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A rapid and sensitive method for the determination of 
chymotrypsin and trypsin activity 

Prev ious  s tud ies  I, ~ in th is  l abora to ry  have  indica ted  t he  presence  of severa l  e n z y m e s  in ex t r ac t s  of 
r a t - sk in  ace tone  powder  wi th  ac t iv i ty  t oward  es ters  of a m i n o  acids  and  the i r  acy la ted  der iva t ives  
fulfilling t h e  specific r e q u i r e m e n t s  for c h y m o t r y p s i n  subs t r a t e s .  I n  order  to increase  t he  sens i t iv i ty  
of  our  a s s a y  p rocedures  to t h e  po in t  where  rap id  ra te  de t e rmina t i ons  could be m a d e  by  direct  
spec t ropho tome t r i c  obse rva t ion  of t he  reac t ion  mix tu re ,  t he  possibi l i ty  of u s ing  a chromogenic  
s u b s t r a t e  was  inves t iga ted .  For  t he  de tec t ion  of c h y m o t r y p s i n  or of c h y m o t r y p s i n - t y p e  ac t iv i ty ,  a 
s u b s t r a t e  con ta in ing  t he  re la t ive ly  specific ami no  acid residue,  tyros ine ,  esterif ied wi th  p-ni t ro-  
phenol  (pNP) was  t h o u g h t  likely to  fulfill t h e  necessa ry  cr i ter ia  since t he  l iberat ion of p N P  as t he  
n i t r opheno l a t e  ion a t  p H  8 would provide  sufficient sens i t iv i ty  for ra te  m e a s u r e m e n t s  to be m a d e  
us ing  smal l  a m o u n t s  of enzyme.  Accordingly,  t he  t e s t  c o m p o u n d ,  N-ca rbobenzoxy-L- ty ros ine  
p -n i t r opheny l  es ter  (CTpNP),  was syn thes i zed  by  coupl ing  p N P  wi th  t he  mixed  a n h y d r i d e  of 
ca rbobenzoxy-L- ty ros ine  and  e thy lch loroformate .  

I n  t he  enzymic  s tudies ,  C T p N P  was  dissolved in a n h y d r o u s  ace tone  to  give a o.oo z M solut ion 
a n d  the  reac t ion  solu t ions  con ta ined  i .oo ml  o.12 M CaCI v i .oo ml  o.20 M tr is  (hyd roxymethy l )  
a m i n o m e t h a n e  buffer  ( ad jus ted  to p H  8.o wi th  t-IC1), o.25 ml  me thano l ,  o.2o mt  e n z y m e  (in o.12 M 
CaC12), o . io  ml  C T p N P  solut ion,  a n d  wa te r  to 3.oo ml. S p o n t a n e o u s  hydro lys i s  was  reduced  to a 
m i n i m u m  by  t h e  add i t ion  of C T p N P  at  zero t ime,  wi th  rap id  mixing ,  to t he  o therwise  comple te  
reac t ion  so lu t ion  i m m e d i a t e l y  a f te r  e n z y m e  addi t ion.  R a t e  m e a s u r e m e n t s  were pe r fo rmed  in i cm 
q u a r t z  c u v e t t e s  con ta ined  in a t h e r m o s t a t e d  (3 o°) c o m p a r t m e n t  of a B e c k m a n  Model D U  spectro-  
pho tome te r .  All ra te  d e t e r m i n a t i o n s  were corrected for the  s p o n t a n e o u s  hydro lys i s  of C T p N P  and  
app rop r i a t e  correct ions  applied,  where  necessary ,  for t he  p H - d e p e n d e n c e  of the  mola r  ex t inc t ion  
coefficient of pNP .  L ibe ra t ion  of p N P  was  followed a t  4oo m/~. In i t ia l  r eac t ion  velocit ies were 
de t e rmined  f rom the  slopes of opt ical  dens i ty  v e r s u s  t i me  plots  ex t r apo la t ed  to zero t ime  and  
expressed  as t he  change  in opt ical  dens i ty / sec  or as moles  p N P  l iberated/ i /sec.  In i t ia l  s u b s t r a t e  
concen t ra t ions ,  %, were ob ta ined  f rom opt ica l -dens i ty  m e a s u r e m e n t s ,  a t  4oo m/z, of reac t ion  
so lu t ions  a t  t he  t ime  of comple te  C T p N P  hydro lys i s  which,  by  reference to  an  appropr ia t e  s t a n d a r d  
curve ,  could be re la ted to p N P  concen t ra t ion .  The  mola r  concen t r a t ion  of p N P  l iberated a t  inf ini te  
t ime  was  equ iva l en t  to the  mola r  concen t r a t i on  of added  CTpNP.  E n z y m e  concen t r a t ions  were 
ca l cu la t ed  f rom op t ica l -dens i ty  read ings  a t  280 m #  us ing  t h e  fac tors  g iven  by  DREYER, ~VADE,  

AND NEURATH 3 for c h y m o t r y p s i n  and  by  GREEN AND •EURATH 4 for t ryps in .  
The  add i t ion  of c h y m o t r y p s i n  to reac t ion  solu t ions  con ta in ing  C T p N P  resul ted  in a rapid  

increase  in opt ical  dens i t y  (Fig. i ,  A). Veloci ty  was  p ropor t iona l  to  c h y m o t r y p s i n  concen t ra t ion  
(Fig. I, B) and  t he  o p t i m u m  p H  was  a t  a p p r o x i m a t e l y  8 (Fig. i, C). 

I t  would  appea r  t h a t ,  s ince c h y m o t r y p s i n  t r ea t ed  wi th  d i i sopropyiphosphorof luor ida te  was  
inac t ive  t o w a r d  CTpNP,  t h e  hydro lys i s  of th i s  s u b s t r a t e  was  accompl i shed  in t h e  a rea  of t he  
s a m e  ac t ive  si te  as concerned  wi th  t he  ca ta lys is  of o ther  suscept ib le  s u b s t r a t e s  5. 
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Fig. I, A. The  r a t e  curve  for t h e  hydro lys i s  of C T p N P  (%, 3.45" Io -SM)  b y  c h y m o t r y p s i n  (24. 5 
m/~g/ml).  B. The  re la t ion be tween  ve loc i ty  of C T p N P  hydro lys i s  and  e n z y m e  concent ra t ion .  

C. The  c h y m o t r y p s i n - c a t a l y z e d  hydro lys i s  of C T p N P  as a func t ion  of pH,  
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A l t h o u g h  c ross - reac t iv i ty  of c h y m o t r y p s i n  and  t r yps i n  to cer ta in  s u b s t r a t e s  is no t  w i t h o u t  
parallel ,  i t  was  no t  an t i c i pa t ed  t h a t  m # g  a m o u n t s  of t r yps in  would  necessar i ly  p roduce  a rap id  
hyd ro lys i s  of C T p N P .  However ,  t he  r a t e  curve  ob ta ined  wi th  t r y p s i n  was  comparab l e  to t h a t  
obse rved  wi th  c h y m o t r y p s i n  a n d  ve loc i ty  was  p ropor t iona l  to t he  t r y p s i n  concen t r a t i on  (Fig. i ,  B). 
The  m a x i m u m  ra te  of  hyd ro lys i s  occurred a t  a b o u t  p H  8. As was  found  for c h y m o t r y p s i n ,  t r yp t i c  
ac t iv i ty  t o w a r d  C T p N P  was  comple te ly  inh ib i ted  by  diiso p ropylphosphorof luor ida te .  

Thus ,  t h e  use  of C T p N P  pe rmi t s  direct  and  rapid  m e a s u r e m e n t s  of reac t ion  ra tes  ut i l izing 
quan t i t i e s  of c h y m o t r y p s i n  as low as 3 m p g / m l  and  a m o u n t s  of t r yps in  as low as 7 m/zg/ml.  

This  work  h a s  been suppo r t ed  in pa r t  by  research  g r an t s  A-727 and  R G  4624 f rom the  Uni ted  
S ta tes  Publ ic  H e a l t h  Service. 
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The dissociation of glutamic dehydrogenase by reduced 
diphosphopyridine nucleotide (DPN H) 

I n  1952, OLSON AND A N F I N S E N  1 showed  t h a t  c rys ta l l ine  g lu t amic  dehydrogenase  exhib i ted  an  
a n o m a l o u s  s e d i m e n t a t i o n  behav io r  in t he  u l t racent r i fuge .  The  a u t h o r s  a t t r i b u t e d  th i s  behav ior  
to  e i ther  d issocia t ion  or unfo ld ing  of t he  e n z y m e  a t  low concen t ra t ions .  I t  h a s  now been shown  
t h a t  d i ssoc ia t ion  of t he  e n z y m e  m a y  be ob ta ined  by  t he  add i t ion  of a s u b s t r a t e  for t he  enzyme ,  
D P N H .  

Crys ta l l ine  g lu t amic  dehyd rogenase  was  p repared  f rom beef l iver by  the  m e t h o d  of STRECKER ~ 
and  recrys ta l l i zed  twice  wi th  s a t u r a t e d  s o d i u m  sul fa te  a t  5 °1. At  p H  7.4 in o.o52]4 p h o s p h a t e  
buffer,  t h e  e n z y m e  show s  a s ingle peak  in t he  u l t racen t r i fuge .  I n  all expe r imen t s ,  t he  Spinco 
Model E ana ly t i c  u l t r acen t r i fuge  was  used*.  T he  pa t t e rn ,  shown  in Fig. ia ,  ha s  a h y p e r s h a r p  
leading  b o u n d a r y ,  and  is s l igh t ly  skewed  on t he  t ra i l ing  edge, s imi la r  to  t h a t  ob ta ined  by  OLSON 
AND ANFINSEN. The  add i t i on  of D P N H  to  th i s  e n z y m e  so lu t ion  causes  t he  single peak  to spl i t  
in to  two  d i s t inc t  peaks  as s h o w n  in Fig. lb .  I n  th i s  pa r t i cu la r  expe r imen t ,  t he  mola r  ra t io  of 
D P N H  to e n z y m e  was  a p p r o x i m a t e l y  200 : I. Inc reas ing  a m o u n t s  of D P N H  decrease  the  a m o u n t  

Fig. I. S e d i m e n t a t i o n  p a t t e r n s  of g l u t ami c  dehydrogenase  in o . o 5 M  p h o s p h a t e  buffer,  p H  7.4 
a t  59,78o r .p .m.  (a) a lone a f t e r  660 sec, (b) in t h e  presence  of I. 3" xo -SM D P N H  af te r  66o sec, 
(c) in t h e  p resence  of 5" I o - 3 M  o-phenan th ro l ine  a f te r  159o sec. The  p ro te in  concen t r a t ion  was  

a p p r o x i m a t e l y  4.5 mg /ml .  S e d i m e n t a t i o n  is f rom left  to r ight .  

* The  a u t h o r  is i n d e b t e d  to  Miss CARMELITA LOWRY for va luab le  technica l  ass is tance .  


