w i t h  t h e  same i n  a 
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E 
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10 - t  0 

1 'A: 

7 - 1  

35 ;0 i5 i0 15 lb cl i, 
ELUTION TIME (MINUTES) 

F i g .  1 : Recordings of a standard mixture of 24AA and 2 internal 
standards (A) versus a derivatizd blank (B), on a 
UBondapak C18 column using a 4 5  mn l inear  gradient a t  
a flow rate  of 1 , 4  ml/mn. The gradient was generated 
from KH2PO4 0 , 0 2  M pH 6 . 8 0  (95  %) to  CH3CN (50 %). 
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SEPARATION OF 24 AMINO-ACIDS OF NATURAL ORIGIN 141 

standard s o l u t i o n .  Table l shows  the  r e t e n t i o n  time of 24AA 

with r e fe rence  t o  t h e i r  o rder  of e l u t i o n .  

The peaks of t h e  2 i n t e r n a l  s t anda rds  f i t  i n  p e r f e c t l y  wi th  the  

chromatogram f o r  t h e  24AA ; moreover, t he  peaks of 6 amino capro ic  

acid ( E  A h )  and of t y ros ine  a r e  c l o s e  t o  each o t h e r .  

The d e r i v a t i z a t i o n  of t hese  s t anda rds  proves necessary upon 

de tec t ion  and therefore  makes i t  poss ib l e  t o  check t h e  v a l i d i t y  

of the reagent used. However, t h e  technique has s e v e r a l  disadvan- 

tages: 3 p a i r s  of AA could not be t o t a l l y  separa ted  (Thr - C i t ,  

Arg-Tau, Ile-Phe) and a c e r t a i n  amount of i n t e r f e rence  wasshown 

by the  i n j e c t i o n  of i s o l a t e d  products .  

The chromatographic spec tm of t h e  H i s  d i sp l ays  a double peak 

whichas ye t  remains unexplained. The OPA-2ME i n t e r f e r s  more o r  

l e s s  s e r i o u s l y  at  t h e  beginning of t h e  r e so lu t ion  : tife longer  

i t  is kept ,  t h e  g rea t e r  t h e  i n t e r f e r e n c e .  

Under the  experimental condi t ions  chosen, t h e  g lu t a th ion ,  t h e  

f i r s t  i n t e r n a l  s tandard  e lua t ed ,  appears w i th  2 peaks i n  the  

chromatogram respec t ive ly  a t  10 and 1 3  min. 

The chromatogram of the  complex product t o  be separa ted  i s  
represented by f i g u r e  2 with  tha t  of t h e  exc ip i en t  used f o r  

manufacturing i t  ( f i g u r e  3 ) .  This exc ip i en t  n a t u r a l l y  con ta ins  

AA, but i n  r e l a t i v e l y  small q u a n t i t i e s  ; t h e  same goes f o r  t h e  

tyros ine  f o r  which a q u a n t i t a t i v e  a n a l y s i s  is t o  be c a r r i e d  out .  

Furthermore, t h e  sample g ives  only  small amounts of i n t e r f e rence .  

Thr-Gt are b e t t e r  separa ted  than  i n  t h e  s tandard  mixture,  bu t  an 

un iden t i f i ed  peak appears between Tau-Arg. 

The q u a l i t a t i v e  aspec t  of t he  a n a l y s i s  is  s tudied  thanks t o  the  

r e s u l t s  of t h e  sys temat ic  i n j e c t i o n s  of t h e  standard mixture and 

of t he  samples over a period of one month ; t he  r e l a t i v e  r e t en t ion  

time (T ' r )  of a few AA i n  comparison wi th  6 amino ac ids  a r e  

included i n  t a b l e  2 . These r e s u l t s  are e a s i l y  reproduct ib le  and 

the  t y p i c a l  s tandard  v a r i a t i o n s  a r e  a l l  less than 0.015. 

Moreover, t h e  va lues  of t hese  parameters c h a r a c t e r i s t i c  of l i q u i d  

chromatography a r e  a l l  wi th in  t h e  t h e o r e t i c a l  l i m i t s  r equi red  t o  

be ab le  t o  s t a t e  t h a t  t h e  sepa ra t ion  has  taken p lace  c o r r e c t l y  
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TABLE 1 

ABECASSIS, DAVID-ETEVE, AND SOUN 

C l a s s i f i c a t i o n  O f  The 24AA According To T h e i r  Order O f  E lu t ion  

- 
N r  
- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

1 4  

15 

1 6  

17  

18 

1 9  

20  

21  

2 2  

23 

24 

NAME OF THE AA 

a s p a r t i c  a c i d  

g lu tamic  a c i d  

amino a d i p i c  a c i d  

a s p a r a g i n e  

s e r i n e  

g l u  tamine 

h i s t i d i n e  

g l y c i n e  

t h r  eonine  

c i t r u l l i n e  

fJ a l a n i n e  

a r g i n i n e  

t a u r i n e  

If amino b u t y r i c  a c i d  

t y r o s  i n e  

a m i n o b u t i r i c  a c i d  

valine 

meth ionine  

t ryptophanne  

i s o l e u c i n e  

phenyla lan ine  

l e u c i n e  

o r n  i t h i n e  

l y s i n e  

SYMBOL 

ASP 
Glu 

Aad 

Asn 

S e r  

Gln 

H i s  

G l Y  

t h r  

c i t  

Ala 

Arg 
Tau 

GABA 

TY= 
Abu 

V a l  

Met 

TrP 
I le 

Phe 

Leu 

Orn 

LYS 

O R I G I N  

Pro labo  

Cooper 

Merck 

Pro labo  

Sigma 

Sigma 

Merck 

Pro labo  

Merck 

Merck 

Merck 

Merck 

Merck 

Merck 

C a r l o  Erba 

Merck 

Merck 

Sigma 

Fluka  

Kochl ight  

Pro labo  

Merck 

Pro labo  

Fluka 

Tr (cm) 

1.55 

2.55 

4 .1  

5.6 

6.15 

6.8 

7.25 

1 . 6  

7.9 

7.9 

9.2 

9.8 

9.8 

10.15 

10.6 

10.15 
12.5 

12.65 

13.9 

14.05 

14.05 

14.4 

17.2 

17.95 
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UJ 

J 
. . \ 

L 
> + 
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9 

J 

*. -. .. .. 

143 

a 
5 

1 I I I 1 1 
35 30 25 20 15 10 5 0 

ELUTION TIME (MINUTES) 

Fig. 2 : Separation of complex mixture of a internal AA hydrolysate 
Same conditions as in fig. 1. 
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AA 

Gluthat ion 

GABA 

TY= 
Abu 

Met 

ABECASSIS, DAVID-ETEVE, AND SOUN 

~~ 

STANDARD T'r SAMPLE T'r STANDARD Tr VARIATION STANDARD 

0.088 0.085 0.089 0.003 

0.780 0.774 0.779 0.007 

0.829 0.822 0.824 0.011 

0.846 0.975 0.975 0.009 

0.852 0.851 0.857 0.013 

\ 

1 I I 1 I 1 1 1 

35 30 25 20 15 10 5 0 

ELUTION TIME (MINUTES) 

Fig. 3 : Elution profile of the vehicle used to manufacture the 
AA hydrolysate. 

TABLE 2 

Comparison Of Relative Tr of a Few AA 
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O D 5  5 

f O D 4  

W 

X 
I 

z * c 
0 

c - 0,3 
s 
2 0,2 
c 
I 

w 
I 

: 
O D 1  

O D 0 5  O D 1 0  0115 0,20 O D 2 5  

CONCENTRATION RATIO TYR/EAHX (G/L) 

Fig. 4 : Linear  r e l a t i o n s h i p  between peak h e i g h t  and c o n c e n t r a t i o n  
r a t i o  of T Y R / € A ~ X .  

From a q u a n t i t a t i v e  s t a n d p o i n t ,  t h e  c o n c e n t r a t i o n s  of t y r o s i n e  are 

c a l c u l a t e d  by t h e  methcdof i n t e r n a l  s t a n d a r d  w i t h  a s t a n d a r d i s a t i o n  

curve proposed by Yost e t  a1 ( 7 ) .  

It c o n s i s t s  of a n a l y s i n g  a series of s t a n d a r d  s o l u t i o n s  c o n t a i n i n g  

an i d e n t i c a l  amount of  i n t e r n a l  s t a n d a r d  mixture  (1 .25 g / 1  of 

A h )  and v a r i o u s  amounts of Tyr (0 .5  - 0.25 - 0.125 - 0.0625 g / l ) .  

The s t a n d a r d i s a t i o n  curve  t h u s  obta ined  ( f i g .  4 )  is l i n e a r  up t o  

0.25 g of T y r / l .  The d e t e c t i o n  l i m i t  i s  about  50 mg. 

The c o n c e n t r a t i o n  of Tyr i n  t h e  v a r i o u s  samples ana lysed  are 

included i n  f i g .  5 ; t h i s  shows g r e a t  v a r i a t i o n s  i n  Tyr c o n t e n t  

depending on t h e  manufactur ing ba tch .  The main reason f o r  t h i s  is 

t h e  n a t u r a l  o r i g i n  of t h e  a u t o l y s a t e .  
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A 
300 . 
290 . 

270 . 
260 . 
250 . 
240 . 
2YO . 

- 2 1 0 .  

zao . 

g 220 . 
+ 200 . P 190 . 

170 8 160 : 
w 150.  
5 1 4 0 .  
g 130 * a 

l o o .  
90. 

10 . 
60 . 
50 . 
40 
YO 
20 . 
1 0 .  

m .  

. 
* 

O L  n hr ii 
Y 0 Y - Y - Y - 

1983 JANUARY 1981 JUNE 1981 1960 1978 

F i g .  5 : Diagram of the concentration of Tyroeine (g/l) between 
different batches of natural samples. 

TABLE 3 

Comparaison of the Values of the Parameters Characteristic of the 
Qualitative Analysis 

Selectivity d >  1 

resolution Rs > 0. 2.80 

12.14 12.73 

10.14 10.68 

1.05 

I 
2.95 

I 
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DISCUSSION 

Liquid chromatography i s  a r e c e n t  technique  and a l l  i ts  c a p a b i l i t i e s  

are not  y e t  used because  t h e y  are s o  v a r i e d .  It i s  because  of  t h i s  

d i v e r s i t y  t h a t  complex r e s o l u t i o n s  such as t h o s e  p r e s e n t e d  i n  t h i s  

paper are p o s s i b l e .  The o p t i m i s a t i o n  of  a l a r g e  number of t e c h n i c a l  

and a n a l y t i c a l  parameters ,  work towards the s e p a r a t i o n  of  t h e  AA 

mixture. 

C o n s t i t u t i o n  o f  t h e  b u f f e r  s o l u t i o n  : e f f e c t  o f  t h e  i o n i c  medium 

Lindroth and Mopper (8) demonstrated t h a t  a t  c o n s t a n t  pH and 

concent ra t ion ,  the  n a t u r e  of  t h e  b u f f e r  h a s  a n  i n f l u e n c e  on t h e  

k 'capac i ty  f a c t o r s  of  a l l  AA' except  Arg, Orn, and Lys ; 

k' i n c r e a s e s  and s e p a r a t i o n  consequent ly  improves by r e p l a c i n g  

water by a b o r a t e ,  phosphate  or c i t r a t e  b u f f e r .  

Under t h e  s e l e c t e d  chromatographic  c o n d i t i o n s  r e p l a c i n g  the 

phosphate i o n s  w i t h  acetate i o n s  i n  t h e  e l u t i o n  s o l v e n t  caused a 

c l e a r  loss of r e s o l u t i o n  of t h e  e l u a t e d  AA. 

Likewise, v a r i a t i o n s  i n  i o n i c  c o n c e n t r a t i o n  modify chromatographic  

r e s o l u t i o n s  (9)  ; t h e  more t h e  c o n c e n t r a t i o n  of t h e  b u f f e r  i n c r e a s e s ,  

t h e  better t h e  s e p a r a t i o n  is. However, a g r a d i e n t  of a c e t o n i t r i l e  

and of KH2P04 0.2 M c l o g s  up t h e  column due t o  p r o g r e s s i v e  p r e c i p i -  

t a t i o n  o f  t h e  b u f f e r .  A 1110th  d i l u t i o n  o f  t h e  s o l u t i o n  g i v e s  

s a t i s f a c t o r y  r e s u l t s .  

And f i n a l l y ,  t h e  pH of t h e  medium, i s  v e r y  impor tan t ,  p a r t i c u l a r l y  

i n  t h e  s e p a r a t i o n  of t h e  amphoter ic  components such as t h e  AA. The 

e v o l u t i o n  of t h e  b u f f e r  pH from 6.80 t o  7.20 causes a n  impor tan t  

decrease  i n  t h e  r e t e n t i o n  bf t h e  las t  e l u a t e d  AA, t h u s  corrobora-  

t i n g  t h e  r e s u l t s  ob ta ined  by L i n d r o t h  and Mopper (8).  

Precise ad jus tment  of  t h e  pH i n  t h e  s e p a r a t i o n  p r o t o c o l  d e s c r i b e d  

is very  i m p o r t a n t  f o r  t h e  r e p r o d u c t i b i l i t y  of t h e  a n a l y s i s .  

E f f e c t  due t o  t h e  n a t u r e  and t h e  c o n c e n t r a t i o n  o f  o r g a n i c  m o d i f i e r  

The a d d i t i o n  of  THF i n  the mobile  phase i s  ext remly  i m p o r t a n t  i n  

t h e  s e p a r a t i o n  o f  a l l  AA, i n c l u d i n g  t h a t  o f  Thr-Gly ( 1 0 ) .  I f  t h e  
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148 ABECASSIS, DAVID-ETEVE, AND S O W  

quantity is right, this product does not affect the quality of the 

plottings obtained (9). 
Wassner and Li (11) prefer to add 2 propanol, but they observe an 

increase in the pressure of the pumps. 

- Constitution of the Organic Phase : 

Compared to methanol, acetonitrile is more expensive, but it has 

many advantages which motivated our choice for these experiments : 

a) its polarity i s  lower than that of methanol, making possible to 
decrease the time needed for analysis and consequently the amount 

of product consumed, since the less polar AA are eluated with a 
slightly polar mobile phase. 

b) its viscosity is weaker ; pressure reached is therefore less 

high and efficacy is better. 
Furthermore, the viscosity of the water-acetonitrile mixture is 

less than that of the water-methanol mixture, even for large 

concentrations of water (12) ; consequently it does not cause 
great variations in pressure. 

c) the water-methanol solvent has a positive mixing-heat and tends 

to outgas, a disadvantage which the water-acetonitrile medium does 

not have. 
Going from methanol to acetonitrile made it possible, to improve 

the separation of Phe - Ile (15) or Gly-Thr (14). 

Equipment 

Most publications talk about the fluorimetric detection of OPA-AA. 

The results show that it is just as satisfactory to use a spectro- 

photometer, a less specific apparatus for liquid chromatography, 
provided one does not have to detect very small amounts of AA 

(about few FEMTOMOLES, about moles). 

As far as the column is concerned, recent technical progress can 

certainly improve many separations. Jones and Gilligan demonstrated 
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t h a t  s h o r t e r  columns decrease  t h e  a n a l y s i s  t i m e .  Likewise, f i n e r  

f i l l i n g  p a r t i c l e s  have a similar e f f e c t .  

However, t h e  CI.8 pBondapak 10 pm columns are s t i l l  widely used. 

Replacing them during t h e  opera t ion  d id  no t  modify the chromato- 

grams (16) .  

Min ia tu r i sa t ion  would a l s o  appear t o  be a way of t h e  f u t u r e  (17) 

a s  i t  reduces t h e  s i z e  of t h e  columns, t h e  f low-ra te  and t h e  volume 

of i n  j e c  t ion .  

Chromatographic condi t ions  

Many experiments have been c a r r i e d  out  u s ing  complex g rad ien t s  

r equ i r ing  soph i s t i ca t ed  and expensive c o n t r o l  appara tuses .  

These experiments prove t h a t  i t  is  poss ib l e ,  wi th  a lower budget 

and a s i m p l i f i e d  pro tocol ,  t o  s epa ra t e  complex mixtures .  

Parameters f o r  d e r i v a t i z a t i o n  

These e s s e n t i a l l y  involve t h e  reagent  f o r  OPA which has many 

advantages : simple t o  use,  a c t i v e  i n  aqueous medium, and s p e c i f i c  

f o r  AA. It can, however, on ly  react on f r e e  amine groups.  That 

is the  reason why Pro and hydroxy Pro are not de t ec t ed .  I sh ida  

et a1 (18) sugges t  t r e a t i n g  t h e  sample wi th  an oxydant, sodium 

hypochlorite,  be fo re  i t s  d e r i v a t i z a t i o n ,  thus  breaking up t h e  

cyc l i c  s t r u c t u r e  and l i b e r a t i n g  a primary m i n e  s e n s i t i v e  t o  

treatment wi th  OPA. 

Cysteine (Cys) a l s o  poses a problem because, i n  s p i t e  of having 

chemical s t r u c t u r e  corresponding t o  t h e  requirements of t he  der i -  

va t i za t ion  reagent ,  it is only  s l i g h t l y  de tec ted ,  i f  no t  a t  a l l  

(19). A t  t h e  moment, no exp lana t ion  has  been proposed, but Larsen 

and West suggest transforming Cys i n t o  i t s  carboxymethyl de r iva t ive .  

These p a r t i c u l a r  cases  prove t h a t  no un ive r sa l  reagent  e x i s t s  a t  

t h e  moment ; all of them pose problems involv ing  in t e r f e rences  o r  

contaminations (15).  
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The r e c o n s t i t u t i o n  o f  OPA s o l u t i o n s  

The p r o t o c o l  d e s c r i b e d  makes u s e  o f  F. Mar t in ' s  t e c h n i q u e  (20) ,  

one of t h e  s i m p l e s t ,  which r e d u c e s  t h e  manipula t ions  proceeding 

t h e  i n j e c t i o n  t o  a n  a b s o l u t e  m i n i m u m .  

D e r i v a t i z a t i o n  u s i n g  OPA-2ME is p r e f e r a b l e  t o  OPA-EtSH only  i n  so 

f a r  as t h e  EtSH g i v e s  o f f  t h e  p a r t i c u l a r l y  unpleasant  odor  of  

t h i o l s .  

Both products  are i d e n t i c a l l y  e f f i c a c i o u s  but  t h e  s u b s t i t u t i o n  

of one f o r  t h e  o t h e r  modi f ies  the r e s o l u t i o n  of  the AA. 

S torage  of r e a g e n t s  

Opinions as t o  t h i s  s u b j e c t  v a r y  g r e a t l y .  There i s  no disadvantage 

t o  u s e  t h e  reagent  o v e r  a prolonged per iod  (about  t w o  weeks) ,  

provided a c e r t a i n  number of  c o n d i t i o n s  are r e s p e c t e d  : 

s t o r a g e  i n  toned g l a s s  b o t t l e s  a t  a tempera ture  of +4'C and 

a d d i t i o n  of 2 0  u l  of 2% every  t h r e e  days.  Any f a i l u r e  of  the 

reagents  would be n o t i c e d  immediately w i t h  t h e  r e s o l u t i o n  of t h e  

i n t e r n a l  s t a n d a r d s .  

Nevertheless ,  one needs t o  w a i t  for 2 4  hours  a f t e r  the r e c o n s t i t u -  

t i o n  of  t h e  r e a g e n t  b e f o r e  u s i n g  i t ,  as g r e a t  d i f f e r e n c e s  show up 

i n  t h e  chromatograms (10). 

The d u r a t i o n  o f  t h e  r e a c t i o n  between OPA and AA s o l u t i o n s  

A s  Lindroth and Mopper observed f o r  t h e  f l u o r e s c e n c e  of OPA-AA, t h e  

absorb t ion  of cer ta in  AA d e c r e a s e s  when t h e  r e a c t i o n  between OPA 

and AA is  too  long .  Fol lowing s e v e r a l  t r ia ls ,  a t imed p e r i o d  of  

2 minutes seems t o  b e  i d e a l  f o r  an opt imal  r e a c t i o n .  This parameter  

does n o t  appear  as an o b s t a c l e  t o  a n  au tomat ic  t e c h n i q u e  (21-22).  
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CONCLUSION 

The quality of this type of analysis is ensured particularly by 

the strict observance of operating conditions : stabilisation of 

the equipment, storage of the reagents, etc. 

The protocol used makes possible to begin the analysis rapidly : 

no extraction previous to the injection, few manipulations, reagents 
stable for several days. 
It is flexible in so far as it may be adapted to several types of 

natural mixtures (tinctures prepared from Graminaceae, placental 

extract in cosmetic products, etc ... ) .  

It is original because it offers spectrophotometric detection of 

24AA in a relatively short period of time. 

And finally, it can be directly applied in routine control 

procedures when carrying out analyses on an industrial level. 
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