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Kinetics of the chymotrypsin catalyzed oxygen exchange of 
N-acetyl-3: 5-dibromo-L-tyrosine 

Enzyme-cata lyzed oxygen exchange reactions have been found by RITTENBERG NND SPRINSON 1 
a n d  by DOHERTY AND VASLOW 2 for chymotryps in ,  and by  ]~ENTLEY AND RITTI~NBERG 3 and STEIN 
AND KOSHLAND 4 for other  enzymes. Quant i ta t ive  rate  measurements  are of interest  in comparison 
with those for other  subs t ra tes  and also the part icular  simplicity of these reactions makes rate 
studies attractive.  

For the system, chymotrypsin-N-acetyl-3:5-dibromo-L-tyrosine , equil ibrium binding data  are 
available 2 and the equiIibrium constants ,  KE, may  be compared with the kinetically obtained 
Michaelis constant ,  KM, for the exchange reaction 
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Replacement  of the second oxygen occurs in similar steps. 
Iden t i ty  of the two numbers  would make it likely t h a t  the complexes studied by  the two 

methods  are the same:  a larger value of the Michaelis cons tan t  could indicate either t ha t  non-active 
complex was measured by the dialysis method or t ha t  k a is significant in comparison with k_ 1. 
Under  the lat ter  assumpt ion  and condition, h 1 and k_ 1 can be explicitly calculated. The Michaelis 
cons tant  for the isotope exchange reaction is 

k.- z + k3 
kl 

as in ordinary reactions. 
The rate cons tan t  and the Michaelis cons tan t  are obtained from the first order equat ion for 

the exchange reaction, 

X 0 = 1sO fraction in water  = final fraction 
l n ( i  X~) - - k 3 E t  X = I S O f r a c t i ° n i n s u b s t r a t e  

- -  E = enzyme concentrat ion 
K M + S S = subs t ra te  concentrat ion 

t = t ime 

which is obeyed if the isotope enr ichment  and the difference in Michaelis cons tants  for the isotopically 
different substrates ,  i.e., 

Xo / leO I 
\/~2M 

is small. These equations will be discussed in a detailed repor t  to appear  later. 
The measurements  have been carried out  using methods  described in detail by  LINDERSTROM- 

LANG and co-workers 5. The enzyme and subs t ra te  solutions in xsO enriched water  are mixed at 
o time, aliquots of 2oo, 3o0, or 400 ~1 containing 5 or io mg of subs t ra te  are taken at  various times, 
frozen in dry ice and lyophilized. After thorough  drying, 15 ffl or 25 ffl of ordinary water  are added 
to the residues wittl more enzyme and the solutions allowed to s tand 24 hours.  The solutions are 
then cryosubl imated onto borax  and glycerine, again cryosubl imated and the densities measured 
in the gradient  tubes. The borax removes volatile acids formed in the exper iment  and the glycerine 
prevents  dusting. 

The results of exper iments  at 20 ° at four different subs t ra te  concentrat ions are shown in Fig. I 
where in (i - -  X/Xo)  is plotted as a function of time. Turnover  constants  - -  S / E  t In (I - -  X/Xo)  = 
k 3 S / ( K  m + S) are calculated for each point  and there ciprocal of the average for each exper iment  
plot ted against  reciprocal concentrat ion in Fig. 2. F rom the s t ra ight  line obtained by  least squares 
t r ea tmen t  the slope and intercept  of the curve have been obtained following LINEWEAVER AND 
BURK 6. Several exper iments  shown (open circles) have not  been used in the averaging. These were 
f rom a new sample of subs t ra te  which did yield results consistent  with the others after further  
purification. Two other  exper iments  using a different and possibly impure water  sample and a 
doubtful  enzyme prepara t ion gave erratic results and were also excluded. 
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Fig. 1. • Subs t r a t e  o. i17 51, enzynle  2.[o- lo -4 51 Fig. 2. 
; Subs t r a t e  0.058831 , enzyme  2 .08 - to  -4 31 

Subs t r a t e  0.040731, enzyme  r.63. to :t ,1,1 
O Subs t r a t e  0.0228211, enzyme  2.[o.  re -4 3I 

Another  group of exper in len t s  was carr ied  out  a t  3 o~' C and O. l l  7 mola r  subs t r a t e  concen t r a t ion  
using m a i n l y  the  me thod  descr ibed in reference s and  one e x p e r i m e n t  of th ree  poin ts  us ing the 
present  method.  

At  20" C and pH 7.2 the Michael i s  c o n s t a n t  is l.'ound to be 0.032 ~ 0.003 and the  equ i l ib r ium 
c o n s t a n t  o.o34 2:: o.oo4. The difference is well  w i th in  e x p e r i m e n t a l  error and  thus  the  complex  
measured  by  the  equi l ibr iunl  me thod  appears  to  be ident ica l  w i th  t h a t  of the  Michaelis  theory .  
Wi th in  these l imi t s  ot error, k_ 1 is a t  l eas t  7 t imes  k a. 

The ra te  c o n s t a n t  k a a t  2o~C is 3~6 g r a m  a toms  oxygen / mo l e  enzyme /hour  s, each s u b s t r a t e  
nlolecule h a v i n g  two  exchangeab le  oxygens .  At  3 o ° C  and O. l l  7 M the  t u r n o v e r  cons t an t  is 38o. 
[ ; s ing the  equ i l ib r ium c o n s t a n t  v, o.o5, as the  Michael is  cons tan t ,  k a a t  3 °0 C is 54 ° and  the  a p p a r e n t  
h e a t  of ac t iva t ion ,  lO a cal. The ra te  of hydro lys i s  of N-ace ty l -3 :5 -d ib romo-L- ty ros ine  amide  is 
ava i lab le  for compar i son  on ly  a t  4 °0 C so i t  is necessary  to  ca lcu la te  the  ra te  c o n s t a n t  for exchange  
a t  4 o~ C. This is 92o as compared  wi th  66o for amide  hydrolys is .  For  a n u m b e r  of amides  hydro lyzed  
by  chymot ryps in ,  the  ra te  cons t an t s  r eca lcu la t ed  to  these un i t s  lie be tween 35 ° and  13oo a t  -,5 ° C 9. 

The au tho r  wishes to acknowledge  his indeb tedness  to Professor K. LINDERSTlaoM-LANG whose 
advice  and e n c o u r a g e m e n t  were essent ia l  in this  work  and  to Dr. D. G. DOHEI~rY for the p r epa ra t i on  
of the  subs t ra te .  
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