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INTERACTION OF GLUTAMATE ~HYDRO~NASE WITH FLUORESCENT DYES 
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Depa r tmen t  of  B i o c h e m i s t r y ,  U n i v e r s i t y  of  O x f o r d ,  E n g l a n d .  

R e c e i v e d  A p r i l  20, 1967 

The binding of the dye bromothymol blue has been advocated 

a s  a S imple  t e s t  f o r  t h e  c a p a c i t y  of  a l i g a n d  t o  i n d u c e  a t r a n ~ s i t i o n  

of  s t a t e  i n  a p r o t e i n  and  a s  an  i n d e p e n d e n t  method  of  s t u d y i n g  

t h e  b i n d i n g  of e f f e c t o r s  t o  a l l o s t e r i c  p r o t e i n s .  (Ul lman ,  

y a g e l o s  and Monod, 1964) .  

We now r e p o r t  our  s t u d i e s  on the  b i n d i n g  of  s e v e r a l  

f l u o r e s c e n t  dyes  t o  b e e f  l i v e r  g l u t a m a t e  d e h y d r o g e n a s e  (L-  

g lu tamate-NADP o x i d o r e d u c t a s e  ( d e a m i n a t i n g ) ,  EC 1 . 4 . 1 . 3 )  (GDH), 

one of  w h i c h  ( 1 - a n i l i n o - 8 - n a p h t h a l e n e  s u l p h o n a t e ,  A ~ )  c a n  be 

u s e d  a s  a p robe  f o r  d e t e c t i n g  some t r a n s i t i o n s  of  s t a t e  i n  t h e  

enzyme.  

The b i n d i n g  of  c a r e f u l l y  p u r i f i e d  e o s i n  (which  i s  known t o  

be an  i n h i b i t o r  of  GDH, Wol f f  and  W o l f f ,  1957) i s  t y p i c a l  of  

f l u o r e s c e i n  d y e s .  I t  o c c u r s  a t  r e l a t i v e l y  few s i t e s ,  some of  

wh ich  a p p e a r  c o m p e t i t i v e  w i t h  ADP b i n d i n g  s i t e s  (Tab le  I ) .  

These  r e s u l t s  were  o b t a i n e d  by m e a s u r i n g  t h e  f l u o r e s c e n c e  

p o l a r i s a t i o n  of  e o s i n  on b i n d i n g  and a n a l y s i n g  t h e  t i t r a t i o n  

c u r v e s  by S c a t c h a r d ' s  method  ( S c a t c h a r d ,  Coleman and  S h e n ,  1 9 5 7 ) .  

Of t h e  e f f e c t o r s  o n l y  ADP seems t o  have  a s i g n i f i c a n t  

e f f e c t  on e o s i n  b i n d i n g .  T h i s  may be a c c o u n t e d  f o r  by t h e  

s u g g e s t i o n  t h a t  t h e  ADP and  GTP b i n d i n g  s i t e s  a r e  n o t  i d e n t i c a l  

(Coleman and F r i e d e n ,  1966 ) ,  p a r t i c u l a r l y  s i n c e  GTP b i n d i n g  i s  
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TABLE I 

B i n d i n g  of E o s i n  t o  GDH 

Added s u b s t a n c e  Number of b i n d i n g  Average  K 
s i t e s / 4 0 0 , 0 0 0  s u b u n i t  a s s o c i a t i o n  

(M -I ) 

None 2.5 3.5 x l0 5 

1 mM L-Glutamate 2.4 3.0 x 10 5 

1 mM GTP 2.1 2.6 x 10 5 

1 mM ADP i.i 1.6 x 105 

1 mM NAD 2.8 I.i x 105 

0.2 mM diethyl 
stilbestrol 2.6 3.6 x 105 

Experimental conditions : GDH 9 mg/ml titrated with eosln 
in 0.1 M phosphate buffer, ~H 7.7. Limiting value obtained 
by titretlng eosln (2 x 10 -~ M) with GDH. 

s t r o n g e r  t h a n  t h a t  of  ADP i n  t he  p r e s e n c e  of  NADPH ( F r i e d e n ,  

1963) .  I t  i s  a l s o  l i k e l y  t h a t  t h e  b i n d i n g  of d i e t h y l  s t i l b e s t r o l  

also occurs at a different site from ADP. The inhibition by 

eosin is reversed by ADP, and eosin binding can also be reversed 

by dilutlon or gel filtration. Because of the ready photo- 

reducibility of fluorescein dyes by NADH the effect of this 

coenzyme on eosin binding could not be investigated. 

A~ which has been shown to be a suitable probe for 

hydrophobic binding sites (Stryer, 1965; Daniel and Weber, 

1966) is an inhibitor of both glutamate and alanine dehydrogenase 

activities of GDH. At high concentration this dye also promotes 

the polymer-monOmer dissociation of GDH. (It should be noted 

that the term monomer is used for the 400,000 subunit of GDH 

which is made up of several peptide units). This dissociation 

is facilltated by NADH. A~ at low concentrations has relatively 

llttle effect on the enzyme although it is bound to the protein 

501 



Vol. 27, No. 4, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

as shown by a large increase in its fluorescence quantum yield. 

(A 6-fold increase in fluorescence at 2 ~MANS and 2 mg/ml GDH). 

At an ANS concentration of 2 ~M less than 1 mole of AM is 

bound per mole of enzyme at enzyme concentrations shown in 

Table II. Protein transitions of state then can be detected 

by t i t r a t i n g  t h e  enzyme w i t h  e f f e c t o r  i n  t h e  p r e s e n c e  o f  2 ~M 

ANS. The f l u o r e s c e n c e  i n t e n s i t y  of  t h e  ANS-enzyme c o m p l e x  i s  

u n a f f e c t e d  by  e i t h e r  NADH o r  GTP a l o n e  b u t  ~t  i n c r e a s e s  ( i n d i c a t i n g  

i n c r e a s e d  A~S b i n d i n g )  when t i t r a t e d  w i t h  NADH i n  t h e  p r e s e n c e  

o f  GTP o r  w i t h  GTP i n  t h e  p r e s e n c e  of  NADH ( F i g .  1 a nd  2 ) .  T h e s e  

c h a n g e s  t a k e  p l a c e  o v e r  t h e  same NADH c o n c e n t r a t i o n  r a n g e  a s  t h e  

c h a n g e s  o b s e r v e d  i n  t h e  ORD p r o p e r t i e s  o f  GDH ( B a y l e y  a n d  Radda ,  

1966)  The s i g m o i d i c i t y  o f  t h e  c u r v e s  i s  d e p e n d e n t  on t h e  r e l a t i v e  

c o n c e n t r a t i o n  of  t h e  e f f e c t o r  t o  c o e n z y m e .  T h i s  i s  c o n s i s t e n t  

w i t h  h e t e r o t r o p i c  i n t e r a c t i o n s  b e t w e e n  NADH a n d  GTP. (Monod, 
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Fig. i. Titration of GDH with GTP in the 
presence of 2~{ANS and NADH. 

squares: NADH 6,1 x 10-~M 
circles: NADH 6.1 x 10-7M 
GDH concentr~tlon i mg./ml,~excltation 410 m~ 
~emission 550 m~ (NADH contribution to 
fluorescence under these conditions is small). 
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F i g .  2. T i t r a t i o n  o f  GDH w i t h  NADH i n  
t h e  p r e s e n c e  o f  2 ~ A N S  and  GTP 

squares: GTP IO-3M 
solid circles: GTP 10-4M 
open circles: no GTP 

Wyman a n d  C h a n g e u x ,  1 9 6 5 ) .  S i m i l a r  t r a n s i t i o n s  a r e  c a u s e d  

by GTP i n  t h e  p r e s e n c e  of  NADPH a n d  by d i e t h y l  s t i l b e s t r o l  o r  

p h e n a n t h r t d i n e  i n  t h e  p r e s e n c e  of  NADH. ADP r e v e r s e s  t h e  GTP 

e f f e c t  w h i l e  t h e  NAD-GTP, NAD-NADH o r  ATP-NADH c o u p l e s  h a v e  

no e f f e c t  on ANS b i n d i n g .  ( T a b l e  I I ) .  

The d e t a i l e d  i n t e r p r e t a t i o n  of  ou r  r e s u l t s  w i l l  be  p r e s e n t e d  

e l s e w h e r e .  We b e l i e v e  t h a t  t h e  o b s e r v e d  i n c r e a s e s  i n  A ~  b i n d i n g  

a r e  n o t  a r e s u l t  of  t h e  d i s s o c i a t i o n  of t h e  enzyme i n t o  s u b u n i t s ,  

a s  t h e s e  c h a n g e s  a r e  o b s e r v a b l e  a t  enzyme c o n c e n t r a t i o n  w h e r e  ~ H  

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

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

t h e  e a s e  of o b s e r v a t i o n  of  t h e  t r a n s i t i o n s ,  ou r  m e t h o d  i s  s e n s i t i v e  

e n o u g h  t o  s t u d y  t h e  c h a n g e s  a t  l o w e r  enzyme c o n c e n t r a t i o n s  t h a n  i s  

p r a c t i c a b l e  w i t h  ORD or  s p e c t r o s c o p y  ( B a y l e y  a n d  Radda ,  1966)  a n d  

t h u s  may p r o v i d e  a l i n k  b e t w e e n  k i n e t i c  a nd  p h y s i c a l  s t u d i e s .  
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Tab le  I I .  

The e f f e c t  of  i n h i b i t o r s  on ANS b i n d i n g  t o  GDH 

enzyme Added Ligand used Ligand concen- total fluor- 
concentration substance in titration tratlon at escence 

(mg/ml) half point enhancement 
(~M) 

0,i 10 -4 M NADH GTP 30 1.7 

1.0 6.1 x 10 -5 M NADH GTP 12 1.3 

1.0 6.1 x 10 -6 M NADH GTP 20 1.9 

1.0 6.0 x I0~ 7 M NADH GTP 200 1.5 

1.0 6.1 x 10 -5 M NADH + 
5 x 10 -3 M NAD GTP 30 1.3 

0.1 10 -4 M NADH + 
10 -3 M GTP ADP 480 0.4 

i~0 10 -3 M NADPH GTP 13 1.4 

0.i 10 -4 M NADH dlethyl 
stilbestrol 6 2.0 

0.1 10 -4 M NADH phenanth- 
rldlne 60 l.S 

2.0 9.3 x 10 -4 M GTP NADH 20 3.0 

2.0 9.3 x 10 -5 M GTP NADH SO 3.0 

2.0 none NADH (up to 
8 x 10 -4 M) none 

C o n d i t i o n s :  0 . 1 M  p h o s p h a t e  b u f f e r ,  pH 7, 7 in,  t h e  p r e s e n c e  of 
2 x i0 -v M A~S. 
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