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AMINO A C I D  ANALYSIS AND ENZYMATIC SEQUENCE 
DETERMINATION OF PEPTIDES BY AN IMPROVED 

- 0-PHTHALDIALDEHYDE PRECOLUMN LABELING PROCEDURE 

Barry N. Jones ,  Svante  Pagbo and S t a n l e y  S t e i n  

Roche I n s t i t u t e  of  Molecular  Biology 
Nutley,  N e w  J e r s e y  07110 

ABSTRACT 

Primary amino a c i d s  react w i t h  2-phtha ld ia ldehyde  i n  t h e  pre-  
sence  of mercaptans t o  form i n t e n s e l y  f l u o r e s c e n t  d e r i v a t i v e s .  By 
t h e  use  of  reverse-phase high-performance l i q u i d  chromatography, a 
mixture  c o n t a i n i n g  26 of  t h e s e  d e r i v a t i v e s  w a s  e f f i c i e n t l y  r e s o l v e d  
w i t h  an a n a l y s i s  t i m e  of  less than  35 minutes .  The q u a n t i t a t i o n  of 
t h e  i n d i v i d u a l  amino a c i d s  w a s  r e p r o d u c i b l e  w i t h  a n  a v e r a g e  r e l a -  
tive d e v i a t i o n  of  i: 1.4% and had a d e t e c t i o n  l i m i t  of approximate ly  
50 femtomoles. Improvements i n  t h e  s t a b i l i t y  and f l u o r e s c e n c e  re- 
sponse of  l y s i n e  and hydroxylys ine  were o b t a i n e d  by t h e  incorpora-  
t i o n  of sodium dodecyl  s u l f a t e  i n  t h e  d e r i v a t i z i n g  medium. Appli- 
c a t i o n s  of t h e  chromatography system i n v o l v i n g  t h e  amino a c i d  
a n a l y s i s  of p e p t i d e s  a f t e r  e i t h e r  a c i d  o r  enzymatic  h y d r o l y s i s  are 
p r e s e n t e d .  Methods f o r  t h e  sequence a n a l y s i s  of  picomole quant i -  
t ies o f  p e p t i d e s  by t i m e  c o u r s e  h y d r o l y s i s  w i t h  exopept idases  were 
a l s o  developed,  which employed t h e  above s e p a r a t i o n  procedure f o r  
t h e  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  t h e  r e l e a s e d  amino a c i d s .  

INTRODUCTION 

The a b i l i t y  t o  s e p a r a t e  and q u a n t i t a t e  amino a c i d s  i s  essen-  

t i a l  f o r  t h e  c h a r a c t e r i z a t i o n  and s t r u c t u r a l  e l u c i d a t i o n  of  pep- 

t i d e s  and p r o t e i n s .  T h i s  i s  u s u a l l y  accomplished by s e p a r a t i n g  

amino a c i d  m i x t u r e s  u s i n g  c lass ical  ion-exchange chromatography (1)  

fol lowed by post-column d e r i v a t i z a t i o n  w i t h  n i n h y d r i n  ( 2 , 3 )  o r  a 

f l u o r o g e n i c  r e a g e n t  ( 4 - 7 ) .  T h i s  technique  r e s o l v e s  most amino 

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

mine o r  2-phtha ld ia ldehyde  i s  used as t h e  post-column d e r i v a t i z i n g  
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566 JONES,  PAABO, AND STEIN 

r e a g e n t .  However, t h i s  p r o c e d u r e  g e n e r a l l y  r e q u i r e s  s p e c i a l i z e d  

equipment and a n  a n a l y s i s  t i m e  g r e a t e r  t h a n  a n  h o u r .  

I n  o r d e r  t o  improve t h e  e f f i c i e n c y  and d e c r e a s e  t h e  a n a l y s i s  

t i m e  € o r  t h e  r e s o l u t i o n  o f  amino a c i d  m i x t u r e s ,  several precolumn 

t e c h n i q u e s  have been deve loped  which u t i l i z e  r e v e r s e - p h a s e  h igh -  

performance l i q u i d  chromatography.  Two o f  t h e  most w i d e l y  em- 

p loyed  methods a r e  t h e  f o r m a t i o n  o f  d a n s y l  (8) o r  p h e n y l t h i o h y -  

d a n t o i n  (9 , lO)  d e r i v a t i v e s  o f  t h e  amino a c i d s  p r i o r  t o  high-  

performance l i q u i d  ch romatograph ic  a n a l y s i s .  Recent  s t u d i e s  have 

demons t r a t ed  t h a t  2 - p h t h a l d i a l d e h y d e  c a n  a l s o  b e  used  s u c c e s s f u l l y  

as a precolumn d e r i v a t i z i n g  r e a g e n t .  

p r e s e n c e  of e i t h e r  2 -mercap toe thano l  o r  e t h a n e t h i o l  r e a c t s  r a p i d l y  

w i t h  p r imary  amino a c i d s  t o  form h i g h l y  f l u o r e s c e n t ,  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  (ll,l2). These  d e r i v a t i v e s  are t h e n  a n a l y z e d  

w i t h  good s e l e c t i v i t y  and s e n s i t i v i t y  by r e v e r s e - p h a s e  high-  

performance l i q u i d  chromatography (13-17). I n  t h i s  r e p o r t ,  t h e  

u s e  o f  2 - p h t h a l d i a l d e h y d e  as a precolumn d e r i v a t i z i n g  r e a g e n t  f o r  

p r imary  amino a c i d s  i s  e v a l u a t e d  f u r t h e r .  I n  a d d i t i o n ,  i t s  a p p l i -  

c a b i l i t y  f o r  t h e  amino a c i d  a n a l y s i s  o f  p e p t i d e s ,  as w e l l  as f o r  

t h e  d e t e r m i n a t i o n  o f  t h e i r  amino a c i d  s e q u e n c e ,  i s  i n v e s t i g a t e d .  

2 - P h t h a l d i a l d e h y d e  i n  t h e  

MATERIALS AND METHODS 

Appara tus  

Two s e p a r a t e  chromatography sys t ems  were  employed i n  t h e  p re -  

s e n t  s t u d i e s .  One c o n s i s t e d  o f  a h i g h - p r e s s u r e  M i l t o n  Roy mini-  

pump (Lab Data  C o n t r o l ) ,  a n  LKB U l t r o g r a d  u n i t  f o r  g e n e r a t i o n  o f  

e l u t i o n  g r a d i e n t s ,  and a model FS970 L i q u i d  Chromatographic  Fluo- 

rome te r  ( S c h o e f f e l  I n s t r u m e n t  Corp.) .  The f o l l o w i n g  f l u o r o m e t e r  

s e t t i n g s  and c h a r a c t e r i s t i c s  were  used  f o r  d e t e c t i o n :  5 UL f l o w  

c e l l ,  e x c i t a t i o n  monochrometer a t  330 nm, t h e  e m i s s i o n  measured 

w i t h  a 418 nm c u t - o f f  f i l t e r ,  t i m e  c o n s t a n t  o f  0 .5  s e c ,  and a 

s e n s i t i v i t y  d i a l  s e t t i n g  a t  7.00 u n i t s .  The o t h e r  chromatography 

sys t em c o n s i s t e d  o f  two A l t e x  Model l l O A  high-performance l i q u i d  

chromatography (HPLC) pumps, a n  Altex Model 420 m i c r o p r o c e s s o r  
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AMINO A C I D  ANALYSIS OF PEPTIDES 567 

f o r  genera t ion  of e l u t i o n  g r a d i e n t s ,  and a model FS950 Liquid  

Chromatographic F i l t e r  Fluorometer (Schoef fe l  Ins t rument  Corp.). 

The fo l lowing  f luorometer  s e t t i n g s  and c h a r a c t e r i s t i c s  w e r e  used:  

20 VL flow c e l l ,  a FSA 403 e x c i t a t i o n  f i l t e r  and a FSA 111 lamp 

f o r  e x c i t a t i o n  i n  t h e  330-375 nm range ,  t h e  emission w a s  measured 

w i t h  a FSA 426 (418 nm cut -of f )  f i l t e r ,  t i m e  c o n s t a n t  of 0.5 sec., 

and a s e n s i t i v i t y  d i a l  s e t t i n g  a t  8.00 u n i t s .  The two chromato- 

graphy systems gave e s s e n t i a l l y  i d e n t i c a l  r e s u l t s  w i t h  r e s p e c t  t o  

t h e  r e s o l u t i o n  of amino a c i d  mixtures .  The only  major d i f f e r e n c e  

between t h e  two systems w a s  i n  s e n s i t i v i t y .  Using t h e  above f lu -  

orometer  s e t t i n g s ,  t h e  FS970 d e t e c t i o n  u n i t  w a s  approximately t e n  

t i m e s  more s e n s i t i v e .  

A l l  sample i n j e c t i o n s  w e r e  performed w i t h  a Rheodyne i n j e c -  

t i o n  v a l v e  (Model 7120) equipped w i t h  a 20 pL sample loop.  An 

Al tex  U l t r a s p h e r e  ODS column (250 x 4.6 nun; p a r t i c l e  s i z e ,  5 p )  

f i t t e d  wi th  a guard column (80 x 4.6 mm) packed wi th  C0:PELL ODS 

s o r b e n t  ( p a r t i c l e  s i z e ,  40 1-r ) (Reeve Angel) w a s  used f o r  chro- 

matographic  s e p a r a t i o n s .  The guard column w a s  packed downwards 

a t  a p r e s s u r e  of 3000 p s i  w i t h  a Haskel pump (DST-150). Chromato- 

graphic  peaks w e r e  i n t e g r a t e d  by a Spectra-Physics  M i n i g r a t o r  and 

recorded on a two-channel L i n e a r  r e c o r d e r  o p e r a t e d  on t h e  10  mV 

and 100 mV s c a l e s .  Gradien ts  w e r e  formed between two degassed 

s o l v e n t  m i x t u r e s .  Solvent  A w a s  tetrahydrofuran:methanol:O.O5M 

sodium acetate (pH 5.9)  1:19:80 and s o l v e n t  B w a s  methanol:O.O5M 

sodium acetate (pH 5.9)  8:2. F u r t h e r  d e t a i l s  of t h e  chromato- 

graphic  procedure are given i n  t h e  f i g u r e  legends .  

Reagents Standards 

A l l  HPLC s o l v e n t s  w e r e  d i s t i l l e d - i n - g l a s s  grade (Burdick and 

Jackson) and used without  f u r t h e r  t rea tment .  High p u r i t y  water 

w a s  ob ta ined  w i t h  a system from Hydro S e r v i c e  and Suppl ies  

(Durham, N.C.). S o l u t i o n s  o f  amino a c i d  s t a n d a r d s  (2.5 umol/mL), 

2-mercaptoethanol, e t h a n e t h i o l ,  2-phthaldialdehyde (F luoropa) ,  

4N methanesul fonic  a c i d  (MSA), and sodium dodecyl s u l f a t e  (SDS) 
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568 JONES,  PAABO, AND STEIN 

w e r e  o b t a i n e d  from P i e r c e  Chemical Co. I n d i v i d u a l  amino a c i d  

s t a n d a r d s  w e r e  pu rchased  from Sigma Chemical Co. A l l  o t h e r  chem- 

i c a l s  were r e a g e n t  g rade .  Enzymatic  d i g e s t i o n  b u f f e r s  c o n t a i n e d  

0.01% pen tach lo ropheno l  ( P i e r c e )  as a p r e s e r v a t i v e .  

P e p t i d e s  Enzymes 

Met-enkephalin-Arg6-Phe7 w a s  s y n t h e s i z e d  by P e n i n s u l a  Labo- 

r a t o r i e s .  Met-enkephal in ,  porcine '  g lucagon ,  c a r b o x y p e p t i d a s e  B ,  

and c a r b o x y p e p t i d a s e  Y were p r o d u c t s  o f  Boehr inge r  Mannheim Co. 

Aminopeptidase M w a s  pu rchased  from Sigma Chemical Co. Ox id ized  

Met-enkephalin w a s  p repa red  a c c o r d i n g  t o  t h e  p rocedure  o f  Sav ige  

and Fontana (18) and p u r i f i e d  by reverse p h a s e  HPLC (19). 

P r e p a r a t i o n  of  Amino Acid S t a n d a r d s  

Amino a c i d  s t a n d a r d  s o l u t i o n s  were p r e p a r e d  i n  water i n  t h e  

f o l l o w i n g  c o n c e n t r a t i o n s :  1 .25 ,  6 .25,  25, and 50 pmol/pL and 

s t o r e d  a t  -20OC. 

m a t e l y  3 weeks of  c o n t i n u a l  u s e .  A f t e r  t h i s  t i m e ,  a p p r e c i a b l e  

amounts of  me th ion ine  w e r e  l o s t  w i t h  a concomi tan t  i n c r e a s e  i n  

t h e  me th ion ine  s u l f o x i d e  c o n t e n t  of  t h e  s t a n d a r d .  The g lu t amine  

peak i n  t h e  s t a n d a r d  r u n s  a l s o  d e c r e a s e d  w i t h  t i m e ,  presumably 

due t o  t h e  c o n v e r s i o n  of  g lu t amine  t o  py rog lu tamic  a c i d .  For  t h e  

ammonia s t a n d a r d ,  a 50 pmol/pL s o l u t i o n  i n  w a t e r  w a s  p r e p a r e d  

from ammonium a c e t a t e .  

The s t a n d a r d  s o l u t i o n s  were s t a b l e  f o r  approx i -  

P r e p a r a t i o n  of  t h e  o-Phthaldialdehyde/2-Mercaptoethanol Deriva- 

t i z i n g  S o l u t i o n  

F i f t y  m i l l i g r a m s  of o - p h t h a l d i a l d e h y d e  w e r e  d i s s o l v e d  i n  

1 .25  mL of  a h s o l u t e  methanol .  2-Mercaptoethanol  (50 pL) and 0.4M 

sodium b o r a t e  (pH 9.5) (11.2 mL) w e r e  t h e n  added and t h e  s o l u t i o n  

mixed. The m i x t u r e  w a s  f l u s h e d  w i t h  n i t r o g e n  and s t o r e d  i n  t h e  

da rk .  The s o l u t i o n  w a s  a l l owed  t o  s t a n d  f o r  24 h o u r s  b e f o r e  use .  

Th i s  w a s  found t o  r educe  t h e  background amino a c i d s  which are 

c o n t r i b u t e d  by t h e  d e r i v a t i z i n g  r e a g e n t .  2-Mercaptoethanol  
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AMINO ACID ANALYSIS OF PEPTIDES 5 6 9  

(10 uL) w a s  added every  2 days  t o  h e l p  m a i n t a i n  t h e  r e a g e n t  

s t r e n g t h .  Using t h e s e  p r e c a u t i o n s ,  t h e  d e r i v a t i z i n g  r e a g e n t  w a s  

u s a b l e  f o r  approximately two weeks b e f o r e  s e r i o u s  contaminants  

appeared i n  t h e  e l u t i o n  p r o f i l e s .  

t h i o l  d e r i v a t i z i n g  s o l u t i o n  w a s  prepared  d a i l y  by t h e  procedure 

of H i l l  e t  a l .  (13) .  

The g-phthaldialdehydefethane- 

D e r i v a t i z a t i o n  Procedure 

The g e n e r a l  procedure f o r  d e r i v a t i z a t i o n  was as f o l l o w s :  

5 pL a l i q u o t s  of  s t a n d a r d s  o r  unknown samples  were mixed w i t h  5 pL 

of  a 2% sodium dodecyl  s u l f a t e  (SDS) s o l u t i o n  i n  0.4M sodium 

b o r a t e  (pH 9 . 5 )  and then 5 pL o f  t h e  d e r i v a t i z i n g  s o l u t i o n  added. 

The r e s u l t i n g  s o l u t i o n  w a s  mixed thoroughly.  A f t e r  1 minute ,  

10 yL of  0.1M potass ium phosphate  (pH 4 . 0 )  w a s  added, t h e  s o l u t i o n  

mixed, and 5-20 uL i n j e c t e d  o n t o  t h e  r e v e r s e  phase  column. 

Acid Hydrolys is  of P e p t i d e s  

For H C 1  h y d r o l y s i s ,  p e p t i d e s  (50-300 pmol) were d r i e d  i n  a 

h y d r o l y s i s  tube and t h e  t u b e  s e a l e d  under  vacuum a f t e r  t h e  addi-  

t i o n  of 200 pL o f  c o n s t a n t  b o i l i n g  H C 1  c o n t a i n i n g  0.1% t h i o g l y -  

c o l i c  a c i d .  Fol lowing h y d r o l y s i s ,  t h e  H C 1  w a s  removed by l y o p h i l -  

i z a t i o n  and t h e  r e s u l t i n g  r e s i d u e  d i s s o l v e d  i n  25-50 pL of  2% SDS 

i n  0.4M sodium b o r a t e  (pH 9 . 5 ) .  

above,  u s u a l l y  on 5 uL a l i q u o t s .  For h y d r o l y s i s  w i t h  methane- 

s u l f o n i c  a c i d  (MSA), p e p t i d e s  (500 pmol - 1 nmol) w e r e  hydrolyzed 

wi th  5 0  UL of 4N methanesul fonic  a c i d .  A f t e r  h y d r o l y s i s ,  t h e  

a c i d  w a s  n e u t r a l i z e d  w i t h  5 0  pL of  4N NaOH. A l i q u o t s  ( 5  pL) were 

removed, mixed w i t h  2% SDS i n  b o r a t e ,  d e r i v a t i z e d ,  and ana lyzed  

by HPLC. 

Analyses  were t h e n  performed as 

A l l  a c i d  hydro lyses  w e r e  performed at  l l O ° C  f o r  22 h o u r s  

T o t a l  Enzymatic Hydrolys is  of P e p t i d e s  

P e p t i d e s  (200 pmol - 1 nmol) w e r e  d i s s o l v e d  i n  2 4  pL of  0.2M 

sodium phosphate  (pH 7.0)  b u f f e r  c o n t a i n i n g  4-aminobutyric a c i d  

( u s u a l l y  10 pmol/pL) as an i n t e r n a l  s t a n d a r d .  To t h i s  s o l u t i o n ,  
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570 JONES,  PAABO, AND S T E I N  

1 pg o f  aminopep t idase  M (1 pL) was added and t h e  r e s u l t i n g  m i x -  

t u r e  i n c u b a t e d  a t  37OC f o r  24 h o u r s .  

and ana lyzed .  A d i g e s t  b l a n k  c o n t a i n i n g  24 pL b u f f e r  a n d  1 pL 

aminopep t idase  M was a l s o  p r e p a r e d  and  a n a l y z e d .  

A l i q u o t s  ( 5  pL) were  removed 

H y d r o l y s i s  of P e p t i d e s  with Carboxypep t idase  

P e p t i d e s  (20-200 pmol) were d i s s o l v e d  i n  24 pL o f  0.2M sodium 

phospha te  (pH 8.5) b u f f e r  c o n t a i n i n g  4 -aminobu ty r i c  a c i d  (5  pmol/ 

pL) as a n  i n t e r n a l  s t a n d a r d .  To t h i s  s o l u t i o n ,  25 ng  o f  carboxy-  

p e p t i d a s e  B (1 pL) w a s  added and  t h e  r e s u l t i n g  m i x t u r e  i n c u b a t e d  

a t  37OC f o r  1 h o u r .  A l i q u o t s  (5 pL) w e r e  removed and  a n a l y z e d .  

A s  a n  added p r e c a u t i o n  d u r i n g  enzymat i c  h y d r o l y s e s ,  t h e  p e p t i d e  

s o l u t i o n  w a s  u s u a l l y  a n a l y z e d  f o r  f r e e  amino a c i d s  b e f o r e  t h e  

a d d i t i o n  o f  t h e  enzyme. Enzyme b l a n k s  were a lways  p r e p a r e d  and 

ana lyzed .  

Time Course H y d r o l y s i s  w i t h  Aminopept idase _ _ ~  

P e p t i d e s  (200 pmol - 1 nmol) were d i s s o l v e d  i n  49 UL o f  0.2M 

sodium phospha te  (pH 7.0) b u f f e r  c o n t a i n i n g  4-aminobutyr ic  a c i d  

as a n  i n t e r n a l  s t a n d a r d .  T o  t h i s  s o l u t i o n ,  100 ng  o f  aminopep t i -  

d a s e  M (1 pL) w a s  added and t h e  r e s u l t i n g  m i x t u r e  i n c u b a t e d  a t  

room t e m p e r a t u r e .  Timed a l i q u o t s  (5 pL) w e r e  removed, mixed w i t h  

2% SDS i n  b o r a t e  (5 p L ) ,  and  t h e n  f r o z e n  i n  a d r y  i c e l m e t h a n o l  

b a t h .  The a l i q u o t s  were s t o r e d  a t  -2OoC u n t i l  a n a l y z e d .  

T i m e  Course H y d r o l y s i s  with Carboxypep t idase  Y ____ 

P e p t i d e s  (200 - 1 nmol) were d i s s o l v e d  i n  49 pL o f  0.05M 

sodium a c e t a t e  (pH 5.5)  b u f f e r  c o n t a i n i n g  4 -aminobu ty r i c  a c i d  as 

an  i n t e r n a l  s t a n d a r d .  To t h i s  s o l u t i o n ,  1 pg o f  c a r b o x y p e p t i d a s e  

Y (1 uL) was added and t h e  r e s u l t i n g  m i x t u r e  i n c u b a t e d  a t  room 

t e m p e r a t u r e .  Timed a l i q u o t s  (5 pL) were removed and a n a l y z e d .  

Ca rboxypep t idase  Y d i g e s t i o n s  w e r e  a l s o  pe r fo rmed  i n  t h e  p r e s e n c e  

o f  SM u r e a .  
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RESULTS AND DISCUSSION 

Pre l iminary  s e p a r a t i o n s  of  t h e  g-phthaldialdehyde/2-mercapto- 

e t h a n o l  d e r i v a t i v e s  of  primary amino a c i d s  were conducted us ing  

mixtures  of  methanol and sodium o r  potassium phosphate  b u f f e r  

a s  t h e  mobile phase accord ing  t o  t h e  procedures  of Lindro th  and 

Mopper (14) .  S a t i s f a c t o r y  r e s o l u t i o n  w a s  ob ta ined  f o r  a l l  de- 

r i v a t i v e s  t e s t e d  except  f o r  g lyc ine  and threonine  which co- 

e l u t e d  even under i s o c r a t i c  c o n d i t i o n s .  I n  an a t t a m p t  t o  re- 

s o l v e  t h e s e  two d e r i v a t i v e s ,  t h e  pH of t h e  mobile phase w a s  

v a r i e d  between 5.0 and 7.5 and t h e  i o n i c  s t r e n g t h  w a s  var ied  be- 

tween 0.05M and 0.2M; however, g l y c i n e  and t h r e o n i n e  d i d  n o t  re- 

s o l v e  under any of  t h e s e  c o n d i t i o n s .  Ci t ra te  and acetate b u f f e r s  

were then  t e s t e d  b u t  d i d  n o t  h e l p  t o  r e s o l v e  t h e s e  two amino 

a c i d s .  Following t h e  sugges t ion  of  Hodgin ( 1 6 ) ,  t e t r a h y d r o f u r a n  

was added t o  t h e  mobile phase an  an  o r g a n i c  m o d i f i e r ;  t h i s  re- 

s u l t e d  i n  t h e  immediate r e s o l u t i o n  o f  g l y c i n e  and threonine .  The 

f i n a l  c o n d i t i o n s  chosen f o r  HPLC a n a l y s i s  are g iven  i n  F igure  1 

which i l l u s t r a t e s  t h e  r e s o l u t i o n  o b t a i n e d  f o r  a mixture  of  26 

amino a c i d s  p l u s  ammonia. Exce l len t  r e s o l u t i o n  w a s  ob ta ined  f o r  

t h e  components i n  t h e  mixture .  Of a t o t a l  of 30 amino a c i d s  

t e s t e d ,  only two were n o t  reso lved  by t h e s e  c o n d i t i o n s .  Norleu- 

c i n e  co-eluted wi th  l e u c i n e  and methionine s u l f o n e  e l u t e d  as a 

shoulder  on t h e  threonine  peak. 

The s t a b i l i t y  of  t h e  2-phthaldialdehyde/Z-mercaptoethanol 

d e r i v a t i v e s  w a s  determined by r e a c t i n g  a mixture  of  amino a c i d s  

( 4 0  pmol each) wi th  t h e  d e r i v a t i z i n g  reagent  f o r  v a r y i n g  t i m e  

p e r i o d s  b e f o r e  i n j e c t i o n .  Only t h e  d e r i v a t i v e s  of  g l y c i n e ,  

l y s i n e ,  and hydroxylysine showed a p p r e c i a b l e  decay of f l u o r e s -  

cence a f t e r  an e i g h t  minute r e a c t i o n  t i m e .  I n  a d d i t i o n ,  t h e  

l y s i n e  and hydroxylysine d e r i v a t i v e s  gave a very l o w  response 

when compared t o  t h e  o t h e r  amino a c i d  d e r i v a t i v e s .  According t o  

Benson and Hare ( 6 ) ,  t h e  a d d i t i o n  of t h e  s u r f a c t a n t ,  B r i j  35, t o  

t h e  2-phthaldialdehyde reagent  enhances t h e  f l u o r e s c e n c e  of 

l y s i n e  dur ing  post-column d e r i v a t i z a t i o n  procedures .  Gardner and 
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Figure 1. 
the reaction with g-phthaldialdehyde/2-mercaptoethanol. Each peak 
represents 5.0 pmoles except for the ammonia peak which represents 
20.0 pmoles. Conditions: Solvent A, tetrahydrofuran:methanol: 
0.05M sodium acetate fpH 5.9), 1:19:80; Solvent B, methanol:O.O5M 
sodium acetate (pH 5.9), 8:Z;  gradient program, O%B for 1 min from 
the initiation of the program, linear step to 14% B in 5 min, iso- 
cratie step at 14% B of 5 min duration, linear step to 50% B in 
5 min, isocratic step at 50% B of 4 min duration, linear step to 
100% B in 12 min; flow rate of 1.7 mL/min;  Schoeffel FS950 fluores- 
cence HPLC detector. Non-standard abbreviations used: CA, 
cysteic acid; CMC, carboxymethyl cysteine; MSO, methionine sulfox- 
ide; Hse, homoserine; y-ABA, 4-aminobutyric acid; a-ABA, 2-amino- 
butyric acid. 

Elution profile of amino acid standards derivatized by 

Miller (17) found that the addition of Brij 35 also increased 
the fluorescence response of lysine in their precolumn derivatiza- 

tion procedure. In the present study, sodium dodecyl sulfate 

(SIX) was evaluated f o r  its effect on t h e  fluorescence of 0- 
p h t h a l d i a l d e h y d e - d e r i v a t i z e d  amino acids (Figure 2). An approxi- 

mately 50% increase in the response of lysine was obtained and 

approximately a 40% increase for hydroxylysine. The stability of 

these two derivatives was also increased by the presence of SDS. 
These observations are in agreement with those reported by Chen 
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Val 
TrP 

REACTION TIME BEFORE INJECTION, min 

Figure  2. 
o r e s c e n t  i n t e n s i t y  of  t e n  amino a c i d s .  Peak a r e a s  are given i n  
a r b i t r a r y  u n i t s .  The e f f e c t  of t h e  presence  of sodium dodecyl  
s u l f a t e  (SDS) on t h e  f l u o r e s c e n t  i n t e n s i t y  and s t a b i l i t y  o f  t h e  
l y s i n e  and hydroxylys ine  d e r i v a t i v e s  i s  a l s o  shown. D e r i v a t i z a -  
t i o n s  i n  t h e  presence  of  SDS are g iven  by t h e  s o l i d  l i n e s  and i n  
t h e  absence of  SDS by dashed l i n e s .  

I n f l u e n c e  of  r e a c t i o n  time b e f o r e  i n j e c t i o n  on t h e  f l u -  

e t  a l .  ( 2 0 ) .  N o  observable  e f f e c t  on t h e  r e t e n t i o n  t i m e s  and 

f l u o r e s c e n c e  response  of t h e  o t h e r  amino a c i d s  t e s t e d  ( s e e  F igure  

1) w a s  d e t e c t e d .  The l a r g e  d e c r e a s e  i n  t h e  f l u o r e s c e n c e  response  

of  g l y c i n e  w a s  minimized by i n j e c t i o n  o f  a l l  d e r i v a t i z e d  samples 

a f t e r  a 1 minute  r e a c t i o n  t i m e  ( s e e  F igure  2 ) ,  

In  o r d e r  f o r  t h e  p r e s e n t  chromatographic  system t o  b e  of  

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

must y i e l d  r e p r o d u c i b l e  r e s u l t s ,  p o s s e s s  h i g h  s e n s i t i v i t y ,  and 

g ive  a l i n e a r  f l u o r e s c e n c e  response i n  t h e  g e n e r a l  c o n c e n t r a t i o n  

range  r e q u i r e d  f o r  a n a l y s e s .  The p r e c i s i o n  of  t h e  procedure w a s  

e v a l u a t e d  by i n j e c t i o n  of a 22-component amino a c i d  s t a n d a r d  

u s i n g  t h e  chromatographic  c o n d i t i o n s  p r e s e n t e d  i n  F igure  1. 

consecut ive  i n j e c t i o n s  were performed f o l l o w i n g  a r e a c t i o n  t i m e  

F i v e  
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574  JONES,  PAABO, AND STEIN 

of  one minu te  and t h e  r e s u l t i n g  r e t e n t i o n  t i m e s ,  peak  h e i g h t s ,  

and p e a k  areas of t h e  i n d i v i d u a l  components measured.  Analysis 

o f  t h e  d a t a  i n d i c a t e d  t ha t  t h e  a v e r a g e  d e v i a t i o n  o f  t h e  r e t e n t i o n  

t imes w a s  5 1 . 1  second .  

m e t h i o n i n e  s u l € o x i d e  (t 2 . 6  s e c . )  and t h e  smallest d e v i a t i o n  ob- 

t a i n e d  w a s  f o r  m e t h i o n i n e  (& 0.2 s e c . ) .  The t o t a l  a n a l y s i s  t i m e  

was 34 m i n u t e s .  The a v e r a g e  r e l a t i v e  d e v i a t i o n  i n  t h e  measured 

peak h e i g h t s  w a s  t 6 .4%.  

t o  p i p e t t i n g  e r r o r s  t h a t  may o c c u r  d u r i n g  t h e  d e r i v a t i z a t i o n  p ro -  

c e d u r e .  When r e s u l t s  from a l l  f i v e  r u n s  were n o r m a l i z e d  t o  an  

i n t e r n a l  s t a n d a r d  (4 -aminobu ty r i c  a c i d )  the  r e l a t i v e  d e v i a t i o n  

of  t h e  peak h e i g h t s  w a s  c a l c u l a t e d  t o  h e  2 1 .4%.  

l a t i v e  d e v i a t i o n  o f  t h e  n o r m a l i z e d  peak areas w a s  & 1 . 7 % .  

l a r g e s t  d e v i a t i o n  i n  t h e  n o r m a l i z e d  peak h e i g h t  v a l u e s  was obse rv -  

e d  f o r  c y s t e i c  a c i d  (2 2 . 8 X )  whereas  t h e  l o w e s t  w a s  f o r  a r g i n i n e  

(+ - 0 .4%) .  

rial s t a n d a r d  i s  recommended f o r  a q u a n t i t a t i v e  a n a l y s i s  o f  an 

amino a c i d  m i x t u r e .  

The l a r g e s t  d e v i a t i o n  o b s e r v e d  was f o r  

However, p a r t  o f  t h i s  d e v i a t i o n  i s  due 

The a v e r a g e  re- 

The 

From t h e  above r e s u l t s ,  t h e  i n c o r p o r a t i o n  of an i n t e r -  

The d e t e d t i o n  l i m i t s  f o r  t h e  chromatography s y s t e m  w e r e  de- 

t e r m i n e d  by s e r i a l  d i l u t i o n  of an amino a c i d  s t a n d a r d  s o l u t i o n  

f o l l o w e d  by d e r i v a t i z a t i o n  and a n a l y s i s .  A d e t e c t i o n  l i m i t  o f  

a p p r o x i m a t e l y  50 fmol w a s  o b t a i n e d  f o r  t h e  S c h o e f f e l  FS 970 d e t e c -  

t i o n  u n i t  whereas  t h e  S c h o e f f e l  FSY50 u n i t  d i s p l a y e d  a d e t e c t i o n  

l i m i t  o f  a p p r o x i m a t e l y  500 fmol f o r  t h e  i n d i v i d u a l  amino a c i d  com- 

p o n e n t s .  The s e n s i t i v i t y  o f  d e t e c t i o n  c a n  be i n c r e a s e d  somewhat 

by u s i n g  e t h a n e t h i o l  i n s t e a d  o f  2 -mercap toe thano l  i n  t h e  d e r i v a -  

t i z i n g  r e a g e n t  ( 1 2 , 1 3 ) .  However, i n  t h e  p r e s e n t  s t u d y ,  t h e  added 

s e n s i t i v i t y  w a s  n o t  r e q u i r e d  and  t h e  use o f  e t h a n e t h i o l  w a s  aban- 

doned b e c a u s e  o f  i t s  u n p l e a s a n t  odor .  A d d i t i o n a l  s e n s i t i v i t y  

( a p p r o x i m a t e l y  a s i x - f o l d  i n c r e a s e )  can b e  o b t a i n e d  hy e x c i t a -  

t i o n  a t  229 nm i n s t e a d  o f  330 nm ( 1 3 ) ,  b u t  i n t e r f e r e n c e  from ex- 

t raneous components may h e  a p rob lem a t  t h i s  lower wave leng th  when 

b i o l o g i c a l  f l u i d s  are examined.  

‘me l i n e a r i t y  of  r e s p o n s e  w a s  examined i n  t h e  c o n c e n t r a t i o n  

r ange  o f  5-100 pmol f o r  a number of amino a c i d  d e r i v a t i v e s  
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Figure  3 .  L i n e a r i t y  of response  f o r  seven amino a c i d  d e r i v a t i v e s .  
The chromatography c o n d i t i o n s  w e r e  i d e n t i c a l  t o  t h o s e  i n  F igure  1. 

( F i g u r e  3 ) .  A t  c o n c e n t r a t i o n  l e v e l s  below 5 pmol, l a r g e  devia-  

t i o n s  from l i n e a r i t y  were o b t a i n e d ,  e s p e c i a l l y  f o r  s e r i n e ,  gly-  

c i n e ,  and a l a n i n e .  These d e v i a t i o n s  from l i n e a r i t y  a r e  most 

probably due t o  t h e  background presence  of  t h e s e  amino a c i d s .  

This  can be p a r t i a l l y  c o r r e c t e d  by t h e  s u b t r a c t i o n  of t h e  back- 

ground amino a c i d s  which are determined by "blank" r u n s .  Even 

t h i s  procedure does n o t  comple te ly  c o r r e c t  f o r  t h e  presence  o f  

g l y c i n e  and s e r i n e  whose presence  v a r y  c o n s i d e r a b l y  d u r i n g  a 

s e r i e s  of  a n a l y s e s .  To minimize t h i s  e f f e c t  when q u a n t i t a t i v e  

a n a l y s i s  w a s  d e s i r e d  below t h e  5 pmol l e v e l ,  a l l  r e a c t i o n  v e s s e l s  

(1 mL polypropylene c e n t r i f u g e  tubes)  and p i p e t  t i p s  were a c i d  

washed b e f o r e  use .  Furthermore,  p l a s t i c  s u r g i c a l  g l o v e s  had t o  

b e  worn t o  prevent  " f i n g e r p r i n t  " con tamina t  ion .  

Three d i f f e r e n t  types  o f  HPLC columns were e v a l u a t e d  f o r  

t h e i r  l s e  i n  t h e  s e p a r a t i o n  of  t h e  2-phtha ld ia ldehyde  d e r i v a t i v e s  

o f  amino a c i d s .  The t h r e e  w e r e  A l t e x  U l t r a s p h e r e  columns, oc ta -  

d e c y l s i l a n e  ( O D s ) ,  octadecylsilane/ion-pairing (ODs I / P . ) ,  and 
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576 JONES, PtlABO, AND STEIN 

c y a n o p r o p y l s i l a n e  (CN) . The amino a c i d  d e r i v a t i v e s  shown i n  

F i g u r e  1 were r e s o l v e d  on t h e  CN column, b u t  v a r i a b l e  peak  

h e i g h t s  and r e t e n t i o n  times w e r e  o b t a i n e d  and  i t s  u s e  w a s  d i s -  

c o n t i n u e d .  The O D s  and ODS I . P .  columns gave  i d e n t i c a l  r e s u l t s .  

The U l t r a s p h e r e  ODS column w a s  used i n  a l l  c h r o m a t o g r a p h i c  sepa-  

r a t i o n s  used i n  t h i s  r e p o r t .  Over 600 a n a l y s e s  have  b e e n  p e r -  

formed on  t h i s  column w i t h o u t  any  d e t e c t a b l e  l o s s  of  r e s o l v i n g  

power. However, t h e  column i s  p r o t e c t e d  w i t h  a gua rd  column 

s i n c e  many a n a l y s e s  ( s e e  below) r e q u i r e  t h e  i n j e c t i o n  o f  d e r i v a -  

t i z e d  amino a c i d  m i x t u r e s  which c o n t a i n  enzymes and  p a r t i a l l y  

d i g e s t e d  p e p t i d e s .  The gua rd  column w a s  r e p l a c e d  a f t e r  e v e r y  200 

i n j e c t i o n s  as a p r e c a u t i o n .  

The a p p l i c a b i l i t y  o f  t h e  chromatography s y s t e m  f o r  t h e  d e t e r -  

m i n a t i o n  of  t h e  amino a c i d  c o m p o s i t i o n  of  p e p t i d e s  w a s  e v a l u a t e d .  

Three d i f f e r e n t  h y d r o l y s i s  p r o c e d u r e s ,  h y d r o l y s i s ,  methane- 

s u l f o n i c  a c i d  (MSA) h y d r o l y s i s ,  and t o t a l  e n z y m a t i c  h y d r o l y s i s  

w i t h  a m i n o p e p t i d a s e  M, were u s e d  and found t o  b e  c o m p a t i b l e  w i t h  

t h e  2 - p h t h a l d i a l d e h y d e  d e r i v a t i z a t i o n  t e c h n i q u e .  

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

each o f  t h e s e  h y d r o l y s i s  p r o c e d u r e s  i s  summarized i n  T a b l e  I .  

The e l u t i o n  p r o f i l e  o f  t h e  e n z y m a t i c  h y d r o l y s a t e  i s  g i v e n  i n  

F i g u r e  4 .  The r e s u l t i n g  c o m p o s i t i o n s  a r e  i n  good ag reemen t  w i t h  

t h e  r e p o r t e d  amino a c i d  s e q u e n c e  of p o r c i n e  g lucagon  ( 2 1 ) .  It  

shou ld  he  n o t e d  t h a t  t h e  a c i d / a m i d e  c o n t e n t  of  g lucagon  w a s  

r e a d i l y  o b t a i n e d  by t h e  enzymat i c  h y d r o l y s i s  p r o c e d u r e .  Detec-  

t i o n  and q u a n t i t a t i o n  o f  a s p a r a g i n e  and g l u t a m i n e  u s u a l l y  re- 

q u i r e  s p e c i a l  b u f f e r s  ( l i t h i u m  c i t r a t e )  and  m o d i f i e d  chromato-  

g raphy  c o n d i t i o n s  ( 2 2 )  when a n a l y s i s  is per fo rmed  by c l a s s i c a l  

ion-exchange me thods .  

The r e s u l t s  

The q u a n t i t a t i o n  o f  m e t h i o n i n e  s u l f o x i d e  i s  a l so  a p rob lem 

f o r  many amino a c i d  a n a l y z e r  s y s t e m s .  However, m e t h i o n i n e  s u l -  

f o x i d e  c o n t e n t  o f  p e p t i d e s  is e a s i l y  d e t e r m i n e d  by the precolumn 

d e r i v a t i z a t i o n  w i t h  9 - p h t h a l d i a l d e h y d e .  

F i g u r e  5 by t h e  e l u t i o n  p r o f i l e  o f  a MSA h y d r o l y s a t c  of  p u r i f i e d  

o x i d i z e d  Met-enkephal in .  The m e t h i o n i n e  s u l f o x i d e  e l u t e s  as a 

T h i s  i s  i l l u s t r a t e d  i n  
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TABLE I 

AMINO A C I D  COMPOSITION OF PORCINE GLUCAGON 

d Amino H C 1  a MSA Enzymatic From 
Acid Hydrolysa te  Hydrolysa te  Hydrolysate '  Sequence 

Aspe 
f Glu 

Asn 

S e r  

H i s  

Gln 

G l Y  

Thr 

Arg 

Ala 

TY r 

T r P  

Met 

V a l  

Phe 

I l e  

Leu 

LY s 

4.0 

3.0 
-_- 
3.8 

0 .9  
--- 
1 . 2  

2.9 

2 .0  

1 . 0  

2 .0  

0.3 

0.9 

1 .0  

2 .0  

0.0 

2 .0  

1 .3  

3 .8  

3.1 
--- 
3 . 6  

0.7 

--- 
1.1 

2.5 

2 . 1  

1 . 2  

2 .0  

0 .8  

0.9 

1.0 

2.0 

0 .o 
2 . 1  

1 .0  

3.2 

0 . 1  

1.1 

3.8 

1.1 

3.2 

1 . 0  

3.0 

2.0 

1 . 0  

1 . 9  

0 .9  

1.1 

1 .0  

1 . 9  

0.0 

2 . 0  

0 .9  

3 

0 

1 

4 

1 

3 

1 

3 

2 

1 

2 

1 

1 

1 

2 

0 

2 

1 

a300 pmol of  p e p t i d e  were hydro lyzed  by H C 1 .  

bl nmol of  p e p t i d e  w a s  hydro lyzed  w i t h  m e t h a n e s u l f o n i c  a c i d  (MSA). 

'500 pmol of  p e p t i d e  were d i g e s t e d  w i t h  aminopept idase  M. 

dThe amino a c i d  sequence used i s  from Bromer et a l .  ( 2 1 ) .  

eAsp -+ Asn f o r  H C 1  and MSA h y d r o l y s a t e s .  

fGlu + G ~ R  f o r  HC1 and MSA h y d r o l y s a t e s .  

R e s u l t s  a r e  t h e  aver -  
age of t h r e e  a n a l y s e s .  

R e s u l t s  a r e  t h e  average  of  two a n a l y s e s .  

are t h e  average  o f  two a n a l y s e s .  
R e s u l t s  
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0.q 

9 
w- 0.4- 
0 

0. 
I 
0 5 10 15 20 25 30 

TIME, min 

F i g u r e  4 .  E l u t i o n  p r o f i l e  o f  a t o t a l  e n z y m a t i c  h y d r o l y s a t e  o f  
g lucagon .  D i g e s t i o n  w a s  accompl i shed  by i n c u b a t i n g  500 pmoles  o f  
t h e  p e p t i d e  w i t h  1 ug o f  a m i n o p e p t i d a s e  M. A 5 UL a l i q u o t  r e p r e -  
s e n t i n g  10% o f  t h e  h y d r o l y s a t e  w a s  d e r i v a t i z e d  and 30% of  t h e  
r e s u l t i n g  d e r i v a t i z a t i o n  m i x t u r e  a p p l i e d  t o  t h e  HPLC column. Con- 
d i t i o n s :  S o l v e n t s  A and B ,  same as i n  F i g u r e  1; g r a d i e n t  program, 
l i n e a r  s t e p  t o  25% B i n  4 min,  i socra t ic  s t e p  a t  25% B o f  5 m i n  
d u r a t i o n ,  l i n e a r  s t e p  t o  80% B i n  9 m i n ,  l i n e a r  s t e p  t o  100% B i n  
2 min; f low r a t e  of  2 .0  mL/min; S c h o e f f e l  FS950 f l u o r e s c e n c e  HPLC 
d e t e c t o r .  I n t e r n a l  s t a n d a r d  ( I . S . )  was 4 -aminobu ty r i c  a c i d .  The 
s i n g l e  le t ter  c o d e ,  H ,  w a s  u s e d  f o r  h i s t i d i n e .  

c h a r a c t e r i s t i c  d o u b l e t .  However, i n  t h e  e l u t i o n  p r o f i l e  shown i n  

F i g u r e  1, i t  e l u t e s  as a s i n g l e t .  The d i s c r e p a n c y  a p p e a r s  t o  re- 

s u l t  f rom t h e  two d i a s t e r e o m e r i c  forms o f  m e t h i o n i n e  s u l f o x i d e .  

The amino a c i d  s t a n d a r d s  i n  F i g u r e  1 were o b t a i n e d  from P i e r c e  

and p resumab ly  c o n t a i n e d  o n l y  one of t h e  d i a s t e r e o m e r i c  forms of  

m e t h i o n i n e  s u l f o x i d e .  T h i s  w a s  f u r t h e r  i n v e s t i g a t e d  by t e s t i n g  

a m e t h i o n i n e  s u l f o x i d e  s t a n d a r d  from Sigma t h a -  c o n t a i n e d  a m i x -  

t u r e  o f  t h e  two d i a s t e r e o m e r s .  A n a l y s i s  o f  t h i s  s t a n d a r d  y i e l d e d  

t h e  c h a r a c t e r i s t i c  d o u b l e t .  F i g u r e  5 a l s o  i n d i c a t e s  t h a t  some o f  

t h e  m e t h i o n i n e  s u l f o x i d e  w a s  r educed  t o  m e t h i o n i n e  d u r i n g  t h e  

h y d r o l y s i s  p r o c e d u r e .  
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AMINO A C I D  ANALYSIS OF PEPTIDES 579 

I n  a d d i t i o n  t o  t h e  u s e  o f  t h i s  chromatography s y s t e m  f o r  

amino a c i d  a n a l y s i s ,  i t s  a p p l i c a b i l i t y  i n  o b t a i n i n g  sequence  d a t a  

w a s  a l s o  e v a l u a t e d .  The methods deve loped  i n c l u d e  d i g e s t i o n  of  

p e p t i d e s  w i t h  c a r h o x y p e p t i d a s e  B (CPB) p l u s  a m i n o p e p t i d a s e  M 

(APM) and c a r b o x y p e p t i d a s e  Y (CPY) t i m e  c o u r s e  h y d r o l y s i s .  The 

u s e  o f  CPB d i g e s t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  6 .  I n  t h i s  example,  

two t r y p t i c  p e p t i d e s  were o h t a i n e d  from e n k e p h a l i n  p r e c u r s o r  

m o l e c u l e s  t h a t  gave i d e n t i c a l  c o m p o s i t i o n s ,  Gly2,Met ,Tyr ,Phe,Arg 

( 2 3 ) .  However, t h e i r  e l u t i o n  p o s i t i o n s  were d i f f e r e n t  as d e t e r -  

mined by t h e i r  chromatography on r e v e r s e  p h a s e  columns. I n  o r d e r  

1.01 

Phe 

4 

1 
0 5 10 15 20 25 30 35 40 41 

TIME, min 

F i g u r e  5.  
e n k e p h a l i n  (Tyr-Gly-Gly-Phe-MSO). The p e p t i d e  (1 nmole) w a s  hydro-  
l y z e d  i n  50 UL o f  4N m e t h a n e s u l f o n i c  a c i d  and t h e n  d i l u t e d  t o  a 
volume of 100 pL w i t h  4N NaOH. A 5 pL a l i q u o t  o f  t h e  h y d r o l y s a t e  
was d e r i v a t i z e d  and 20% o f  t h e  r e s u l t i n g  d e r i v a t i z a t i o n  m i x t u r e  
a p p l i e d  t o  t h e  HPLC column. C o n d i t i o n s :  S o l v e n t s  A and  B, same 
as i n  F i g u r e  1, g r a d i e n t  program, l i n e a r  s t e p  t o  25% B i n  7.5 
min,  i s o c r a t i c  s t e p  a t  25% B of  9 min d u r a t i o n ,  l i n e a r  s t e p  t o  
100% B i n  2 3  m i n ;  f l o w  ra te  of 1 . 0  mL/min; S c h o e f f e l  FS970 f l u -  
o r e s c e n c e  HPLC d e t e c t o r .  Me th ion ine  s u l f o x i d e  (MSO) e l u t e s  as a 
d o u b l e t  due t o  t h e  r e s o l u t i o n  o f  i t s  two d i a s t e r e o m e r i c  forms.  
Composi t ion w a s  c a l c u l a t e d  t o  b e  MSO, 0 .9  r e s i d u e s ;  G ly ,  1 .9  resi- 
d u e s ;  Tyr ,  1.1 r e s i d u e s ;  Met,  0 . 2  r e s i d u e s ;  Phe,  0 .9  r e s i d u e s .  

E l u t i o n  p r o f i l e  of a n  a c i d  h y d r o l y s a t e  of o x i d i z e d  Met- 
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0.0 til. I, L '"GI\ 

I.'. 

jl 
I I I 

10 20 30 10 20 30 10 20 3c 

TIME, min 

F i g u r e  6 .  E l u t i o n  p r o f i l e s  o f  c a r b o x y p e p t i d a s e  B (CPB) d i g e s t s  
o f  two Met-enkephalin-containing p e p t i d e s .  A ,  D i g e s t  b l ank :  25 ng 
CPB i n  25 pL o f  d i g e s t i o n  b u f f e r ,  5 pL a l i q u o t  d e r i v a t i z e d  and 
a p p l i e d  t o  HPLC column. B,  D i g e s t  o f  Arg-Tyr-Gly-Gly-Phe-Met, 
125 pmoles o f  p e p t i d e  i n  25 uL of d i g e s t i o n  b u f f e r  c o n t a i n i n g  25 
ng CPB, 5 pL a l i q u o t  d e r i v a t i z e d  and a n a l y z e d .  C ,  D i g e s t  o f  Tyr- 
Gly-Gly-Phe-Met-Arg, 150 pmoles of p e p t i d e  i n  25 pL of d i g e s t i o n  
b u f f e r  c o n t a i n i n g  25 ng  CPB, 5 UL a l i q u o t  d e r i v a t i z e d  and ana lyzed .  
The d i g e s t i o n  b u f f e r  c o n t a i n e d  4-aminobutyr ic  a c i d  (5 pmol/uL) as 
an i n t e r n a l  s t a n d a r d  (1.S.). Peak "a" i s  c o n t r i b u t e d  by t h e  d e r i -  
v a t i z i n g  r e a g e n t .  C o n d i t i o n s :  i d e n t i c a l  t o  t h o s e  i n  F i g u r e  3 .  

t o  de t e rmine  t h e  s t r u c t u r a l  d i f f e r e n c e  i n  t h e  two p e p t i d e s ,  each  

was d i g e s t e d  w i t h  CPB. For  one of  t h e  p e p t i d e s ,  no d e t e c t a b l e  

amino a c i d s  were r e l e a s e d  ( F i g u r e  6 B )  a f t e r  comparison t o  t h e  

a n a l y s i s  o f  t h e  enzyme b l a n k  ( F i g u r e  6 A ) ,  b u t  CPB d i d  release one 

r e s i d u e  o f  a r g i n i n e  from t h e  o t h e r  t r y p t i c  p e p t i d e  i n d i c a t i n g  t h a t  

t h i s  w a s  t h e  ca rhoxy l - t e rmina l  r e s i d u e .  These  r e s u l t s  were l a t e r  

confirmed by sequence  a n a l y s i s  which de te rmined  t h e  amino a c i d  

sequence of each  t r y p t i c  p e p t i d e  (23) ( s e e  F i g u r e  6 ) .  

Amino-terminal s equenc ing  w i t h  A P M  i s  i l l u s t r a t e d  i n  

F i g u r e  7. I n  t h i s  example,  Met-enkephalin w a s  d i g e s t e d  w i t h  A P M  

and t imed a l i q u o t s  removed f o r  a n a l y s i s .  From F i g u r e  7 ,  i t  can  

be  s e e n  what t y r o s i n e  i s  t h e  f i r s t  amino a c i d  t o  be  r e l e a s e d  
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fol lowed by g l y c i n e .  Methionine and p h e n y l a l a n i n e  are r e l e a s e d  

s imul taneous ly .  Thus, t h e  release d a t a  are cons is te -n t  w i t h  t h e  

known amino a c i d  sequence o f  Met-enkephalin, Tyr-Gly-Gly-Phe-Met. 

Carboxyl- terminal  sequencing w i t h  CPY i s  i l l u s t r a t e d  i n  

F igure  8. I n  t h i s  example, Met-enkephalin-Arg6-Phe 7 w a s  d i g e s t e d  

w i t h  t h e  enzyme and t h e  r e l e a s e d  amino a c i d s  i d e n t i f i e d  and quan- 

t i t a t e d .  The d a t a  o b t a i n e d  from t h e  HPLC a n a l y s e s  are p r e s e n t e d  

i n  F igure  9 i n  t h e  form o f  a t i m e  c o u r s e  release p l o t  and e s t a b -  

l i s h e d  t h e  carboxyl - te rmina l  sequence o f  t h e  p e p t i d e  as -Gly-Phe- 

Met-Arg-Phe. 

T h i s  chromatography sys tem h a s  o t h e r  a p p l i c a t i o n s .  For  exam- 

p l e ,  f r e e  amino a c i d s  r e l e a s e d  d u r i n g  t r y p t i c  d i g e s t i o n  o f  pep- 

t i d e s  and p r o t e i n s  are r e a d i l y  i d e n t i f i e d  and q u a n t i t a t e d .  In 

TIME, min 

F i g u r e  7. E l u t i o n  p r o f i l e s  of aminopept idase M (APM) t i m e  c o u r s e  
h y d r o l y s i s  o f  Met-enkephalin (Tyr-Gly-Gly-Phe-Met). P e p t i d e  ( 1  
nmole) w a s  d i s s o l v e d  i n  50 VL o f  d i g e s t i o n  b u f f e r  c o n t a i n i n g  50 ng 
APM and 20 pmol/pL 4-aminobutyric a c i d  as i n t e r n a l  s t a n d a r d  (I.S.). 
Timed 5 UL a l i q u o t s  were d e r i v a t i z e d  and 10% of t h e  r e s u l t i n g  d e r i -  
v a t i z a t i o n  m i x t u r e s  a p p l i e d  t o  t h e  HPLC column. A ,  4-min a l i q u o t ;  
B,  30-min a l i q u o t ;  C ,  180-min a l i q u o t .  Condi t ions :  i d e n t i c a l  t o  
t h o s e  i n  F igure  3. 
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a 
0.4- 

w 
0 z 
w 
M 0.3- 
w 
LT 

B 

Phe 

C 

Arg Phe 

D 

Phe 

I I I I 
10 20 30 10 20 30 10 20 30 10 20 30 

TIME, min 

F i g u r e  8 .  E l u t i o n  p r o f i l e s  o f  ca rbox  p e p t i d a s e  Y (CBY) t i m e  c o u r s e  
h y d r o l y s i s  o i  Mer-enkephalin-Arg'--Fhej: (Tyr-Gly-Gly-Phe-Met-Arg- 
Phe) .  P e p t i d e  (360 pmol) was d i s s o l v e d  i n  60 pL of d i g e s t i o n  b u f f e r  
c o n t a i n i n g  500 ng CPY and 2 pmol/pL 4-aminobu ty r i c  a c i d  as i n t e r -  
n a l  s t a n d a r d  ( I . S . ) .  Timed 5 pL a l i q u o t s  w e r e  d e r i v a t i z e d  and  
a n a l y z e d .  A, 2-min a l i q u o t ;  B ,  8-min a l i q u o t ;  C ,  60-min a l i q u o t ;  
D ,  600-min a l i q u o t .  Peak "a" i s  c o n t r i b u t e d  by t h e  d e r i v a t i z i n g  
r e a g e n t .  MSO r e p r e s e n t s  m e t h i o n i n e  s u l f o x i d e .  C o n d i t i o n s :  i den -  
t i c a l  t o  t h o s e  i n  F i g u r e  1. 

a d d i t i o n ,  t h e  homose r ine  c o n t e n t  of cyanogen bromide f r a g m e n t s  i s  

r e a d i l y  de t e rmined  by amino a c i d  a n a l y s i s  u s i n g  t h i s  precolumn 

d e r i v a t i z a t i o n  p rocedure .  The method also h a s  t h e  p o t e n t i a l  f o r  

many o t h e r  a p p l i c a t i o n s  such  as t h e  d e t e r m i n a t i o n  of  f r e e  amino 

a c i d s  i n  b i o l o g i c a l  f l u i d s  ( 1 3 , 1 4 ) .  A v a r i e t y  o f  p r i m a r y  amines 

o f  b i o l o g i c a l  impor t ance  c o u l d  c o n c e i v a b l y  b e  i d e n t i f i e d  and  

q u a n t i t a t e d  by t h i s  method. These i n c l u d e  t a u r i n e ,  4-amino- 

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

e p i n e p h r i n e  as w e l l  as o t h e r s .  

appea red  d e s c r i b i n g  p r o c e d u r e s  f o r  t h e  a n a l y s i s  o f  some o f  t h e s e  

components (13-15,24,25) .  

S e v e r a l  r e p o r t s  have  a l r e a d y  
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Phe 
v A r g  

Mot  

G l y  

20 40 60 a0 100 

TIME, min 

F i g u r e  9 .  T i m e  course  release p l o t  f o r  t h e  carboxypept idase  Y 
d i g e s t i o n  of Met-enkephalin-Arg6-Phe7. Carboxyl- terminal  sequence 
e s t a b l i s h e d  by release d a t a  i s  -Gly-Phe-Met-Arg-Phe-COOH. 

CONCLUSIONS 

The use of  precolumn d e r i v a t i z a t i o n  o f  amino a c i d s  w i t h  0- 

phtha ld ia ldehyde  and t h e i r  subsequent  s e p a r a t i o n  by r e v e r s e  phase  

HPLC p r o v i d e s  a n  e x c e l l e n t  method for the amino a c i d  a n a l y s i s  and 

sequence d e t e r m i n a t i o n  of  p e p t i d e s .  The d e r i v a t i z a t i o n  procedure  

i s  r a p i d ,  i s  performed i n  an aqueous medium, r e q u i r e s  few t r a n s -  

f e r  s t e p s ,  and y i e l d s  s t r o n g 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 

s e p a r a t i o n  procedure  i s  h i g h l y  r e p r o d u c i b l e  and r a p i d  when com- 

pared  t o  c u r r e n t  amino a c i d  a n a l y z e r s .  The c o s t  p e r  a n a l y s i s  i s  

c o n s i d e r a b l y  less i n  comparison t o  post-column procedures  i n  

which t h e  d e r i v a t i z i n g  r e a g e n t  i s  added i n  a cont inuous  manner. 

Three major  d i sadvantages  t o  t h i s  procedure  are t h e  l o w  

response  of  c y s t e i n e ,  l y s i n e ,  and hydroxylys ine ,  t h e  l a c k  of  re- 
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a c t i o n  w i t h  t h e  secondary amino a c i d s ,  p r o l i n e  and hydroxyprol ine ,  

and t h e  decay i n  f l u o r e s c e n c e  of  t h e  d e r i v a t i z e d  amino a c i d s .  

The response  of  l y s i n e  and hydroxylys ine  w a s  improved by t h e  

a d d i t i o n  of  sodium dodecyl  s u l f a t e  t o  t h e  d e r i v a t i z i n g  reagent .  

Cys te ine  can be r e a d i l y  d e t e c t e d  as c y s t e i c  a c i d  o r  carboxymethyl 

c y s t e i n e  fo l lowing  performic a c i d  o x i d a t i o n  o r  carboxymethylat ion 

(26) .  The problem o f  t h e  d e t e c t i o n  of  p r o l i n e  and hydroxyprol ine  

r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  The e f f e c t  of  f l u o r e s c e n c e  de- 

cay can he minimized by s t r i c t  a t t e n t i o n  t o  t h e  r e a c t i o n  t i m e  be- 

f o r e  i n j e c t i o n .  
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