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Although the action of carboxypept idase  has been generally related to the hydrolysis  of simple 
peptides,  evidence has come to fore tha t  this peptidase is also capable of l iberating amino acids 
f rom protein  subst ra tes l ,  -~, p re sumab ly  from the carboxyl  (C-terminal) end of polypept ide chains. 
This enzymat ic  reaction is of interest  since it permi ts  the controlled, stepwise degradat ion of proteins  
and the identification of C-terminal amino acids of the original and residual protein. However,  the  
success of this  method as an analytical  tool depends on the removal  of the last t races of active 
endopept idases  (ehymotryps in  and trypsin) and free amino acids from the prepara t ions  of enzyme 
and substra te .  In  applying this method to chymotryps inogen  and DFP-a -chymot ryps in  as substrates ,  
purified crystalline prepara t ions  of these proteins were subjected to additional crystall izations unti l  
chymot ryps in  and t ryps in  contents  (as determined by  hydrolysis of synthet ic  substrates)  were 
reduced to less t han  o.2%. Las t  traces of these proteinases were inactivated by  diisopropylfluoro- 
phospha te  (DFP) 3 which does not  significantly inactivate carboxypeptidase,  and free amino acids and 
peptides were removed by exhaus t ive  dialysis against  o.ooi M HC1. Carboxypeptidase,  dissolved 
in l i thium chloride, and subs t ra tes  were incubated for varying lengths of t ime at  25 ° and pt-I 7.8 
and the liberated amino acids were determined with a modified colorimetric n inhydr in  method 4 after  
precipi tat ion of proteins by  trichloracetic acid. 

Wi th  chymot ryps inogen  as subs t ra te  ( subs t ra te /enzyme mole ratios of 17 and 5o) not  more 
than  o.2 to 0. 3 moles of amino acids per  mole of chymot ryps inogen  (molecular weight  22,5oo ) were 
maximal ly  found in less t h a n  3 ° minutes  of hydrolysis.  However,  when crystalline DFP-a -chymo-  
t rypsin  was used as subs t ra te  ( subs t ra te /enzyme mole ratio of 22 and 32), 2 moles of amino acids 
per  mole of subs t ra te  were maximal ly  liberated after  2 to 3 hours of incubation.  Carboxypept idase  
remained fully active even after  6 hours  of incubation. 

In  order  to identify the amino acids, one- and two dimensional paper  ch roma tography  was 
used wi th  p h e n o l - - w a t e r ,  and n -bu tano l - - ace t i c  a c i d - - w a t e r  (2oo:3o:75), respectively, as solvent  
systems.  The enzymat ic  reaction was  te rminated  either by  the addition of trichloracetic acid or by  
acidification wi th  HC1 to p H  3.o. No suppor t ing  buffers were employed bu t  l i thium chloride (o.5%) 
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and  t r ichloracet ic  acid were r e m o v e d  prior  to c h r o m a t o g r a p h y  by  a modif icat ion of t he  ion exchange  
m e t h o d  of PIEZ et al. 5 W h e n  t he  a p p e a r a n c e  of ami no  acids  wi th  t ime  was  de te rmined ,  t he  "molecu la r  
s ieve"  m e t h o d  of PARTRIDGE 6 and  THOMPSON 7 was  used* and  t he  enzyma t i c  reac t ion  was  mere ly  
ha l t ed  b y  acidif icat ion wi th  hydrochlor ic  acid, Dowex  -5  ° (H + form, 15-2o mesh)  se rv ing  as ion 
exchange  resin.  

W i t h  c h y m o t r y p s i n o g e n  as  subs t ra te ,  fa in t  t races  of severa l  amino  acids  could be de tec ted  on 
t h e  pape r  c h r o m a t o g r a m s .  W i t h  D F P - a - c h y m o t r y p s i n  as subs t ra te ,  6 spo t s  were a p p a r e n t  af ter  
3 ° seconds  of hydrolys is ,  t h e  m o s t  in tense  ones be ing  leucine and  tyrosine .  These  reached  m a x i m u m  
in t ens i t y  a f te r  no t  more  t h a n  3 ° m i n u t e s  of hydrolys is ,  whereas  t he  original ly m u c h  fa in ter  spots,  
co r re spond ing  to glycine, serine, a lanine,  and  p r e s u m a b l y  lysine (traces) con t inued  to increase  in 
i n t ens i t y  up  to 2 hou r s  of hydro lys i s  b u t  neve r  reached  t he  full i n t ens i t y  of t he  leucine and  tyros ine  
spots**.  

These  resu l t s  sugges t  t h a t  in D F P - a - c h y m o t r y p s i n ,  leucine (or isoleucine) a n d  tyros ine  occupy  
C- te rmina l  posi t ions  whereas  t h e  o the r  ami no  acids  wh ich  have  been identif ied occupy  ad jacen t ,  
in te rna l  posi t ions,  and  are  l iberated in tu rn .  In  cont ras t ,  c h y m o t r y p s i n o g e n  seems  to be composed  
of cyclic po lypept ide  cha ins  or  else t h e  C- te rmina l  amino  acids  do no t  conform to t he  s t r uc tu r a l  
r e q u i r e m e n t s  of c a rboxypep t ida se .  T he  former  exp lana t ion  is in qua l i t a t ive  accord wi th  t he  repor t  
of DESNUELLE et al. s who failed to de tec t  a n y  d in i t rof luorobenzene-reac t ive  N- t e rmina l  g roups  in 
c h y m o t r y p s i n o g e n ,  in con t r a s t  to 2 t e rmi na l  g roups  in a - c h y m o t r y p s i n .  

According  to these  resul ts ,  t h e  t ryp t i c  ac t iva t ion  of c h y m o t r y p s i n o g e n  involves  an  opening  of 
the  cyclic po lypep t ide  chain(s)  of c h y m o t r y p s i n o g e n .  However ,  if t h e  specificity of t ryps in  in th i s  
process is t he  s a m e  as in i ts  ac t ion  t oward  syn t he t i c  subs t ra tes ,  lysine or a rg in ine  would resul t  as 
C- te rmina l  g roups  in c h y m o t r y p s i n ,  and  since these  do no t  conform to t he  specificity r equ i r emen t s  
of c a rboxypep t i da se  9, no hydro lys i s  by  t h e  l a t t e r  e n z y m e  would be expected.  I t  appears ,  therefore,  
t h a t  the  ac t iva t ion  of c h y m o t r y p s i n o g e n  involves  a second phase  in which  lysineq or arginine-  
con ta in ing  pep t ides  are  spl i t  off f rom t he  in te rmedia te ,  p r e s u m a b l y  by  an  au to ly t ic  process  involv ing  
c h y m o t r y p s i n ,  resu l t ing  in t he  fo rma t i on  of C- te rmina l  leucine (or isoleucine) and  tyrosine .  Th i s  
conclusion,  which  is in qua l i t a t ive  accord wi th  JACOBSEN'S in te rp re ta t ions  of t he  ac t iva t ion  process  1° 
is being sub jec ted  to fu r the r  expe r i men t a l  tests .  T he  resul ts  of th i s  and  s imilar  s tudies  on t he  
fo rma t ion  of fl a n d  y c h y m o t r y p s i n  and  on t he  ac t iva t ion  of t ryps inogen  will be pub l i shed  a t  a 
la ter  t ime.  

Th i s  work  ha s  been suppo r t ed  by  t he  Publ ic  H e a l t h  Service and  t he  Rockefel ler  Founda t ion .  
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*** Q u a n t i t a t i v e  ana lys i s  of each  a m i n o  acid by  co lumn  c h r o m a t o g r a p h y  r ema ins  to be carr ied 
out to substantiate our present assumption that the amino acids which produce these fainter spots 
on paper do not contribute significantly to the color yield in bulk. 


