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S t u d i e s  of p r o t e i n  photochemistry and s t r u c t u r e  by h i g h  r e s o l u t i o n  luminescence 
spec t roscopy have been l i m i t e d  by poor d e t e c t i o n  o f  t y r o s i n e  ( T y r )  i n  t h e p r e s e n c e  
of t ryptophan  ( T r p )  r e s i d u e s .  The e x c i t a t i o n  s p e c t r a  and t h e  broad f luorescence  
s p e c t r a  of t h e s e  two amino a c i d s  o v e r l a p  s t r o n g l y ,  e s p e c i a l l y  s i n c e  a b lue  s h i f t  
i n  Trp emiss ion  is o f t e n  observed i n  p r o t e i n s .  S p e c t r a  wi th  narrower bandwidthand 
greater s p e c i f i c i t y  may, however, be produced by synchronous scanning  f luor imet ry  
(Lloyd 
f i x e d  wavelength i n t e r v a l  (AX) are scanned s imul taneous ly .  The i n t e r v a l  AX 
r e p r e s e n t s  a unique f l e x i b l e  e lement  for s p e c t r a l  r e s o l u t i o n  (Miller 
t h e  p r e s e n t  s t u d y ,  t h i s  new approach i n  a n a l y t i c a l  b iochemis t ry  h a s  been combined 
w i t h  second d e r i v a t i v e  f l u o r i m e t r y  t o  g e n e r a t e  t y p i c a l  p r o f i l e s  for  
c h a r a c t e r i s a t i o n  o f  p r o t e i n s  by t h e i r  aromatic amino a c i d  r e s i d u e s .  
F u l l y  c o r r e c t e d  synchronous scanning  o f  b i n a r y  mixtures  of Tyr and Trp i n  0.1M 
T r i s  HC1 b u f f e r  (pH 7 . 4 )  ( s o l v e n t  A )  g e n e r a t e s  a s i n g l e  s h a r p  Tyr peak a t  t h e  
emiss ion  wavelength ( X f )  294nm f o r d 1  a t  1Onm ( s p e c t r a l  bandwidth 2 . 0 m  for 
both  monochromators). With AX a t  7Onm, two over lapping  peaks are observed which 
correspond to  Tyr (Xp 300nm) and Trp (Xf = 350nm). C a l i b r a t i o n  graphs  f o r b i n a r y  
combinat ions of Tyr (AX = 1Onm) and Trp (AX 7 0 m )  a t  a t o t a l  c o n c e n t r a t i o n  of 
1 0 p  were l i n e a r  and passed through t h e  o r i g i n ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  
be ing  0.9998 and 0.9990 r e s p e c t i v e l y  ( n  6 ) .  The luminescence i n t e n s i t y  of each 
component was mutual ly  independent .  For t h e  t e r n a r y  system w i t h  phenyla lan ine  
(Phe)  , synchronous scanning  w i t h  AX a t  3nm permi ts  r e s o l u t i o n  of Phe (Xf = 268nm) 
overlapped by Tyr (Xf 287nm). However, t h e  low quantum y i e l d  of Phe limits its 
d e t e c t i o n  t o  10 pM i n  t h i s  system. Linear  f u n c t i o n s  of luminescence i n t e n s i t y  
observed for Phe (10 t o  50 @) and Tyr (0 t o  5 pM) i n  t e r n a r y  mixtures  wi th  5 
Trp were mutual ly  independent .  

WithAX a t  3nm f o r  Tyr and 70nm for Trp,  t h e  synchronous s p e c t r a  of d i l u t e  well- 
def ined  n a t i v e  p r o t e i n s  i n  s o l v e n t  A were compared w i t h  t h o s e  f o r  p r o t e i n s  
dena tured  by 5.4M guanid ine  HC1 ( s o l v e n t  B ) ,  and t h e  c h a r a c t e r i s t i c  Xf v a l u e s  and 
molar r a t i o s  o f  Tyr:Trp recorded .  Phe r e s i d u e s  were n o t  d e t e c t e d  i n  t h e s e p r o t e i n s .  

1971) ,  where t h e  e x c i t a t i o n  and emission monochromators s e p a r a t e d  by a 

1979). I n  

Concanavalin A Human T r a n s f e r r i n  Ovalbumin Bovine Serum Albumin 

S o l v e n t  A B A B A B  A !a 
~~ 

Xf nm ( T y r )  295 290 294 288 289 288 291 288 

Xf nm ( T r p )  340 350 339 352 342 345 345 345 
molar  r a t io  1 .2  1.4 2.0 2 .5  1 . 1  2.0 0 .8  3.8 

The Trp r e s i d u e s  are r e d - s h i f t e d  i n  denatured p r o t e i n s ,  f o r  which Tyr:Trp r a t i o s  
agree well wi th  s t r u c t u r a l  d a t a ,  e x c e p t  for bovine serum albumin,  where m u l t i p l e  
s u l p h i d e  bonds may h i n d e r  complete d e n a t u r a t i o n .  Transformation o f  t h e  synchronous 
spectrum (AX 70m) t o  its second d e r i v a t i v e  u s i n g  a n  a n a l o g  m i c r o p r o c e s s o r g i v e s  
e x c e l l e n t  and more r a p i d  r e s o l u t i o n  o f  t h e  Tyr and Trp peaks i n  a single spectrum, 
w i t h  s i g n i f i c a n t  r e d u c t i o n  of i n t e r f e r e n c e  by t h e  f l u o r e s c e n t  m a t r i x .  These 
techniques  have a l s o  been a p p l i e d  t o  s t u d i e s  on h m n  serum albumin,  lysozyme and 
t h e  t y r o s i n e - r i c h  p r o t e i n s  r i b o n u c l e a s e  A and bovine i n s u l i n .  Synchronous scanning 
and i ts  second d e r i v a t i v e  a n a l o g  o f f e r  a r a p i d  and s e n s i t i v e  luminescence probe 
f o r  s t u d i e s  on drug-protein i n t e r a c t i o n s .  
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