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C o n f o r m a t i o n a l  c h a n g e s  i n  y e a s t  e n o l a s e  w e r e  i n v e s t i g a t e d  u s i n g  s t e a d y  
s t a t e  q u e n c h i n g  a n d  d y n a m i c  ( f l u o r e s c e n c e  d e c a y  a n d  f i u o r e s c e n c e  
a n i s o t r o p y  d e c a y )  m e a s u r e m e n t s .  T h e  t r y p t o p h a n  f l u o r e s c e n c e  r o t a t i o n a l  
c o r r e l a t i o n  t i m e  i n c r e a s e s  f r o m  24 t o  38 n s  on  s u b u n i t  a s s o c i a t i o n .  T h e  
a c r y l a m i d e  q u e n c h i n g  c o n s t a n t  d e c r e a s e s  t w o - f o l d  w h e n  t h e  s u b u n i t s  
a s s o c i a t e .  T h e  c o n f o r m a t i o n a I  m e t a l  i o n  e f f e c t  s u g g e s t s  a m o r e  c o m p a c t  
m o l e c u l e .  U n d e r  c o n d i t i o n s  o f  c a t a l y s i s ,  t h e  c o r r e l a t i o n  t i m e  d e c r e a s e s  
25%, t h o u g h  t h e  s e d i m e n t a t i o n  c o n s t a n t  d o e s  n o t  c h a n g e  ( H o l l e m a n ,  1 9 7 3 )  . 
T h e  e n z y m e  may u n d e r g o  a h i n g e  b e n d i n g  m o t i o n  d u r i n g  c a t a l y s i s .  © 1987 
Academic Press, Inc. 

Y e a s t  e n o l a s e  { 2 - p h o s p h o - D - g l y c e r a t e  h y d r o l y a s e ,  E . C . 4 . 2 . 1 . 1 1 )  h a s  

b e e n  s h o w n  t o  u n d e r g o  t h r e e  c o n f o r m a t i o n a l  c h a n g e s :  

a .  S u b u n i t  a s s o c i a t i o n / d i s s o c i a t i o n .  T h e  e n z y m e  a s  i s o l a t e d  i s  d i m e r i c  

( M r = 9 3 , 3 4 5 )  { 1 , 2 } .  S u b u n i t  i n t e r a c t i o n  i s  h y d r o p h o b i c  i n  c h a r a c t e r  

( 3 , 4 , 5 } .  C h a o t r o p i c  s a l t s  i n d u c e  s u b u n i t  d i s s o c i a t i o n  i n  t i l e  p r e s e n c e  o f  

EDTA. D i s s o c i a t i o n  i s  a c c o m p a n i e d  by  a " h y d r o p h i l i c  { r e d )  s h i f t "  i n  t h e  

f l u o r e s c e n c e  p r o p e r t i e s  o f  t h e  e n z y m e  ( 3 ) .  

b .  T h e  e n z y m e  b i n d s  o n e  m o l e / s u b u n i t  o f  d i v a l e n t  c a t i o n  ( 6 . 7 ) .  T h i s  

p r o d u c e s  a c o n f o r m a t i o n a ]  c h a n g e  ( 3 , 8 )  s o  t h e  m e t a l  i o n  p r o d u c i n g  t h i s  i s  

c a l l e d  " c o n f o r m a t i o n a l " .  T h e  c o n f o r m a t i o n a l  c h a n g e  a f f e c t s  s u b u n i t  

a s s o c i a t i o n  b u t  o c c u r s  i n  m o n o m e r i c  o r  d i m e r i c  e n z y m e  ( 9 , 1 0 ) .  T h e  

c o n f o r m a t i o n a l  c h a n g e  i s  a c c o m p a n i e d  by  a " h y d r o p h o b i c  ( b l u e )  s h i f t "  o f  

t r y p t o p h a n  f l u o r e s c e n c e  ( 3 ) .  B i n d i n g  o f  c o n f o r m a t i o n a l  m e t a l  i o n  i s  

n e c e s s a r y  f o r  s u b s t r a t e  b i n d i n g  ( 6 , 7 ) .  

c .  S u b s t r a t e  b i n d i n g  t o  t h e  e n z y m e - c o n f o r m a t i o n a l  m e t a l  i o n  c o m p l e x  d o e s  

n o t  r e s u l t  i n  s i g n i f i c a n t  a c t i v i t y  ( 1 1 ) .  I f  e x c e s s  d i v a l e n t  m e t a l  i o n  i s  

a d d e d ,  a n  a d d i t i o n a l  m o l e  o f  m e t a l  i o n / m o l e  o f  s u b u n i t  w i l l  b i n d  ( 7 , 1 1 ) .  

I f  t h e  t w o  m e t a l  i o n s  b o u n d / s u b u n i t  p r o d u c e  a c t i v i t y  (Mg 2+ o r  Zn 2+ 

f o r  e x a m p l e ) ,  a c o n f o r m a t S o n a ]  c h a n g e  r e s u l t s  w h i c h  i n v o l v e s  a n  i n c r e a s e  

i n  t r y p t o p h a n  f l u o r e s c e n c e  ( 1 2 ) .  T h e  s e c o n d  m e t a l  i o n  i s  c a l l e d  
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" c a t a l y t i c "  m e t a l  i o n .  S u b s t r a t e  o r  a n a l o g u e  m u s t  b i n d  b e f o r e  c a t a l y t i c  

m e t a l  i o n  w i l l  ( 1 1 :  r e v i e w e d  i n  r e f .  2 ) .  

We r e i n v e s t i g a t e d  t h e s e  c o n f o r m a t i o n a ]  c h a n g e s  u s i n g  d y n a m i c  

f l u o r e s c e n c e  m e t h o d s .  

MATERIALS AND METtlODS 

Yeast enolase  was prepared by the method of Westhead and McLain (13) 
modified as desc r ibed  in r e f e r e n c e  7. Tr i s  (Eastman Kodak) was twice 
r e c r y s t a l l i z e d  from 95% e thano l .  Potassium c h l o r i d e  was "Ul t rapure"  frol 
Alfa Products (Danvers, Mass.) .  The s u b s t r a t e ,  2 -phospho-D-g lyce ra te  (N~ 
s a l t )  was from Sigma. Acrylamide (Kodak) was twice r e c r y s t a l ] i z e d  from 
benzene. Other chemical were reagent  grade.  Water was f i l t e r e d  and 
deionized (Cont inen ta l  Deionized Water Corp . ) .  

Enzyme s o l u t i o n s  were prepared for  use immediately before  e x c i t a t i o n  
from stock enzyme s o l u t i o n s .  The l a t t e r  were assayed for  a c t i v i t y  as 
desc r ibed  by Westhead (14). A Bausch and Lomb Spec t ron ic  200 was used f( 
r o u t i n e  s p e c t r o p h o t o m e t r i c  measurements. Measurement of pH was c a r r i e d  
out with an Orion 701A I o n a l y z e r .  Steady s t a t e  f l u o r e s c e n c e  measurement~ 
were made us ing  a SLM 8000C s p e c t r o f ] u o r o m e t e r ,  F luorescence and 
f l u o r e s c e n c e  decay measurements were made us ing  an ins t rument  from Appli~ 
Photophysics  as desc r ibed  in r e f e r e n c e  15. 

P ro t e in  s o l u t i o n s  with or wi thout  a p p r o p r i a t e  l igands  are incubated 
va r i ous  t empera tu res  of i n t e r e s t  and i l l u m i n a t e d  by s h o r t  (ca.10 ps) 
pu l ses  of l i g h t .  E x c i t a t i o n  is  at  300 nm or g r e a t e r  wavelengths to 
minimize energy t r a n s f e r  among t ryp tophans  (16) and to ensure only 
t ryp tophans  are exc i t ed .  Samples made up s e p a r a t e l y  and exc i ted  gave th~ 
same r e s u l t s  as samples which were exc i ted  then l igands  (My 2+ and/or  
s u b s t r a t e )  added and exci ted  again .  This sugge s t s  absence of 
pho todegreda t ion  e f f e c t s .  

Data c o l l e c t i o n  and a n a l y s i s  has been desc r ibed  r epea ted ly  in the 
l i t e r a t u r e  (17); b a s i c a l l y ,  s t a t i s t i c a l  c r i t e r i a  (chi squared and 
Durbin-Watson parameter va lues )  are employed to provide accep tab le  f i t s  I 
models of f l u o r e s c e n c e  decay (18), In the case of a n i s o t r o p y  decay, f i t~  
are obta ined by minimizing chi squared va lues ,  and Durbin-Watson 
p a r a m e t e r s  a r e  u s e d  t o  i n d i c a t e  t h e  g o o d n e s s  o f  t h e  f i t s .  F i t s  o f  
l i f e t i m e  d a t a  a r e  m a d e  t o  t h e  p e a k  c h a n n e l  o f  t h e  f l u o r e s c e n c e  s i g n a l .  
w e r e  a b l e  t o  f i t  t h e  a n i s o t r o p y  d e c a y  d a t a  t o  w i t h i n  t w o  o r  t h r e e  c h a n n e l  
( 0 . 1 4 - 0 . 2 1  n s )  o f  t h a t  o f  t h e  p r o m p t  m a x i m u m  t o  a t w o  e x p o n e n t i a l  m o d e ]  
w i t h  g o o d  s t a t i s t i c s .  T h e  s h o r t e r  c o r r e l a t i o n  t i m e  ( < 2  n s )  c o r r e s p o n d s  t 
s e g m e n t a l  m o t i o n  ( " w o b b l e " )  ( n o t  s h o w n } .  We p r e s e n t  o n l y  t h e  l o n g e r  o f  
t h e  t w o  c o r r e l a t i o n  t i m e s  we o b t a i n e d ,  t h e  o n e  r e f l e c t i n g  m o t i o n  o f  t h e  
e n o l a s e  m o l e c u l e  a s  a w h o l e .  

RESULTS 

a. Life t ime measurements 

Although yeas t  enolase  has f ive  t ryp tophans  per subun i t  (19), we have 

got ten  s a t i s f a c t o r y  f i t s  to l i f e t i m e  decay p r o f i l e s  with th ree  exponentia 

terms (Table I ) .  Since even s i n g l e  t ryp tophans  in p r o t e i n s  of ten  give 

complex decay p a t t e r n s  (20,21) , the decay parameters  should not be 

cons idered  to r e p r e s e n t  s i n g l e  t r y p t o p h a n s .  

Subunit  a s s o c i a t i o n  and Mg 2+ binding conformat iona l  changes are both 

a s s o c i a t e d  with a hydrophobic (b lue)  s h i f t  in f l u o r e s c e n c e  s u g g e s t i n g  

decreased exposure of t ryp tophans  to the s o l v e n t  ( 1 , 8 ) .  Addition of 

Mg 2+ to dimeric enzyme produces l i t t l e  e f f e c t  on the parameters  ( l a s t  

three  l i n e s  of Table) .  ("KOAc" is  potassium a c e t a t e ) .  Where subuni t  

a s s o c i a t i o n  r e s u l t s ,  the l o n g e s t - l i v e d  component i n c r e a s e s  in magnitude, 
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T a b l e  I .  E f f e c t  o f  S t a t e  o f  E n o l a s e  o n  F l u o r e s c e n c e  a n d  A n i s o t r o p y  
D e c a y  P a r a m e t e r s  

S o l v e n t  A d d i t i o n  S t a t e  I n t r i n s i c  F l u o r e s c e n c e  a A n i s o t r o p y  c 

~1 Z l  a 2  T2 ~3 z3 

1M KC1 E D T A  8 5 %  m o n o m e r  32  0 . 7  3 9  2 . 5  2 8  5 . 1  

1M KC1 Mg h o l o d i m e r  27  0 . 7  4 1  2 . 7  3 2  4 . 3  

1M KC1 M g , S  t u r n o v e r  2 0  0 . 6  2 2  2 . 1  5 8  4 . 3  

B u f f e r  E D T A  2 5 %  m o n o m e r  23  0 . 6  3 7  2 . 5  4 0  4 . 7  

B u f f e r  Mg h o l o d i m e r  2 4  0 . 6  3 1  2 . 2  4 6  4 . 3  

B u f f e r  M g , S  t u r n o v e r  19  0 . 8  2 6  2 . 8  5 5  4 . 7  

Z a v  k q  b 

2 . 7  1 . 9  

2 7  1 . 0  

3 1  - 

3 0 1 . 7  

2 8 0 . 9  

3 . 5  0 . 7  

t SD 

2 4 . 1  0 . 6  

3 8  7 

2 7  0 . 1  

4 0  

4 7  

3 5  

1M K O A c  E D T A  0% m o n o m e r  20  0 . 5  2 5  2 . 1  5 5  4 . 1  2 . 9  0 . 9  4 9  

1M K O A c  Mg h o l o d i m e r  19  0 . 6  2 3  2 . 1  5 8  4 . 1  2 . 9  0 . 7  4 3  

1M K O A c  M g , S  t u r n o v e r  17  1 . 0  2 6  3 . 1  5 7  4 . 6  3 . 6  3 5  

a) Yeas t  e n o l a s e  (6 or 16 pM) in 0.05 i o n i c  s t r e n g t h  T r i s -HC1 ,  pH 7 . 8 ,  
0 .5  -lmM EDTA, p l u s  a d d i t i o n s  as  n o t e d ,  was e x c i t e d  a t  300, 305 or 308 nm 
and 22 ° Emis s ion  was t a k e n ,  c e n t e r e d  a t  340 or 349 nm u s i n g  a 23 nm 
s l i t w i d t h .  F i n a l  c o n c e n t r a t i o n s  of Mg 2+ were 2-4 mM and f i n a l  s u b s t r a t e  
c o n c e n t r a t i o n s  (added as  2 - p h o s p h o - - D - g l y c e r a t e )  were 1 mM. S o m e  samples  
were made up s e p a r a t e l y  b e f o r e  e x c i t a t i o n  and some were r e e x c i t e d  a f t e r  
a d d i t i o n  of l i g a n d s  (My 2+ a n d / o r  s u b s t r a t e ) .  F l u o r e s c e n c e  decay 
p a r a m e t e r s  a r e  a v e r a g e s  of two to f o u r  i n d e p e n d e n t  measurement  e x c e p t  f o r  
t h e  l a s t  e n t r y .  " a i "  v a l u e s  a r e  p e r c e n t a g e s  o f  t h e  t o t a l  d e c a y  a n d  
" ~ . "  v a l u e s  a r e  l i f e t i m e s  a n d  a r e  i n  n s .  T h e  a v e r a g e  l i f e t i m e s  a r e  
c a l c u l a t e d  f r o m  Z a i Z i / l O 0  = Z a v  A v e r a g e  l i f e t i m e s  ( ~ a v )  h a v e  
p e r c e n t a g e  d e v i a t i o n s  r a n g i n g  o v e r  1 - - 1 3 %  a n d  a v e r a g e  ± 5 % .  V a l u e s  o f  c h i  
s q u a r e d  r a n g e d  f r o m  1 . 0 0  t o  1 . 4 2  a n d  D u r b i n - W a t s o n  p a r a m e t e r s  f r o m  1 . 6 5  t o  
2 . 0 6 ;  s e v e n t e e n  o f  t w e n t y - t h r e e  v a l u e s  w e r e  1 . 8 0  o r  g r e a t e r .  

b) Average  c o l l i s i o n a l  quench ing  c o n s t a n t ,  t aken  from S t e r n - V o l m e r  
p l o t s .  The quencher  was 0 . 0 2 - 0 . 2 0  M a c r y i a m i d e  ( f o u r  c o n c e n t r a t l o n s ) .  
E x c i t a t i o n  was a t  300 nm, and e m i s s i o n  was measured a t  340 nm. Bandwidths  
were 2 nm. Values  a r e  a v e r a g e s  of two measu remen t s  t a k e n  ove r  a p e r i o d  of 
o v e r  one y e a r  and a r e  c o r r e c t e d  f o r  the  v i s c o s i t i e s  of the  s o l v e n t s .  
D e v i a t i o n s  from the  mean ranged  from 0 to 13%, the  a v e r a g e  b e i n g  6%. 
U n i t s  a r e  M-ls 1 . 109 " 

c) R o t a t i o n a l  c o r r e l a t i o n  t i m e s  + s t a n d a r d  d e v i a t i o n s .  The c o r r e l a t i o n  
t i m e s  a r e  in  ns and a r e  c o r r e c t e d  f o r  the  v i s c o s i t y  of the  s o ] v e n t s .  The 
v a l u e s  were o b t a i n e d  u s i n g  a t w o - e x p o n e n t i a l  f i t ,  but  only  the  l o n g e r  
c o r r e l a t i o n  t i m e s  a r e  g i v e n .  The s h o r t e r  ones were a l l  l e s s  than two ns 
( s e e  t e x t ) .  Durb in-Watson  p a r a m e t e r s  r anged  from 1.70 to 2 . 2 0 :  a l l  s ave  
one were above 1 .80 .  Values  of c o r r e l a t i o n  t ime  were o b t a i n e d  from 
e x p e r i m e n t s  done ove r  a p e r i o d  of more than a y e a r .  

,ut  i s  s h o r t e n e d  ( c o m p a r e  l i n e s  1 and 2, 4 and 5 ) .  A d d i t i o n  o f  s u b s t r a t e  

s w e l l  a l w a y s  p r o d u c e s  an i n c r e a s e  i n  a v e r a g e  l i f e t i m e :  i n  t e n  s e t s  o f  

a m p l e s  ( t h e  T a b l e  shows  a v e r a g e  d a t a )  we o b t a i n e d  a 12 ~ 5% i n c r e a s e .  

. d d i t i o n  o f  s u b s t r a t e  i n  t h e  p r e s e n c e  o f  e x c e s s  Mg 2+ p r o d u c e s  a 16% 

n c r e a s e  i n  q u a n t u m  y i e l d  ( 1 2 ) .  The c o n f o r m a t l o n a ]  c h a n g e  i n v o ] v i n g  

c a t a l y t i c "  m e t a l  i o n  b i n d i n g  i n v o l v e s  a r e d u c t i o n  i n  c o l l i s i o n a l  

u e n c h i n g  o f  t r y p t o p h a n ( s )  i n  t h e  e n z y m e .  
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b .  S t e a d y - s t a t e  q u e n c h i n g  m e a s u r e m e n t s .  

We m e a s u r e d  t h e  q u e n c h i n g  e f f e c t i v e n e s s  o f  a c r y l a m i d e  t o  s e e  i f  

c h a n g e s  i n  t r y p t o p h a n  e x p o s u r e  c o u l d  b e  d e m o n s t r a t e d .  Q u e n c h i n g  c o n s t a n l  

w e r e  c a l c u l a t e d  f r o m  S t e r n - V o i m e r  p l o t s  ( 1 8 ) .  T h e s e  a r e  p r e s e n t e d  f o r  t t  

d i f f e r e n t  p r o t e i n  c o n f o r m a t i o n s  i n  T a b l e  I .  

T h e  v a l u e s  o f  a v e r a g e  q u e n c h i n g  c o n s t a n t  a r e  s i m i l a r  t o  t h o s e  o b t a i n ~  

u s i n g  a c r y l a m i d e  w i t h  s e v e r a l  n a t i v e  g l o b u l a r  p r o t e i n s  s u c h  a s  b o v i n e  

s e r u m  a l b u m i n  { 1 5 , 2 2 , 2 3 } .  T h e  d a t a  s u g g e s t  t h a t  b i n d i n g  c o n f o r m a t i o n a ]  

Mg 2+ d o e s  r e d u c e  q u e n c h i n g  c o n s t a n t s  c a .  18% ( l i n e s  7 a n d  8 ) .  S u b u n i t  

a s s o c i a t i o n  i s  a c c o m p a n i e d  b y  a t w o - f o l d  d e c r e a s e  i n  q u e n c h i n g  c o n s t a n t  

( l ~ n e s  1 a n d  2 ) ,  i n d i c a t i n g  s h a r p l y  d e c r e a s e d  e x p o s u r e  o f  t r y p t o p h a n { s ) .  

T r p - 3 6 7  l i e s  a t  t h e  s u b u n i t  i n t e r f a c e  ( L e b i o d a  e t  a l . .  i n  p r e p a r a t i o n ) .  

c .  F l u o r e s c e n c e  a n i s o t r o p y  d e c a y  

T r y p t o p h a n y l  a n i s o t r o p y  d e c a y  m e a s u r e m e n t s  w e r e  a l s o  m a d e  i n  t i l e s e  

s o l v e n t s .  C o r r e l a t i o n  t i m e s  a r e  a l s o  p r e s e n t e d  i n  T a b l e  I .  A l l  a r e  

c o r r e c t e d  t o  t h e  t e m p e r a t u r e  a n d  v i s c o s i t y  o f  w a t e r  a t  22 ° .  

Ti le  r o t a t i o n a l  c o r r e l a t i o n  t i m e  o f  t h e  e n z y m e  c a l c u l a t e d  f r o m  M r 

9 3 , 3 4 5 ,  V = 0 . 7 4 2  a n d  t h e  r e l a t i v e l y  p r e c i s e  s e d i m e n t a t i o n  c o n s t a n t  ( 5 . 8 7  

0 . 0 3  S)  ( 2 )  i s  46  ~ 0 . 9  n s  i n  w a t e r  a t  22 ° .  T h i s  i s  i n  g o o d  a g r e e m e n t  

w i t h  t h e  a v e r a g e  c o r r e l a t i o n  t i m e  (My 2+ i n  b u f f e r  o n l y )  o f  47 + 8 a s  

( f o u r  m e a s u r e m e n t s ) .  T h e s e  c o r r e l a t i o n  t i m e s  a g r e e  w i t h  p r e v i o u s l y  

m e a s u r e d  h y d r o d y n a m i c  p r o p e r t i e s  o f  t h e  e n z y m e .  

T h e  e f f e c t  o f  s u b u n i t  a s s o c i a t i o n  i s  c l e a r .  On a d d i n g  e x c e s s  Mg 2+ 

t o  e n z y m e  i n  1M KC1 a n d  1 mM EDTA, t h e  c o r r e l a t i o n  t i m e  i n c r e a s e s  f r o m  

2 4 . 1  ~ 0 . 6  n s  { t h r e e  m e a s u r e m e n t s )  t o  3 8 . 4  % 7 . 3  n s  { f o u r  m e a s u r e m e n t s ) .  

I n  t h e  p r e s e n c e  o f  b u f f e r  o n l y ,  a d d i t i o n  o f  e x c e s s  Mg 2+ p r o d u c e s  a 

s m a l l e r  i n c r e a s e ,  a s  e x p e c t e d .  

T h e  e f f e c t  o f  c o n f o r m a t i o n a l  Mg 2+ on  y e a s t  e n o l a s e  h a s  b e e n  

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

( 8 ) .  T h e  e n z y m e  i s  f u l l y  d i m e r i c  i n  1M p o t a s s i u m  a c e t a t e .  I n  t h r e e  s e t ~  

o f  m e a s u r e m e n t s ,  t h e  c o r r e l a t i o n  t i m e s  o f  e n z y m e  i n  1M p o t a s s i u m  a c e t a t e  

a n d  e x c e s s  Mg 2+ w e r e  89  L 10% r e l a t i v e  t o  v a l u e s  i n  1M p o t a s s i u m  a c e t a t e  

a n d  e x c e s s  EDTA o b t a i n e d  i n  t h e  s a m e  s e r i e s  o f  e x p e r i m e n t s .  T h i s  i s  

c o n s i s t e n t  w i t h  p r e v i o u s  f i n d i n g s  o f  a 13% d e c r e a s e  i n  c o r r e l a t i o n  t i m e  ( 

b i n d i n g  c o n f o r m a t i o n a l  Mg 2+ ( 8 } .  I t  i s  n o t  c o n s i s t e n t  w i t h  i n c r e a s e d  

o v e r a l l  r i g i d i t y ,  w h i c h  w o u l d  p r o d u c e  a n  i n c r e a s e  i n  c o r r e l a t i o n  t i m e .  

T h i s  e f f e c t  w o u l d  c o u n t e r a c t  t h e  e f f e c t s  o f  Mg 2+ - i n d u c e d  s u b u n i t  

a s s o c i a t i o n  i n  1M KC1 a n d  i n  b u f f e r  o n l y .  

On a d d i t i o n  o f  s u b s t r a t e  t o  t h e  e n z y m e  i n  t h e  p r e s e n c e  o f  e x c e s s  ( 1 - 4  

mM) Mg 2 + ,  c a t a l y s i s  r e s u l t s  ( 8 , 1 1 , 1 2 ) .  T h i s  i s  a l w a y s  a c c o m p a n i e d  b y  a 

l o w e r  c o r r e l a t i o n  t i m e  ( t w e l v e  t i m e s  i n  t w e l v e  a t t e m p t s ) .  I f  we m e a s u r e  

c o r r e l a t i o n  t i m e s  i n  t h e  p r e s e n c e  o f  e x c e s s  Mg 2+ a n d  s u b s t r a t e  r e l a t i v e  

t o  c o r r e l a t i o n  t i m e s  i n  t h e  p r e s e n c e  o f  e x c e s s  Mg 2+ o n l y  o b t a i n e d  i n  t h e  
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s a m e  e x p e r i m e n t a l  s e r i e s ,  we f i n d  t h e  a v e r a g e  r e l a t i v e  c o r r e l a t i o n  t i m e  i s  

75 2 10% i n  b u f f e r  o n l y  ( f o u r  m e a s u r e m e n t s ) ,  76  2 18% i n  1M p o t a s s i u m  

c h l o r i d e  ( t h r e e  m e a s u r e m e n t s )  a n d  85  t 11% ( t w o  m e a s u r e m e n t s )  i n  1M 

p o t a s s i u m  a c e t a t e .  T h e  e n z y m e  i s  i n h i b i t e d  5 0 - 7 5 %  i n  t h o s e  s a l t  s o l u t i o n s  

w i t h  1 mM Mg 2+ . b u t  t h i s  i s  p a r t l y  d u e  t o  a n  i n c r e a s e  i n  Mg 2+ 

M i c h a e l i s  c o n s t a n t .  U s e  o f  t h e  s a m e  e x p e r i m e n t a l  s e r i e s  a s  t h e  b a s i s  o f  

c o m p a r i s o n  h a s  b e e n  e m p l o y e d  p r e v i o u s l y  ( 3 , 8 , 1 2 ) .  

We c a r r i e d  o u t  a d d i t i o n a l  m e a s u r e m e n t s  t o  c o n f i r m  t h i s  f i n d i n g  ( n o t  

s h o w n  i n  T a b l e  I ) .  We m e a s u r e d  t h e  c o r r e l a t i o n  t i m e s  i n  t h e  n o r m a l  a s s a y  

m e d i u m ,  w i t h  o r  w i t h o u t  2 - p h o s p h o g l y c e r a t e ,  a t  22 ° ,  t h e  n o r m a l  a s s a y  

t e m p e r a t u r e  i n  t h i s  l a b o r a t o r y  a n d  a t  30 ° . t i l e  t e m p e r a t u r e  u s e d  b y  

W e s t h e a d  ( 1 4 ) .  A t  22 ° ,  we o b t a i n e d  a l o n g e r  c o r r e l a t i o n  t i m e  o f  5 0 . 3  n s  

i n  t h e  p r e s e n c e  o f  Mg 2+ o n l y  a n d  3 7 . 3  n s  w i t h  s u b s t r a t e  a l s o ,  w h i c h  w a s  

74% o f  t h e  f o r m e r  v a l u e .  A t  30 ° , we o b t a i n e d  4 5 . 7  n s  ( c o r r e c t e d  t o  

2 2 ° ) ,  i n  t h e  p r e s e n c e  of" Mg 2 + .  W i t h  s u b s t r a t e  a l s o ,  t h e  o b s e r v e d  

l o n g e r  c o r r e l a t i o n  t i m e  w a s  3 1 . 1  n s  ( c o r r e c t e d  t o  2 2 0 ) .  T h e  l a t t e r  

v a l u e  w a s  70% o f  t h e  c o n t r o l  v a l u e ,  i n  t h e  p r e s e n c e  o f  Mg 2+ o n l y .  We 

c o n c l u d e  c a t a l y s i s  r e d u c e s  t h e  c o r r e l a t i o n  t i m e  of' t h e  e n z y m e  b y  a b o u t  

25%. 

D I S C U S S I O N  

We b e l i e v e  t h i s  i s  t h e  f i r s t  t i m e  s u b u n i t  a s s o c i a t i o n  h a s  b e e n  

d e m o n s t r a t e d  u s i n g  i n t r i n s i c  f l u o r e s c e n c e  a n i s o t r o p y  d e c a y .  We b e l i e v e  

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

t e c h n i q u e .  

We f i n d  t h e s e  n a t u r a l  t r y p t o p h a n  e m i s s i o n  a n i s o t r o p y  d a t a  a r e  o f  

c o m p a r a b l e  p r e c i s i o n ,  a n  a v e r a g e  s t a n d a r d  d e v i a t i o n  ( e x c e s s  Mg 2+ 

p r e s e n t )  o f  16% c o m p a r e d  w i t h  19% f o r  d a n s y l  c o n j u g a t e s  ( 2 , 3 , 8 ) .  T h i s  w a s  

d e s p i t e  t h e  r e i a t i v e i y  s h o r t  l i f e t i m e  o f  e x c i t e d  s t a t e  o f  t h e  t r y p t o p h a n s  

i n  t h i s  p r o t e i n ,  c a .  3 n s ,  c o m p a r e d  w i t h  a v e r a g e  l i f e t i m e s  i n  o t h e r  

p r o t e i n s  ( 2 4 ) .  I t  i s  n o t e w o r t h y  t h a t  w i t h o u t  t h e  c a p a b i l i t y  f o r  m a k i n g  

l i f e t i m e  m e a s u r e m e n t s  t h e n  we w e r e  u n a b l e  t o  d e m o n s t r a t e  e v e n  t h e  e f f e c t  

o f  s u b u n i t  a s s o c i a t i o n  ( 3 ) .  

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

c o u l d  b e  f r o m  s u b u n i t  d i s s o c i a t i o n ,  f r o m  i n c r e a s e d  e n e r g y  t r a n s f e r  b e t w e e n  

t r y p t o p h a n s  o r  f r o m  a c q u i s i t i o n  o f  f l e x i b i l i t y .  S u b u n i t  d i s s o c i a t i o n  d o e s  

n o t  s e e m  t o  b e  a f a c t o r .  T h e  s e d i m e n t a t i o n  c o n s t a n t  u n d e r  c o n d i t i o n s  o f  

c a t a l y s i s  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  i n  i t s  a b s e n c e  ( 2 5 ;  

J . M .  B r e w e r ,  u n p u b l i s h e d  o b s e r v a t i o n s ) .  E n e r g y  t r a n s f e r  s h o u l d  b e  l o w  a t  

3 0 0  nm.  H o w e v e r ,  we o b t a i n e d  t h e  s a m e  e f f e c t  on e x c i t a t i o n  a t  3 0 5  o r  3 0 8  

nm ( T a b l e  I )  a n d  e n e r g y  t r a n s f e r  f a i l s  a t  t h e  r e d  e d g e  o f  a b s o r p t i o n  b a n d s  

(16). 

E n o l a s e  m o n o m e r s  a r e  o r g a n i z e d  i n t o  t w o  d o m a i n s  ( 2 6 ) .  I f  a " h i n g e  

b e n d i n g "  f l e x i b i l i t y  d e v e l o p e d  on  s u b s t r a t e  a n d  c a t a l y t i c  Mg 2+ b i n d i n g ,  
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t h i s  w o u l d  e x p l a i n  o u r  r e s u l t s .  T h i s  w o u l d  i n v o l v e  m o v e m e n t  o f  a 

s u b s t a n t i a l  p a r t  o f  e a c h  s u b u n i t  r e l a t i v e  t o  t h e  r e s t  o f  t h e  d i m e r .  H i n ~  

b e n d i n g  d o m a i n  m o v e m e n t s ,  e s p e c i a l l y  d u r i n g  c a t a l y s i s ,  a r e  s u b j e c t s  o f  

i n t e n s e  i n t e r e s t  { 2 7 , 2 8 ) .  
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