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PRE-COLUMN DERIVATIZATION 

I N  HPLC OF AMINO A C I D S  AND PEPTIDES 

Gyula SzBktn 
I n s t i t u t e  o f  Organic  Chemis t ry ,  Eotvos U n i v e r s i t y ,  H-1088 

Budapest,  Muzeum k r t .  4/B, Hungary 

The development of  h igh  preformance l i q u i d  Chromatography 
wi th  permanently bonded non-polar ,  s o  c a l l e d  r e v e r s e d  phase 
packings  h a s  been u s e f u l  i n  t h e  s e p a r a t i o n  of a v a r i e t y  of  
p e p t i d e s  and amino a c i d  d e r i v a t i v e s .  L i m i t s  t o  t h e  d e t e c t a b i -  
l i t y  of u n d e r i v a t i z e d  s u b s t a n c e s  are on t h e  o r d e r  o f  s e v e r a l  
nanomolar. S e n s i t i v i t y  enhancement became very  impor t an t  f o r  
t h e  a n a l y s i s  and de te rmina t ion  of p e p t i d e  hormones, t h e i r  
m e t a b o l i t e s  and f r agmen t s ,  t r a c e  c o n s t i t u e n t s  and amino a c i d s  
e x i s t i n g  i n  ve ry  l i t t l e  q u a n t i t y  i n  b i o l o g i c a l  and c l i n i c a l  
samples.  The re fo re  chemica l  d e r i v a t i z a t i o n  t echn iques  have 
been in t roduced  i n t o  HPLC, too .  By d e r i v a t i z a t i o n  n o t  on ly  
s e n s i t i v i t y  enhancement , b u t  s e l e c t i v i t y  can be achieved .  

Pre- and p o s t  column d e r i v a t i z a t i o n  have been a p p l i e d  
i n  l i q u i d  chromatography. Post-column t echn iques  a r e  very  w e l l  
known by d i f f e r e n t  t y p e s  o f  amino a c i d  a n a l y z e r s  and o t h e r  
i n s t rumen t s  based  on them. 

Pre-column t e c h n i q u e s  o f f e r  some f u r t h e r  advantages :  
s imple  procedure ,  economy, no  r e s t r i c t i o n s  by t h e  s o l v e n t  
sys tem and change o f  r e t e n t i o n  behaviour .  The d e r i v a t i z a t i o n  
r e a c t i o n  must b e  rapid and q u a n t i t a t i v e ,  o r  a t  least  repro-  
d u c i b l e .  Formation of  a r t i f a c t s  o r  of s e v e r a l  d e r i v a t i v e s  of 
one compound can o c c a s i o n a l l y  occur .  

* Presented  a t  t h e  F i r s t  Symposium on Advances of TLC and HPLC, 
May 1 4 - 1 5 ,  1982,  Szeged, Hungary. 
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F o r  pre-column d e r i v a t i z a t i o n  w e  h a v e  worked w i t h  

d a n s y l - c h l o r i d e ,  f l u o r e s c a m i n e  and o - p h t h a l d i a l d e h y d e  a s  

r e a g e n t s .  

Chromatographic  s e p a r a t i o n s  w e r e  per formed on a l a b o r -  

a t o r y  assembled  i n t r u m e n t  of  which t h e  p r i n c i p a l  components  

w e r e  a r e c i p r o c a t i n g  p i s t o n  pump (Type 1515;  O r l i t a ,  G i e s s e n ,  

G . F . R . )  and a v a r i a b l e - w a v e l e n g t h  photometer  f i t t e d  t o  a 

10 p1 f l o w - c e l l  (Model 212; C e c i l ,  Cambridge,  G r e a t  B r i t a i n ) .  

Column e f f l u e n t s  w e r e  m o n i t o r e d  a t  215,  2 5 4  o r  280 nm depend- 

i n g  on t h e  m a t e r i a l s .  For  d e t e c t i o n  o f  f l u o r o p h o r e s  Waters M 

4 2 0  f l u o r i m e t e r  w a s  coupled  t o i k i n m u m e n t  . I n j e c t i o n  w a s  

made by Rheodyne i n j e c t o r .  The e f f i c i e n c y  of  s e p a r a t i o n s  w a s  

i n c r e a s e d  by g r a d i e n t  e l u t i o n .  P e p t i d e s  were s y n t h e t i z e d  by 

t h e  P e p t i d e  R e s e a r c h  Group of Hungarian Academy o f  S c i e n c e s .  

D a n s y l c h l o r i d e  is  w e l l  e s t a b l i s h e d  a s  a r e a g e n t  f o r  t h e  

d e t e c t i o n  of  amino a c i d s  and as an N - t e r m i n a l  r e a g e n t  f o r  

p e p t i d e s  and p r o t e i n s  a l l o w i n g  d e t e c t i o n  a t  v e r y  h i g h  s e n s i -  

t i v i t y .  The c o n d i t i o n s  under  which it reacts w i t h  amino and 

o t h e r  f u n c t i o n a l  g r o u p s  i n  p r o t e i n s  and t h e  s t a b i l i t y  of t h e  

r e s u l t i n g  d e r i v a t i v e s  t o  a c i d  h y d r o l y s i s  have  b e e n  e x t e n s i v e l y  

s t u d i e d .  Dansyl-amino a c i d s  a r e  b o t h  f l u o r e s c e n t  and u l t r a -  

v i o l e t  a b s o r b i n g .  Scmc KPLC rr.ethods have  a l s o  b e e n  d e v e l o p e d  

f o r  s e p a r a t i o n  o f  dansyl-amino a c i d s .  

Wi lk inson  (1) a p p l i e d  r e v e r s e d  p h a s e  columns (u. Bondapak 

C18, S p h e r i s o r b  O D s )  w i t h  l i n e a r  g r a d i e n t  formed from aceto- 

n i t r i l e  and sodium p h o s p h a t e  b u f f e r s  o f  a p p r o x i m a t e l y  n e u t r a l  

pB. I n  o r d e r  t o  a v o i d  t h e  problem o f  r e p r o d u c i b i l i t y ,  t h a t  

a r i s e s  from g r a d i e n t  t h e  b e s t  p o s s i b l e  r e s o l u t i o n  of t h e  

Dns-amino a c i d s  u n d e r  i s o c r a t i c  c o n d i t i o n s  w a s  s o u g h t .  I t  

was found,  t h a t  t h e  a d d i t i o n  o f  g l a c i a l  ace t ic  a c i d  t o  t h e  

s o l v e n t  sys tem u s e d ,  r e s u l t e d  i n  f a s t e r  e l u t i o n  o f  t h e  Dns-amino 

- a c i d s ,  b u t  more i m p o r t a n t l y  reduced  t a i l i n g  of t h e  p e a k s  

Using t h e s e  e x p e r i e n c e s  w e  have  e l a b o r a t e d  a method for separ- 

a t i o n  of t h e  t h r e e  d a n s y l a t e d  l y s i n e s :  a, E and b i s - D n s - l y s i n e .  

R e s o l u t i o n  was a c h i e v e d  on PARTISIL-PAC 10 column i s o c r a t i c a l l y  

by a c e t o n i t r i l - w a t e r  e l u e n t  c o n t a i n i n g  1% a c e t i c  a c i d .  S h a r p  

peaks  were o b t a i n e d  (see F i g . 1 . ) .  The n e t h o d  w a s  used  i n  t h e  

a n a l y s i s  of b r a n c h e d  p o l y p e p t i d e s ,  f o r  example P o l y  (Lys ( A l a )  m) . 
The d i f f e r e n t  bond t y p e s  o f  l y s i n e s  w e r e  d e t e r m i n e d .  

(2) 
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FIGURE 1. Chromatograrn of d a n s y l a t e d  
l y s i n e s .  
Column: P a r t i s i l  PAC-lourn, 250 X 4 . 6 m  
Flow: 1.0 rn l lmin ,  Pressure: 60 bar 
S o l v e n t :  AcN-H~O-ACOH,  35:65:1 
D e t e c t i o n :  U V ,  2 5 4  nrn 
P e a k s :  1. E-Dns-Lys k' 2 . 0  

2 .  b i s -Dns -Lys  k '  2 .4  
3. a-Dns-Lys k ' 3 . 2 5  
4.  Dns-Ala  k' 4.9 
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R e c e n t l y  f l u o r e s c a m i n e  (FLUORAM) and o - p h t h a l d i a l d e h y d e  
(OPA) h? been u s e d  as v e r y  s e n s i t i v e  r e a g e n u t o  make f l u o r -  
e s c e n t  l a b e l l e c l  amino a c i d s  and  p e p t i d e s .  

F l u o r e s c a m i n e  ( 4 - p h e n y l s p i r o - f u r a n - 2  (3H) - 1 ' p h t a l a n )  - 
-3 ,3 ' -d ione)  reacts w i t h  p r i m a r y  amino g r o u p s  t o  p r o d u c e  
h i g h l y  f l u o r e s c e n t  d e r i v a t i v e s .  The h a l f  t i m e  o f  the  r e a c t i o n  
i s  200-500 msec f o r  most amino a c i d s  a t  p H  9 .  I n  p o s t  column 
t e c h n i q u e s  it i s  v e r y  w e l l  known. By pre-column d e r i v a t i z a t i o n  
u n f o r t u n a t e l y  i n  t h e  case o f  amino a c i d s  t w o  f l u o r e s c e n t  d e r i v a -  

t i v e s  a r e  formed b e c a u s e  of second r i n g  c l o s u r e  . T h e r e f o r e  
i t  can  b e  used  
g r o u p s .  Live ( 4 )  r e p o r t e d  r e s u l t s  on t h e  HPLC a n a l y s i s  o f  
FLURAM d e r i v a t i v e s  o f  o x y t o c i n ,  [Arg8]- v a s o p r e s s i n  and  1 6  
a n a l o g s  on Whatman-Par t i s i l -10  ODS column. 5 and c o w o r k e r s  
( 5 )  d e m o n s t r a t e d ,  t h a t  FLURAM-enkephalins are s e p a r a t e d  from 
e a c h  o t h e r  u s i n g  T r i s - m e t h a n o l  s o l v e n t  and FW-18 column. The 
nanogram l e v e l  o f  s e n s i t i v i t y  o f  t h i s  method compares  f a v o u r -  
a b l y  w i t h  o t h e r  HPLC methods u s i n g  UV, e l e c t r o c h e m i c a l  or 
post-column f l u o r i m e t r y  d e t e c t i o n .  

well  i n  t h e  case o f  p e p t i d e s  w i t h  f r e e  amino 

o - P h t h a l d i a l d e h y d e  r e a c t s  w i t h  amino g r o u p s  i n  a l k a l i n e  
media i n  t h e  p r e s e n c e  o f  a r e d u c i n g  a g e n t  s u c h  as  2-mercapto- 
e t h a n o l  t o  form a s u b s t i t u t e d  i s o i n d o l e .  I t  i s  a h i g h l y  f l u o r -  
e s c e n t  d e r i v a t i v e  which  may b e  e x c i t e d  a t  340 nm and e m i t s  
a t  455 nm. L i n d r o t k  ( 6 )  and Hodqin ( 7 )  e l a b o r a t e d  HPLC-method 
f o r  s e p a r a t i o n  of OPA-amino a c i d s  u s i n g  RP columns.  

The p o t e n t i a l  o f  pre-column d e r i v a t i z a t i o n  by FLUORAM 
and OPA h a s  been  d e m o n s t r a t e d  i n  o u r  l a b o r a t o r y  f o r  m o n i t o r i n g  
f ragments  o f  a-MSH (a -melanocyta  s t i m u l a t i n g  hormone ) . 

The p r i m a r y  s t r u c t u r e  o f  a - M S H  i s  
1 5 e 1 0  1 3  

2 CH CO-Ser-?yr-Ser-Met-Glu-His-Phe-Arq-Trp-Gly-Lys-Pro-Val-NH 3 
The d e r i v a t i z a t i o n  r e a g e n t  was p r e p a r e d  by d i s s o l v i n g  

2 7  mg o f  OPA i n  0 . 5  m l  of e t h a n o l .  B o r i c  a c i d  s o l u t i o n  (0.4M) 
was a d j u s t e d  t o  p H  9 . 5  w i t h  1M NaOH. 20 micro l i te rs  o f  2-mer- 
c a p t o - e t h a n o l  and t h e  OPA s o l u t i o n  w a s  added t o  5 ml of b o r a t e  
b u f f e r .  The r e a g e n t  m i x t u r e  was a l l o w e d  t o  s t a n d  for  2 4  h r s  
p r i o r  t o  use.  100 microl i ters  o f  r e a g e n t  w a s  u s e d  f o r  l a b e l l i n g  
of 20-30 ug p e p t i d e  f r a g m e n t s .  The s t r u c t u r e  of t h e  d e r i v a t i v e s  
w e r e  i n v e s t i g a t e d ,  too. 

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



HPLC OF AMINO ACIDS AND PEPTIDES 

1 

1497 

2 

, 
\ 
\ 
\ 

\ 

\ \+-- L 
V T  I . ,  , . I . 

20 24 20 16 12 ' 8 4 0 
t(rnin) 

FIGURE 2. Chromatogram of o-phthalaldehyde derivatives of 
alpha-MSH fragments. 
Column: ODS-Hypersil-5pm, 125 X 4 mm. 
Flow: 1.4 ml/min, Pressure: 70 Bar 
Solvent: AcN-H~O-TFA 

Gradient: 2.2%B/min (-------UV profile) 
Detection: Waters M-20 Fluorimeter 
Peaks: 1. 0.3 microgram H-8-10-OH fragment, k' 8.5 

2. 0.2 microgram H-11-13-NH2, k' 9.2 

A: 15:85:0.1 B: 9O:lO:O.l 
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The e f f i c i e n c y  of t h e  s e p a r a t i o n  was i n c r e a s e d  b y  g r a d i e n t  

c l u t i o n  u s i n g  a c e t o n i t r i l e - w a t e r  e l u e n t  c o n t a i n i n g  0.1% tr i-  

f l u o r o a c e t i c  a c i d  (see F i g . 2 ) .  

REFERENCES 

1 J.M. Wilkinson:  J.  Chrom. Sci. 16, 5 4 7  ( 1 9 7 8 )  

2 .  X . T .  Hsu, B.L.  C u r r i e :  J.  Chromatogr .  166, 5 5 5  ( 1 9 7 8 )  

3. W. McHugh e t  a l . :  J.  Chromatogr .  124, 3 7 6  ( 1 9 7 6 )  

4 .  D . H .  L ive :  P e p t i d e s  ( e d i t e d  by M.Goodman, J. M e i e n h o f e r )  

p. 4 1  ( 1 9 7 7 )  

5 .  X . M .  Wu, J . W .  S l o a n ,  W.R. M a r t i n :  J.  Chromatogr .  202, 
500 ( 1 9 8 0 )  

6. P .  L i n d r o t h ,  K .  Mopper: Anal. Chelr. z, (11) 1 6 6 7  ( 1 9 7 9 )  

7. J . C .  Hodgin: J .  L i q u i d  Chrom. 2, 1 0 4 7  ( 1 9 7 9 )  

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


