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J O d  OF LIQUID CHROMATOGRAPHY, 2(7), 1047-1059 (1979) 

THE SEPARATION OF PRE-COLUMN 
0-PHTHALALDEHYDE DERIVATIZED AMINO ACIDS 

BY H I G H  PERFORMANCE L I Q U I D  CHROMATOGRAPHY* 

J. C. Hodgin 
Micromeri t ics  Instrument  Corporat ion 

5680 Goshen Spr ings  Road 
Norcross ,  Georgia 30093 

ABSTRACT 

A method is  presented  i n  which a pre-column f l u o r e s c e n t  de- 
r i v a t i v e  of primary amino a c i d s  i s  formed u s i n g  o-phthalaldehyde 
(OPA). A f t e r  a one minute d e r i v a t i z a t i o n  per iod ,  t h e  OPA amino 
a c i d s  are separa ted  by high performance l i q u i d  chromatography 
us ing  a t e r n a r y  g r a d i e n t  i n  the  reversed  phase mode and f luoro-  
metric d e t e c t i o n .  The complete a n a l y s i s  t i m e ,  i n c l u d i n g  t h e  de- 
r i v a t i z a t i o n  s t e p  is less than  40 minutes  w i t h  a n  average minimum 
d e t e c t a b l e  q u a n t i t y  of 40 picograms I 

INTRODUCTION 

The major d i f f i c u l t y  of amino a c i d  a n a l y s i s  by l i q u i d  chroma- 

tography i s  h igh  s e n s i t i v i t y  d e t e c t i o n .  Various d e r i v a t i v e s  have 

been employed t o  enhance amino a c i d  d e t e c t i o n  by u s i n g  e i t h e r  

post-column (1, 2) o r  pre-column techniques (3,  4 ,  5, 6) , t h e  

former being t h e  most commonly used system. Some of t h e  more 

*Presented i n  p a r t  a t  the 1979 P i t t s b u r g h  Conference on A n a l y t i c a l  
Chemistry and Applied Spectroscopy, March 5-9, 1979 a t  Cleveland, 
Ohio. 
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1048 HODGIN 

popular  post-column d e r i v a t i v e s  are n inhydr in ,  f luorescamine and 

o-phthalaldehyde and two of t h e  more popular  pre-column deriva-  

t i v e s  are dansyl  c h l o r i d e  and phenyl thiohydantoins  (PTH). Nei ther  

of t h e  pre-column d e r i v a t i v e s  mentioned h a s  very high f luorescence  

quantum y i e l d s ,  e s p e c i a l l y  i n  aqueous systems such as used i n  re- 

versed  phase l i q u i d  chromatography ( 6 ) .  Therefore ,  a need exists 

f o r  a pre-column d e r i v a t i v e  f o r  amino a c i d s  which is e a s i l y  pre- 

pared and which has  a high f luorescence  quantum y i e l d .  

o-Phthalaldehyde (OPA) h a s  been used s u c c e s s f u l l y  f o r  t h e  

f l u o r o m e t r i c  d e t e c t i o n  of amino a c i d s  i n  t h e  post-column deriva-  

t i z a t i o n  technique (7,  8, 9 ) .  I n  t h e  presence of a reducing agent  

such as 2-mercaptoethanol, OPA r e a c t s  w i t h  a l l  primary amines t o  

form t h i o - s u b s t i t u t e d  i s o i n d o l e s .  It does n o t  react w i t h  secon- 

dary amines ( 7 ) .  Recently, three r e p o r t s  have appeared i n  which 

OPA has  been s u c c e s s f u l l y  used as a pre-column d e r i v a t i v e  f o r  bio- 

g e n i c  primary amines (10, 11, 1 2 ) .  

For t h i s  reason,  i t  seemed p l a u s i b l e  t h a t  a similar pre- 

column technique could b e  a p p l i e d  t o  t h e  a n a l y s i s  of amino a c i d s .  

Therefore ,  the  purpose of t h i s  s tudy  w a s  t o  explore  t h e  f e a s i -  

b i l i t y  of using OPA as a pre-column d e r i v a t i v e  f o r  a l l  amino a c i d s  

with subsequent s e p a r a t i o n  by reversed  phase l i q u i d  chromatog- 

raphy. Since p r o l i n e  and hydroxyprol ine are secondary amines, 

they were not  examined. 

MATERIALS AND METHODS 

Apparatus 

The instrument  used throughout the  s tudy  was a component HPLC 

system c o n s i s t i n g  o f ,  1) a Model 750 Solvent  Del ivery System, 2)  

a Model 753 'Ternary Solvent  Mixer, 3 )  a Model 740 Control  Module, 

and 4 )  a Model 735 Push-Button I n j e c t o r  (Micromeri t ics  Instrument  

Corp., Norcross, GA 3 0 0 9 3 ) .  The d e t e c t o r  w a s  a Model A-4 Fluor- 

ometer (Farrand O p t i c a l  Co., Inc . ,  Valha l la ,  NY 10595) equipped 

w i t h  a 10 1~.1 flow ce l l  and o p t i c a l  f i l t e r s  t o  allow a wavelength 

of e x c i t a t i o n  a t  340 run and a wavelength of emission a t  450 nm. 
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o-PHTHALALDEWDE DERIVATTZED AMINO ACIDS 1049 

The column, 150 mm x 5.0 mm I D ,  w a s  packed wi th  MicroSil  C g .  

This material is a sphe r i ca l  s i l i c a  wi th  an  average p a r t i c l e  di-  

ameter of 7.5 pm and a monolayer coverage of o c t y l  groups v i a  a 

Si-C bond. The r e s idua l  hydroxyl groups are capped wi th  CH3- 

groups and t h e  t o t a l  carbon conten t  is approximately 10% (w/w). 

Chemicals 

A l l  so lven t s  were d i s t i l l e d - i n - g l a s s  grade (Burdick and Jack- 

son, Muskegon, M I  49442) and used without f u r t h e r  treatment.  

Water was processed through a Continental  Water Conditioning 

Sys t e m  (Continental  Water Conditioning Co. of  Atlanta, At lan ta ,  

GA 30359) .  The amino ac id  standards and o-phthalaldehyde were 

obtained through Sigma Chemical Co. ( S t .  Louis, MO 63178) .  The 

2-mercaptoethanol was obtained from K&K Labs Division, I C N  Pharma- 

c e u t i c a l s  (Plainview, NY 11803) and t h e  b o r i c  ac id ,  a c e t i c  ac id ,  

potassium a c e t a t e  and potassium hydroxide from Fisher  S c i e n t i f i c  

(Norcross, GA 3009 1) . 

Procedure 

The d e r i v a t i z a t i o n  reagent  was prepared by d i s so lv ing  400 mg 

of anhydrous a-phthalaldehyde i n t o  400 m l  of 0 . 4  M b o r i c  ac id  

bu f fe r  ad jus ted  t o  a pH of 10.40 with  potassium hydroxide. To 

t h i s  s o l u t i o n  were added 2.00 m l  of 2-mercaptoethanol. The solu- 

t i o n  was purged of oxygen wi th  n i t rogen  gas and s to red  i n  the  

dark.  Prepared i n  t h i s  manner, the  s o l u t i o n  was u s e f u l  f o r  two 

weeks. 

Stock so lu t ions  of each amino ac id  and of a mixture of a l l  

amino ac ids  w e r e  prepared t o  conta in  100 ug/ml of each amino ac id .  

These so lu t ions  were used t o  prepare a l l  sample s o l u t i o n s  and were 

r e f r i g e r a t e d  when not  i n  use.  The mixture w a s  used f o r  s epa ra t ion  

development while the  ind iv idua l  amino ac ids  were used f o r  peak 

i d e n t i f i c a t i o n  and the  k i n e t i c s  experiments. 

The aqueous bu f fe r  used as mobile phase w a s  0.02 M potassium 

acetate ad jus t ed  t o  a pH of 5.50 with  g l a c i a l  acetic ac id .  This 
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1050 HODGIN 

s o l u t i o n  was prepared f r e s h  d a i l y .  A l l  mobile phase s o l v e n t s ,  

t e t rahydrofuran ,  methanol, and the  b u f f e r  were degassed by con- 

t inuous helium purging. 

The genera l  o p e r a t i o n  procedure w a s  as fo l lows .  A two 

volume excess  of d e r i v a t i z i n g  reagent  w a s  added t o  a s o l u t i o n  

conta in ing  100 ng/u l  of amino a c i d  o r  less.  This  mixture  w a s  

then a g i t a t e d  f o r  one minute and a 5 1.11 a l i q u o t  withdrawn w i t h  a 

m i c r o l i t e r  s y r i n g e  and i n j e c t e d  i n t o  the  l i q u i d  chromatograph. 

The average amount of amino a c i d  i n j e c t e d  w a s  20 ng. A l l  runs 

were done i n  d u p l i c a t e .  

RESULTS AND DISCUSSION 

Separa t ion  Development 

Simple i s o c r a t i c  s o l v e n t  systems were used t o  determine 

which s o l v e n t s  and b u f f e r  pH provided t h e  b e s t  r e s o l u t i o n .  O r -  

gan ic  s o l v e n t s  i n v e s t i g a t e d  were a c e t o n i t r i l e ,  methanol and tetra- 

hydrofuran (THF) and combinations of t h e s e .  Potassium a c e t a t e  

b u f f e r  w a s  used over  phosphate b u f f e r  because of t h e  la t ter ' s  re- 

puted quinching e f f e c t s  on t h e  f luorescence  of OPA amino a c i d s  

( 7 ) .  The b e s t  combination of s o l v e n t s  w a s  determined t o  b e  meth- 

anol ,  THF, and 0.02 M potassium acetate b u f f e r  a d j u s t e d  t o  a pH 

of 5.50 wi th  acet ic  a c i d  (F igure  1). Tetrahydrofuran concentra- 

t i o n  w a s  impor tan t .  

approximately 20% whi le  l o s s  of r e s o l u t i o n  of t h e  p o l a r  OPA amino 

a c i d s  occurred wi th  concent ra t ions  g r e a t e r  than 7% (v/v> . 

Absence of THF i n c r e a s e d  r e t e n t i o n  t i m e  by 

Figure 2 shows a l i n e a r  methanol-buffer g r a d i e n t  ho ld ing  t h e  

THF concent ra t ion  a t  cons tan t  1% ( v / v ) .  Although t h e  s e p a r a t i o n  

was a n  improvement over  t h e  i s o c r a t i c  s e p a r a t i o n s ,  t h e r e  w a s  s t i l l  

room f o r  improving r e s o l u t i o n .  Since changing g r a d i e n t  c u r v a t u r e  

o r  range gave no apparent  improvement i n  r e s o l u t i o n ,  s t e p  gradi-  

e n t s  were employed. The s t e p  g r a d i e n t  used t o  genera te  Figure 3 

showed enhanced r e s o l u t i o n  over  t h e  i s o c r a t i c  and l i n e a r  g r a d i e n t  

s e p a r a t i o n s .  A l l  components w i t h  the  except ion  of f o u r  were 

s e p a r a t e d .  The peak l a b e l e d  J i n  F igure  3 contained t h e s e  f o u r  
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O-PHTHALALDEHYDE DERIVATIZED AMINO ACIDS 1051 

L 
I I I I 
0 5 10 15 20 25 

MlNnES 

FIGURE 1. I s o c r a t i c  s e p a r a t i o n  of OPA amino a c i d s .  Column, 
MicroSil  Ce 150 mm x 5 mm I D ;  So lvents ,  6% THF/24% 
Methanol/70% 0.02 M potassium acetate pH 5.50; Flow, 
1 .5  ml/min. 

components. By i n c r e a s i n g  b u f f e r  c o n c e n t r a t i o n  a t  t h i s  p o i n t  i n  

t h e  chromatogram, t h e s e  f o u r  OPA amino a c i d s ,  as w e l l  as t h e  

o t h e r s ,  were separa ted  (F igure  4 ) .  The g r a d i e n t  p r o f i l e  f o r  t h i s  

s e p a r a t i o n  i s  shown i n  F igure  5 .  I t  i s  i n t e r e s t i n g  t o  p o i n t  o u t  

t h e  s e l e c t i v i t y  change which occurred due t o  t h e  i n c r e a s e  i n  buf- 

f e r  concent ra t ion .  The r e t e n t i o n  t i m e  of peak I ( c y s t e i n e )  i n  

F igures  3 and 4 s h i f t e d  from seven minutes  i n  F i g u r e  3 t o  four-  

t e e n  minutes i n  Figure 4, whi le  t h e  components under peak J which 

e l u t e d  a f t e r  peak I i n  F igure  3 were less r e t a i n e d  b u t  separa ted  

i n  Figure 4 .  Since  these  condi t ions  (F igure  5 )  provided the  b e s t  

s e p a r a t i o n  of t h e  OPA amino a c i d s ,  they w e r e  used to determine 
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1052 HODGIN 

I 1 . 
0 10 20 

MNUTES 
FIGURE 2 .  Linear grad ien t  separa t ion .  Column, NicroSi l  Ce 150 mm 

x 5 mm I D ;  Gradient, 19% t o  79% methanol i n  0.02 M 
potassium ace ta t e  pH 5.50, 1% THF throughout; Flow, 
2.00 mlfmin. 
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O-PHTHALALDEHYDE DWIVATLZED AMINO ACIDS 1053 

J 

1 I 1 I 
0 10 20 30 

FIGURE 3 .  Step gradient separation. Column, MicroSil Ce 150 mm 
x 5 mm ID;  Solvent S t e p s ,  1) 1% THF/19% I4ethanol/80% 
0.02 M potassium acetate pH 5.50 for  5 minutes, 2 )  
1% lEF/39% Methanol/bO% 0.02 M potassium acetate pH 
5.50 for  15 minutes, and 3) 10% THF/60% Methanol/ 
30% 0.02  M potassium acetate  pH 5.50 for  10 minutes; 
Flow, 2.00 ml/min. 
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A 

HODGIN 

L 

C 

F N 

I I 1 I 

lo M H m S  20 30 0 

FIGURE 4 .  F i n a l  s t e p  g r a d i e n t  s e p a r a t i o n .  Cond i t ions ,  see 
F i g u r e  5 .  Peaks,  A) Asp, B) Thr, C) S e r ,  D) Glu,  
E) Gly,  F) Ala, G) Tyr, H) V a l ,  I) Cys, J) H i s ,  
K) M e t ,  L) Glu (NH2), M) Ile,  N) Leu, 0)  Phe, P) Arg, 
Q) Try,  and R) N H 3  (?).  
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I i 

7 

FIGURE 5.  Solvent  p r o f i l e  f o r  s epa ra t ion  i n  Figure 4 .  Column, 
MicroSil  Ce 150 mm x 5 mm I D ;  Flow, 2.00 mlfmin. 

OPA amino ac id  e l u t i o n  order  and t o  perform a k i n e t i c  s tudy t o  

determine optimum mixing t i m e  f o r  maximum f luorescence .  
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1056 HDDGIN 

Kine t i c  Study 

According t o  Roth (7 ) ,  t h e  mixing t i m e  r e q u i r e d  t o  achieve  

maximum f luorescence  i n t e n s i t y  w a s  f i v e  minutes .  Benson and Hare 

(8), from t h e i r  observa t ion  w i t h  post-column d e r i v a t i z a t i o n ,  d i s -  

agreed with t h i s  and s t a t e d  t h a t  maximum f luorescence  w a s  ob- 

t a i n e d  upon mixing reagent  and sample. I n  o r d e r  to  determine the  

optimum mixing t i m e  f o r  pre-column d e r i v a t i z a t i o n ,  a s imple k i -  

n e t i c s  experiment i n  the  f a s h i o n  of Me11 e t  al  (10) w a s  conducted. 

Excess OPA reagent  w a s  mixed w i t h  t h e  amino a c i d  s t a n d a r d s  and 

t h e  r e s u l t i n g  mixture  a g i t a t e d  f o r  a measured amount of t i m e .  An 

a l i q u o t  of t h i s  mixture  conta in ing  20 ng w a s  then  chromatographed 

and the  peak h e i g h t s  measured. The r e s u l t s  f o r  s e l e c t e d  amino 

a c i d s  are shown i n  Figure 6 .  It was concluded from t h i s  experi-  

ment t h a t  the optimum mixing t i m e  f o r  pre-column d e r i v a t i z e d  

amino a c i d s  w a s  one minute. 

All amino a c i d s  except  c y s t e i n e  and l y s i n e  had good response 

and had an  average minimum d e t e c t a b l e  q u a n t i t y  of 40 picograms. 

The l i n e a r  response f o r  f o u r  amino a c i d s  i n  t h e  g e n e r a l  working 

range i s  shown i n  Figure 7 .  The low response f o r  c y s t e i n e  and 

l y s i n e  has  been repor ted  ( 7 ,  8 ) .  This  problem has  been r e c t i f i e d  

i n  post-column d e r i v a t i z a t i o n  by adding the s u r f a c t a n t ,  B r i j  35, 

t o  t h e  OPA reagent  (8) ; however, t h i s  w a s  n o t  employed f o r  t h i s  

s tudy  . 

CONCLUSION 

The pre-column d e r i v a t i z a t i o n  of amino a c i d s  w i t h  o-phthalal- 

dehyde has been demonstrated t o  be a f e a s i b l e  method f o r  amino 

a c i d  a n a l y s i s .  The d e r i v a t i z a t i o n  per iod  i s  r a p i d  and y i e l d s  a 

i i g h l y  d e t e c t a b l e  f l u o r e s c e n t  d e r i v a t i v e .  The t o t a l  a n a l y s i s  

t i m e ,  inc luding  d e r i v a t i z a t i o n ,  is less than  40 minutes ,  f a s t e r  

than all c u r r e n t  amino a c i d  ana lyzers  which r e q u i r e  approximately 

50 t o  70 minutes on t h e  average.  

The major disadvantages are t h e  low response of c y s t e i n e  and 

Lysine, and OPA’s i n a b i l i t y  t o  d i r e c t l y  d e r i v a t i z e  p r o l i n e  and 
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VAL a 
I 1 I I 

a5 1 .o 1.5 2 0  

wAcnoN n w  BEFOFE INECTION 

(MFUTES) 

FIGURE 6. Optimum reaction time for five OPA amino acids. 
Chromatographic conditions as in Figure 5. 
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2oc 

1% 

1OC 

5c 

0 

FIGURE 7 .  Linea r i ty  of response f o r  fou r  OPA amino ac ids .  
Conditions as shown i n  Figure 5 .  

hydroxyproline. 

ment of l y s i n e  and cys te ine .  

Future  work w i l l  concern the  s e n s i t i v i t y  enhance- 
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