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Equilibrium kinetic study of enzyme modifier action 

The measurement  of react ion ra tes  a t  equ lhbr lum b y  means of  >otopac exchange 
of  reaetant~ has proven to be a powerful  tool  for de t e r lmna tmn  of  aspects  of enzyme 
mechanlsnl  which are not  readi ly  dl~cernlble by  other  means Thebe include the 
de t e rmlna tmn  of the preaence and sequence of compuEory  binding orders, the  de- 
t e rmina t ion  of  fast and  slow dissociat ion steps and the re&ca t ion  of whether  chemical  
t r ans fo rma tmn  > r a t e - l nmtmg  1 5 One of the mo.~t in teres t ing aspect~ of the  s tud 5 
of equfl~brluln reac tum rates  of enzyme %'stems > the ablhtx to follow s m m l t a n e o u q v  
non- ra te -hml t lng  as well a~ ra te-h ln l t lng  step~ m catalys>-" S tudy  of  the ac t ion of a 
modifier of enzwne ac t iv i ty  on the .~everal > o t . p l c  exchange rates  a t  eqmhbr lum m 
a mult~-substrate %', teln thus  offers an o p p . r t u n l t y  to s tudy  detai ls  of the  me( han>m 
of  modifier  act ion on enzynuc ( a t a l y ~  which are not  readi ly  ob ta inab le  by  following 
the m m a l  ra te  of react ion to eqmhbr lum 

Heretofore  equ lhbrmm kmenc  studies have been hmated to the  effect of  sub- 
~trate concen t ra tum on ra te  These studm~ have been ex tended  m fins l abo ra to ry  t~, 
explore  the  effect of small molecular  enzyme too&tiers  on enzyme reactmn r a t e ,  at 
equfl~brlum m order  to ob ta in  broader  insight  into the  mechan>m of actum of rood> 
t~ers of enzynuc c a t a l y , > <  v The usefulness of t lns approach  was lnvest~gated w~th 
the kmetmal lv  well stud~ed enzyme horse-l iver  alcohol dehydwgena~e  ~ Imt ta l  

8O 
~< 

r 

_x. j  
, , o  60 Z 

ku : ~  

4O 

m ~  2 0  

- n  

io go io 
[~M,D.ZO.E] ~,o 3 

~ACETALDEHYOE ~ ETHANOL 

l q g  i K t i e c t  o f  l n u d a z o l e  o n  r e a c t i o n  r a t e ~  ot  h o r s e - h v c r  a l c o h o l  d e h y d r o g c n a s e  a t  e q u f l l b r l m n  
R e a c t i o n  m i x t u r e  c o n t a i n e d  2 70 m M  N A D  ~, 4 o 5 / t M  N A D H ,  3o3 m M  e t h a n o l ,  I 93 m M  a c e t a l -  
dchx  d e  a n d  16 2 p g / m l  o f  h o r s e - h v e r  a l c o h o l  d e h ~ , d r o ~ e n a s e  m 4 ° m M  x e r o n a l  t rof fer  ( p H  7 ~), -'5 
N A D  + ~ ' N C D H  w a s  l n e a ~ u r e d  w i t h  I I a ( I N \ D H  (ref  q) a n d  a c e t a l d e h y d e  ~ e t h a n o l  (ret  5) 
xx l t h  [ 1 , 2 - n C a l - a c e t a l d e h y d e  (Volk  R a d K m h e m t c M  ( o r p  ) 
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observat ions of the effects of lmidazole on horse-hver alcohol dehydrogenase are 
reported here 

Isotopic exchange measurements  at equi l ibr ium with horse-hver alcohol de- 
hydrogenase (Worthmgton Biochemical Corp ,  recrystalhzed) was perfornied as de- 
scribed prewouslyS, 9 Result~ obta ined with mudazole-HC1 or lmldazole HNO a (pH 
7 q) were similar Determinat ions  were done in duplicate 

In  the absence of lmldazole the acetaldehyde ~ ethanol  rate was more than  
IOO times faster than  the NAD + ~ - N A D H  rate 5 (Fig i), indicat ing overall rate 
h n n t a t m n  of coenzvme dissociation, x~ hich is greatly exceeded by the rates of cliemlcal 
t ransfor inat lon and substrate  dissociation With  increasing c(mcentrations of unida-  
zole a 4 6-fold acceleration in the NAD + ~ NADH rate x~as observed Half  maximal  
acceleration occurred at about  IO mM inudazole This increase in the NAD + ~ NADH 
velocity i .  m agreement with the findmg by  THEORELL et al 10,11 that  lnndazole 
s tmmlates  the velocity of the init ial  net  reaction at elevated levels of substrate  This 
has been explained ab due to a 5-Io-fold  acceleration of r a te -hnn t ing  dissociation of 
coenzvme from enzyme-coenz 3 me complex by  the formation of the te rnary  enzyme 
coenzynie imldaz~)le complex from winch coenzyme dissociation is faster l° .n  

An hitherto unobserxed phenomenon is the bnnultaneou~ inhibi t ion in the 
acetaldehyde ~ ethanol  rate, which is not  l imit ing and therefore not observed m net 
reactmn ~tudles Thus, while the reaction appears to be . .nnply accelerated when 
invest igated by init ial  rate kinetics, s tudy of kinetics at equil ibr ium indicates that ,  
while the slowest step is indeed accelerated, another  step i~ ~lmultaneously mhibl ted 

The fall in the acetaldehyde ~ ethanol rate may  be due to decrease in a rate- 
h in l tmg substrate  dissociation step (I) or to decrease in the rate of chenucal transfor- 
mation,  either as a result of lowered active site sa tura t ion  (increased non-ra te-hmit lng 
substrate  dissociation rate (I) or replacement  by  inhibi tor  (2)) or to d lmm>hed 
mtrinslc  enzyme catalvtm rate by  binding at an effector site (3) 

E n z y m e - N A I )  t e thanol  ~ e n z y m e - N A D  + -~- e thanol  (~) 
I I 

mudazo le  mndazo le  

Enz~ m e - N A I ) + - e t h a n o l  + vmdazo le  ~ - enz~  m e - N A D + - H m d a z o l e  + e thano l  (2) 

E n z y m e - N A D + - e t h a n o l  ~ enzyme  N A D H  ace ta ldehyde  (3) 
I I 

Jmldazole linldazole 

The lnudazole effect on the acetaldehyde ~ ethanol  rate is competi t ive with 
substrateT, 12 which rules out suppression of substrate  dissociation or lntrmslc catalytic 
rate by lmldazole b inding non-compet i t ive ly  at a non-act ive site as the mechanism 
for tile decrease in the aceta ldehyde.~  ethanol  rate Exper iments  are in progress to 
a t t empt  to elucidate the mechamsm further 

These studies suggest tha t  invest igat ion of enzyme reaction rate at equlhbrlum 
is part icular ly useful for observat ion of non-ra te- l imi t ing steps in enzvmtc action and 
may yield new insight into the mechanl.~n~ of al terat ion of enzynuc catalysis bv 
modifier,  Such invest igat ion of g lu tamate  deliydrogenaseia, 14 and other allostenc 
enzymes is in progress 
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