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T H E  A N A L Y S I S  OF A R O M A T I C  A M I N O  A C I D S  BY SECOND AND FOURTH 
D E R I V A T I V E  UV-SPECTROSCOPY 

A.F. F e l l ,  Depar tment  of Pharmacy, H e r i o t - W a t t  U n i v e r s i t y ,  79 G r a s s m a r k e t ,  
E d i n b u r g h  E H 1  2HJ 

The a s s a y  by UV-spec t roscopy of m i x t u r e s  o f  a r o m a t i c  amino  a c i d s  i n  s o l u t i o n  is 
c o m p l i c a t e d  by s e r i o u s  s p e c t r a l  o v e r l a p  of t h e  c h r o m o p h o r e s .  The a d v e n t  o f  simple 
e l e c t r o n i c  a n a l o g  d e v i c e s  fo r  r a p i d l y  p r o c e s s i n g  U V - v i s i b l e  s p e c t r a  t o  g e n e r a t e  
t h e  f i r s t ,  s e c o n d  o r  h i g h e r  d e r i v a t i v e  of s p e c t r a l  band  a b s o r b a n c e  w i t h  r e s p e c t  
t o  w a v e l e n g t h ,  p r e s e n t s  a n  a l t e r n a t i v e  means f o r  d e c o n v o l u t i o n  o f  o v e r l a p p i n g  
b a n d s  (O'Haver & Green  1976;  F e l l  1 9 7 8 ) .  D e r i v a t i v e  s p e c t r o s c o p y  offers  enhanced  
r e s o l u t i o n  o f  L - p h e n y l a l a n i n e  ( P h e ) ,  L - t y r o s i n e  ( T y r )  a n d  L - t r y p t o p h a n  ( T r y ) ,  
a n d  p e r m i t s  t h e i r  q u a n t i t a t i v e  a s s a y  i n  i n j e c t i o n s  f o r  p a r e n t e r a l  n u t r i t i o n .  

The s e c o n d  d e r i v a t i v e  UV-spec t ra  o f  i n d i v i d u a l  a q u e o u s  s o l u t i o n s  of Phe and  T r y  
d i s p l a y  a c h a r a c t e r i s t i c  series of i n v e r t e d ,  s h a r p  p e a k s .  I n  b i n a r y  m i x t u r e s  t h e  
a m p l i t u d e s  a t  254 nm ( P h e )  a n d  286  nm ( T r y )  are  l i n e a r  w i t h  c o n c e n t r a t i o n  a n d p a s s  
t h r o u g h  t h e  o r i g i n .  The 95% c o n f i d e n c e  l i m i t s  ( n  = 7 )  for Phe  were 1.00 2 0.017mM 
a n d  for  Try  t h e y  were 0.300 -+ 0 . 0 0 6  mM.  A t  a c o n s t a n t  l e v e l  of T r y  ( 0 . 2 9 4  m M )  
t h e  a m p l i t u d e  m e a s u r e  a t  286  nm was u n a f f e c t e d  by Phe  c o n c e n t r a t i o n  f rom 0 . 2  t o  
1 . 4  mM. A t  a c o n s t a n t  Phe  l e v e l  o f  1.00 mM, t h e  a m p l i t u d e  a t  254 nm i n c r e a s e d  by 
2.0% when t h e  T r y  c o n c e n t r a t i o n  was i n c r e a s e d  t o  0 . 4  mM. A b a t c h  o f  i n j e c t i o n s  
c o n t a i n i n g  t h e s e  amino  a c i d s  was a s s a y e d  by s e c o n d  d e r i v a t i v e  s p e c t r o s c o p y ,  u s i n g  
a c o m p o s i t e  s t a n d a r d  a t  d e c l a r e d  f o r m u l a t i o n  s t r e n g t h  (10 .0  mM P h e ,  2 .94  mM T r y )  
t o  compensa te  t h e  s l i g h t  d e p e n d e n c e  o f  t h e  Phe a m p l i t u d e  on T r y  c o n c e n t r a t i o n .  
R e c o v e r i e s  r e l a t i v e  t o  l a b e l  s t r e n g t h  were 96.1% ( P h e )  a n d  101 .0% ( T r y ) ,  t h e  
r e l a t i v e  s t a n d a r d  d e v i a t i o n s  ( n  = 8 )  b e i n g  1.74% and 0.66% r e s p e c t i v e l y . L o w  
l e v e l s  o f  p y r i d o x i n e  a n d  n i c o t i n a m i d e  i n  t h e  f o r m u l a t i o n  d i d  n o t  i n t e r f e r e .  

T e r n a r y  m i x t u r e s  of t h e  a r o m a t i c  a m i n o  a c i d s  may b e  a s s a y e d  by  s e c o n d  d e r i v a t i v e  
UV-spec t roscopy a f te r  d i l u t i o n  w i t h  0 . 1  M N a O H ,  when T y r  u n d e r g o e s  a b a t h o c h r o m i c  
s h i f t ,  d i s p l a c i n g  i ts  band away f rom T r y  and  t h e r e b y  r e d u c i n g  t h e i r  m u t u a l  
i n t e r f e r e n c e .  A t  240 nm T y r  d i s p l a y s  a b r o a d  peak  w i t h  an x n p l i t u d e  which is 
l i n e a r  w i t h  c o n c e n t r a t i o n  i n  t e r n a r y  m i x t u r e s ,  b u t  which  y i e l d s  a large p o s i t i v e  
i n t e r c e p t  on t h e  Y - a x i s .  The r e s p e c t i v e  a m p l i t u d e s  a t  254 nm a n d  286 nm f o r  Fhe 
a n d  T r y  were l i n e a r  w i t h  c o n c e n t r a t i o n ,  t h e  95% c o n f i d e n c e  limits b e i n g  
1 .00 2 0.055 mM ( P h e )  a n d  0 . 2 5 0  2 0.007 mM ( T r y ) .  The a m p l i t u d e  f o r  Phe showed a 
s l i g h t  dependence  on T r y  a n d  T y r  c o n c e n t r a t i o n s .  When a p p l i e d  t o  t e r n a r y  a q u e o u s  
s t a n d a r d s ,  r e c o v e r i e s  were as follows: i mM Phe 9 5 . i ; L ;  0 . 2 5  mM T r y  9 9 . 3 % ;  
0 .06 mM Tyr 94 .4%.  
I n  f o u r t h  d e r i v a t i v e  s p e c t r a  o f  t e r n a r y  amino  a c i d  m i x t u r e s  i n  0.1M N a O H ,  t h e  
T y r  s i g n a l  a t  2 4 0 n i ~ )  w a s a b s e n t ,  w h e r e a s  t h e  d e r i v a t i v e  peaks for Phe a t  254 nm 
a n d  T r y  a t  286 nm were s h a r p e r ,  b e t t e r  r e s o l v e d  a n d  i n d e p e n d e n t  of e a c h  o t h e r .  
Under t h e s e  c o n d i t i o n s ,  r e c o v e r i e s  f rom t e r n a r y  m i x t u r e s  o f  s t a n d a r d s  were 
102.1% ( P h e )  and  99 .8% ( T r y ) .  Second and  r e s p e c t i v e l y  f o u r t h  d e r i v a t i v e  
s p e c t r o s c o p i c  a s s a y s  of a series of i n j e c t i o n s  c o n t a i n i n g  t h e  t h r e e  a r o m a t i c  
amino  a c i d s  Eave a v e r a g e  r s c o v e r i e s  a s  f o l l o w s :  Phe  9 4 . 3 %  ( 4 t h :  9 3 . 1 % ) ;  Try  91 .5% 

Second and  f o u r t h  d e r i v a t i v e  s p e c t r a  of some p r o t e i n s ,  i n c l u d i n g  d i h y d r o f o l a t e  
r e d u c t a s e ,  DNA-ase, RNA-ase and  b o v i n e  serum a l b u m i n ,  p r e s e n t  a s e n s i t i v e  
q u a l i t a t i v e  p r o f i l e  f o r  c o n f i r m a t i o n  o f  i d e n t i t y  ( F e l l  1 9 7 9 ) .  The f ree  a r o m a t i c  
a m i n o  a c i d  l e v e l s  i n  d e p r o t e i n i s e d  p lasma may a l s o  b e  a s s a y e d  i n  cases of 
p h e n y l k e t o n u r i a  and  h y p e r t y r o s i n a e m i a .  
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