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ION EXCHILVGER LlQUID CHROMATOGRAPHY 
OF N-ACETYIASPARTZC ACID AVD SOME 

N-ACETY LAS I'AK'I'Y I, PEI'T LDE S 

Karel I.enda 
Department of Seurochemistry 

University of Oslo 
P.O.Box 1115 Blindern 

Oslo 3 (Norway) 

A13 STRACT 

A high performance liquid chromatographic (HPLC) procedure 
for the rapid separation of N-acetylaspartic acid, N-acetyl- 
aspartyl-glutamic acid and N - a c e t y l a s p a r t y l - g l u t a m y l - a s p a r t i c  
acid is described. The procedure utilizes a pellicular ion- 
exchange column support, and ionic strength gradient with mobile 
p h a s e  solutions buffered to pH 5.0 and a UV detector operated at 
210 nm. Reproducibility and quantitative capabilities are a l so  
discussed. The method has been used for a tentative estimation 
of N-acetylaspnrtic acid and N-acetylnspartyl peptides in a rat 
brain synaptosomal extract. 

INTRODUCTlON 

N-acetylaspartir acid (Ac-Asp) i s  present in brain in a con- 

centration of 5-6 pmol/g of brain (wet weight) (1). Moreover, 

Ac-Asp is metabolically active (2-6). The formation of N-substi- 

tuted acetylaspartyl peptides and acetylaspartyl-monoamine com- 

plexes has been shown in brain both in vitro and in vivo experi- 

ments (5-10). For determination of N-acetylaspartyl peptides 

formed in brain from N-acetyl (U-14C) L Asp various chromato- 

graphic methods have been used, followed by sequence determination 

of the purified peptides (2-10).  
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864 LENDA 

Here is  d e s c r i b e d  a p r o c e d u r e  f o r  t h e  d i r e c t  d e t e r m i n a t i o n  o f  

Ac-Asp, N-acetylaspartyl-glutamic a c i d  (Ac-Asp-Glu) and N-acetyl-  

aspartyl-glutamyl-aspartic a c i d  by HPLC. 

EXPER [MKNTAL 

Appar a t u s  

A S p e c t r a - P h y s i c s  h igh -pe r fo rmance  l i q u i d  ch romatograph  mode 

8000, equ ipped  w i t h  a S c h o e f f e l  770 v a r i a b l e  wave leng th  d e t e c t o r  

o p e r a t e d  a t  210 nm w a s  used t h r o u g h o u t  t h i s  work. The samples  

were i n t r o d u c e d  by means o f  a 10 ~1 loop  a u t o i n j e c t o r  (Valco mode 

CV-6-UHPc-N60). A computing i n t e g r a t o r  s y s t e m  ( S u p e r g r a t o r ,  CSI, 

A u s t i n ,  TX, U . S . A . )  was used f o r  peak h e i g h t  measurement  and d a t a  

t r e a t m e n t .  

The column (50 c m  x 2 m I.D., 316 s t a i n l e s s  s t e e l )  was d r y  

packed w i t h  Vydec SC Anion e x c h a n g e r ,  mean p a r t i c l e  s i z e  3 7  um 

(The S e p a r a t i o n  Group 

Samples and r e a g e n t s  

N-ace t y l a s p a r t i c  

St. L o u i s ,  MO, U.S.A 

p a r e d  by J a n  BEler, R 

H e s p e r i a ,  CA, U.S.A.). 

a c i d  was o b t a i n e d  from Sigma Chemical  Co., 

N-acetylaspartyl-glutamic a c i d  was p r e -  

k s h o s p i t a l e t ,  Norway and N - a c e t y l a s p a r t y l -  

g l u t a m y l - a s p a r t i c  a c i d  was a g i f t  f rom P r o f e s s o r s  L. Moroder and 

K. Wunsch, Max-Planck I n s t i t u t  f i r  Biochemie,  M a r t i n s r i e d ,  W .  

Ge nnany . 
Ac-Asp and the p e p t i d e s  were  d r i e d  i n  a vacuum o v e r  s i l i c a  

b e f o r e  use .  S t o c k  s o l u t i o n s  c o n t a i n i n g  10 mgJml were p r e p a r e d  

hy d i s s o l v i n g  t h e  compounds i n  0.01 M H C 1  and t h e y  were s t o r e d  

a t  -2OOC.  

expe r imen t  by d i l u t i n g  s t o c k  s o l u t i o n s  w i t h  water. 

c h e m i c a l s  were of a n a l y t i c a l  r e a g e n t  g r a d e  and were u s e d  w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .  

Working s o l u t i o n s  were f r e s h l y  p r e p a r e d  f o r  e a c h  

A l l  o t h e r  

Mobile  phase  

Mobile  phase  A c o n t a i n e d  0.1 M p o t a s s i u m  d i h y d r o g e n  phospha te .  

Mobile  phase  t< c o n t a i n e d  0.1 M p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  t o  
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N-ACETYLASPARTIC A C I D  865 

which potass ium c h l o r i d e  was added t o  g i v e  a f i n a l  i o n i c  s t r e n g t h  

of 0 .5 .  The mobile  phase s o l u t i o n s  were a d j u s t e d  t o  pH 3.0 ; 5.0 

and 7.0,  r e s p e c t i v e l y  by a d d i t i o n  of phosphor ic  a c i d  o r  po tass ium 

hydroxide .  The s o l u t i o n s  were passed through a 0.45 p m  f i l t e r  

( M i l l i p o r e  Corp.,  Rel ford ,  PIA, U.S.A.) and s a t u r a t e d  w i t h  he l ium 

d u r i n g  t h e  exper iments .  The f r a c t i o n  of B mobile  phase  i n c r e a s e d  

l i n e a r  by 2 ; 4 ; 6 o r  8 % per min, from a s t a r t i n g  v a l u e  of 0 % 

a t  a f low r a t e  of ml/min a t  room tempera ture  ( 2 2 ' ~ ) .  

RESULTS & DISCUSSION 

S e v e r a l  g r a d i e n t  e l u t i o n  programs u s i n g  d i f f e r e n t  pH v a l u e s  

were a t tempted  t o  d e f i n e  opt imal  c o n d i t i o n s  (Table  1). The capa- 

c i t y  f a c t o r  k '  was c a l c u l a t e d  a s  t h e  r a t i o  of t h e  c o r r e c t e d  ( t o  

TABLE 1 

Capac i ty  F a c t o r s  ( k ' )  and Peak Asymmetry (AFL) I s o c r a t i c  
and G r a d i e n t  ( 2  %; 4 %; 6 %: and 8 X B Mobile Phase p e r  
min, r e s p . ) .  E l u t i o n  a t  pH 3.0 ; 5.0  and 7.0,  r e s p . ,  n=3 
a t  each  run .  Sample: Ac-Asp (51 nmol) ,  Ac-Asp-Glu (27 
nmol) and Ac-Asp-Glu-Asp (19 nmol) . 

Ac-Asp- 
p1I g r a d i e n t  Ac-Asp Ac-Asp-Glu Glu-Asp 

- 1.88 1.00 7.32 1.00 + + 
2 1 . 8 3  1.16 7.24 2.30 9.77 1.24 

3.0 4 1.77 1.06 6.92 2.03 8.49 1.13 
6 1.49 1.06 6.30 1.75 7.74 1.10 
8 1.37 1.05 5.20 1.22 7.08 1.11 

k '  AFL k' AFL % B/min k' AFL 

......................................................... 
- 19.80 1.00 + + + + 
2 9.51 1.30 27.84 1.31 38.68 1.11 

5.0 4 7.99 1.35 18.67 1.27 25.27 1.26 
6 7.61 1.20 15.30 1 .21  19.73 1.05 
8 7.18 1.20 13.82 1.35 17.61 1.09 

- 1.12 1.00 + + + + 
2 1 .08 1.26 12.00 1.03 27.97 1.04 

7.0 4 1.07 1.40 10.68 1.38 19.83 1 . 2 1  
6 1.05 1.28 9.51 1 . 2 4  16.13 1.22 
8 1.03 1 . 2 2  8.97 1.31 14.14 1.26 

......................................................... 

'Value n o t  l i s t e d  due t o  broad peaks .  
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866 LENDA 

t h e  v o i d  volume) r e t e n t i o n  times t i  t o  t h e  r e t e n t i o n  time o f  t h e  

u n r e t a i n e d  samples .  Peak asymmetry (ASF) was d e f i n e d  as a per-  

p e n d i c u l a r  dropped from t h e  peak maximum t o  t h e  b a s e l i n e  and the 

r a c i c  o f  t h e  l a r g e r  t o  t h e  smaller b a s e l i n e  segmen t s  between t h e  

t a n g e n t s  drawn th rough  t h e  p o i n t s  of i n f l e c t i o n  i s  c a l c u l a t e d  

( 1 1 ) .  

nest  r e s u l t s  were o b t a i n e d  u s i n g  a mob i l e  phase  a t  pH 5.0 

and a l i n e a r  g r a d i e n t  o f  B i n c r e a s i n g  by 6 X p e r  min. Thus,  Ac- 

Asp is c l e a r l y  s e p a r a t e d  from t h e  v o i d  volume and t h e  ASF f o r  t h e  

p e p t i d e s  w e r e 4  1.20. The b a s e  l i n e  d r i f t ,  e x p r e s s e d  as a r a t i o  

o f  Ac-Asp-Glu-Asp peak h e i g h t  (10 nmol) t o  t h e  b a s e  l i n e  d e v i a t i o n  

a t  t h e  r e t e n t i o n  time, is  1 . 3 7  2 2.1 9, (n=5)  unde r  t h e  employed 

cond i t i o n s  . 
A s u f f i c i e n t l y  h i g h  s e p a r a t i o n  e f f i c i e n c y  i s  o b t a i n e d  u s i n g  

a p e l l i c u l a r  i on -exchange r ,  which h a s  t h e  a d v a n t a g e  of  a v e r y  low 

p r e s s u r e  d r o p  (y 55 b a r  by 2 ml/min f low r a t e )  o v e r  t h e  column. 

The r a p i d  mass t r a n s p o r t  u s i n g  p e l l i c u l a r  s u p p o r t  is advan tagenous  

t o  a c h i e v e  a r a p i d  r e e q u i l i b r a t i o n  of t h e  column a f t e r  t h e  r u n .  

A t y p i c a l  s e p a r a t i o n  o f  t h e  components unde r  s t u d y  i s  shown 

i n  F i g .  1. 

1 r, 
I '  

FLGUKE 1 

Chromatogram (x) of a t e s t  m i x t u r e  of Ac-Asp (11, Ac-Asp-Clu ( 2 )  
and Ac-Asp-Clu-Asp ( 3 ) ,  (102;  5 4 ;  37 nmol, r e s p . ) .  Flow r a t e  
2 ml/min,  g r a d i e n t  (y)  6 Z B mob i l e  phase /min .  
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N-ACETYLASPARTIC A C I D  867 

No i m p u r i t i e s  i n  the p e p t i d e s  have been observed u s i n g  t h i s  

technique .  A minor impur i ty  i n  the Ac-Asp p r e p a r a t e  is e l u t e d  

wi th  a r e t e n t i o n  time o f  6.03 m i n  (pH = 5.0, 6 % B mobile  phase 

p e r  min) .  

L i n e a r i t y  of  peak h e i g h t  a s  a f u n c t i o n  of  the  amount d e t e r -  

mined i s  found i n  t h e  range 600 pmol - 220 nmol of Ac-Asp ; 900 

pmol - 250 nmol of  Ac-Asp-Glu and Ac-Asp-Glu-Asp w i t h  c o r r e l a t i o n  

f a c t o r s  0.99294 f o r  Ac-Asp ; 0.99370 f o r  Ac-Asp-Glu and 0.99941 

f o r  Ac-Asp-Glu-Asp (n=8) .  The d e t e c t i o n  l i m i t  expressed  as 3x 

s i g n a l  t o  n o i s e  r a t i o  i s  500 pmol f o r  Ac-Asp and 800 pmol f o r  Ac- 

Asp-Glu and Ac-Asp-Glu-Asp. 

I t  should be noted t h a t  w i t h  t h i s  procedure t h e  day t o  day 

v a r i a t i o n  of  t h e  r e t e n t i o n  times expressed  as c o e f f i c i e n t  of 

v a r i a t i o n ,  i s  4 2 2 .  The c o e f f i c i e n t  of v a r i a t i o n  f o r  t h e  f a c t o r s  

i n  e x t e r n a l  s t a n d a r d  c a l i b r a t i o n  procedure is 4 5 2 d u r i n g  weekly 

runs .  

To demonstrate  t h e  a p p l i c a b i l i t y  of t h i s  method t h e  c o n t e n t  

from r a t  b r a i n  synaptosomes was ana lysed .  The p r o t e i n s  from 

300 1.11 of  synaptosomal e x t r a c t  (12) (20 mg b r a i n  t i s s u e  p e r  ml) 

were p r e c i p i t a t e d  w i t h  i c e  c o l d  e t h a n o l  (70 % f i n a l  c o n c e n t r a t i o n ) .  

600 p1 of  s u p e r n a t a n t ,  a f t e r  c e n t r i f u g a t i o n  a t  4000 rpm f o r  4 min, 

was e v a p o r t a t e d  t o  dryness  and r e c o n s t i t u t e d  i n  50 p l  of  t h e  mobile  

phase A. 10 p1 was in t roduced  on t h e  column. The r e s u l t i n g  chro- 

matogram i s  shown i n  F ig .  2 .  

The r e t e n t i o n  times f o r  peaks A ,  B and C ,  r e s p e c t i v e l y ,  i n  

F i g .  2 have t h e  same r e t e n t i o n  times a s  t h e  compounds 1, 2 and 

3 ,  r e s p e c t i v e l y ,  i n  Fig.  1 .  When the  pure  compounds were mixed 

with t h e  synaptosomal e x t r a c t ,  no new peaks were o b t a i n e d .  

F u r t h e r  proof o f  i d e n t i t y  is under p r o g r e s s .  

In conclus ion  t h e  descr ibed  method i s  e s p e c i a l l y  a t t r a c t i v e  

f o r  the r a p i d  and complete s e p a r a t i o n  of Ac-Asp, Ac-Asp-Glu and 

Ac-Asp-Glu-Asp i n  15 min. The method g i v e s  r e p r o d u c i b l e  r e s u l t s  

and no r a d i o a c t i v e  and d e r i v a t i z e d  samples a r e  needed f o r  de tec-  

t i o n .  The procedure i s  wel l  s u i t e d  f o r  a c o n t r o l  of sample 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



LENDA 

I I I 

min 10 5 0 

FIGURE 2 

Analyses of r a t  b r a i n  synaptosomes. 
as i n  F i g .  1. 

Chromatographic c o n d i t i o n s  

p u r i t y .  The a p p l i c a t i o n  of  t h e  methodology t o  b i o l o g i c a l  materi- 

a l s  i s  under s tudy .  
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